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ABSTRACT

A MODEL TO DETERMINE THE IMPACT OF

IMPROVED AGRICULTURAL EFFICIENCY

IN MANITOBA

by

BASHIR AHMAD

MAJ0R ADVIS0R: Dr. C.F. Framingham

Qne of the major objectives of agricultural poìÍcy in Canada over

time has been the efficient use of resources in the agriculture'industry.

Efficient use of resources among other things depends on the size of the

firm. There are several measures of farm size e.g. number of acres, gross

va]ue of production, number of workers, net returns etc. A measure is

usually'selected by how well it serves as a base for the particuìar kinds

of size comparison to be made. For example, acreage may be a useful

measure when one is concerned with crop production, while it may be a

poor measure for poultry operations. Like Census reports, farm size

was measured in terms of acres. The small sized firms tend to be less

efficient because they have to bear certain fixed costs with a small

quantity of output. The'large sized farms may not have the mìnimum

average total cost because of problems of co-ordination, efficient decisìon

making and the'like. Economies of sca'le which are associated with an

increase in farm size up to certain limits in agriculture have resulted

in an increase in the average farm síze and a reduction in the total number

of farms. The large effjcient farms emerging 'in the agriculture industry
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have impìications for income and employment. The general objectives

of the study were to determine the spatial optimal organ'ization of crop

production in Manitoba, given efficient sized farms, and to estimate the

income and emp'loyment and the distribution of both with this organization.

To deaì with these objectives, an efficient farm size was determined by

using the survivor approach. It was assumed that the farms so determined

were of efficient size for the present study. Then a multiregional 'linear

programming modeì was developed in order to determine the optìmal organ-

ization. Two soil types, alì the crop districts of Manitoba and nine

crops were included in the modeì. The crops were wheat, oats, barley,

flaxseed, rapeseed, rye, sunflowers, potatoes and sugarbeets. Restraints

were specified with regard to the availability of land of each soi'l type,

maximum and minimum production of each crop, and the minimum amount of

metabolized energy required at the crop district level. Minimum demand

constraints were also placed on each commodity at the provincial level.

The optimum organization for crop production bras defined as that combination

of activities which maximized net income.

The main findings of the study with 1974-75 prices were:

l. Total area allocated to crops under optima'l soìution was

higher by 2l percent as compared wjth actual acreage in 1976. With the

exception of wheat, potatoes, and sugarbeets, the area occupied by other

crops was higher in the optimal solution thañ the actual area. At the

regional 'level , Centra'l and South Vlest regions experienced an increase

in the total cropped area, whi'le a decrease was ooserved in the Eastern

and North West regions in the optimal acreage as compared with tne actual

one. This was the resu'lt of higher net income per acre assocíated with
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most of the crops in the Central and South West regions as compared to

other regions. From this one can conclude that efficient organization

would lead to not onìy an increase in the cropped area, but would also

substantiaìly change the pattern of land use in Manitoba.

2. For the province, optimaì levels of production of all

crops were higher than the actual and/or normal leve'ls of production in
.|976 with the exception of wheat and sugarbeets whose optímum levels were

lower than the actual levels. "Norma'|" is used to mean the trend level

of production. The Central and South lnlest regions made maximum contribution

towards the total optimal production of each crop. Collectiveìy both the

regions shared 60.03 percent to 91.48 percent of the total provincial

product'ion of different crops. This was the result of higher net jncome

per acre associated with most of the crops in these reg'ions. Eastern and

Interlake regions were the least important in terms of contribution toward

the total production. Central and South l^lest regions which were a'lready

sharing a high proportion of the total production of each crop, would

contribute relatively more towards the output of dìfferent crops with the

optimal organization of agricujture.

3. The total employment with optimal organization of crop pro-

duction totalled 8,964 man years. l,lhen the labor requirements for live-

stock and poultry were also taken into account, the total empìoyment

amounted to 2l,l18 man years which was substantially less than the pro-

iected laoor requirement of 42,000 for agriculture by the Department of

Industry and Conmerce. The optimal employment was more or less the same

as the actual one. However, Central and South l,lest regions contributed

considerably more, while the other regions less towards total emp'loyment
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with optimal organization than with the actual one. This leads to the

conclusion that Central and South l,lest regions wou'ld become more important

in terms of their contribution to total empìoyment, while the share of

other regions woul d decl i ne.

4. Net income from optimal crop production came to 690 mil'lion

do'llars which was higher by 50 percent than the actual net income. The

higher level of net income resulting from an optimaì organízation of crop

production on efficient sized farms suggests an adjustment of farms to-

wards optimum size.

The contrioution of the Interlalce, Eastern and North west regions

was lower, while that of Central and South l^lest regrons was higher towards

the total net income with the optimal organization of crop product'ion as

compared to the actual one. Thus one could expect that Central and South

West regions would experience an increase and other regions a decrease in

sharing the total net income with an efficient organization of crop

producti on.
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CHAPTER I

I NTRODUCT I ON

STATEMENT OF THE PROBLEM

After the Second World l,lar, Canadian economic po]icy had five

goals: fulì employment, a high rate of economic growth, reasonable

stability of prices, maintenance of a viable balance of payments and an

equitabte distribution of income.l An implÍc'it general goal for agricu'l-

ture was in the words of Anderson:

Agriculture should be an efficient industry in all respects,
including the production of various products and the location
of the industry, adjusting effectively to the time of domestic
and export demands for its products, and meeting fulìy the
competition of other industries for labor, capita'l and other
resources needed in agriculture; so that its earnings wouìd
be equivalent to those set by the general leve'l prevailing
in the economy.2

This objective was consistent with the goa'ls of national policy.

It aimed at creating an agricultural industry that would compete on an

equal basis for resources and for consumer purchasing power, and would

share in the results of economic growth.3 It wouìd also improve the

competitive position of Canadian agriculture by providtng cheap food in

the international market.

The four principìes of Guidelines for the Seventies set by the

Province of Manitoba (maximizing the genera'l weiì being of Manitobans,

1w.¡,1. 
Drummond, I,l.J. Anderson and T.C. Kerr, A Review of

4gricultura'l Policy in Canada, Agricultural Economics Research Council
of Canada, June 1966, p. 67.

2w.¿. Anderson, " ',
Agricu'ltural Economics nes O.

3Iui¿., p. ro.



greater equality of the human condition, the stay option and widening

participation) implied specìfic objectives for agriculture explicit'|y.4

These included:

l. Expanding agrìcultural output to raise total income from

agri cu1 ture .

2. Stabiliz'ing net farm income through diversifying agricuì-

tural production and through effective action in the marketrng of farm

products and purchases of farm supplies.

3. Enhancing the economic viability of low and middle income

producers, through programs geared specifically towards providing the

smaller and medium sized farmers with financial and management assistance.S

The stay option principìe of Guidelìnes for the Seventies

emphasized the discouragement of migration from rural to urban areas.

Guídelines also emphasized a more equitable distribution of the benefits of

development. In brief, one can identify the goals for agriculture over

time as higher net íncome per capita, resource efficiency, regional sta-

bility of emp'loyment and greater equality in income distribution. In order

to fulfill these objectives various programs were, or are going on, in

Manitoba. For example, research, extension, education6 and, manpower trainingT

4Th. P.ouínce of Manítoba, Guidelines for the Seventies, Intro-
duction and Economiglþs]ys'þ, t.tarch@

þIui¿., p. Bs.

6Drummond, Anderson and Kerr, 99. cit., pp. 79-80.

Tlui¿., pp . ?6-77 .
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emphasized the resource efficiency goa'l of agriculture. The Farm Diver-

sification Program,S Small Farm Development Program9 and Land Lease Pro-

graml0 were designed to increase the viability of low income farms, and

thus emphasized the greater equa'lity of income goal in a given regíon.

Greater equality of income among different regions was strengthened

through the introduction of ARDAIl(Agricultural Rural Development Act).

The Farm Diversification Proqram l2 and Western Grain Stabilization
1,

Program'o were designed to improve and stabil'ize the income of farmers.

An effort was made to fulfijl the objective of stable employment indirectly

by enabìing farmers to make a good ìivìng from agricu'lture by programs

which emphasized income improvement i.e. higher incomes and more stable

i ncomes.

Despite all the different programs carriecl out in the past and at

present, agriculture in Manitoba has undergone a number of changes. There

has been a shift from the employment of large amounts of labor and small

amounts of capitaì to the large inputs of capital and small 'inputs of

labor. The farm labor force in the prairie provinces decreased by

Development Act (ARDA), 1966-67, C ll, S 2,
Province of Manitoba, Jan.in Manitoba,

6.

SnROR Mani toba/Canada,Ag ,
Description and Progress Reporim

Agricu'lture Canada, Policies and Proqrams for Agriculture, l,lestern
Provinces, l976, M 55, p. 2.

Chapter
1 968, p.

lotuid., M 17, p. 6.

I I S.u Agri cu1 tural Rurai
A-4 and Jack Giles, ARDA

1 2RRDR 
Mani toba/Canada, op . ci t. , p. I I .

l3H.W. Leggett, "Causes, Costs and Cares of Instabitity in Canadian
Agricuìture" in New Developments in Agricultural Stabilization: Proceeclìngs
of 1976 Workshop of Canadian Agrlcultural Economíc Society, March 

.|976, p.4l
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27 percent over the time perìod 1957-74,14 whiie the total farm cash

inputs, excluding hired 'laoor, increased by 7l percent during the

same period.l5 Associated with these changes in resource use, a large

change also occumed in the structure of the farm industry. The total

number of farms was 58,024 in ì94] but declined by 45 percent, to

32,104 in 1976. Average farm size which was 291 acres in l94l increased

by 104 percent, to 593 acres ìn 1976, (Table 1). Different studies

conducted also indicated that adjustment in farms is characterized by

fewer and 'larger farms in Canada and U.S.A..16 These 'larger farms are

substituting capital for labor oecause of the rising costs of labor

relative to cap'ita'l . Farm firms are becom'ing larger and fewer due to

the fact that there exist important differences in efficìency between

farms of different sizes, as is emphasized by Quance and Tweeten

Large farms on the average are currently more efficient
than small farms. Put in another way, the good big farmer can
outcompete the good little farmer. The difference between the
efficiency of large farms and small farms ìs widening. The oppor-
tunity cost or economjc penalty for operating a small farm with
technology of an earlìer decade is rising. The magnitude of adjust-
ments in sca]q of operations necessary to produce efficiently is
accel erati ng I /

l4Calculated from Statist'ics Canada, The Labor Force, March 1975, p.67

lSPrice indexes were appfied in order to eliminate the effect of
increase in expenditure due to prices. Calculated by tak'ing data from
Manitoba, Department of Agriculture, Manitoba Agricu'lture Yearbook 1975
and 

.|970.

165.. James A. MacMillan, F.L. Tung and John R. Tulloch, "Migration
Analysis and Farm Proiection l4odel: A synthesis." American Journal of
Agricultural Economics, Vol. 56, No. 2, May 1974, pp. 292-299 and R.F. Daly,
@obb','FarmNumbersandS.izesinFuture''inSize'
Structure and Future of Farms, eds. A. Gordon Ball and Earl 0. Heady, Ames

972, pp. 314-332.

lTleroy Quance ancl Luther G. Tweeten, "Poìicies 1930-1970" in
Size, Structure and Future of Farms, eds. A. Gordon Ball and Earl 0. Heady,

972, P. 36.
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.The importance of the'larger farms which are efficient is well

expressed by Ball and Heady. According to them:

....This group represents the growth point of our expanding
agriculture. That growth point is at the top, just as it is on
the corn p1ant. This then js the most critical portion of our
agriculture, for it is these farmers and farms that are extending
into "unchartered water". It is these that set the pace and
determine the time for changing dtrections or new surges forward.
It is these that are creating, exploring and extending new dim-
ensions. Farms in other Size groups below this, but stil'l among
those that are growing +ld expanding over time, are but fol'lowers
of these growth points.rÕ

The larger farms are in an advantageous pos'ition because the aver-

age fixed cost per unit of output dec'lines as the fixed costs are spread

over a larger output, i.e. there are economies of size. The sma'll farm

firms are in a disadvantageous position because they have to bear certain

unavoidab'le costs with a sma'll quantj ty of output. Theoretical ìy, one

can also consider the idea of diseconomies of size, which would occur once

a certain size is reached, because of problems concerning co-ordination,

efficient decision making and the 'like. Putting the idea of economies

and diseconomies together, there are theoretical reasons to beìieve that

below a certain size, farm firms are too smalì to give the lowest average

cost per unit of output, while above another point in the size scale,

farm firms are too'large and average cost per unit of output could be

decreased if they were smaller. Economic theory suggests that the firms

adjust towards their efficient size (i.e. the size at which the average

cost of producing output is mjnimized). In the long run, only fìrms of

optimum size whrch are us'ing the most efficient methods of production can

compete. Firms which are not employing the efficient methods of product'ion

l8A. Gordon
Farms, Ames, Iowa

Ball and Earl 0. Heady, Size-,-ltructure and Future of
State University Press, 1972, p. 53.
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and are not of optimum size, are eliminated because they farl to supply

the product at the price where the output could be proctuced at the

minimum average cost. Firms of optimum size must use the efficient methods

of production in order to produce the output at the lowest longrun average

cost.

These optimum sized farms, in which form theory suggests the agr:i-

culturaì industry has to emerge finalìy have implications for income, €Ín-

ployment and the distribution of ooth. Farm size is related to income in

two ways.

l. The amount of income is a function of size of

when there are no economies or diseconomies for farms of

smal'l farms have lower income than larger farms, and

2. The amount of income relative to the quant'ity

depends on the nature of cost advantages or dlsadvantages

di fferent s i zes .

the farm. tven

different si zes,

of resources used

of farms of

If there are economies of scale, then doubl'ing the use of all res-

ources will increase the net income more than twice. Thus, large farms

whích realize economies of scaìe have higher income than smaj'ler farms.

Farm srze is re'lated to labor employment in the sense that the labor

requirement per unit of output is inversely re,lated to the size of the

farm. Thus an efficient agriculture industry based on ìarge farms would

lead to the reduction 'in total employment.

Given an optimum size, production of different crops 'is influenced

by two types of factors for different regìons:

l. There are factors which affect the prices received by farmers

for different products; they include market location, transportation and'

handling costs. These factors cause costs to increase with the increase in

distance, areas-near market usuallyenjoy an element of comparative ad-
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,vantage over areas located further away. This means that areas located

cìoser to market receive a higher net prìce than the areas at greater

distance.

?.. There are factors which affect the per unit cost of production

of different products; climate, soi'l and topography determine yields and

hence cost per bushel. Due to these factors which influence prices and

costs, farms in different areas have advantages in various types of pro-

duction. Under the conditions of rea'l ìife, a particular area may have

an abso'lute advantage for the production of most or all crops over other

areas, but it may lack sufficient productíve capacity to meet the needs

of other areas of all crops. In such a case it would concentrate in the

production of those crops for wh'ich it had the highest comparative advan-

tage and the other area would concentrate in the production of those pro-

ducts in which it had the least comparative disadvantage. The comparative

advantage positions determine the optimum organization of crops in diff-
erent regions whÍch in turn influence the income and employment distribu-

tion among regions. Spatia'l optrmum organization of agriculture on the

efficient sized farms raises a number of questions. Some of these

questions which are of particular ínterest to the policy-makers are:

l. What would agriculture be 'like if agriculture is organized

according to the technica'l and economic efficiency criteria i.e. when

optimum s'ized farms are empìoying the efficient methods of production

while allocating resources to various crops in order to maximize their

profi ts ?

2. What would be the potential optimum organization and income

from crop production if all farms were of efficient size and were using

the most efficient methods of production currently known?
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3. What wou'ld be the total employment with the optimal organization

i n agricul ture?

4. What would be the income distribution associated wìth the

optima'l organization of crops among regions?

Answers to the above questions are needed to determine how large

the potential adjustment and distributional problems are so that pol'icy

needs can be anticipated. This study is designed to provide knowledge

for a better assessment of production and adjustment potentials that

could occur over future decades. This can stimulate pub'lic policies which

should be followed in order to cope with tomorrow's needs.

OBJECTIVES OF THE STUDY

The general objective of this study ìs to determine the implicatjons

of efficient agricultural production in Manitoba based on the current

technology. Specifically the objectives are:

l. To estimate the profit maximizing organízation of crop

production that would result on the basjs of production technlques employed

by currently economically efficient Manitoba farms.

2. To estimate the level of aggregate crop production that wou'ld

resu'lt from an efficient agricu'lture.

3. To make a comparison of the optimal locational distribution of

acreage and product'ion with the actual and/or normal acreage and production

where ever possible.

4. To determ'ine income and its distrioution among regions that

would result from the efficient Manitoba agriculture.

5. To estìmate the total amount of labor required with the optimal

crop organization for Manitoba.
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SCOPE OF THI PRESENT STUDY

The present study is concerned with the determjnation of the com-

petitive position of different regions of Manitoba in producing crops.

Effic'ient regional croppÍng patterns on the optimum sized farms are eit-
imated with the "efficient" rather than the "average" methods of produc-

tion given the provincial demand for each commodity. All the'14 crop

districts, two soil types ano nine crops (i.e. wheat, oats, barley, flax-

seed, rapeseed, Fyê, sunflowers, potatoes and sugarbeets) are considered.

Production of each crop in each crop district is constraÍned by the

maximum and minimum production restraints. Tnese restraints are based

on historical production levels. The range of production represents

the maximum level of adjustment al'lowed to farmers producing each

commodity. Restraints are also placed about the availability of

land of each soil type at the crop district level . The analysis is

incomplete in the sense that rt is concerned only wrth the crop pro-

duction sector, while the 'livestock sector is ignored. However, 'live-

stock feed requlrements at the crop district level are included.

The model used in this study to determine the optimal production

pattern for Manitoba is a linear programming partial equilibrium modeì.

The model allows interregional competition and determine the optimal

organization fpr crop production on efficient sized farms for the g'iven

level of prices of commodities and varÍous types of constraints.
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ORGANIZATION OF THE REI4AINDER OF THE THESIS

Chapter II reviews the studies reìevant to this study. Chapter III
discusses the theoryof competitive farm firm and var.joüs approaches

to general equilibrium analysis. Chapter IV deals with the determination

of efficient farm size, assumptions and the spec'ific modei used in this

study. The data used in the model are also discussed. The results

produced through the application of the model are presented in Chapter V.

A summary of results and conc'lusions are discussed in Chapter VI. Chapter

VI a'lso deals with tire pol'icy implications and limitations of the study

and suggestions for further research.



CHAPTER I I

REVIEl^J OF PRTVIOUS STUDIES

A number of studies have been done to determine the optimal

spatial organization of agriculture through the efficient use of

agricultural resources. This chapter reviews the studìes relevant to

this study. In all the studies reviewed, â 'linear programming model

of inter-regional competition in agricuìture uras used to determine the

optimal production organization. The later studies used considerably

more detailed models than the modeis used by earlier studies. In some of

the studies only minor modifications were made to the ear'lìer studies in

order to determine the optìma1 production under changed conditions.

The fìrst study reviewed was conducted by Egbert and Heady.l9

determined the optimum production location for wheat and feed grains

ì04 producing regions of U.S.A.. These regions, made by dividing the

portion of the United States where wheat and feed grains were mainìy

produced, accounted for 90% of all feed grains and wheat produced in

United States. Annual production restraints were specified at the

l9Eluin C. Egbert and Earl 0. Heady, Regional Adjustment in Grain
Productionr 4 Linear Progrqmming A¡qlstq; I

es, Iowã, Technical Bulletin
1241, June 

.|96].

They

in

the

aggregate demand level for wheat and feed grains. These demand restraints

were based on the normal per unit requirements of the human or livestock

populations, or both, and the actual net exports in .l954. Restraints were

placed on the acreage available for production of gnains in each region
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and the quantities of wheat and feed grains required for consumption

in '1954. For the given level of production restraints, product prices

and production costs, the optimum location of production among regions

was determined. Ana'lysis was carried out on the assumption that technical

co-effi:cients were equal to the average of the region and were constant.

Transportation costs were ignored on the assumption that commodities

could be shipped from producing areas to consuming areas at no cost. Five

models (A to E) were included in this study. E was a maximum profit

model, while A to D were minimum cost models. For model A, B, C and E

production activitìes were food wheat, feed wheat and feed grain rotation,

for D, they were food wheat, feed wheat, corn, oats, barley and grain

sorghum. Land-rent was included in costs in model B, while it was not

included in the other models.

Heady and þlhittleseyz0 expanded the above mentioned model by in-

cluding 3'l consuming regìons and increasing the number of producing regions

to .|44. 
The number of producing areas was increased for two reasons:

l. the addition of soybeans and cotton, which made it necessary

to include areas of U.S. that were not included in the Egbert and Heady

study, and

2. some of tgbert and Heady's 104 regions were further divided

so that each producing reg'ion would be entire'ly within the boundary of

a singìe consuming region.

Requirement levels of wheat, feed grains and oil meals were

specified for each of the 3l consuming regions. A natjonal demand for

20Ea"l 0. Heady and Norman l,lhittlesey, "Land Qualities and Crop
Production Capacity" in Spatial Sector Programming Models in Agriculture,
eds. Ear'l 0. Heady and U ,
pp. 56-ì 0ì .
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cotton was specified. Transportation activities were ìntroduced in

order to allow the movement of wheat, feed grains and oil mea'ls among

consuming regions. Transport cost was assumed to be zero where a crop

activity contributing to the demand of the ionsuming reg'ion was produced

within that same region. The optimum productÍon pattern was defined

for three models as that pattern which would minimize the total cost of

satisfying demand requirements. In model I, it was assumed that wheat

feed grain transfer activities had zero cost. In model II, feed grain

transfer activities had non-zero cost. Model III d'iffered signìficantly

from the above two models and from the Egbert and Heady study on the bas'is

that in each producing area, three sojl categories were considered and

per acre yields and costs for each crop and each soil were determined.

This resulted in increasing the total crop land restraints and crop

producing activities by three times as compared to model I. This study

like the Egbert and Heady study, used the technjcal coeffic'ients of

average producing units rather than those of larger efficient farms.

Technicaj coefficients of average producing units were used in det-

ermining efficient organization because of computer capacity'limitations

and lack of data.

Heady and Skold2l developed a model similar to the preced'ing one

except that the model used the projected data for 1975 for determining

the optima'l organization whereas lÂlhittlesey and Heady used 1965 as a base

year. Thìs model also included soybean rotation activities.

All the above studies considered only crop production, while

2ìEurl 0. Heady and Melvin 0. Skold, "Capacity Interregional
Adjustment and Land Use" in Spatial Sector Programming Models in AgrÍculture,
eds. Ear'l 0. Heady and U.K. Srivastava, Iowa State Un'iversity Press, 1975,
pp. I 20-'l 55.
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the livestock sector was taken as exogenous, i.e. livestock production

was taken as given and the total crop requirements were defined such

that they also included the feed requirement of the ìivestock pro-

duced in that region. Brokken and Heady2? developed a model for det-

ermining the optimum organization of crops and livestock wh'ich would

minimize total production and transportation cost. Crop production

activities were increased to include cotton, wheat, feed gra'in rotations,

feed grain soybean rotations, feed grain silage rotations, hay, hay si'lage

rotations and wild hay. Twelve 'livestock producing activities were

included. In this model 157 crop producing areas and 20 lìvestock pro-

ducing regions were specified. Each of the livestock produc'ing regions

contained one or more of the crop producing areas. Unlike the pre-

viously described models, the requirements of crop products included

only the requirements for food, industriaì use and for exports. Crop

products were transferred to the feed supp'ly row and the feed required

in each 'livestock producing region was obtaíned from th'is supply. Live-

stock production in each region was l'imited by pasture constraints and

by livestock capacity constraints. The capacity constraints were defined

as the maximum number of each type of livestock in each region. The

production of intensive crops (cotton, wheat, feed grains, soybean and

siìage) in each area was lim'ited to the amount of land used for these

crops in the past, while hay could be produced both on the land used for

hay in the past and on any land avai'lable for but not used for intensive

crop production.

In all the above studies, the farms of each producing region vúere

assumed to be representable by an "average" producìng un'it. The optimum

)t
"Ray F. Brokken and Earl 0. Heady, "Adjustment in Crop and Livestock

Production"- in Soatial Sector Proqramminq Models in Aqriculture. eds. Earl 0.
Heady and U.K. . 156-200.
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combination of enterprises that was determjned for an area was assumed

to be optimal for al'l farms in that area. But farms of different sizes

hav.e different input-output coefficients and different amounts and

quaìities of resources available. Even the farms producing agricul-

ture crops more efficient'ly as compared to others in the same size have

different input-output coefficients. To partiaììy account for the dif-

ferences in production efficiencies existing between farms located in

the same area, farm size was considered explicitly ín studies conducted

by Eyvindson,23 Craddock24 and Framingham et al. 25

The largest linear programming modeì for the U.S. was developed

by Eyvindson.26 His model was similar to the Brokken and Heady model in

several respects. He used the same 
.l57 producing areas, the same con-

suming reg'ions (except that one region was further div'ided 'into two

regions) and the same crop and livestock activities. Both were concerned

with determination of the optimal production pattern which would min-

imize totaì production and transportation cost. This study, however,

- z3Roger K. Eyvindson, " A Model of Interregional Competition in
Agriculture Incorporating consuming Regions, ProducinE Areas, Farm size
Group and Land Classes".- Unpublisñed Þn.U. thesis, Iðwa State University,
Ames, Iowa, 19VA.

24W. ¿. Craddock, Intemeq-ional Competi tion in Canadian Cerea]-
Production. Special Stud en's
Printer, 0ttawa, 1970.

- 
zsCharles F. Framingham, l,J.J. Craddock and L.B.B. Baker, Alternative

lutyres.for Manitoba Agriculture, A L'inear Prograrnming Analysis õT--
icy

[tIe
University of Manitoba, W'innipeg. Draft publication under review.

26_--Eyvindson gg. cit.
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divided farms into three groups on the basis of gross sales. Farm size

group one included all farms with gross sales of $40,000 or more. Farm

size group two inc'luded all farms with unit gross sa'les of $10,000 to

$39,999, while farm size group three inc'luded all farms wíth gross sales

of $2,500 to $9,ggg. These farm size groups were the producing units

for the model and a fu'll set of crop and livestock activities was de-

fined for each group. The model did not define separate producing units

for crops and livestock as did Brokken and Heady. Production by each

farm size was limited by land, pasture, labor and capital constraints.

These restraints restricted production more realisticalìy than 'land re-

straints alone. The cropland and hayland available to each farm size was

divided among three quality classes. Three ìand constraints and three

crop production activíties were defined for each farm size group. Like

the Brokken and Heady model, thjs model also allowed the use of cropland

and hayìand of each quality class for pasture use in case they were not

used for crop production. The pasture constraint 'level for each farm

size group was determined by deducting the animal unit months of pasture

required for the exogenous livestock produced by the farms of that group

in 1965 from the amount of grazing possible on the land used only for

pasture by those farms in that year. The cotton land constraints

limited cotton product'ion by each farm size group to the acreage harves-

ted in 1953. Labor constraÍnts were specified for the crop and noncrop

season. These constraints were set equal to the amount of fami'ly labor

available to the farms of a size group in 1965 minus the labor required

for the production of crops and livestock excluded from the model.

Labor hiring activities were also included in the model. A capìtal

constraint for each farm size was defined as total expenditures made
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in .|965 
by the farms of that group for the production of crops and

'livestock considered in the model. Transportation costs of products

between producing areas within a single region were included in the

analysis. The model a'lso included transportation activities to transport

final and intermediate products.

A1'l the above models were developed for the U.S. economy. Similar

models were constructed ejther at the provincial level or for the whole

economy of canada. craddock2T deve'loped an interregional ìinear pro-

ramming model for Canada for use in determination of the pattern and locat-

ion of cereal productìon that would minimize the combined production and

transport cost in order to meet specified'levels of annual cereal demand.

This model was very s'imilar to the Brokken and Heady model. However, it
was applied to the Canadian economy. In this model the Canadian economy

was divided into IBB producing regions on the basis of geographical

boundaries. The regions were compresed of counties in Eastern Canada,

and crop districts and census divisions in Western Canada. The model

included all the cereal production areas of Canada with the exception

of Newfoundland and two areas in British Columbia. Producing areas

were aggregated to form 29 consuming regions. One consuming region was

identified in Newfoundland. blith the exception of producing regions

lying in Quebec, it was assumed that there were two sizes of farms on

the basis of acreage in each producing region. These two sizes of

farms, he referred to as small and large farms. The average size of farms

within each size were different in various regions. For Manitoba, small

and large farms were taken to have 250 and 650 acres respectively. Inter-

regional transportation rates were based on f'lows between the central

2Tcraddock gg. cit.
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points of the consuming regions. Transport costs were assumed zero for

grain movement within or between producing regions within the same con-

suming unit.

Framingham, Craddock and Baker23 developed an 'interregionaì linear

programming modeì to determine the opt'imum location of crops and live-

stock that wou'ld maximize the net income of farmers in Manitoba. Unlike

the Craddock study, they considered both crop and livestock activjtÍes.

They divided Manitoba into l4 crop distrjcts. Unlike the Craddock

study, in order to take into account the variability in productivity,

this study considered two soiì types in addition to three sizes of enter-

prises for each crop district. Different units were used for measuring

farm size for different enterprises, e.g. for crop product'ion, farm

size was measured in terms of acres, while for da'iry couls, number of cows

were used to measure enterprise size. For crops, sma'll farms were

defined as those having less than 240 acres, medium farms were those

240-759 acres in size, while large farms were defined as those having more

than 759 acres. Like the Eyvindson model this study placed restraints

according to soil types and region. In addition it included minimum

employment and income constraints by farm size. The model also specified

agricultural commodity demand categories and regional production restraints

on a farm size specified basis. This study like all other stud'ies omitted

the question of what would be the optimum organ'ization of agriculture if
production was redistributed to eff,icient farm firms.

In all the earlier studies, farms of each region were either taken

as a sing'le producing unit or farms were divided between tivo or three size

2SFramingham, Craddock, Baker gg. cit.
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groups in order to account for the differences'in production effic-

iencies existing on various farms. in these studies, spatiaì opt'imal

organization of agriculture was determined by constraining the effic-

iency. The efficiency was constrained jn the sense that the coefic-

ients of average sized farms or coefficients of specific groups of farms

were used while determining the optimal organ'izatjon. The efficient

use of resources among other things depends upon the size of the firm and

the method of production. In order to produce the product at the

minimum possible average cost, the firm should be of opt'imum size and

must use the best method of production. Use of technical coefficients

in earlier studies of the firms which were not employing the optimum

quantities of inputs by using the most efficient methods of production

meant that these fjrms were not producing the output at the minimum

possible average cost. From this one could conclude that these firms

were not economicaliy efficient. Therefore, the optimal organization of

agriculture determined by using the technical coefficients of average

producing units or fjrms of various sizes was not strictìy efficient.

This study eiiminates this source of inefficíency and determines the

opt'ima'l organization with technical coefficients of optimum sized firms

which are using the most efficient methods of production and employing

the inputs in optimum quantities.

The model used in this study js a modified version of the model

developed by tram'ingham et al. 29 The similarities between the modei

used in this study and the Framingham et al model are:

l. Both use the same '14 crop dìstrjcts,

29Iui¿.
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2. Both use the same two categories of soil,

3. Both use the same crop production activities, i.e. wheat, oats

barley, flaxseed, rapeseed, rye, sunf'lowers, potatoes, sugarbeets, and

4. In both studies the optimum organization was defined as that

which would maximize the net income of farmers.

The dissimilarities between the present model and that of Framingham

et al30 ar. that:

'. l. The present model unlike the Framingham et a13l mode'l is con-

cerned only with crop production, while the livestock sector was taken
l

as exogenous" The feed requirements of livestock were however, included

r in the product requirements for each crop district.
2. The present model unlike previous studies including Framingham's

I et al32 is concerned only with the optimum sized farms which are employing

the most efficient methods of production and are using the inputs in optímum

I quantities.

3or¡i¿.

3l rui¿.

32r¡i¿.



CHAPTER I II

THEORTTICAL CONSI DERATION

It was po'inted out in the previous chapter that this study wouìd

use the technical coefficients of optimum sized farms, while determining

the optimal organization of crop production. Given the optìmum sized

farms, the prob'lem of determining the optimum quantities of djfferent

crops which should be produced, arises because the quantities of resources

are limited. The optimum allocation of resources among crops is a

matter of the relative urgency of the demands for them and their

relative costs of production. No crop's optimum level of output can

be determined in isolation. It can be determined only in comparison

with other crops which compete for the l'imited resources. Because

of the interdependence of different crops one can conclude that resource
33allocation in agriculture is a matter of generaì equilibrium ana'lysis.--

For considering the theory underlying the present prob'lem, the

first part of this chapter is concerned with the theory of a firm in

a perfectly competitive industry. The second part discusses various

33--For references on general equilibrium anaìysis see:
(l ) hlilliam J. Baumol , Economic Theory and Ope@, New
ieisey, Prentice-Hall i9
{2) David_Simpson, General Equilibrium Analysis, New York, John t^lìley
and Sons , 1975.

L9l Donald S. Watson, Price Theory and lts Uses, Second ed. Houghton
Mifflin Company, Boston(4) Kenneth J. Arrow,"General Economic Equilibrium. Purpose Ana'lytic
Techniques, Col'lective Choice". American Economic Review Vol. 64,

(5) Blaine Robert and David L. Schulze, Modern Mathematics and Economic
Analysis, New York, W.W. Norton and Co.
IeT-n-o5ert Dorfman, Pau'l A. Samuelson and Robert M. Solow, Linear
Programming and Economic Ana'lysis, New York McGraw Hill Book-Io. T958,
pp. 346-381.
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approaches to generaì equ'il ibrium analysis in the 'light of the present

study. In this part, the first section is concerned with the lnlalrasian

approach to general equilibrium. The second section deals with the

neoc'lassical approach to generaì equilibrium. The third section is

concerned with the linear programming approach to general equilibrium.

Ïhe third part also deals with the su'itability of marginal analysis

and linear programming for this study.

THTORY OF A FIRl4 IN A PIRFECTLY COMPETITIVE INDUSTRY

Economic theory suggests that jn the ìong run, the firm uses

that size of plant and produces that leve'l of output at which mìn-

imum average cost is equal to price and the firm makes zero profits

(and zero loss). The market adjustment of the individual firm takes

place by requiring the prices of commodities to fa]l to a level which

allows continued existence of firms of optimum size having minimum

average cost. Figure I and 2 indicate how the product prices force

the firms to be of optimum size. In figure l, SACI, SACZ, and SACa,

are the short run average costs for three firms of different sizes.

Their corespondÍng margina'l cost are MC1 , MC2, and MCr. The short run

average cost curves (SAC) assume that one or more resources are fixed

in the short run. These short run cost curves are typica'lly "U"

shaped. This is due to the fact that average costs per unit of output

declines as the level of output increases as fixed costs are spread

over more units. Fuller utilization of fixed resources is achieved.

Finalìy, average cost curves start to rise as variable factors must

be used in increasing proportions to the fixed resources in order to
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achieve higher levels of output. In the'long run a'lì factors are

variab'le and one can obtain the long run average costs curve by

drawing tangents to SAC curves i.e. farm size are so numerous that

even a small movement along the LAC curve involves a change in

firm size as wel'l as in the variable factors used with it.
In Figure 2, DD is the demand curve and Sr, is the original

short run supply curve for the industry. Under this s.ituat'ion,

price will be 0P1 and all the firms would earn abnormal profits. Each

firm maximizes profit by producing that level of output at which mar-

gi nal cost is equal to marg'ina'l revenue (i .e. i n this case equa'l to

price) . Sma'll (SACI ), medium (SAC2) and large (SACa) f irms wil'l

produce OQl, OQZ and OQt level of output respective'ly. Presence of

abnormal profit encourages the new firm to enter and/or older firms

to expand their size. As the number of firms increases and firms ex-

pand their size, the short rirn supply curve will shift to 52 position

which will produce price 0P2. Smal'l firms (sAcl) wilì go out of bus-

iness because they are not covering their costs, Lrut the medium firms

(SACZ) are sti'll earning abnormal profit. Large firms (SACa) will earn

smalI abnormal profit. There wiII be a tendency among medium s'ize

firms to increase in number, because they are earning abnormal profit.

As this adjustment proceeds, finally a short run supp'ly curve S, wiìì be

reached and the price wiìl fall to OPr level. 0nly firms of optimum size

(j.e.of minimum average cost) will stay in business. Sma'll firms are

eliminated because they are too sma'l'l and large firms go out of busíness

because they are too large. Only firms of SACt s'ize will exist in long

run.
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qu'ite possible that some resources may be available to the

specific sjze units, such as a quarter sect'ion of land,

a certain size. These resources are often under-utilized.

For example, a tractor of a certajn size may be under-utilized with 600

acres but may not be able to hand'le 900 acres. Due to the discrete

resources, average cost curves may be discontinous. lnJhatever the nature

of cost curves whether they are continous or discontinous in the long

run only optimum sized farm firms wi'll stay in business because they

would be able to produce at the minimum possible average cost.

Given the optimum sfzed firm, the problem of allocating scarce re-

sources to various crops is a general equi'librium probìem because

of interdependence of different crops.

GINERAL EQUILIBRIU¡4 MODELS

hjal rasian Model

Leon |r'lalras was the first person who developed a general equíì-

ibrium model. His model requires that the demand for each resource

and commodity is equaì to its supply. Assume that there are l, 2 . n

commodities and 1, 2, . m resources; the quantities of commodities

are X., , XZ, Xnt the quantities of resources 71, 72, Z*i

the prices of commodities are Pj, PZ Pn. The prices of resources

are V.,, VZ, Vm. The market demand equatÍons for commodities are:

Xl = fl (Pl, Pz, Pni V1, V2, . Vr)

XZ=fZ(Pl ,P2, Pn;V., ,YZ...V,n)
Xn = fn (P1, P2' Pni V1 , V2, . V*) (l )

The demand for any resource can be given as the sum of the amounts



used in all commodities. Let

needed to produce one unit of

ment of resources, demand for

all Xl * u1Z XZ *

aZ1 Xl * UZZ XZ *

amr xr * urz xz *
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Aij be the quantity of the i-th resource

commodity j. Since there is no unemploy-

each resource equaìs its supp'ly, í.e.

. * aìn Xn = Zl

.*uznXn=72

(2)

(3)

(4 )

. +a X =Zmnnm

Since the price of each commodity is equaì to cost per unit of

that conrnodity,

aìl V'¡ + azl YZ + aml Vm = Pl

alZ Vl + aZZVZ * * urz V* = Pz

aln Vl * uZnVZo . * urn V, = Pn

Finally, the supply of resources can be given as

\ = sl (Pl, PZ Pni Vl, V2. . Vr)

72 = SZ (Pl, PZ Pni V1, V2. . Vr)

Z* = S, (P1, PZ Pni Vl, VZ. . Vr)

There are 2n + 2m equations for 2n + 2m unknowns, X,7, P, V. But

equations (l) and (4) have only m + n - I independent equations. If
all prices are measured in terms of one commodity (say P.¡ = l) then the

number of unknowns is also reduced by one. Thus the system of equation

is determinate.

A number of criticisms have been made on the l,lalrasian model of

general equilibrium described above. The most important criticism is

that when the number of equations is equa'l to the number of unknowns, thjs

does not guarantee that the solution is both unique and has economic

meaning. For instance, the general equilibrium system may require a
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negative output of one or more commodities which makes no economíc sense.

In Equation set (2), it is quite possible that when "m", the number

of resources and equations, exceeds "n" the number of goods, then the set

(2) will have no solution unless the coefficient aij und the total factor

supplies Z, are in specíal proportions.

The set of equations in (2) also requires that the total quantity

of resources be equal to the totai quantity of resources supplied. In

other v¡ords, thís requires that each factor is fully employed. But it
is possible, that a factor Ís not fuììy used, j.e. totai demand is less

than the total quantity suppìied even at a zero price

Neo-Classica'l Approach and Marginal Analysís

In the neo-class'icaì approach to generaì equilìbrium, each house-

hold acts as if it vrere trying to maximize its utjlity and each fírm acts

as if it were trying to maximaize its profits. The outcome is a unique

solution for relative prices and absolute quantities of ínputs and out-

puts. Each output is produced and sold at its lowest unit cost. All

markets are cleared and are 'interdependent. The system is homogeneous

of degree zero, i.e. if 'r-he value of all the price variables are increased

proportionately the values of the quantity varjables wil'l remain the same.

This ana'lysis is based heavily on the margina'l conditions of equilibrium,

i.e. the condition of equaì'ity of price ratios to the marg'ina'l rates of

substitution. it requires that the transformation surface is r'rell defined

and differentiable. It emphasizes substitution possibjl ities as agaìnst

the limited subsiitutability in the l.lalrasian model . Th'is approach to
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general equil ibrium has many weaknesses. They 'inc'lude:

'l . Like the Walrasian mode'l , where the number of equations is

equal to the number of unknowns, this does not guarantee that there

would be a solution which is unique and have economic meaning,

2. Production of certain outputs may require inputs in certain

fixed proportions. It is impossible to substitute one input for another

input in the production process. This is the case of fixed technoìogy.

In this case, a'lthough the transformation surface is wel'l defined, it
is not differentiable.

The theory of the multifactor, multiproduct firm (i.e. marginal

analysis) which is an adoptjon of neoclassical general equilibrium

analysis to the individual fírm is of particular interest to our problem.

It helps to allocate scarce resources avai'lable to the production of

crops in such a way so as to maximize the income of the farm firm. This

approach is díscussed in detai'l in Appendix A, while its suitabiìity to

the present study is given after the next section.

U-negr Programrning Approach to Genera'l Equil ibrium

All the problems posed by the Walrasian and Neoclassical approaches

are overcome in a linear programming approach to general equilibrium.

One can make "n" (the number of processes) larger than "m" (number of

resources) simply by introducing more activities. Negative output pro-

blems are avoided automatically as every iinear programming requires that

so'lution real variables be non-negative.

in order to allow the non-use of resources, we can wríte (2) as



ull ,Xl *I1ZXZ* *alnXnlZì

aZ1 Xl + aZZXZ * . . + a.nXn ç Zz

am'l X1 +âm2XZ+. .+arnXncZ* (5)

If the strict inequality hoìds for any equation (i.e. resource)

of set (5), then that factor will not be ful'ly employed. Thus the

equality requirement of any equatíon in set (2) is overcome through the

introduction of inequalities which allow non use of resources.

Each equation in set (3) states that the price of each commodity

is equal to its unit cost. As economic theory indicates, if the

price for any commodity is greater than the unit cost, then output wiì1

tend to increase. This will reduce the price of the commodity. At the

i same time, the prices of the inputs that are used in the production of

I that commodity will rise and this would result in increasing unit cost.

I If the unit cost is greater than price, then output wilì decrease which

; wíll increase the price of the commodity and at the same time'less use

l of resources will decrease their prices and this wouìd lower the unit
l

cost. 0utput of any commodity cou'ld fall to zero level if unit cost

is greater than the price of the commodity at all positive'levels of

output. Output cannot be negative as it has no economic meaning. hle

can modify the set (3) as

all v1 *a2l vZ+ +aml vm> Pl

aìZ vì * UZZUZ* * ur2 vm ì p2

a]n vl + a1n vZ + . * âmn v¡ : P¡ (6)

30
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. If the strict inequality holds for any ìíne of set (6), the

corresponding output must be zero.

l,le can show that the general equiìibrium system consisting of

(l), (5) and (6) will give us the values of X, p¡ and v which are

economica'lly meani ngful .

Since x and v variables cannot be negative, then the constraints

of (5) and (6) become the constraints of a linear programmíng specifì-

cation. The coefficient matrix is the same in both (5) and (6) except

that it is transposed.

tle can state the prob'lem and its dual as follows:

Maximize Y = pl X1 + prX2+ + pn Xn

Subject to set (5) and *l= 0, Xrì 0, *nì 0

The dua'l probl em i s a s fol I ows :

Minimize M = 2., ul + 7rv, + . . . + Z* u*

subject to set (6) and ul t0, vZì 0, u*ì 0

Since there are nonnegative x's and v's which satisfy (5) and (6),

both the problem and its dual wíll have optimal solutions, when a

pair of dual problem is solved, the maximum value of the problem

be'ing maximized, i.e. î- p{x{ equats the minimum value of the formj=l 'J J

being minimized T trur. If v\,e can find an equilibrium solution of
'l ='l '

the general equilibrium system which is also a solution of the pair of

dual programmÍng problems, one can say that total expenditure equal

totaì factor returns. The converse is also true if total expenditure

equals total returns in a solution of the generaì equilibrium system,
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then the linear progranrming problems are also solved. This equa'lity is

forced by the supply and demand functions. 0n the basis of the'logic

of tinear programming, one can state:

Hidden in every competitive general equilibrìum system ís a maxj-
mum proþlem for value of output and a minimum problem for factor
return . J4

It may be poÍnted out that the prices of the commodities are not

determined within the system as in hlalras and neoclassicai models, they

are interpreted as exogenously determined indicators of relative demand

priorities. The output levels which are the solution to (5) are the

equilibrium quantities. Once these are determined, together with the

choice of processes, the quantitjes of Ínput that are used follow dir-
ect'ly from the coefficient matrix. All inputs may not be fulìy used.

Those which are not used ful'ly have a zero price imputed to them. The

input prices determined are the equjlibrium prices in the sense that

when each input is valued at these prices, the average cost of every

commodity produced is exactìy equa'l to its gìven unit price.

In the l,.lalras model, there was no choice of technology as the

coefficients of production were fixed. In linear programming each process

represents a fixed combination of inputs and we can dea'l with the sub-

stitution of inputs by substituting processes. The l,lalrasian model also

assumed that all factors are fully employed. But it may be efficient

if some of the inputs are not fuì'ly employed and some of the commodities

are not produced at all. It is efficient in the sense that the total

value of output would be higher than would be the case when it is required

34Dorfman, Samulson and Soìow, op. cit., p. 370.
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that all inputs should be fully used, and some quantity of each

commodity produced. The solutÍon wj'll tell us not only which ajter-

native processes have been used, but also tell us how much of each in-

put Ís used and how much of each cornmgdity would be produced.

In the system of equatìons and inequaìities numbered (J), (5) and

(6)' the unknowns are n x's, n p's and m v's. In the pair of dua'l linear

programming problem, prices are given and x and v appear as unknown. If
we take any set of nonnegative prices, the dual problems possess solutíons.

For any set of prices we can get the values of x's and v's from the'lìnear
-programming problem. But it is quite possible that thìs particular set

of x'S, P's and v's may not satisfy the demand relations. Substitution

of the p's and v's in the demand functions may produce a set of commodìty

outputs or x's which are not the same as were determined from the'linear
programming solution. if the x's obtained from the linear programming

solution and those obtained from demand functions are not the same, then

one should take in sequence alternative sets of p's until the x's

obtained are the same. Kakutani's fixed point theoru*3s ussrres us that

there is at'least one set of p's which will yie'ld sets of x's and v's

that will also satisfy demand equations (1). A unique solutíon to a

general equilibrjum system can then be ensured if we accept the axiom

of revealed perference. This approach to general equilibríum generates

two important points:

ì. every competítive equilibrium system implicitly conta.ins

3SRobert and Schulze, op. cit., p. ZBZ.
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a maximization-of-value output problem and a min'imization-of-factor

returns probl em;

2. unlike the l,lalrasian and neoclassical models, there exists

a unique solution to the general equilibrium system that has economic

meani ng.

Optimalìty conditions of linear programming for a profit max-

imization problem are give in Appendix B, while its suitability as com-

pared to marginal analysís is discussed in the next section.

Criticism and Suitabil it.y of Marqina] Anal.ysis and

Ljnear Programming

Marginal ana'lysis is concerned with the process of making choices

between alternative factor-product combinations considering infinitesimal

changes in factor-product combinations in a firm's production problem.

The analysis is based on the production function concept. A typical

formulation of this concept is by Samuelson:

Ìlle assume as gÍven by technica1 considerations the maximum
amount of output, x, which can be produced from any given set of
inputs (vt, . , vn). This catalogue of possib'lities is the
product'ioñ function aäd may be written

x = f(v1, , vn)
In general, there will be a maximum output for each set of inputs,
and so this function is single valued, and will be assumqfl initially
to have continuous partial derivatives of desÍred order.ro

,. 36Pau.'l 
.4. Samuel son, Foundations of Economic-A-nalysis, Cambridge,

Harvard University Press,W
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Profit maxim'ization by the firm involves two decisions. The first
decision is concerned w'ith the estimation of the production function,

which specifies the maximum quantity of output that can be produced by

applying the specifìed quantitíes of factors. The second decision is

concerned with the determination of the quantities of products that are

to be produced which would maximize total profit. Marginal analysis is

concerned only with the second decision of the firm since it assumes the

production function(s) are already known.37 It deals with differentiating

the production, revenue and cost functions with respect to each input and

output independently with the objective of maximi¿ing the net income of

the firm.

Linear programming is concerned with the opt'imization of a línear

objective function subject to linear constraints. The common objective

of a firm in agriculture is the maximization of net revenue generated by

activities or processes included in the model. Unl ike marginal analysis,

the'linear programming analysis is based on the concept of activity or

process. More specificalìy, activity is used to indicate the things

being produced, as a method of attaining the objective. A process is a

method of converting resources into a product.3B However, the term

process and activity are used synonymously in this study. Linear pro-

gramming can also be extended to treat both types of decision problems

simultaneously.39 This can be accomplished by considering each variation

3TThorus H. Nayl or, ,,The

Analysis and Linear Programming.
JanuarV,[966, pp. 266-267 .

Earl 0. Heady and Wilfred Candler, Linear Progranming Methods, The
Iowa State Col'l ege Press , Ames , Iowa , U. S .A.

?q--Naylor, op. cit., p. 267 .

Theory of the Firm: A Comparison ôf Marginal
" Southern Economic Journal, Vol . 32, No. 3,
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f in technical proportions as a separate activity.
The concept of activity or process in rinear programming herps

us to know what lies behind the production function concept of margína1

analysis. According to Dorfman:

. the process of linear programming is a more specifical.lydefi ned concept than the proåuðiiðñ tuñctioñ ói ir.rã"rãrgi nat ana.tysÍs .Indeed, a production funclion is a familv of pro.äirär'which use thesame factors and turn out the same produóts. ' If we-ãómBare any twopoints on a production surface, if the internal raiios or the inputsan{-outputs at-the_two points áre tfré-same, they will representdifferent levels of the same process, otherwise they wi1'l representdifferent processes. The production-fuñction is thus a tool for ex-hibiting-and comparing ditieròni uùf rðiate¿ processes. what it failsto represent adequateTv i:-ilre conseqrãn.. of usíng severaì processesin parallel, 
.and suç¡ äomuiñäitõñ"ãì'äiä..rres as are characteristicof modern industry.4U

Dorfman has mentioned how closely these two approaches are related as:
Li ngar.prpglgmming r.r c]earìy-crosery rerated to margìnaìanalvsis because 6oth moãði ór-áñãiyËtr"¿.p.nd on forma.r , math_ematical methods of maximfzation . .-:-
so far as they purport to describe economic actions they bothpostulate that-economic decisions are made on the basis of rationa'lcal cuiarion. 

. 
Furrher, to ¡rinõ ir,¡ p.ö6ì., ,iahin-rñ¿-scope ormathematics,.rl'.v borh posturJie lr,uI iñe gui¿ing objðciive ofeconomic decisions is tð maximize sðme-màaðura¡le,i;iliion of thevariables under the contror of the ¿eðision unit.+r

Marginal analysis helps us to determíne the optimum quantities of
factors directly, whereas in linear programming optimum quantities of

4ORobert.Dorfman, 
Application of Linear Programming to the TheoryS¡f the Firm, UniversitV o

4l lbid., pp. 79-Bo.



3B

. Naylor has similarly described the difficulties assocjated with

second stage decision.

. the firm's second stage decision probìem (profit maxi-
mization subject to constraínts ìmposed by the production function)
stems from the fact that the solution of the firms technoloqical
problem may yíeìd a production function which does not possãss such
properties as continuity, concavity and non-zero first and second
onder partiaì derivatives. Although marginal analysis may be quite
suitabìe for solving the first type of decision prob'lem (techno'logicaì
problem) it may not be at All appropriate for solving the second type
of decision problem . --

Marginal analysis may also be inapplicable in many sjtuations where

the price is equal to marginal cost at a negative output. For an unpro-

fitable item marginaì cost may be equal to price only at an impossible

negative output level.

Similarly, linear programming has its own problems. Linear

programming is of little help in estimat'ing Ínput-output re'lat'ionships.

The method can only specify the type and quantity of data needed. In

cases in whÍch a firm has an infinite number of processes, the margin-

al anaìysis of smooth curves is likely to be more appropriate than the

methods of linear programming.

Fina'lly the choice between linear programming and marginal analysis

as an approach to a firm's profit maximaizat'ion probìem depends on the

nature of the problem bejng considered. In the words of Dorfman

. with regard to each of his disposabìe resources he has two
sorts of decisions to make: first, the use, if any, which he is to
make of that resource, and second, the technique to be applies for
us'ing that resource for the purpose adopted. Agriculture provides
an excellent example for distinguishing these two sorts of decisions.
Land is normally the limiting resource. The first type of decisíon
is exemplified by the choice of which crop to p'lant ôn each plot;
the second type by the technical decisïons of how intensively to p1ant,
how much and what type of fertiìizer to use, and the like.

44t'tayIor, op. cit., pp. 267-
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Now the first type of decision is a choice among a finite
number of quantitatively different alternatives. There are, to
carry on the earlier example, only a finite number of different
crops and like horses and apples, they are incommensuraÞle. The
second type of decision is infinitesimal and quantitative; it ìs
a question of how much is to be used of each input and how much
is to be produced of the outputs. Now the point of departure of
the marginal analysis is the second type of decision wþgreas the
point of departure of linear programming is the first.45

Naylor has very concisely summarized the problem of choice between

linear programming and marginal analysis in a profit maxÍmization problem.

....the choice between I inear programming and marginal anajysis
as a tool of analysis depends on which problem is being considered
or equivalently which level of abstraction ís desired. If the
problem is "!{hat technique should be applied for using a particuìar
resource for the purpose adopted?" then marginal analysis is more
suitable. If the question is "What use, if any, is to be made
of a particulqr resource?" then linear programming is perhaps more
aPProþrìate.46

The problem of determining the optimal organization of agricul-

ture on efficient sized farms in Manitoba, given the resource restraints,

is basicaìly the problem of how to use the availab'le resources in order

to maximize the net income of farmers. Linear programming is more

appropriate than marginal analysis when the question is "What úse

is to be made of resources?" Therefore the use of linear programming

to determine the optimal organization of agrícuìture on farms of current

farmers from the given resources. Moreover, the linear programming

approach to general equilibrium overcomes all the problems associated

efficíent size is suggested

crops which should be grown

45Dorf*an, 
op.

46tluyl or, op.

with the l^lalrasian and rleoclassical approaches,

not allow the negative level of output of crops.

as it i nvo'lves basical ly the choice among

in order to maximize the net income of the

in particular it does

Fi nal ìy, I i near Pro-

gramming, where the criterÍa of marginal analysis remain applicable,

cit., p.84

cit., pp. ?67-268.
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permits the incorporation of many relationships and variables into

a set of equations and allow simultaneous determinatíon of production

patterns for many regions. Margina'l analysis does not provide any

direct means of finding the optimaì organization in such a ìarge scale

probl em.



CHAPTER IV

METHODOLOGY

.In chapter One we indicated the general importance of the pro-

blem and the adjustment of farms towards the optimum size. The object-

ives of the study were also given. Chapter Two reviewed various inter-

regional studies which have been conducted to determine the optimum

organization of agriculture in the U.S.A. and Canada. Chapter Three

discussed the theory of perfectly competitÍve firms and various types

of models which can be used for the efficient allocation of resources.

Finally it was concluded that for analysis of a problem concerned with

the optimum organization of crops that wou'ld result, given "efficient"

farm size, linear programming was a suitable technique. The model

to determine the potent'ia'l optimum organization of crop production

is discussed in this chapter. The chapter is divided into two sections.

Section I is concerned wìth the determination of efficient or
Â1

optimum farm*/ size. For this purpose, three approaches (i.e. regression,

economic engineering and survivor analysis) were considered. Because

of the simplicity and availability of data the survivor approach was

used for determining the efficient farm size. This technique suggests

that the firms having the minímum average total cost are the best to

survive in a common market where all the firms sel'1. The competitìon

among fi.r:ms of different sjzes selects out the firms which are most

efficient. It helps 'in finding the efficient size by determining the

share of industry output comÌng from firms of different sizes over time.

47rfti. j ent or optimum s'ize
total costs, as defined by the long

refers to the range over which average
run average cost, are at a minimum.
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I'f the share of a particuìar size in the total output is increasing,

then that size lies within the range of optimum size, while if the

share of a gíven size is decreasing then that size lies outside the

range of optimum size. Use of this technique on farms of different

sizes resuìted in concluding that farms having 760 acres and over are

in the optimum range. These farms may not be equal1y efficient, but

it was assumed that they are efficient for the present study as they

all lie in the optimum range.

Section II deals w'ith the assumptions, the specific model and

the data used in this study for the analysis of the impjications of

"efficient" sized farms. Briefly, in order to determine the optimum

organization of crops on these efficient farms, Manitoba was div'ided

into '14 crop districts. Fifteen production activities were considered.

They were: wheat for export, oats for export, bar'ley for export, flax-

seed, rapeseed, Fy€, sunfìowers, potatoes, sugarbeets, wheat for feed,

oats for feed, barley forfeed,wheat produced for sale as feed, oats

produced for sale as feed, and bar'ley produced for sale as feed.

"Grain for feed" activities were specified in order to supply

the feed to livestock in the same crop district. "Grain produced

for sale as feed" activities were specified in order to suppiy the

feed to some other adjacent crop districts as the total feed requir-

ement of each crop d'istrict could be fulfi'lled either by producing ìn

the same crop distrjct or obtaining it from adjacent crop districts.
Constrai nts uti I i zed i n the study i ncl uded :

l. Land avaiìability constraints: Total amount of land

4¡fiuiveaç
OF MANITOBA

available in each crop district was arrived at by projecting t_he crop
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and summerfal]ow area to 1976. From this projected area, tame hay

area was deducted to find the area available for crops. This area

was then partitioned into two soil types.

2. Maxímum production constraints: These constraints were set

by utilizing the highest level of production or highest normal production

of different crops over the period 1962'75.

3. Minimum production constraints: These constra'ints were set

in a way similar to the maximum production constraints except that

minimum levels of production were used. lvlaximum and minimum production

constraints were specified by considering the actua'l or norma'l prod-

uction instead of using maximum and minimum flexibiljty constraints

because of the static nature of the model.

4. Minimum demand constraints for each crop district: Minimum

feed demand constraints for metabolized energy from wheat, oats and

bar'ley were establ íshed at the norma'l requirement of 'livestock. Thís

energy could come from either wheat or oats or barley; that is sub-

stitution between the three is allowed. Normal livestock requirements

per anima'l unit for each crop were first determined by díviding the

projected animal requirement by the projected number of anima'l units

in 1976 for Canada. These average requirements per animal unit

were then multiplied by the availability of metabolized energy per bushel

The resulti'ngfigure was then multiplied by the projected number of animal

units in each crop dÌstrict. These figures were then added in order

to establ i sh the constrai nts .

5. Minimum demand constraints for Manitoba: Minímum constraínts

.for wheat, oats and bar'ley were established by adding the human food
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demand, export demand and industrial demand to the normal animal demand

for Manitoba as a whole. Normal per capita human food demand for

each of these crops v¡as determined by projectíng the human food demand

for Canada to 1976 and then by div'iding the total population of .|976.

These average requirements were then multipìied by the popu'latjon of

l4anitoba. Industrial demand was determined by estimating the total pro-

ductíon and total industrial use of each of these crops to 1976.

It was assumed that the contribution made by each province was equal

to the proportion of the total quantity used for industrial purposes to

total production. The procedure used for export demand vras identícal to

the indr.¡strial demand. The procedure used for establ ishing constraints

for f'laxseed, rapeseed, and rye demand was identjcal to the previous one

except that there vras no livestock requ'irement. Minjmum demand restraints

for sunf I owers, potatoes and sugarbeets were set at the min'imum I evel

of productjon of these crops over the 1962-75 period.-

The cost of production of crops and the method of yield and price

estí,mation are al so di scussed Í n th j s chapter.

DETERÌ'îI MT ION OF EFF iC I TNT FARM S I ZI

Before determin'ing an effjcient farm size, jt js necessary to de-

fine the term size. Renborg defined sjze as:

The size of the firm is some measure of the total sum of alì the
means of production r.;hich f irm commands. The means of production
can be thought of as a vector, B, whose elements are the amount
of each rneans of proCuction measured i n techn jcal un'its . . . .
The size of the firm is thus spec'ified jn as nrany djmensjons as
there are elerents in B. ....if some elements....decrease in size
at the same tíne as others increase - e.g., a substjtution



45

' is taking place - it is not possible to tell if it is a total
size increase or decrease taking place it is possible to
say that the firm has increased in síze in 

¡gme 
dimensions

and decreased in some other dimensions ... '

This definition establishes the point that a síngìe measure

offers difficulties. But there are several sing'le measures of farms

size as number of acres, gross va'lue of production, number of workers,

total cost, net returns etc.. When we see the census data, we are forced

to use singìe measure classification. A single measure is usually

selected by how well it serves as a base for the particular kinds of

size comparison to be made. Like census reports, farm size was measured

in terms of acres in this study because acreage is a usefu'l measure when

one is concerned with crop production, whi'le it may be a poor measure

for poultry operation.

Given the farm size measure in terms of acres, êQUilibrjum in a

perfectly competitive industry requires that each of the firms as well

as the industry as a whole be in equilibrium. A firm in the industry

wilt be in equilibrium when it is earning maximum profits by equating

marginal revenue with marginal cost. The industry as a whole will be

in equilibrium when there'is no tendency for firms either to enter or

to leave the industry. This will only occur when all the firms in the

industry are earning normaì profit 49 to induce them to stay in the

- 
48Ulf Renborg, "Growth of the Firm in Re'lation to Problems of

Factor Acquisition - the swedish Experience" in Market Performance
qnd. Firln Growtln., Joint Comm. Rept. I, Joint Conf@and
Marketing Res. Comm.n Western Agr. Econ. Res. Council, Las Vegas,
November 1967, p. lB.

49Normal profits are those which are just sufficient to induce
the firm to stay in business.
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industry and there are no incentives for new firms to enter. The

perfectly competitive model can be used to make valid predictions

about firm behauíour.50 In a perfectly competitive long run moder,

the firm uses that size of plant and produces that level of out-

put at which minimum average cost is equal to price and the firm

makes zero profit (and zero loss).51

In Manitoba agricu'lture, where farm firms of d'ifferent sìzes

exist, they earn different levels of profits. Farm firms of larger

size have lower per acre cost as compared to smaller sized farms. Re-

ferring to the Framingham et al 52 study and considering the production

of wheat which is grown in crop district one, cost of production per

acre amounted to $35.72 on small sized farms (i.e. 'less than 240 acres),

$zg.e0 on medium sized farms (i.e. z4o-759 acres) and $eo.l6 on 'large

sized farms (i.e. over 759 acres); whíle the gross income on all these

farms amounted to $31.67. Profits of $S.Sl per acre were earned by large

sized farms, while losses of $4.05 per acre were experienced on small

sized farms. The prescence of profits on large sized farms and losses

on sma'll sized farms has created a tendency for large sized farms to

increase in number and smaller sized farms to decrease in number.

Various procedures have been used to determine the optimum size.

These include:

l. Use of regression analysis of average cost and volume data.

trn
"'The Chicago School of Economics has tended to use the assumptìon

of atomistic market, which cìosely approximate perfect competition. See
zHenery L. Miller Jr., "0n the chicago school of Economícs" Journal of
Political Economy,Vol. 70, No. l, Feb. 1962, pp. 64-69.

Slse" Alfred hl. Stonier and Douglas C. Hague, A Textbook of Economic
fheory, Urwin Brothers Ltd., London,1963, pp.l26-l38;
l4icroeconomic Theo¡1, Homewood; Richard D. Irwìn, Inc.,

and C.E. Ferguson:
1972, pp. 270-80.

S2Framingham, Craddock and Baker,gg. cit.
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.2.
3.

Economic engi neeri ng method.

Survi vor a na'lys i s

54Sh.1don hl. Williams and James
Size of Food Processing Plants by Using
Journal qf Agricultural Economics, Voì.

Use of Reqression53

This method involves the determination of average costs and

volumes for each of a group of sample pìants. A regression'line is fit-
ted to the data which shows the average relationship between plant vol-

ume and costs. This method combines and confuses cost changes that are

accompanied from the more complete utilization of a plant of a given scale

with the cost changes that accompany changes in scale. Heterogeneity

of products and of operat'ing conditons, differences in the basÍs of

valuation of physical assets, the operation of many plants below their

optimum voìumes and other prob'l.rr54 made it impractica'l to determine the

longrun average cost curve. Unavailability of nelevant data was another

obstacl e .

tconomic Engineering Method

This technique

some crude guesses on

Hypothetìcal firms are

and output. Estimates

requires some fair'ly technical information and

non-technical aspects such as marketing costs.

developed and estimates are obtained for cost

are usually based on the assumption that:

53See R.G. Bressler Jr., "Research Determination
Scale", Journal of Farm Economics, Vol . 27 , No. 3, ]945,

of Economies of
pp. 526-539.

hl. Grubele, "Estimating Optimum
Survivor Anaìysis. " American
58, No. 4, Nov. 1976, pp.74O-
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l. All factor supply curves are completely elastic, j.e.

factors of production are freely available at a constant suppiy price,

2, The demand for the product is also completely elastic. Even

the ideal results do not tell the optimum size of firm in an ìndustry

because they do not take into account all factors in the environment in

which plants operate.5S

Survivor Analysis

The survivor technique is a relativeìy simple means of estimating

the optimum size. It avoids the problems associated with the previous

techniques. Because of its simplicity and availability of data on the

number of farms in different sizes, this technìque was used in determìn-

ing the optimum size in this study. Th'is technique56 is based on the

concept that the minimum average cost size lirms survive best in a com-

mon market where a'll the fÍrms sell. The competition among different

sizes of firms selects out the most efficient firms. The technique

heìps in finding the efficjent firm size by determining the share of

industry output coming from different sizes of firms over t'ime. If the

share of output of a given size is increasing its industry output, then

that size lies within the range of optimum size; while if the share of

a given size fal'ls, then that size lies out of the range of opt'imum size.

In general, the more rapidly the share of a given size is faìling, the

more inefficient that size is considered to be.

ÃÃ"Ibid., pp. 740-741 .

56see Thomas K. Savingn "Estimation of Optimum Size of Plant by the
75, No. 4, 569-
Journal of

Survivor Technique", Quarterly Journal of Economics, Vol.
607, 196l and George cale",bul, l9bl and ueorge J. 5t1gler, " lne Lconomres o
Law and Economics, Voì . 'l , No. 1, 54-71 , 196.| .
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' Percent contribution of different sizes of farms to total value

of output in Manitoba was determined by considering the value of diff-
erent crops grown on different size categories for l95] , '196] , 1966 and

1971 ' For 1951,57 all the crops reported in the census were considered.

For 196158 and 1966,59 al'l the crops mentioned in census reports with the

exception of soybean and tobacco (which accounted for 0.0'l% and O.O3%

respect'ively of the total cropped area during 1961 and 
.|966) 

were taken

into account. Yield p.. u.r.60 ur,d the price per unit of output of

soybean and tobacco were not available. For I971 ,61 fie'ld beans, oats

cut for fodder, other fodder crops and soybeann which accounted for 0.0.l% of

the total crop area, were not taken into consideration for the same

reasons. lnlhile finding the contribution of different size farms to total

agricu] tural output i n Mani toba , i t was assumed that yie,l d per acre and

the price per unit of output of different crops is the same for all sizes.

The percent contribution of different size farm firms over time is given

in Table 2.

' 5TDominion Bureau
Vol. VI, Part 2, Queen's

5BDo*inion 
Bureau

Cat. 96-537, Vol. V, Part

of Statistics, Ninth Census of Canada, AgriculturePrinter,OttawaF
of StatistÍcs, Census of Canada, Agriculture, Manitoba
3, Queen's Pri

S9Dominjon Bureau of statistics, census of canada, Agricu'ltureManitoba,Cat.No.96-608,Vo].V,Part@r,0ttawa,1968.
605.. Manitoba Department of Agriculture and Inm'igration, Report on
Liyç:!oc.\ egc; Crop Bul'letin No. 130, Queen,s priñter, Wínñìleg, -9rops, Livestock etc; Crop Bul'letin No. 130, Queen,s priñter,

ffiba Department of Agricú1ture and conserúand Conservation, Report
9n crops, Livestgck etc; crop Bul'letin No. 140, Queen's Printer, h,innilêg,

toba.'.Department_of Agricu'l ture, Nani to¡á Àgrïcüiiúre
Yearbook, Queen's Printer, Winnipeg, 1966 and l97l.

6'l Stati s tics ca nada , Çç¡sus qf Çqnada , Agri cul ture, Mani toba , cat . No .
96-708, Vol. IV, Part 3, Qu
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From the table, it is clear that the share of total output con-

tributed by sizes under three acres, 3-9 acres, l0-69 acres,70-239

acres and 240-399 acres has decreased consistently over time. The

contribution of farm size 400-559 acres increased slightly over l95l

and 
.|961, 

and then decreased consistently. The percent contribution

of 560-759 acres increased over the period 1951 and 1966 but decreased

over 1966 and 
.|97ì. This could occur due to the fact that optimum

farm size has changed over time because of changes in factor prices or

technology. Thus farm size of 560-759 acres may have been in the

range of optimum farm size over'1951 and 1966, while it may have been

outside the optimum range over 1966 and 197.|. The share of farms of

sizes 760 acres and over has increased consistently between 195.| and

1971.

In order to see how rapìdly a given farm sïze is gaining or

losing its share of the total Manitoba crop output, an. index of

growth of crop output of different. sizes of farms was prepared (Tab'le 3).

Index of growth was calculated by using the following formu'la:

- pR..Ini.j = "'1J X]00- PRi I 95.|

Where:

PR** _ percent contribution to total output by the i-th sizerJ -
in years l96l, 1966, .|971.

DD"'il95l= percent contribution to total output by the i-th size in

year '195.| 
.

Ini; = index of growth of output of i-th size in the j-th yearrJ

over .|951.
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The index of growth of output of dìfferent size categories

depicts that the smaller farm sizes up to 559 acres have a negative

rate of growth over time. Farms of size 560-759 acres experienced

an increase in the rate of growth (in terms of percentage

contribution to tota'l output) over the period 195ì to .l966 and then

a declining rate of growth over the period .|966 to 197.|. It may be

hypothesized that the smaller the farm size, the more'inefficient they

are and the more rap'idly the index of growth of crop output declines.

Farms of 760 acres and over experienced an, increase in the index of

growth of crop output for the cropping patterns exist'ing over the

period l95l-71. This increase in the index of crop output was not the

same for these different farm size groups. A question aríses, which

is the efficient size when various farm size groups observed different

increase in the index of growth of crop output? Stigter62 argued that

one should not infer that size cìass whose share is growing more rapid-

ty is more efficient than other c'lasses whose share are growing more

stowly because the difference mereìy represents difference in the quan-

tities of various quaìities of resources. By using this argument we can

conclude that despite the fact that various farm size groups above 759

acres experienced different rates of growth of crop output, they are a'|1

in the efficient range. These farms of 760 acres and over are assumed

to be "efficient" for the present study.

THE MODEL

Inter-regional relationships in agriculture are important because

producing units are spatially distributed. There are regionaì differences

62stigler, op. cit.



54

in soil fertility, climate and in the availabi'lity of various inputs.

Due to these factors, different regions have comparative advantage in the

production of different crops. An efficient spatìa1 a'llocation of diff-
erent crops and resources requires the consideration of regional production

possibilities and interregional relationships. In order to find the

optimal organization of crops in Manitoba on efficient farms (i.e.760

acres and over) a static linear programming mode'l was used. The nature

of conclusions that can be drawn from the static deterministic or probabil-

istic models is discussed by Rescher.63

"A deterministic 1aw (universal conclus'ion) is one of the form

'state X is always and invariable followed by state Y'. A probabjlistic

law may have a form such as 'state X is followed by state Y with pro-

bability h and by state Z wÍth probability (l-h)."

Concentrating on probabilistic e'lementS, there are two ways in

which probability can be specified--objectively and subjectively.64

The objective probability approach emphasize the relative frequency

of occurrence of events. Using the principìe of maximum likelihood65

the observed frequency is taken to be an accurate measure of the probabil'ity

of the event in any eva'luatíon of a system. The central limit theorem66

assures us of the correctness of such a procedure for a ìarge number of

63t'1. Rescher, "Di screte State Systems , Markor Cha i ns
in the Theory of Scientific Explanations and Predjction."
Science, Vol. 30, No. ZZ, 1963, p. 32S.

and P I ems

of

64R. 
Curnapr"The Two Concepts of Probability," in Readings in the

?hiLosoph.v of Scie'nce, eds. H. Feig] and M. Brodbeck, AppTêTon-üei@
Crofts, _Inc., 1953, pp. 438-455.

65Tu.o 
Yamane, Statistics, an Introductory Analysis, Harper and

Row pub'lishers, New Yo
66N. N.lnyk, Principles of Applied Statistics, Pergamon Press Inc.

New York, 1974, p. Zn.

rob
oDh
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observations, but otherwise we have no such assurance. The subiective

probability approach emphasizes the individual's degree of belief. The

use of a probabilistic model 'leads to better decisions if one is sure

that the probabitities are accurate. But there is no way by which they

can be known to be accurate.

One can say that the probabi'listic model is less useful than the

deterministic model because a policy maker would prefer to choose an

outcome rather than a distribution of outcomes.

Limited number of observations about the yield per acre with

recorunended levels of fertilizer also forced us to use the deterministic

model because the central I imit theorem assures us correctness only when

the number of observations is large.

Models are also appraised in, general terms by using the criteria
of conmunicability and workability. The logic of a deterministic linear
programming model is easier to communicate than that of a probabilistic

model. In terms of workabi'lity, the probabilistic model may be either

unsolvable or so'lvable at larger cost as compared to the deterministic

model .67

It was for the reasons discussed above that a deterministic

muìtiregionaì'linear programming model was used in this study to deter-

mine the optimal organization of crop production.

67¿.n. Anderson, "An Overview of Modelling in Agricultural Manage-
ment." Review of Marketjng and Agricuìtural tcoñomics, vol . 40, No. 3,
Sept.19
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ASSUMPTIONS OF THE MODTL

The assumptions in the model employed are described below.

Farmers Aim to Maximize Their Profit

It may be said that maxímization of profit68 is a part of every

firm's objective function, but it may not be the only motive. Most farmers

have as a final goal a high'level of 'living and maximum satisfaction for

the family.69 Firms may not be maximizing their profits consiously, but

the competitive market will force them to become so. If the farm firms

do not maximize their profit under competitive market conditions, they

will be forced out of business. Thus profit maxjmization can be con-

sidered as a valid goal of the farmers.

Markets are Competitive

Knoh70 and l,,latsonTl stated that most agricuìtural markets and

many factor markets as wel'1, approxjmate perfect competition. For the

commodities which we have inc'luded in our model, there are iarge numbers

of producers who are producing almost homogeneous products. No producer

is strong enough to influence the products prices. Prices of the inputs

are a'lso not influenced significantly by any producer. Farmers are

6SProfit is defined as the difference between the total revenue and
total cost, C of the firm. Tota'l revenue of a firm operati,ng under per-
fectly competitive market can be given as the number of units of product
sold, q, multiplied by the un'it price, P received. Thusn= Pq-C and profit
equa'ls net revenue.

69Earl 0. Heady and Harold R. Jensen, Farm Management Economics
PrenticeHa]],Inc.,-Eng.|ewoodCliff,N.J.,,'|9

TOJames V. Knoh, Industria'l Orqanization and Prices, Prentice Hall
Inc., Eng'lewood, New Jér

TlDonuld S. t^Jatson, Price Theory and It's Uses, Second Edition,
Houghton l"|i ffl i n Co. , Bosto
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normally price takers rather than price makers. Therefore, the assumption

of perfect competition seems realistic

Linear Enterprise Functions

It'is assumed that ìinear enterprise functions for firms of 760

acres and over are an adequate representations of efficient crop firms

for purpose of the anaìysis. This assumption i.mplies that there are

constant returns to scale or that the production function for each

enterprise is'linear j.e. if the production of one unit of a product

needs two hours of labor and one dollar expenditure of capital, then the

production of two units of output will require four hours of labor

and two dollars expenditure of capital. This linear assumption ìs

quite consistent. with economic theory. it should be made c]ear that

the familiar curvature of production function results from the changes

in proportion of various factors and by the changes in scale. This

linearity assumption simp'ly says that if we take a point on the product-

ion function and if we muìtip'ly each input and output by the same constant,

the relevant point wi'l'l be also on the production function. In other

words the linear assumption implies that production functions are

homogenous of degree one. Thus as long as resources are available on

farms of 760 acres and over and it is possible to duplicate the production

faci'lity' then each duplication wiìl be as product'ive as the origina]

facility. Therefore, the assumptions of linear enterprise functions

for forms of 760 acres and over has some validity in this study.

Divisibility of Resources and Acti vi ti es

This assumpt'ion imp'lies that output can be produced and inputs

can be used in fractíonal units, i.e. it is possible to use 0.51 acres

of'land to produce .|3.5 
bushels of a commodity. It may not be possible
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to apply certain inputs'like tractors in fractional units, but their

services can be obtained in any quanitiy, j.e. it is possible to hire

the tractor for .|.5 hours. Buying and selling such services among

farmers in aggregate wil'l overcome the divisibility problem. Thus the

assumption of divisibi'lity is justified in our study.

Fi ni te Number of Activities and Resource Restrictions

If there are an infinite number of alternative activities and

resource restrÍctions, then it is not possibìe to find an optimal sol-

ution. It is realistic to assume that farm situations invo'lve only a

finite number of activities and restraints. For the present study, it
is assumed that nine crops (i.e. wheat, oats, bar'ley, flaxseed, rapeseed,

Fy€, sunflowers, potatoes and sugarbeets) wh'iòh constituted 95.8

percent of the total cropped area excluding tame hay were an adequate

set to explain Manitoba crop production. It was also assumed that there

were a finite number of 'land constraints, maximum and mínimum'levels of

production of crops restrictions and demand restraints. Due to the finite

number of crop activities and number of restraints, this assumption is

j usti fí ed .

Nonnegativity of Decision Variabl es

This assumption is satisfied in

not make sense to grow minus ten acres

one.hundred bushels of wheat.

It is assumed that there are 14

separated regions.

crop production because it does

of wheat or to transport negative

interdependent but spatially
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, All producers in a given reg'ion have identjcal input-output co-

efficients and these coefficients are constant for given soiì types.

It is also assumed that total production in each region is limited

by the availability of land and by the maximum and minimum actual or

normal level of production of each crop over the period 1962-75. This

range of production represents the maximum level of adjustment ajlowed

to farmers producing each commodity. Flexible constraints were not used

in establishing this range because of the static nature of the mode'|.

MATHEI4ATiCAL PRESTNTATION OF THE I4ODEL

The model was appljed to 14 crop districts of l'lanitoba. Two soiì

types and nine crops vrere cons'idered. The object'ive of the model was to

maximize total net income given the 1and, product'ion and consumption

constraints. Aìgebraicaì'ly, the model is summarjzed be'low.

l4aximi ze Y

subject to the follo'iring constraints.

Land Availability

( Li¡ for al I i and j.

Producti on l.laximums and i'ii nimums

O, j* Xi jk <l,lqPRik for al I i

biir xi jL > l':iPRi k for al I i

l4 l5

,l F" tiuk Tiuk
1tlIIt

i=ì

l4 2 ls=t t L
i=l j=l k=l "ijr. xijr. -

l5

F utro tiir

?tj=l

2tj=l

and k - t-9

and k= l-9
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Minimum Feed Demand Constraints for tach C Di stri ct

12f
k= 

.|0

2

F*,.

l4 2

,5 F biir.

t5
brir xiit : Ë', to

t4f
v=l

Tiuf)Df forall i

l'li nimum Demand Constrai nts for Mani toba

xi¡t ) Dt for k= l-9

Non-neqativi ty Constrai nts

x¡iu7t o

Tiur 7 o

l^lhere:

f=

"ijk =

lç=

lç=

k-

ft=

ft=

k-
lç=

k=

k-
þ=

t'let i ncome

Net income for the k-th crop activity

the j-th soiì type

l, wheat for export

2, oats for export

3, barìey for export

4, flaxseed

5, rapeseed

6, rye

7, sunflovJers

8, potatoes

9 sugarbeets
.|0, ;-heat for feed

in the i-th region for
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k = l'l , oats for feed

k = .|2, barley for feed

k = 13, wheat produced for sale as feed

k = 
.|4, oats produced for sa'le as feed

k = 15, barley produced for sale as feed

j = l, sandy soil

j = 2, clay soil

i = 1, 2 14 crop districts

Xijk = Level of production of k-th activitiy in the i-th region for

the j-th soil

tiuk = Cost of transportation per unit of the k-th product from

(to) tne 'i-th reg'ion to (from) the v-th region

Tiuk = Quantity of the k-th commodity transported from (to) the

i-th region to (from) the v-th reg'ion

ô.i.rr, = Amount of 'land needed per unit of commodity k in the i-th
rJÑ

region for the j-th soil

1.,., = Soil of quality j available in the 'i-th region
rJ

b.r.ir, = Per unit yie'ld of commodity k for the i-th region on soil j¡Jt\

PAPRiO = Maximum level of production of commodity k in the i-th region

over the .|962-1975 period

MIPRik = Minimum level of production of commodity k in the i-th region

over the 1962-1975 Period

Mk = Metabolizable energy provided per unit of commodity k

Di = Total amount of metabolizable energy demanded for livestock

in the i-th crop district

Dk = The total demand for human food, export, industria'l use

and for livestock for the k-th commodity for Manitoba
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THE DATA

The model given above is a modified version of the model developed

by Framingham, Craddock and Bak.r.72 Most of the data requ'irements were

fulfilled by makìng spec'ific adjustments to the data used in the'ir study.

The restraint levels were determined by col'lecting data from different

sources and projecting to '1976. The procedure adopted in establishing

different constraints js discussed first. This is followed by discussion

of the cost of production of different crops. Finally, the method of

yield and price estimation for different crops is given.

METHODS USED IN CONSTRAINT ESTIMATION

Land Availabi I ity Constraints

Total land that would be available for the production of crops in

each crop district was determined by projecting the total crop and

summer fallow area over time to 1976. (Appendix C, Table l). For this

purpose, the following equation was used to estimate available land,

empìoyi ng regression analysi s.73

TAC.. = a. + b.X.]E 1 r f,

hlhere

TAC. = Total crop and summerfaì'low area in year t for i-thir
reg'ion

ai = jntercept of the equation for the i-th region

bi = Regression coefficient showing the annual change in the

crop and fal'low area for the i-th regìon

T?Franingham, Craddock and Baker op. cit.
730v.ru'll regression and regression coefficients were significant

at the 5 percent level for half of the crop districts.
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Trend variable such that X

for 1966 and X
t+.|0 = ll for 1971.

Area available for the production of crops fon each crop district

was arrived at by deducting the tame hap area grown in 1976 from

the total projected available land. The results are shown in Tab'le 4.

The crop area was then partitioned into soil type I and sojl type 2.

by using the proportionate share of these two types of soils used by

Framingham et aI.74 The area of each soil type available in each

crop district is gÍven in Table 5.

Production Constrai nts

Maximum and minjmum production restraints were imposed ín order

to account for farmers desíre for diversity and to depart from establjshed

I evel s of producti on. A congl omerat'ion of factor"s i s respons'ibl e for

farmers' inability or unljllìngness to make large changes jn their est-

abl ished leve'l s of production. These incl ude risk and uncertaìnty assoc-

iated with vreather and marketing, ìmperfect knowledge and personaì pre-

ferences as object'ives other than profit. Since these factors cannot be

measured eas'ily, so maxjmum and minimum actual or normal production of

each crop over 196?-75 was used as an alternative measurement of extent

of diversity. tquìlibrium of an efficient fjrm is influenced by a

number of factors like price of input, price of output, technology and

v¿eather condjtions. G'iven the pr ices of inputs and outputs, and

technology used by efficient sized fjrms it was assumed that the total

production by aì'l firms of each commodity would not increase or decrease

by more than t.he naxirnum or mjnimum production over the period 1962-75.

X=t t = I for 196l and Xr*U = 6

74Frar.i n-ohan, Craddock and Baker op . ci t.
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TABLE 4

LAND AREA AVAILABLE FOR THE PRODUCTiON OF CROPS

Crop District Total Area,
AvaÍlabler

Tame Hay Area2 Area Available
for Crops

- -Acres - -

I

2

3

4

5

6

7

I
9

l0
tl
12

13

l4

I,033,246

I,l02,lgg
ì,999,940

376,646

1,071 ,771
.¡ 
70,505

866,725

865, 1 20

7 64,736

I,300,446
979 ,395

924,095

509,002

511 ,787

.l 
1 0,663

40,278

162,673

5l,554
234,536

.l 
2,690

1 08, 371

78,092

14,?gg

35, 1 98

21?,67 4

34,?25

92,829

256,469

922,593

ì ,06l,gl l
1 ,936,?67

325,092

837,235

157,925

758,354

787,038

750,437

1 ,265,248
766,711

889,870

416 ,17 4

255,31 8

J 
P ro¡ected

2stutistics Canada, Census of Agriculture 1976
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This range of production represents the maximum level of adjustment

al'lowed to farmers producing each commodìty. The actuaì level of

production of various crops may undergo changes more than those

specified in the maximum and minimum constraints. However, information

obtained through the model would show the direction of changes in the

production of various crops. The maximum and minimum level of product'ion

of wheat, oats, barley and flaxseed for different crop districts, over

1962-75 is given in Table 6. Since no data were available for other

crops accordi ng to crop di stricts , the fol 'lowi ng steps were taken 'i n

establishing maximum and minimum levels of production constraints for

these crops for each crop district:

Firstly, production of wheat was projected to determine the

"normal" production for each crop district and for Manitoba as a who'le

for 1975 by using data from the Yearbook of Manitoba Agriculture, Table 2

in the Appendix C. The word normal is used to mean the trend level of

of production rather than actual production. Due to various types of

uncertainties, the normal level of production may not be the same as the

aggregate output of all firms determined under equiìibrium where they

were using their resources efficient'ly. Normal production is assumed

to include the effect of all variables which could influence production.

The normal 'leveì of production was selected because it was assumed that

the decision about the total production of commodities by farmers was not

influenced by weather conditions. Normal production thus eliminated

the effect of favourable and unfavourable weather and indicated long

run production trends. Another reason for usíng norma'l production was

to include the effect of technological change which is occurring over time.
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Use of normal production thus included the effect of technologícal change

which is continuous. The fol'lowing equation !{as used to estimate normal

production:

PR. =a. +b. X-
I V'Jt 1W 1r¡, I

l,lhere:

PR.... = Production of wheat in the ì-th region in period t,'t l/'/E

ôiw = Intercept for wheat for the i-th regìon,

bi* = Regression coefficent showing the annual change in

wheat production i n i-th reg'ion,

Xt = Trend varjable such that

Xt=lfor1962

trl, = 2 for 1963

X +12 = 13 for .|974

t
Secondly, production of rye and rapeseed was projected for 1975

by using the aforementioned equation for ManitobaT5.

Third'ly, normal production for rye and rapeseed for each crop

district as given in Table 7 for 1975 was determ'ined by d,istributing

the normaì production of these crops amoung crop districts in the same

proportion as the normal wheat production was distributed. Wheat was

used for apportioning the normal production of these crops because

it was the most important crop in Manitoba and shared about 50 percent

of the area of crops considered in this study. For this purpose, the

following formula was used -

.,r/cOveral1 regression equations and regressions coefficients were
significant for rapeseed and nonsignificant for rye.
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^llvn
Yik = '^É {-u (k=5, 6, . 9)ç-- mk '

Where:
/\
Yik = The projected production of the k-th crop (i.e., rye or

rapeseed) in the i-th crop district for 1975,

Ŷwi = The proiected production of wheat for the i-the crop

district for 1975,

^Ym = The projected production of wheat for Manitoba for .|975,

Ŷmk = The projected production for the k-th crop (rye or rapeseed)

for Manitoba for 1975.

Finally, maximum and minimum 'level of production restraint for rye

and rapeseed for each crop district were arrived at by using the

fol I owi ng formu'la : 
^MAXP,., _ MAXWr . i..K't -1_l ' i k, (k=5 ,6 )

Y*l

I'lhere:

MAXP,.- = The maximum production level of crop k (i.e. rye or
K1

rapeseed) over 1962-1975 in region i,
MAxl^l- = The maximum production level of wheat in the i-th crop

1

n Ot strict over I 962-75,

Ywi = as defined earlier,

Ŷi L = as def i ned ear'l i er .

By following similar steps, one can estab'lish the minimum pro-

duction restraints for rye and rapeseed for each crop district. The

maximum and minimum level of production of these crops is given in Table

8.
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TABLE B

ESTIMATED MAXIMUM AND MINII''IUM PRODUCTION ì
OF RYE AND RAPESEED IN DIFFIRENT CIìOP DISTRICTS OF I4ANITOBA'

Crop District Rye Rapes eed

Maxi munt Mi nimum Maxi muln M'i n i mum

thousands of bushels---

I

2

3

4

5

6

7

B

9

l0
ll
l2
l3
l4

372.285

472.594

769.61 5

l00.Bl4
350.5s8

36.640

2s9.269

296.012

255.670

497. I 78

332. 82s
.|02.663

I 70.825

l2s.l03

I 23.002

167.295

242.643

27.945

I 09.765

9. 874

l0l .562

94. 594

75.432

I 46. 031

82. 4s0

20. 339

34.627

30. 005

I 23.| .520

I s63. 344

254s. BB9

333.493

I ì 59.649

1212.s29

880.093

979.210

B4s.7s7

I 644.667

ì I 00. 984

339.61 0

565.088

4l 3.842

406.892

553.4.¡ 2

802.663

92.444

363. t 03

326.771

344. 753

3l 2.9.l 9

249.529

483.071

272.7 44

67.283

lì4.547
99.2s5

, 

--

t
'Mininun level of production of-rye and rapeseed for each crop district

was determìned by appty1n9 the îö.ñula"ãs discúiõeO in Text'similai' formula

was used in estjmatìng the minimúm ievers of production of these crops at the

crop district levels. Data ,r.ä-*ot taken from : Department of Agricuiture'
ÍeãFUoor. of Manìiðùã'nstìiüllr.e, Queen's Printers' 1960-74'
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Production of sunflowers, sugarbeets and potatoes was constrained

to specific crop districts as these crops were not grown in some crop

districts 'in '1976. Sunflov',ers production þ,as al lowed in crop district
l-5,7,8, l'1, and 13. Sugarbeets production was constrained to crop

districts 2-5 and 9-ll. Potatoes were grown in al'l crop districts with

the exception of crop distrìct l, 5,6, l3 and 14. The normal product'ion

of these crops as shown in Table 9 was determined for Manitoba in order

to allocate this production to different crop districts according to the

proportionate share of each crop sown in different crop distrìcts in'1g70.76

Maximum and minimum production restraints as depicted in Tab'le ll were

arrived at by íncreasing or decreasing the norma'l production in each

crop district by an amount equal to the percentage increase or decrease

of the actual maximum or minimum production over the normal production

(Table 10) of each crop for Manitoba over the period 1g6z-7s.

Minimum Feed Demand Constraints for Crop Districts

Mi nimum

district were

MER. ='l

hJhere:

MER., =
'l

NREQS =

demand constraints

established by using
3

_L NREQ. t RUis=l )

for metabolizable energy for each crop

the following formula:

X MEABS,

Metabolized energy required for livestock in the i-th

crop district,

Normal requirement per animal unit for the s-th commodity

i n bushel s,

AUi = Animal units in the i-th crop distrìct,

765.. Appendix C Table 3.
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TABLE ì0,

NORI"IAL PRODUCTION OF SUGARßEETS, SUNFLOI^IERS
IN DIFFERENT CROP DISTRICTS IN

AND |OTATOES
197 6l

Crop District

1

2

3

4

5

6

7

B

9

ì0
tì
t2
ì3
t4

Ilani toba

(000 pounds )

5 ,418
37 ,008

2,.| lB
4,000

7 ,300

.| 
8,008

to:lon

636

-:
l,Bog

90 ,906

(000 bushels)

3,.|34

67

470

t lru,
2,ì80

t54
267

200

7,758

(Tons )

228,800

43,78?

'l:oou

U-,0U,

g,594

]:ooo

,rn,uæ

I'Norma'l production of these crops for each crop district was deter-
mined by aì'locating the nornral I'lanitoba production of these crops
according to the proportionate share of the area sol^/n ìn each crop
district in ì976. Area soln to each crop in various crop district
was obtained from Statrstics Canada, Census of Canada, Aqriculture,
I 976.

Sunfl owers Pota toes a rbe ets
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TABLE II
I4AXIMUM AND MINIMUM PRODUCTION T

OF SUNFLOI,IERS, SUGARBEETS AND POTATOISI

iD Di strict Sunfl owers Potatoes Sugarbeets
Maximum l4inimum l4aximunl Minimum Maxi¡nunr Mi nirnum

I

2

3

4

5

6

7

B

9

l0
ll
t2

ì3
l4

g,059

6l ,BBl

3,542

6,68g

1?,206

30,lll
,0,-O_rU

I,063

, roro

(000 pounds ) (000 bushels) (lons )

247,972

52,617

o:'-"'

)-,ruu
I I ,530

l:uou

9ì6
6,254

358

676

1 ,234

3,043

2,469

-, 

o,

306

,-,)nn

71

495

t,rru
2,295

162

2Bl

211

27

I,4oo
30

-:'o

562

974

69

lle
B9

1?

ttu,uro
26,124

':'_'o'

,l uuu
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]: 'no

.| 
52 ,002

.¡ 
5, 363 8, 

.|66
3,495 396,21 2 196,720

lMaxínrum and mi nimum production
obtained by increasing or decreasing
by the percent increase or decrease
normal production as shown in Tabìe

of these crops ín each crop district tvas
the nornral production given in Table i0

of actual production over .l962-75 
over

9.
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MEAB = Metabo'lized energy provided per bushel of conrmodity s,
S

s = I - wheat, S = 2 - oats, s = 3 - barley.

" Normal requirement per animal unit for each commodity was determined

by using the data for Canada as the feed data were not available for

Manitoba. The foìlowing steps were involved in findìng the values of

MER.¡ .

l. Tota'l annual requirements for wheat, oats and barley as feed

were projected to .|976 by using the following equation:

FTD .st=âs+brX¿,
hlhere:

FED = Use of s-th commodity as feed in year t in Canadast
s = I - wheat, S = 2 - oats, s = 3 - barley,

a, = Intercept of the equation for the s-th commodity,

b, = Regression co-efficient indicating the annual change in

feed use for the s-th commodity,

X, = Trend variable such that x¡ = 1 for 1960, x t+l = 2 for

196.1 ' , tt * 14 = l5 for 1974.

The projected figuresTT are as in Table 12, while the data used are

given in Appendix C, Table 4.

2. Total number of units of livestock of various categories

for Canada were projected to 1976 by using data from various sources

shown in Appendix C, Table 5. A linear equation of the follow'ing form

was used for projection:78

770vera11 regressions and regression coefficients were sjgnificant
for these crops.

78
Overall regression equations and regression coefficients were

highly significant for various kínds of animãls with the exception
of bul I s.
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ANLt, = a', * bi Xt,

hlhere:

ANL-. = Number of animals of i-th kind in jear t in canadan1t
i = I - bulls, i = 2 - mi'lk cows, 'i = 3 - beef cows,

i = 4 - dairy yearling heifers, í = 5 - beef yearìing

heifers, i - 6 - steers, í = 7 - calves, i = $ - hogs,

i = 9 - sheep and lamb, i = l0 - horses, í = ll - hens

and pu'll ets,

ai = Intercept of the equation for the k-th kind of animals,

bi = .Regression coefficient showing the annual change in

number of animals of i-th kind,

Xt = I for 1963, x¿ * ., = Z for 1964,, Xt + 12= 
j3 for

I 975.

The projected figures for sheep and lambs were divided into

sheep units and lamb units on the basis of total number of these

animals in Manitoba in 1974. Similar'ly, the projected number of hogs.

were further divided into pigs over six months and pigs under six months

on the basis of total number of hogs in Manitoba in .|975. 
These animal

numbers were divided into two categories in order to apply the appropriate

conversion factors. The proiected number of animals of various categories

are depicted in Table 13.

3. Different kinds of animals are fed various levels of nutrient.

Therefore projected number of animals in Canada were translated into

units of animals by using the conversion factors or weights shown in

Tabl e 14.



O
l

T
A

B
LE

 ]3

P
R

O
JE

C
T

T
D

 
N

U
I4B

E
R

 O
F

 A
N

II'IA
LS

 IN
 C

A
I{A

D
A

 IN
 ]976.I

C
ategory of A

nim
al

B
uils

l4i I k C
ov¡s

B
eef C

ow
s

D
airy yearling

B
eef Y

earl ing
S

teers

C
al ves

H
orses

C
hi ckens

P
Ígs (6 m

onths &
 oìder)

P
 i gs (under 6 rnonths )

S
heep

Lam
b

llum
ber

?60,255

1 ,965,1 60

4,245 ,974

482,?06

1 ,466,276

I ,862,455
4,071 ,679

266,085

4,563,214

1 ,602,364
5,519,255

290,085

212,729

given
lP

rojected figures vrere
in A

ppend'¡x C
, T

able 5. obtained Þ
y using the data



O@

T
A

B
LE

 ]4

.F
A

C
T

O
R

S
 F

O
R

 C
O

N
V

E
R

S
.]O

N
 O

F
 V

A
R

IO
U

S
 LIV

E
S

T
O

C
K

IN
T

O
 A

N
II,IA

L U
N

IT
S

C
ategory of A

nim
al

B
eef C

ow

B
eef heifer

B
u'l I

P
ig over 6

P
ig under 6

S
heep

Lam
b

C
h i cken

.C
ai ves

D
airy cow

D
airy heifer

H
orse

&
 S

teer

¡r¡vJ.

m
os.

S
ounce:

A
nim

al U
nits

surendra l'1. K
ulshreshtha. prosoects fnr" I i,,o.*

W
,.pIo¿

r..ffi
unr versì ry of saskafðñilñl-Þ

"0¿
lðiiãå ô;iiö¿

N
o. 225, Jan.-F

eb., l9i5; ó. iå.

0. 80

c.71

r.95
0.44

0.22

0.t3
0. 03

0. 005

0.61

I .00

u. /5

0,62

ckF

864,
publ i cati on



8l

4. Normal requirements of feed per animal unit were determined

by dividing the projected feed requirements of wheat, oats and barley by

the tota'l number of anima'l units in Canada. These are as shown in Table 15.

5. For each crop district total number of animals of various

categories were estimated to 1976 by taking data from the Manìtoba YearbookT9

and using linear equat'ion as used for projecting the number of animals for

Canada. The projected number of animals of each category in each crop

district are shown in Table lO90 Animal units were formed by using con-

version factors already given.

6. Normal requirements for each crop district were determined by

multiplying the requirement per animal unit by the number of animal un'its.

7. In order to a'llow the substitution of metabolizable energy

coming from wheat, oats and barley, the normal feed requirements were

converted to MCAL from these crops for each crop district by multiplying

the metabolizable energy avai'lab'le from one bushel of each of these com-

moditi.r.Sl The total metabo'lized energy required for livestock for each

crop di strict i s gi ven i n Tabl e '17.

'rr)
"See Appendix C, Tabl e 6-20.

SoAbout 77 percent of the regress'ion equations and regress'ion
coefficients were si gnìfìcant.

a1"'Metabolized energy provided by one pound of wheat = 1.29 MCAL,
one pound of oats = 1.ll MCAL, one pound of barley = I .22 ì'ICAL. See
Facul ty 

. 
of Ag_ri.cul ture . Pri nci p1 es and Practi ces of Commerci a1 Farmi ng ,

University of Manitoba
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METABOL IZABLE
DI FFERENT

TABLE I 7

ENTRGY REQUIRED IN
cROP DTSTRICTSI

Crop District Wheat 0ats Barl ey Total

l

2

3

-4

5

6

7

I
9

10

ll
12

"' 13

l4

38,ì;;,;; ;;,;;ì:i:å' ìì;,,;;,ñ--- rrï,r07,?00

57,903,ì50 99,38.|,420 176,63.I,400 333,g.l5,g00

60,998,090 104,521,600 ì95,767,200 351,ì86,900

24,037,190 4l ,255,930 73,324,540 139,6.|7,600

64,691 ,840 111,033,000 .|97,340,000 
373,064,700

15 ,862 ,970 27 ,226 ,240 4g ,3gg ,400 gl ,479,600

46,482,560 79,77g,7g0 l4l ,7g3,300 26g,055,600

44 ,294 ,090 7 6 ,023 ,640 I 35 ,l 17 ,400 ?55 ,435 ,200

36,354,940 62,397 ,240 I I 0 ,ggg , I 00 209,651 ,200

50,559,050 96,776,440 154,229,500 2gl ,564,000

43,973,580 75,473,500 134,139,700 253,596,800

59,993,580 .l02,965,500 183,009,300 345,967,300

?0 ,069 ,260 34,445,630 61 ,220,480 I I 5,735,300

44,644,920 76,625,740 136,197,500 257,459,?00

lCaìculated by using the procedure discussed under minimum feed
demand constraints.
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82-
Food uses as estimated by Grain Trade of

wheat-wheat flour and breakfast food; bar'ley--pot
and breal(fast foods; rye--rye flour and breakfast
breakfast foods.

constraints were established by adding

demand and exoort demand to the live-

txpressed 'in equation form the relation-

Canada are as follows:
and pear'l barley and
foods; and flaxseed--

J'li nimum Provi ncia'l Demand Constrai nt

Mí nimum provi nc'ial demand

the human food demand, industrial

stock requirement for Manitoba.

shi p was

Dk=PHbHK+Lç+IK+EK,

Where:

DO = Demand for the k-th commodity for the provjnce,

P, = Human popuìation in Manitoba,

bt*= Per capita human consumption for the k-th commodity,

L,. = Livestock Fequirement for Manitoba,
K

Ik = Industrial normal requirement for the k-th commodìty for Manitoba,

E¡ = Normal export requirement for the k-th commodity for Manitoba.

Human food deman¿12fr,. method used for estimating human require-

ment i nvol ved the fol'lowi ng steps .

(i) Total consumption of each commodity was projectedS3 for 1976

for Canada by using the folìowing equat'ion and data from Grain Trade of

Canada presented in Appendix C, Table 21.

Pkt = ak + bkTt (k=1, 2, 3, 5, 6),

Pkt = Total consumption of commodity k for period t,
k = I - wheat, k = 2 - oats, k = 3 - barlêV, k = Q - flaxseed,

k = 5 - F.yê,

B30vera'lì regressions and regression coefficients were significant
for a'll crops.
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ak

bk

= Intercept for cormodity k,

= Regression coefficient showing the annual change in the

consumption of commoditV k,

= Trend variable such thatTt

Tt=lfor1962'
Tt*'l =2for 1963'

Tt * 13=14 for 1975'

(ii) Total projected consumption shown in Table l8 for 1976 was

divided by the Canadìan popuìatìon (i.e. 23,086,100)84 to determine the

per capita consumption.

(iii) Per capíta consumption also shown in Table l8 was multiplied

86 It was assumed that industrial demand for

have not been used for industrial purposes

34Stutistics Canada, Popu'lation Projectìons for Canada and Provinces
1972-2001, Cat. No. 9l-514,'p

85 Ibid., p. 6l .

86
Industria'l uses as estimated by Grain Trade of Canada are as

fol'lows: wheat--distillìng and alcohol industries; wheat fjour--feed, starch
adhesives, miscellaneous chemicals, expjosives and pu]p and paper índustrjes;
barley--malting and brewing; flaxseed and rapeseed for crushing includes
seed crushed for subsequent export as oil and oil mea'ls; rye-distillíng.

by the Manitoba popuìation of l,0J'1,90085 to determine the human food

demand for Manitoba.

Industrigl demand.

oats is zero, because oats

since 1961.
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,Fol'lowing steps were followed in calculating the industrìal

demand for other commodities.

(i) Total industrial demand for Canada for each commodity was

projectedST to 1976 using data from Grain Trade of Canada for Canada.88

The projected fígures are given in Table '19.

(i'i) Total production of each commodity for Canada v,ras projected

to 1976. The results are shown on Table 20. The data are given in

Table 23 of the Appendix C.

(iii) Industrial demand projected for .|976 as percent of total

projected production lvas calculated.

(iv) It was assumed that the industrial demand for each commodity

for each crop district l,ras a constant proportion of total production

equivalent to the percent of total production used for industrial pur-

poses for Canada.

Export demand. Export demand was calculated by fo'llowing the

identical procedure used for industrial demand. Export data are given

in Appendix C, Table 24; while the projected figures for Canada are

given in Tabl e 21 .

Livestock demand. Norma'l demand for livestock for Manitoba in

terms of commodities as discussed already was used in this study. Total

STRegression equations and regression coeffic'ients were sig-
nificant for-wheat, bai'ley, flaxseed ãnd rapeseed, and nons'ignificãnt
f,or rye.

88
See Appendix C, Table 22"
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,demand, arrived at by adding the four components of demand for different

commodities, is given in Table 22.

Minimum quantity of sunflowers, potatoes and sugarbeets demanded

for the province, was set at the minimum level of production of those

commodities over 1962-75.

COST OF PRODUCTION

Cost of production of all crops for 1976 was based on the study

conducted by Framingham et a1.89 They have reported the different

components of totaì cost of production per acre of different commodíties

according to soil type and farm size for each crop district. Cost est-

imates were made specific for identified components of each crop reported

by large size for 1976.

The total cost of production of each crop is reported under

eight components by Framingham et a1.90 : labor, machinery, fertiìizer,

chemicals, seed cleaning and treatment, investment in land and buildíngs,

taxes, and overhead. Since the authors have reported per acre cost of

production for 1971, adjustments were made to arrive at costs for 1976.

The method used for adjustments for each component ís outlined below.

Labor

It was assumed that

crops were the same i n 1976

over). Adjustment was made

labor requirements per acre for different

as in l97l for large farms (760 acres and

for the change in wage rates by app'lying

89-
rrami ngham,

9or¡i¿.

Craddock and Baker, 99. cit.
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the folìowing formula for each crop in each crop district.9l

LABlSl6 = LABIS| - "-;;;i ,

LIN

Where:

LABI?16 = Labor cost for the k-th commodity in the i-th regioniJk
for j-th soil in 1976,

I 971
LAB... = Labor cost for the k-th commodity in the'i-th regionijk

for the j-th soil in 197i,
1976LIN = The hired 'labor wage index for 1976,
1 071

LIN'-" = The hired labor wage index for 1971.

Machi nery

Like labor, it was assumed that the machinery requirements per

acre for different crops in different crop districts for two types of

soils were the same i n 1976 and 197t. A machinery price index9Z was

used to determine the cost for 1976.

Ferti 1 i zer

It was assumed that efficient farm firms apply fertílizer at

optimum levels. Average recommended levels of fertilizer given jn

"Fie'ld Crop Recorrnendations for Manitoba" for different crops grown

on stubbles were used as given in Table 23. This was done because the

9l--'For hired wage price index see Statistics Canada, Farm
Input Price Index, Cata'logue No. 62-004, March j977 and liay j972.

92rui 
¿ .
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Marlitoba Crop Insurance Corporation data collected by the Department

of agricultura'l economics, University of lv|anitoba, indicated that almost

100 percent of each crop was sou,n on stubble and the area sown on summer-

fallow was negìigible in .|976. 
These levels of fertilizer were assumed

to be the same on both types of soils except that potash fertiljzer

was also applied on sandy soils as it was recommended in "Field Crop

Recornmendati ons . "93

The Ievels of fertiIizer obtained were mu]tipf ied by the price

per pound of each type of fertilizer to get the cost per acre for each

crop for both clay and sandy soiìs.

Chemi cal s

Recomrnended levels of herbicide and cost per acre were obtajned

from the Farm Data Handbook g74.94 It was assumed that the rate of

application per acre was the same in 1976 as it was in'1974. The cost

reported per acre was adjusted by using the appropriate price index.

Seed Cleaning and Treatment Cost

Cost per bushe'l of cleaning and cost per bushel of treatment

used in this study are given in Table 26. The cost of seed for sunflowers,

potatoes and sugarbeets was also included in their respective totaÏ

production cost as these seeds are normally purchased by farmers. The

seed requirement per acre of other crops were deducted from their yields.

93s.. 
Tabl e 24.

94S.. Table 25.
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Investment i n Land and Bui'ldi ng

Land is treated as a type of capita'l which could be leased,

bought or sold in the market.9S Return on the capita'l value of invest-

ment in land is considered as cost in this study. The annual cost of

land and bui'ldings for crop production was calculated by multlply{ng

an interest rate of nine percent96 tir., the projected value of farm

land per acre as shown in Table 27 for 1976 by us'ing the data given

in Table l'l of the Appendix C.

0verhead

Overhead costs exclusive of house expenses were defined as the

sum of hydro, telephone, taxes on land and buildings, fire insurance

and miscellaneous expenses such as bank charges.9T 0verhead cost for

ì976 was determined by usìng the total farm input price index for 1976

and 197'l along with the cost reported per acre for different crops by

Framingham et a.|.98

^..^1976 ^..^1971 . _, _1976OHC. = 0HC. x FI I '- ,K K 
FIIlrrr

l^lhere:

Overhead cost per acre for crop k in year 1976,

for crop k in year l97l,= Overhead cost per acre

oHcleT6

oHcl 
971

95S." Raleiqh Barlowe, Land Resource Economics, The Economics of
Real Property, Secoñd tdition,
'N.J., 197?, p. 17?.

96Infor*ution obtained from the Agricultural Credi¿ Êorporation
Office.

97C.f. Framingham, I^1.J. Craddock, L.B.B. Baker, eg. cit.
98tui¿.
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FIIt976

FI r t 97'l

Total farm input price

Tota'l farm i nput price

i ndex for '1976 
,

for 1971.

Taxes

Tax cost was determined by using the property tax index. The

procedure appìied using the Framingham et a'l99 study data was similar

to that for overhead.

Total cost of production in various crop districts arrjved

at by using the above procedure for different crops on various soil

types is given in Table 28.

YIELD ESTIMATION

It was assumed that ferti'lizers were app'lied at recommended

rates. Therefore, the average yields obtained in Manitoba with

recommended levels of fertilizers over the period 1966-74 were used

in the study. It was assumed that the yields per acre were the same

on both types of soÍ'lr.l00 Yields for Manitoba for'1976 at the

recommended ìevels of fertilizer were obtained by applyíng the follow-

ing formula:

Yls76 = *tlfltu x YRFL ,T¡T- À

km

99r¡t¿.

l00D-scussion with R.A. Hedtin, Professor and Head, Soil Science
Dept. and with K.M. McGilì, Director, Soil Testing Laboratory, University
of Manitoba, indicated that yield per acre of different crops is the same
for both types of soil. However, they suggested that potash at the
recommended level would be used on sandy soi'l which is not required on
clay so'i'l .
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Where:

104

Y'ield for k-th crop for Manjtoba at the recommended

I evel of ferti I i zati on i n 1976 ,

Normal yìeld for Manitoba for k-th crop in .l976,

Average y'ield of the k-th crop over 1966-74,

Average y'ield for the k-th crop when recommended levels
l0l

of fertjlizers were appljed over 1966-74.

vl 976 _
'km

NYI 976
KM

¡y1 e76
km

YRFk

Normal y'ield for Manjtoba for thc k-th crop were obtained by

usincl the followinq form of equatlon and the data in Appendix C, Table

26. The projected y'ields are given jn Table 30.

Ykt = ak + bkTt ,

l^Jhere:

Ykt = Yield of the k-th crop for the t-th period,

ak = Intercept for the k-th crop,

b,, = Regression coefficjent for the k-th crop,

T¡ = Trend variable such that,

Tt=lfor1962,
tr*'t =2for1963,

tr*,, = l3 for 1974"

Yield of dìfferent crops for each crop district was obtained by

using the fol lowing^formula:

ul.?76 = *rj;ro v vle76Iik 
#$7. t tr*-,
t,| I r

K

lolsu* Table 29.
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Where:

Y1.?76 = Yield of the k-th crop in the i-th crop d'istrict in 1976,'ik
NYI?76 = Normal yield for the k-th crop in the i-th crop district

, i n 1g1a.102 Data used are in Tabl e 27 to 40 of the

Appendix C,

1976Ny;"'" = Normal y'ield for k-th crop for Manitoba ín 1976,

v1976 = Yield for the kth crop for Manitoba at the recommendedIkm ¡¡uru rvl urrs 
^el¡ 

v¡vl' rvr rrqrrrevvs

I eve'l of ferti I i za ti on i n 197 6 .

' Since the yieìd per acre for rye, rapeseed, sunflowers, :

sugarbeets and potatoes !úere not availabje for different crop dis-

¡ t.icts over time, the followìng formula was used for determini'ng the

yield per acre for the various crop districts.

01976 = Ql^lH]976 
^.,.¡976qik 

;irt ot,l''", (k=5,6, 'e)
' u^n

Where:

0l?76 = the yield per acre of the k-th crop (k = 5,6, .9)
"ik

in the i-th crop district for '|976 with recommended

I evej of ferti I i zer,
I q7Â

Q!'lH:''" = the yield per acre of wheat for the i-th crop district
1

jn 1976 with recommended level of fertilizer,

.|02^ , .,'"-Projected normal yield of wheat, oats, barley and flax are given
in Table 3ì. The results of overall regression equations and regression
coefficients varied from nonsignificant to highly significant leve'ls
f,or these crops in different crop districts.
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TABLE 3I

PROJECTED YIELD OF I,IHEAT, OATS,
IN DIFFERENT CROP DISTRICTS

BARLEY AND FLAX
IN I 976

Crop District Wheat 0ats Barl ey Fl ax
---bushel per acre-

1

2

3

4

5

6

7

B

9

ì0

ìl
l2

ì3

l4

25.35

26.61

25.s6

26.93

23. l8

24.03

25.01

27.29

24.07

26.20

24.00

25.22

?7.91

24.18

46. 56

48.47

48.08

43.t3

43.8t

36.79

44. 98

50. 39

41.76

45.79

40. 57

4l .33

43. 53

40.21

39.53

40.70

39.80

i7.40

33.42

37.57

38. 69

44.14

36.01

43.40

33. 25

33. 92

33. 87

33. 
.l4

10. 30

1.|.95

9.88

il .45

I0.s8

11.74

11 .28

I3.32
.|1 

.2s

1.|.99

10.29
.|2.53

.|5.59

10. 05

lDutu used are given in Appendix C, Table 27 to 40.
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Ql,lHl976 = the projected yieìd per acre for wheat for Manitoba in

1976,

OMt 
976'k = the proiected yield for the k-th crop (k = 5, 6, . 9)

for Mani toba for 1976.

From the projected yieìds, at the recommended levels of

fertilizers shown in Table 32, the average seed requirements per acre

(Tab'le 26) were deducted to get the net yield for wheat, oats, barley,

fìax, rye and rup.r.ud.l03 Cost of seed of other crops was included

in their cost of product'ion and thus seed was not deducted from gross

yi e]d . Thei r yi e] ds are gi ven i n Tabl e 34 .

SELLING PRICES

Since at the time of makÌng land allocation decisions, farmers

do not know the price at which the crop will be sold, they commonly

use the preceding year's price as a basjs to allocate acreage among

, crops. So prices for 1974-75 for different conmoditÍes were used in

this analysis as these were also the most recent avaílable. Since

there were a number of grades for each commodity, a number of prices

prevailed for each crop. In order to arrive at a partìcular price for

each crop, average percentage distribution of grades of each conrmodíty

for the period 1972-75 and their respective prices for 1974-75 were

taken into account.l04 Different grades of various commodities con-

stituted 63-97 percent of the total quantity of graín inspected in

Western division..l05 An arithmetic mean of the resultìng percentage

lo3s.. 
Table 33.

1O4This procedure is identical to the one used by Framingham et al.
lo5s.. 

Table 35 and 36.
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TABLE 32

YIELD PER ACRE OF DIFFERENT CROPS
IN VARIOUS cRoP DISTRICTS rGIVEN RECOMMENDED LEVEL OF FERTILIZER USEI

Di stri ct l^lheat 0ats Barl Raoeseed
acre-

Fì ax

l
2

3

4

5

6

7

B

9

l0
ll
12

13

l4

;i. rr- 
--_;;. 

0;_ 
_-busher, per

32.93

3l .63

33.32

28.68

29.73

30. 95

33.77

29.78

32.42

29.70

31.?1

34. 53

29.9?

65.62

65.09

s8.39

59.31

49.8t
60. 89

68.22

56.54

6ì.99
s4.92

55 .95

58.93

54.44

52.43

51 .27

48.18

43"05

48.40

49.84

56.86

46. 39

s5.9t
42.83

43.70

43.63

42.69

13.97

16.21

I 3.40

15.53
.|4.35

.|5.92

.|5. 
30

I 8.07

15.26

16.26

1 3.96

I 7.00

21.15

ì 3.63

29.31

30.77

29.55

31.13

26.80

27.78

28.92

3ì .55

27 .æ'
30. 29

27 .75

29.16

3?.?6

27 .96

2?.83

23.96

23.02

24.25

20.87

21.63

?2.5?

?4.57

21.67

23.59

21 .61

2?.71

25.13

21.77

lcalcuìated by appìying the formula given on page il04
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figures is depicted ín Tabìe 35 and 36 and the resulting total of

different grades of each commodity is as follows:

Wheat: Red Spring & Canada Uti1ity 82.6%Durum 95.3%

These percentages of different grades of each commodity

were then expanded in order to reach 100%. The percentages were

then multiplied with the respective prices in Table 37 and 38 in order

to get the weighted price. The respective prices of different grades

of different cornmodities were the total payment received by farmers

basis in store Thunder Bay. In order to get the prices of various

commodities in various crop district, freight rates per bushel and

handling and storage cost from each crop district to Thuder Bay were

deducted. Since the freight rates were the same in 1974-75 as they

were in l97l-72, the freight rate used in this study are the same as
106

were used by Framingham et al. The resulting prices are given in

Table 39 to 44. For sunflowers, potatoes and sugarbeets, prices

were taken from the Manitoba Agricuìture Yearbooklot ro.1975 and ¡/ere:

0ats
Barl ey
Rye
Fl axseed
Rapeseed

Sunfl ower
Potatoes

Sugarbeets

$ .095 per pound
$2.33 per bushel

$35.00 per ton

72.5%
78.3%
94.5%
95.7%
96.0%

106
Framingham, Craddock and Baker op. cit.

107
Manitoba Department of Agriculture, op. cit., 1975
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TABLE 37

TOTAL PAYMENTS RECEIVED BY PRODUCTRS
FOR PRINCIPAL GRADES OF DIFFERENT CROPS

BASIS IN STORE THUNDERBAY OR VANCOUVER 1974-75

Wheat

Red Spring l,lheat Grades

Amber Durum l^lheat Grades

l{o. I Canada Western Amber Durum
No. 2 Canada Western Amber Durum
No. 3 Canada l,Jestern Amber Durum
Extra No. 4 Canada l,lestern Amber Durum
No. 4 Canada l.lestern Amber Durum
llo. 5 Canada Western Amber Durum

0ats

No. I Canada Western
No. 2 Canada Western
Extra No. 3 Canada l,lestern
Extra llo. ì Feed
l'lo. I Feed
No.2 Feed

No. I Canada
No.2 Canada
l,lo.3 Canada
No. 1 Canada
I'lo. 2 Canada
l'1o.3 Canada

l,üestern Red Spring
Western Red Spring
l^Jestern Red Spring
Util ity
Util ity
Utility

Sìx
Six
Tvro

4.47414
4.30624
4.26?09
4.26941
4.26941
3.64768

6. 231 36
6.22136
6.16072
6..l9.l36
6. I 3002
5.?8985

| .76752
1 .7675?
1 .7 42s?.
1 .67s17
I .655r 7

| .62517

3.26367
3 -24367
3.24608
2.33073
2 .31 533
2.25?45

Barl ey

No. I
llo. 2
No. 2
l{o. I
No. 2
l{o. 3

Canada Western
Canada l,lestern
Canada {estern
Feed
Feed
Feed

Row

Row

Rovr

Source; The Canadian I'lheat Board, Annuaì Report , 1974-75, PP. 55-57.
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TABLE 38

I{INNIPEG COI"IMODITY EXCIJANGT CLOSING
CASH PRICES FOR RYT, FLAXSEED AND

RAPTSEED BASTS IN STORT THUNDERBAY 1974-75

Grade Pri ce

Fl axseed $/Bu s hel

9. 54

9 .4.|

B.l0

7.23

7.47

2.62

?.57

2.39

2.34

l.c.l.|. -
2. C.ll. -
3. C.l,l. -

Rapeseed

ì Canada

Canada

-BX"
2. C.l^|. -
3. C.l.l.

4. C.ll.

E rgoty

I .0. c.

2.0.c.
3.0. c.

2.0 .c.
3.0. c.

4.0. c.

Source, Statistics Canada, Quarterìy Buìletin of :19ricuìturaì Statistics'- Cat. No. 2l-003, 1974-75.
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TABLE 39

REALIZED PRICE OF I.IIJIAT BY CROP DISTRICT
AFTER DTDUCTING FREIGHT RATES,

IJANDI-]NG AND OTHER CHARGES

Crop Di strict
Freight Ratesa
To Thunder8ay
$ per bushel

Handl irrg andb
Other Charges
$ per bushel

Reai i zedc
Pri ce

$ per busheì

l
2

3

4

5

6

7

B

9

l0
ll
12

l3
l4

0. 
.l08

0. 096

0. 090

0. 090

0.090
0. 084

0.108

0. 096

0. 096

0. l0B

0. l0B

0.096

0.108

0.096

0.I78
0.178

0. '178

0.178

0.t78
0.t78
0.178

0.t78
0.178

0.178

0.178

0. I78

0. l78
0.t78

5. 03

s. 04

5. 05

5. 05

5. 05

5. 05

5. 03

s. 04

5 .04

5.03

5. 03

5. 04

5. 03

5. 04

ãCrorvs liest Pass rates
here to dollars per bushel.

expressed'in cents per'ì00 pounds, are converied

' bl"iundìing anC ot.iier charges (i.e. custom c'leanìng, storage cost, etc.)
for 1976 r.;ere obtained from George I'icLaughlin, Canadìan Grain Co,rrnission,
I'Ji nn i peg .

' cRealized price is the prìce of rrheat ($5.¡16 per bushel in Table 35)
mì nus fre'ight rates, hanCì ing and other charges.
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TABLE 40

RIALIZED PRICE OF OATS BY CROP DISTRICT
AFTER DEDUCTING FREIGHT RATES'
AND HANDLING AND OTHER CHARGES

Crop District
Freight Ratesa
To ThunderBay
$ per bushel -

Handl ing andb
0ther Charges
$ per bushel

Real i zedc
Pri ce

$ per bushel

I

2

3

4

5

6

7

B

9

l0
ìr
l2
t3
l4

0. 06.|

0. 055

0.05.l

0.05.|

0. 051

0.048

0.06ì
0.054

0. 054

0. 06.|

0.06ì
0.054

0.06ì
0.054

0.tì0
0.il0
0.1l0
0..|t0
0. il0
0.110

0.1ì0
0.ìt0
0. 

.|10

0.ìì0
0.110

0..lì0
0.110

0.1.¡0

I .50

I .51

I .51

ì.st
I.sl
I.sl
ì.s0
ì.sl
I .51

ì.s0
I.s0
t.st
ì. s0

ì.st

ôCror'¡s Nest Pass rates expressed in cents per 100 pounds are converted
here to doìlars per bushel.

bHandlìng. and other charges (i.e. custom cìeaning, storage cost, etç.) for
.|976 were obtaiñä¿ from George Hclaughl in, Canadian Grain Conimiss jon, l'linnipeg.

cReaìized price is the price of oats ($t.OZt per busnel in Table 35) m.ìnus

freight rates, handling and other^ charges.
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TABLE 4]

REALIZED PRICE OF B/\RLEY BY CROP DISTRICT, AFTER DEDUCTING FREIGHT RATES,
HANDLII.IG AND OTHER CHARGES

Crop District
Freight Ratesa
to ì'lrunderBay
$ pcr bushel

Handl i ng andb
0ther Charges
$ per bushel

Real i zedc
Pri ce

$ per bushel

I

2

3

4

5

6

7

B

I
ì0
il
12

l3
t4

0. 086

0.077

0.072

0.072
0.072
0.067

0. 086

0.077

0.077

0. 086

0. 086

0.077

0. 086

0.077

0.t76
' 0.176

0.176

0.ì76
0. 

.|76

0..| 76

0.176

0. 
.|76

0.'|76

0.I76
0. ì76

0.176

0..|76

0. 
.|76

2.lB
2.19

2.19

2.19

2.19

?.20

2.tB
2.19

2.19

2.18

2.ìB
2.19

2.l B

2.19

ôCrows Nest Pass rates expressed in cents per .|00 pounds are con-
verted here to dollars per busheì.

bHandìinq and other charges (i.e. custom cleaning, storage costs,
etc.) for ì97é r.rere.obtained from George I'lclaughlin, Canadian Gra'in
Con¡ni ss i on , l,lì nni peg .

cReaìized price is the price of barley ($z'q39 per bushel in
Tabìe 35) minus freight rates, handling and other charges-
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TABLE 42

REALIT.ED PRICT OF FLAXSEID BY CRUP DISTRICT
AFTER DEDUCTiNG FREIGIlT RATES,

HANDLING AND OTIIER CHARGES

crop Dis*icr il'+flHr:iå:;' åtilll'Ëfl,il:: o"Ëlì::o'

$ per bushel- _ $ per busheì $ per-Þ!!¡g-l-

ì

2

3

4

5

6

7

B

9

l0
tt
t2
l3
t4

0. 109

0.098

0. 092

0. 092

0.092

0.092
0. 109

0. 098

0.098

0. ì09

0..|09

0.098

0.109

0. 098

0.256
' 0.256

0. 256

0.256

0.2s6

0. 256

0. 2s6

0. 256

0. 256

0. 256

0.256

0. 256

0. 256

0. 256

9. 
.|6

9.17

9.17

9.17

9.17

9.17

9. l6
9.ì7
9.17

9.ì6
e.l6
9. l7
9. l6
e.17

ôCrols l'lest Pass rates expressed in cents
here to doìlars per bushel.

bHandìing and other charges (i.e. custom
for ì976 v¿ere-obtained fron George Mclaughìin'
l^li nn'ipeg.

per I 00 pounds are converted

cìeaning, storage cost, etc.)
Canadiãn Grai n Conrni ss'ion,

cRealized price is
freight rates, handì'ing

prìce ($g.SZ per busheì in Tabìe 36) minus
other charges.

the
and



122

TABLE 43

REALIZTD PRICE OF RÂPESEED BY CROP DISTRICT
AFTIR DIDUCTING FRTIGIIT RATES,

HANDLING AND OTIIER CHARGES

Freight Ratesa
to TlrunderBay

Handì ing andb
0ther Charges

Real i zedc
Pri ce
ner bushel$ pef -l¡ushel g per burf¡íì $

Crop District

:l

2

3

4

5

6

7

B

9

l0
tt
12

ì3
t4

0. 098

O. OBB

0.083

0.083

0. 083

0.083

0.098

O. OBB

0. 088

0.098

0.098

O. OBB

0.098

O. OBB

0.239
0.239

0.239

0.239

0. 239

0. 239

0. 239

0.239

0. 239

0. 239

0. 239

0. 239

0. 239

0.239

6. 89

6. 90

6.90

6.90

6. 90

6.90

6. 89

6.90

6.90

6. 89

6. 89

6.90

6. 89

6.90

ôC.ots Nest Pass rates expressed in cents per ì00 pounds are con-
verted here to doìlars per busheì.

- : 
bHondling and other charges (1.e. custom

for ì976 were obtained from George þlclaugìin,
l^li nni peg.

cRealized price is the price (S7.ZZS per
freight rates,.handling and other charges.'

cl ea ni ng , s torage cos t, etc . )
Canadìan Grain Conmissf on,

bushel in Table36 ) mtnus
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TABLE 44

REALIZED PRICE OF RYT BY CROP DISTRICT
AFTTR DEDUCTING FRTIGHT RATES,

I{ANDLING AND OTHER CI{ARGES

rp D'istrict
Frei glrt Ratesa
to ThunderBay

llandì ing andb
Other Charges

Rcaì i zedc
Price

$ per bushel $ per bushðl $ per l¡usheì

I

2

3

4

5

6

7

B

9

ì0
ìl
12

ì3
14

0. 
.l0.|

0.090

0. 084

0.084

0.084

0.084

0. ì0t
0. 090

0.090

0. t0ì
0..|01

0.090

0. ì00

0.090

0.174

0.174

0.174

0.ì74
0.t74
0.174

0. t74

0.174

0.174

0.ì74
0.ì74
0.ì74
0.174
0. 

.¡74

2.32

2.33

2.34

2.34

2.34

2.34

2.32

2.33

2.33

2.32

2.32

2.33

2.3?

2-33

dCrows Nest Pass rates expressed in cents per .|00 
pounds are converted herelol'lars per busheì.

. bHandljls.und other^charges. .(i... custom cìeaning, storage cost, etc.) fori t';ere obtained from George l'icLaugì in, Canadran Grãin Commíssion,'l,linniþeg.

cReaìi.zed priqe i: the. price (SZ.SgO per bushel .in Table S ) minus freightrs, handìing and other charges.
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NET INCOME

Given the yie'lds, prices and cost of production of various crops

on different soil types for each region, net jncome per acre was deter-

mined by deducting the cost of production from the gross income. 1976

net income per acre from sunflowers, potatoes, and sugarbeets is given

in Appendix C, Tables 4'l to 43 while the net income from other crops is

depicted in Table 45. 1971 net income for al1 crops is shown in Appendix

C, Table 44.
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TABLE 45

NTT INCOMT PER ACRE FROI4 VARIOUS CROPS

ON DIFFIRENT SOII. TYPES IN 1976

-Çfo¿Uftrict Soit fVæ Ì,lheat - Rapeseed -. 0ats Barley Rye Fl¡x

r r r0d.s0 
----ït.-rd---$/"i;'.nu- --lgãi ----íl'sl--7f 'v

2 101.93 loo.oo 42-60 59.96 lB'15 79'59

2 | 107.4s toq.2q 44.64 61.13 le.6ì 97.3s
2 108. Bs ß7 .17 46 -26 62-79 2l ' I I 99 ' 83

3.|9s.7391-2338.0552'90lì'1064'75
à gl.ts 9s.48 40..¡'t s4.97 ì3'14 66'e5

4 I ì05.45 lol.cs 30-29 48'27 ì7'06 B7'Il
2 107.47 105.92 32-34 s0.3ì 19'08 9l'34

s I Bl .29 77 -01 30-65 35' 39 s' 28 74 ' I 9

2 83.31 81 .26 32.71 37.41 7 '33 78' 39

6 1 9ì.06 87 -65 2o-s7 sì '83 12'38 95'52
2 93.54 g0 .75 23 -71 s4.45 I 4 ' 87 97 '23

I 1 99. B0 96 -24 39.33 57 '25 I 6 ' 95 90 ' 99

2 101.19 sg.22 40.s2 s8.gl '¡B'35 93'4s
etì]2.84109.2949.4671.9c2].84114.56

2 114.20 ll2.ì9 sì.05 73.45 23'27 ll7-0ì
g I 92.34 BB-94 3l '66 48'66 '13'40 88'44

2 s3.70 91.91 33-28 50-27 14'87 90'90

t01105.4910ì.8838.6168.4ì18.7297.90
2 106.93 l04.BB 40-ì9 70.08 20'23 ì00'39

lì I 9ì.57 87.53 ?8"14 39'79 12'91 76'?3
2 92.78 93.39 30 -79 4?-51 I s' 13 80' I B

12199.3196.413|.224j.9016.29j06.62
2 10ì.80 ì00.55 34-05 44.s3 16'76 ì09'45

13lt]5.ì7111.6433.4240.6922.4214].322 116.33 lt7.4s 36.46 42-93 24'45 144'66

14192.4690.0629.1540.6512.8973.77
à gq.gt óÀ.qe 3l-e2 43'28 Is'33 76's3



CHAPTER V

INTERPRETATION OF RESULTS

.This chapter is concerned with the description of results obtained

by applying the model to the data. Two optimal solutions were obtained

in this study. Both the solutions used the same mode'l and same data ex-

cept that for solution one 1974-75 prices were used, whereas for the

second so]ution l97l prices were used. The obiective of finding the

second solution using l97l prices was to see the workability of the mode'l

at other price levels. For this reason, only selected results of the

second so'lution are compared with the results of solution one. The results

of solution one are presented and compared in detai'l with the actual

and/or normal situation of .|976 
wherever possib'le. One should use

caution in interpreting results in this chapter. The solution provides

the optimaì production plan for Manitoba crop production for the currently

economi ca'l eff i ci ent farm f i rms .

The results were presented for the five agricultural regions and

for Manitoba in this discussion. However, anyone 'interested in the

optimaì crop acreage results for each crop district, is referred to

Table 47 and Table 49 of Appendix C. The crop districts were allocated to

the five regions by taking the information from the Fram'ingham et all0B study,

which is given ín Table 46. In the following sectÍons optimal crop acreage,

optimal production levels of various crops, the employment of labor,

.|08

Framingham, Craddock and Baker gg. cit.
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value of opt'imal crop production and net'income in various regìons are

discussed.

0ptimal Crop Acreage

The optimal crop acreage allocated to each crop in each crop

district was arrived at by dividjng the optimaì total production of

each crop by the appropriate yield. The resulting acreage figures were

then summed to find the results for different regions and for Manitoba.

The optimal acreage figures of solutìon one and actual 1976 acreage for

the province as a whole are presented in Tab'le 47. Total optimal acreage

in solution one a'l'located to crops was higher by 20.57 percent than the

actual acreage in .|976. 
The increase in cropped acreage came through

a decrease in summerfallow area. This substitution of cropped area for

the summerfallovü area is consistent with the trend in land use in Man-

itoba: In the present study summerfallow area contributed about l7 per-

cent to the total area available for crops, where as it const'ituted a-

bout 30 percent of the total cultivated area (i.e.cropped area and

summerfa'lìow) in l96l wh'ich dropped to 23 percent in 1971 .109 Sirilu.

trend about the decrease in summerfallow acreage is reported in other
1'10

sf,uol es .

I o9cul 
cul ated from Dominion Bureau of Statistics, Census of

and Statistics Canada,
ci t. I 973.

Iulani toba, op. ci t. 1963
cul ture, l4q¡tlqþô, oP.

tì0
Hedlin R.A,j'The Place of Summerfallow in Manitoba Agriculture"

Canada,
ensus 0

paper presented at Soiìs and Fertilizer Conference , hlinnipeg and Brandon,
February 20 and 21,
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TABLE 47

ACTUAL AND OPTIMAL ACREAGI IN SOLUTiON ONE

ALLOCATED TO VARIOUS CROPS AND PERCENT INCREASE
IN OPTIMAL ACREAGE OVER ACTUAL ACREAGE iN MANITOBA

Crop Optimal Acreage
Under Solution l Actual 

I A.r.ug.

Percent Change
i n 0ptima'l Acreage
Over Actual Acreage

l.lheat

0ats

Barì ey

Fl axs eed

Rapeseed

ftye

Sunf 'lorver

Potatoes

Sugarbeets

Total

----Acres

3,297 ,346

I ,61 I ,676

2,147,705

1,.|43,730

654, 56 I

1 34 ,034

1?9,607

27 ,632

26,490

9 ,172,781

-----Acres-----

3 , 798,098

1,218,209

1,638,042

521,212

224,056

90,969

49,59.|

34,504

3?,936

7 ,607 ,617

-- -- -Percen t-- - -- --

-ì 3. l8

+32. 80

+3l.ll

+l I 9.44

+i92. l4

+47.34

+l6'l . 35

-19.92

-l 9. 57

+20.57

lstutistics Canada, Census of Aqriculture, Ottawa , 1g76.
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Optimal acreage allocated to wheat, potatoes and sugarbeets was

lower by '13.18 percent, 19.92 percent and 19.57 percent respectively

than the actual acreage in Manitoba. Low acreage of these crops as

compared with the actual acreage might be due to the realjzation of

reìatively higher net income from these crops over the previous years

because of higher prices and the expectations of the farmers that net

income from these crops would remain high for .|976.

The optimal acreage allocated to other crops was substantially

higher than the actua'l acreage in 1976. For example, optimal acreage

in solution one occupied by rapeseed, sunflower and flaxseed was higher

by 192.'|4 percent,.|6.|.35 percent and 
.|19.44 percent, respectively, than

the actual acreage. Similarly for oats, barley and rye, optima'l acreage

was higher by 32.8 percent,3.|.'ll percent and 47.34 percent, respectively,

than the actual acreage in Manitoba. From this one can conclude that

an efficient organization of agriculture practised on optimum sized

farms not only would lead to an increase in the total cropped area but

also wou'ld substantially change the pattern of 'land use in Manitoba.

Crops ìike rapeseed and flaxseed would become more important, while the

share of wheat would decline in the total cropped area.

Comparison of solution two with solution one optimal acreage

indicated that the total cropped area in solution two was'lower by

32.65 percent than in so]ution one for the province. The percent dec-

rease in the cropped area of each crop in solution two over so'lution

one is shown in Table 48. A1ì the crops with the exception of sunflower

and potatoes experienced a decrease in cropped area in solution two

as compared with solution one. This was the resuìt of'lower and negatíve

net income per acre due to 1ow prices associated with aìmost all the crops
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TABLT 48

PERCENT DECREASE IN AREA

OVER SOLUTION ONE FOR

IN SOLUTION TI,JO.

DIFFERENT CROPSI

Crop Percent Decrease

l,lheat

0ats

Barì ey

Fl axseed

Rapes eed

Rye

Sunfl ower

Potatoes

Sugarbeet

Total

6. 39

52.97.

33. 75

73.24

43. sB

60.7 4

8.49

32.65

lCalculated from the results of
obtai ned through the appl icat'ion of

sol ution one
the model.

a nd sol ut'i on two



ì32

in various crop districts in solution two as shown in Tab'le 44 of the

Appendix C compared to solution one, where the net income per acre was

Þositive for all the crops. There was no decrease in cropped area for

sunflowers and potatoes in solution two over solution one due to the

fact that net income per acre from these crops was positive under both

solutions in almost a'll crop dÍstricts, where the crops were grown. The

optimal acreages allocated to varjous crops in soìution two is gìven in

Table 45 of the Appendix C.

Crop Producti on

Actual and normal production in 1976 and optimal product'ion in

soìution one of different crops for the province is presented in Table

49. The total quantity of each crop produced was higher in the optimal

solution one as compared to the actuaì production in .|976 with the

exception of wheat and sugarbeets. Optimal Jevel of wheat and sugarbeets

production lvas 'lower by 4.'l percent and 3.38 percent respectively than

the actual production. This was due to less acres allocated to these

crops in the optimal solution as compared to the actual acreage. Low

optimal acreage as compared with the actua'l acreage might be due to high-

er prices from these crops over prevìous years which resulted in

higher net income and the expectation of the farmers that prices and

net income per acre of these commodities remain high for .|976. 
The

production of other crops was higher from 16.7 to 267.3 percent in our

solution as compared to the actual production levels as shown in Table

50. This was caused by either one of two factors or both:

1. higher levels of acres occupied by crops under the optimal
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TABLE 49

0PT IliluÌ'l SOLUT I0l'l
CROPS

ONE, ACTUAL AND NORÎ"IAL PRODUCTIOI¡ OF VARIOUS

IN MANITOBA IN 'I976

0ptimunP
Producti on

Actu alb
Producti on

Normalc
Producti on

Crop

l,lheat

0ats

Barl eY

Fl axseed

Rapeseed

(ye

Sunfl owers

Potatoes

Sugarbeets

98,726,972

94,752,449

102,51 4,4?4

16,029'994

14,81 5,667

3,806, I 5B

- ì41 ,029 ,g62d

8,165,996

396,2.l le

I ol ,6.l 5 ,2oo

57 ,052 ,560

64 ,1 59 ,600

6,177 ,548

4,033,006

2 ,583 ,51 6

52,566,41 0d

6,993,952

4l0 ,053e

65,551 ,720

50,857,000

83, 245 ,740

7,312,097

9,787 ,491

2,622,411

90 ,897 , 8B0d

7 ,758,400

32g,682e

aBased on the model

hoTotul production of each crop was obtained by multip'lying the yield
per acre witfr tf¡e area of each respective crop. For this purpose' area

òf various crops ìn different crop districts was obta'ined from Statistics
Canada. Census of Canada, Aqriculture, 1976. Yield per acre of wheat,
ouit, úa anitoba Department of-Agriculture,
Maniioba Aqiiculture Yearbook, Queen's Printer, [l|innipeg, 197q. Due to
, rY ¡ ¡r ¡

the unaval laol rlTy-õT-lîêTd-per acre of other crops at crop district
iãuul , it *ut asslmed inat tireir yie'ld per, acre were the same in all
¿;óó ålri.i.tt. -Ír.rãir yietds wer-e also taken from^Mqnitoba Department of
Agriculture Yearbook, Queen's Printer, l^linnipeg' ì976.

.cp¡:ojected production for 1976 using time as independent variable.

dpou nds

€tons
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solution one, as compared to the actual acreage because of higher net

income associated with these crops and due to the substitution of the

area by these crops for wheat, potatoes and sugarbeets, and

2. hÍgher yield per acre of different crops in our model as

compared to the actual yield.

Since the actual production is great'ly influenced by weather

and other conditions, a comparison was made of optimal production

'levels of solution one with the normal production levels. Optimal

production was higher than normal production by 5.3 percent to 119.2

percent for different crops. Higher production leveìs of various

crops !{ere caused by:

l. higher net income per acre from various crops due to higher

prices of different commodjties and higher yields per acre wh'ich were

obtained at the recommended level practices, and

2. due to optima'l organization which emphasized the concentration

of crops in different regions according to their comparative advantage.

The increase in production which resulted from higher prices

and due to the optimal organization of crop production could not be

separated because of the nature of the model. Since the percentage

increase in optimal production over the normal production for various

crops was different, so'it can be conc'luded that an efficient organ-

ization of agrìculture wou'ld have a disproportionate effect on the pro-

duction of various crops.

Optimal level of production of various crops in solution two was

lower than the solution one by more or less the same percentage as the

optimaì acreages were lower, i.e. optima'l level of wheat was lower

by 5.80 percent, oats 52.46 percent, barley 30.55 percent, flaxseed
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73.22 percent, rapeseed 42.26 percentrrye 60.51 percent and sugarbeets

8..l 3 percent. Optima'l producti on 'l evel s of sunfl owers and potatoes

were the same under both soìutions. Decreased production of most of

the crops was caused by the ìow and negative net income per acre from

most of the crops due to'lower prices in solution two as compared with

soìution one which in turn resulted in low acreage allocation. Sunflowers

and potatoes experienced the same ievel of production in solution one

and solution two because there was no change in area occupied by these

crops due to positive net income per acre from these crops under both

solutions. Absolute 'level of production of various crops in solution

two is given in Table 46 of the Appendix C.

Distribution of 0ptimal Acreage Among Regions

The optimal acreage figures of solution one for each agricultural

region are presented in Table 5.|, while the results for each crop dìstrict
are shown in Table 47 of the Appendix c. The actual acreage in 1976

allocated to different crops in various regions it-ììb*n in Table 52,

while the percentage increase or decrease in acreage in the optimal

solution one over the actual acreage is shown in Tabte 53. Central

and South-West regions were the most important in terms of the increase

in crop acreage. In these two regions crop acreage increased by 65.s2

percent and 53.78 percent, respective'ly, over the actual acreage in 1976.

Thís was the resu'lt of higher net income per acre of most crops in these

regions. In both the Eastern and North-l,'Jest regions, optimal crop acreage

decreased by about 23 percent as compared to the actua'l acreage. This

was because of low net income per acre for most of the crops in those

regions due to lower yield per acre. There was almost no change in



r\(Ð

C
rop

t,lhe at

0ats

B
arl ey

F
l axseed

R
apeseed

R
ye

S
unfl ow

er

P
otatoes

S
ugarbeets

T
otal

T
A

B
LE

 5]

O
P

T
IM

A
L A

C
R

E
A

G
E

 A
LLO

C
A

T
E

D
 T

O

IN
 V

A
R

IO
U

S
 R

T
G

IO
N

S
 O

F
 M

A
N

IT
O

B
A

177 ,264

145,.l66

.| 83 ,678

57 ,050

32,473

7 ,314

5,94.l

1 ,737

2,998

E
as tern

3lB
,l63

206,939

205,609

90,026

1 09 ,835

5,392

1,176

00

C
entra'l

D
IF

F
E

R
E

N
T

 C
R

O
P

S

IN
 S

O
LU

T
IO

N
 

O
N

E

'l ,059,B
3B

504 ,654

67?,312

514,702

194,207

46,460

53, 
.| 69

11 ,797

1 6 ,594

I B
ased on the m

odel .

613,620

S
outh l,lest

I,'ì51 ,815

499, 335

677,826

357,9B
l

2l I ,0]3

5'l ,192

65,720

1 3,040

6 ,403

936 ,1 40

N
orth W

est

590,270

255 ,585

408,284

123,972

1 08,033

23,676

3,602

I ,059

495

3 ,073 ,730

l4an'i toba

3,297 ,346

1 ,61 .l ,676

2 ,147 ,7 05

1,.l43,730

654 ,56.|

I 34,034

1?9,607

27 ,632

26,490

3 ,034,321
I,514,974

9,172'.781



cocÐ

C
rop

l.lheat

0ats

B
arl ey

F
ì axseed

R
apeseed

R
ye

S
unfl ow

er

P
otatoes

S
ugarbeets

T
otal

Interl ake

306 ,91 6

1 02,049

'l'l'l ,333

57,'ì 34

1 5 ,495

5 ,075

2,436

2,204

3,802

A
C

T
U

A
L A

C
R

E
A

G
E

 A
LLO

C
A

T
E

D
IN

 V
A

R
IO

U
S

 R
E

G
IO

N
S

E
astern

6l3,0B
g

.| 72 ,300

222,461

ll8,B
37

53,688

29,547

3,729

T
A

B
LE

 52

C
en tra I

T
O

O
F

D
IF

F
E

R
E

N
T

 C
R

O
P

S

M
A

N
 I T

O
B

A
 

I

98] ,966

292,333

368,970

107 ,775

34,038

'17,301

lg,'ll0

1 4,939

20,586

606 ,443

I'C
alculated from

 S
tatistics C

anada,

S
outh t^lest

923,707

309,930

442,652

l 6B
, g02

56,423

24,555

22,978

16 ,1 35

7 ,969

I ,21 3,649

N
orth blest

97 2,421

341,697

492,652

6B
,563

64,412

l 4,4g l

1,338

1,225

57,8

I,857,016

M
an'itoba

C
ensus of A

griculture, O
ttaw

a, 1976.

3,798,099

1 ,218,209

I,638,042

521 ,21?

224,056

90, 969

4g, 5gl

34 ,504

32,936

.|,973,149
J,957,349

7 ,607 ,617



O
ì

C
Ð

C
rop

l.lheat

0ats

B
arl ey

F
l axseed

R
apeseed

R
ye

T
A

B
LE

 53

P
E

R
C

E
N

T
 IN

C
R

E
A

S
E

 O
R

 D
E

C
R

E
A

S
E

 O
F

 T
H

E
 O

P
T

IM
A

L A
C

R
E

A
G

E

0F
 S

oLU
T

IO
N

 O
N

t ovE
R

 T
H

E
 A

C
T

U
A

L A
C

R
E

A
G

T
 A

LLoC
A

T
E

D
 

.r

T
O

 D
IF

F
E

R
E

N
T

 C
R

O
P

S
 IN

 V
A

R
IO

U
S

 R
E

G
IO

N
S

 A
N

D
 IN

 M
A

N
IT

O
B

A
I

Interl ake

-42.24

+
42.25

+
64. 98

-0.15

+
l 09. 57

+
44. I 2

E
as tern

S
unflot^ters +

143.88

-48. I 0

+
20. '10

-7 .57

-24.24

+
102,72

-B
l .75

-68.46

P
otatoes

S
ugarbeets -26.82

C
entral

+
7. 93

+
72.63

+
82.21

+
377 .57

+
470. 56

+
l 68.54

+
1 78. 23

-26. 63

-t 9. 39

T
otal

-l 3.02

S
outh l^lest

+
] .18

lcil.ulated from
 T

able 51 and 52.

+
?.4,69

+
61 .16

+
53.13

+
lll.95

+
?73.98

+
1 08. 48

+
l 86.01

-19. 1B

-l 9.65

-22.86

N
orth Ì,lest

-?q ?n

-25.20

-17 .12

+
80. B

l

+
67,72

+
63. 3B

+
l 69.21

-15.68

-l 4. 36

+
65. 52

l'4ani toba

-13. I B

+
32. 30

+
3t.ll

+
119.44

+
192..l4

+
47.34

+
.l6.l.35

-19.9?

-l 9. 57

+
53. 7B

-22.60
20.57



140

solution one acreage and the actual crop acreage ìn 1976 in Inter-

lake area. This brings us to the conclusion that certaín interregional

adjustments would be needed if the agricultural industry is to be

organized efficiently. The Eastern and North-West regions would become

less important in terms of their share to total cropped area, while the

contribution of the Central and South-West regions would increase. Thus

the competitive posit'ion of Eastern and North-hJest regions declines as

compared to the Central and South-West regions with an efficient organ-

ization of crop production. This was caused by higher yields of most

of the crops in the Central and South-West reg'ions as compared to the

Eastern and North-West regions. Thus the proper utilization of 'land

in Manitoba would require that the East and NorthWest reg'ions should

persumable engage increasingly in pastoral farming, while the Central

and Southwest regions should concentrate moe in crop production.at

the expense of summerfalìow average.

The percentage decrease of total optimal acreage in solution

two over solution one ìndicated that the South-West and Central regions

experienced the least decrease in optimal acreage as compared to other

regions, i.e. total optimal acreage decreased by 19.19 percent and

28.86 percent respectively, in so'lutíon two over solution one as shown

in Table 48, Appendix C. This was the resuìt of less loss or higher

net income per acre associated with most of these crops in each region.

In the North-West, Interlake and Eastern regions tota'l optimaì acreage

was lower by 37.32 percent, 52.06 percent and 68.48 percent, respectiveìy,

in solution two over solution one. This was due to ìower net income

per acre for most crops in these regions. The optimal acreage alìocated

to the various crops in different crop districts in solution two is

given in Table 49 of the Appendix C.
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The percentage increase or decrease in the optimaì acreage in

so'lution one for each crop as compared to the actual acreage showed a

wide deviation of the optimal acreage from the actual acreage in diff-

erent regions. For examp'le, rapeseed occupied a 470.56 percent higher

area in the Central region as compared with the actual one, while the

wheat crop occup'ied 48.10 percent less area in the optimal solution as

compared with the actual area in the Eastern-region. These two figures

show the range by which the optimaì acreage of different crops was

higher or'lower than the actual acreage. The increase in the optimal

acreage of wheat in the Central and South-West regions over the actual

acreage was the resu'lt of higher yield and consequently higher net

income per acre in these regions. Similarìy, the jncreased concentration

of rapeseed acreage in the optimal solution in the Centraì region was

the result of higher yield and result'ing higher net income per acre from

this crop in this region as compared to other regions. Again, consider

the oat crop. Oat acreage decreased compared to actual acreage in the

North-West region because of low yield in the region as compared to

other regions, The Central and South-West regions experienced an increase

of 72.63 percent and 6.|.6ì percent due to the fact that these regions

ranked first and second in terms of yie'ld per acre.

The percentage distribution of tota'l optimaì acreage in solution

one, for each crop among regions, is shown in Tab'le 54.

The Centra'l and South-West regions were the most important in

terms of their contribution to total optimal acreage. Individually both

regions contributed about one-third of the total optimal crop acreage.

The North-West region was next in importance fol'lowed by the Eastern

region. The Interlake region contributed only 6.7 percent of the total
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optima'l acreage. In comparison with the actual percentage distribution

of total cropped acreage among regions given in Table 55, the Central

and South-West regions shared substantiaììy more, whìle the other regions

shared proportionately less of the total optimal acreage compared with

actual acreage. The reasons for these results are as already exp'lained

in the previous discussion. This indicates the potential for deveìop-

ment of the Central and South-West regìon as compared with the other

regi ons .

tlith regard to the percentage contribution of each region

towards the optimum acreage as compared with the actual one, it varied

from crop to crop. An important observation which can be made was

that the Central and South-west regions were the most 'important for

almost all the crops in solutÍon one as compared with the actual sit-
uation. This was the result of higher yields and net income for most

of the crops in those two regions. Thus the competitive position of

the Central and South-West regions would increase with an effjcient

organization of crop production.

Comparison of the percent distribution of total optimal acreage

in the two solutions indicated that the percent contributions of the

South-West and Central regions were higher in solution two as shown in

Table 50 of the Appendix C as compared to solution one, while the percent-

age share of the other regions werelower in so'lution two than in

so]ution one. This was due to the fact that South-West and Central

regions had less loss or higher net íncome from most of the crops as

compared to the other regions.
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Competit'i veness Between Crops

The percentage of the optìmal and actual total cropped area

occupied by different crops in varíous regions and in Manitoba is

given inTable 56 and rable 57. Important changes in the cropping

pattern for the province as a whole under the optimal solution as

comparedwith the actual one include a decrease in the percentage

area occupied by wheat and an increase in the relative area allocated

to fìaxseed and rapeseed. This'leads to the conclusion that with an

efficient organization of agriculture the relatíve importance of

wheat would decrease while flaxseed and rapeseed would become more

important in terms of their contribution to total cropped area.

Thus the competitive acreage of wheat would decline, while that of

fìaxseed and rapeseed wou'ld increase with an effic'ient organization

of crop production. This might be due to the fact that differences

in crop prices were more in the model than the actua'l differences in

prices in ì975.

Distribution of Production Among Regions

The distributÌon of optimal production in solution one for

different crops in various regions is depicted in Table 58. The Central

and South-West regÍons were the most important in terms of contribution

towards total production of all crops. The share of these regions ranged

fnom 60.03 percent for rapeseed to 91.48 percent for sunflower relative

to total production in Manitoba. This can be exp'lained by two factors:

ì. these two regions collectively contributed 66.59 percent

of the total land used for all cu]tivated crops in Manitoba, and
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2- the higher ìevel of yield per acre of most crops in the

two regions as compared to other regions. The north-west reg.ion

contributed .l.75 to 17.72 percent for different crops to the total

production of the province. The contributions of Interlake and Eastern

regions were much lower as compared to the Central and South-West regions.

This was due to'lower yield per acre of most crops and less acres allocated

to various crops. In order to make the distributional comparison

with the optimal productíon of solution one and normal and actual prod-

uction among regions is given in Table 59 while that of actual production

is shown in Table 60. For ease of comparison, percentages are a'lso

given in these Tables ín order to compare with the percentage optimal

production data shown in Table 58. Production was mostly apportioned

among regions in the same manner under the optimaì and normal production

condÍtions. Some of the important deviati:ons between the optima'l and

. normal productions are:

1. Product'ion of flaxseed was heaviìy concentrated in the

central region in the optimal solution as compared wjth the normal

production, whi'le the resul ts were oppos'ite for the South-hlest region.

2. Percentage share of rapeseed production of the Eastern region

in the optima'l so'lution was higher than in the normal production case.

There was a lessor share of this crop ín the central region jn the

optimal solution as compared with normal production.

3. For rye, the South-West and North-West regions contributed

more to total production in the optimaì solution than Ín normal production,

while the Eastern region shared considerable less Ín solution one than

under normal conditions.
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4. The Eastern region shared less and Central and South-West

regions contributed more to sunflowers in solution one as compared with

norma'l production.

Comparison of the opt'ima1 production of solution one and actual

production indicated that the production of all crops with the exception

of sunflowers, potatoes and sugarbeets was heavily concentrated in the

Central and South-t^lest regions in the optimal so]ution as compared with

the actua'l production distribution, For examp'le, Central and South-

l^lest regions collective]y shared 68.04 percent of the total production

of wheat under the optima'l solution as compared to the 47.35 percent

under the actuaì production. S'imi'larly, Central and South-l^lest regions

contributed 75.8 percent of the total flaxseed production in the optimal

soìution as compared to 51.83 percent under the actuaì production. Per-

centage share in the productíon of sunflowers, potatoes and sugarbeets

was the same under the optima'l solution one and the actua'l production

in various regions. In the production of almost all other crops, Inter-
'lake, Eastern and North-West regions experienced a much 'lower share of

the optimal so'lution as compared to the actuaì production.

The percentage increase or decrease in the optÍmai productÌon

in solution one over the normaì production for each crop in each region

was also calculated and is gíven in Table 61. It is clear from the

table that with the exception of sunf'lowers and rye productíon in the

Eastern region, optima'l production of al'l crops in al'l regions was higher

than the normal production. Low production of rye and sunflowers in the

Eastern region occurred because of low net income per acre associated

with low yieìds in this region as compared to other regions. This caused

a comparative disadvantage in the production of these crops in the region

as is discussed in the next section. Flaxseed was the crop whose production
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showed the greatest increase over norma'l production. This was followed

by oats. Potatoes realized the least percentage increase in production

in solution one in various regions. Higher levels of production of each

crop in each region can be explained in the same way as the higher level

of optimal production over the actual production for the province.

It can be observed from Table 62 that all the crops with

the exception of wheat and sugarbeets observed an increase in productìon

in solution one over the actual production in the Central and South-West

regions. This was caused by either higher yield or more acreage or both

the factors in these regions. Inter'lake, South-hlest and North-West regions

experienced an increase in production of some of the crops and a decrease

in other crops in the optima'l solution as compared to the actual productìon.

Lower leve'ls of productÍon of crops in these regions were the result of

less number of acres allocated to these crops in opt'imal solution one

as compared to the actual acreage. Flaxseed observed the highest in-

crease in product'ion in optimal so'lution one (i.e. 119.23 percent) over

the normal production. However, rapeseed ranked first in experiencing

an increase (i.e. 267.36 percent) in production in optimal solution one

over the actual production. Much higher levels of production of most of

the crops specifical'ly those of oiiseeds in the opt'imaì solution as com-

pared to the actual production levels might be the resu'lt of:

to the

to the

1. relatively higher prices of oilseeds in the model as compared

relative prices realized by farmers over previous years as compared

prices of grains and,

2. higher yields of different crops due to the use of efficient

optima'l solution as compared to the actualmethods of production in the

condi ti ons .
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Comparat'ive Advantaqe in Production ol
-.VarTourU.gp_ in Different Reqions

In order to see the comparative advantage in the production of

various crops in different regions, a comparison of the percent contr-

bution of regions towards the total production was made with the

availability of 'land. That is, if a particular region contributes P

percent towards.the total production of a particular crop and if the

land avai'lab'le to this region is greater than P percent, then this

region has comparative disadvantage in the production of this crop.

Conversely, if a particular region allocates less than P percent, then

that region have a comparative advantage.-in the production of the

crop.

Using this criterion, comparative advantage and disadvantage

which different regions enjoyed was determined. Land area available

figures given in Table 63 were compared with the percentage contribution

of different regions towards total production from Table 58.

For the wheat and barley crop it was found that the Central and

North-blest regions have a comparative advantage and the Interlake region

a comparative disadvantage. The Eastern and South-l,,lest regions have

neither comparative advantage nor comparat'ive disadvantage in their

producti on .

The Eastern and Central regions have comparative advantage in

the productjon of oats, while a comparative disadvantage was experienced

in the Interlake and South-hlest regions.

The Central region has a comparative advantage in the'production

f laxseed, whi le the interlake, South-West and North-l^lest have a
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comparative disadvantage.

Production of rapeseed has neither comparative advantage nor

disadvantage in the Central, South-West and North-West regions, while

it has a heavy comparative advantage in the in the Eastern regìon and

a comparative disadvantage in the Interlake region.

Production of rye has a comparative disadvantage in the Inter-

lake and Eastern regions and a comparative advantage in the Central,

South-West and North-West regions.

A heavy comparative advantage is associated with the production

of sunflowers and potatoes in the Central and South-l^lest reg'ions, and

a comparative disadvantage in the Interlake, Eastern and North-West

regi ons .

Production of sugarbeets has comparative advantage in the Central

region and a comparative disadvantage in the Eastern, North-West and

South-lrlest regions, while the Interlake regions have neither com-

parat'ive advantage nor disadvantage.

Distribution of Employment Among Regions

The geographica'l distribution of tota'l emp'loyment in sol ution

one is shown in Table 64. The amount of labor employed was calculated

by dividing the number of hours required in different regions by the

standard working hours per man year. Since a laborer is entjtled to
lll r.,l

two weeks vacation and the General Holjdays'12 urornt to two weeks,

IIìS.. 
"The Vacation With Pay Act"o S.M., 1966, c.70, S.I, Section

5(ì ).

ll2surun hlalters, Canadian Almanac and Djrectqry-, Copp. Clark Pub-
Pub'l ishing, Toronto1977, pf
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there are 48 working weeks. These weeks were mu'ltipljed r,¡ith the

standard 40 hours of work p.r^ *u.k.ll3 Thus 1920 hours per year was

used as one man year. In solution one, total emp'loyment of labor for

, crop production came to 8,964 laborers. Among regions, the Central

region had tota'l employment of 3,143 or 35.06 percent of the total

employment in the crop sector. The South-blest region was the next

t employment. The North-West region provided on'ly half as much empìoyment

'' as South'I,lest region. The tota'l labor requirement in the Eastern

region came to 1,00.| or .|1.17 percent of total employment. The Inter-

lake region vúas the least important in terms of labor provision with
i

\ 674 laborers or 7.52 percent of the total. The various levels of

employment by regions can be exp'lained in terms of the tota'l acreage

I ullocated to dÍfferent crops and the labor requirement per cropped

acre. The Central region with the highest employment also contributed

', the most towards the total cropped area in Manitoba. contrary to

thís, the percentage contribution of the interlake area to the

Manitoba crop acreage was lowest.

Actual labor requirement for crop production for 1976 came to

8'609 man years as shown in Table 67 which was 'lower by 3.96 percent

than the labor estimated in solution one. This was due to the fact that

the actual acreage allocated to crops was lower as compared to the opt'imaì

so'lution one acreage. If actual acreage allocated to crops had been as

much as the optima'l acreage, then the actua'l labor required for

I 1 3.'1¡. Employment Standards Act" S.M.; l gS7, c,20, s.ì , Section
3t (l ).
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TABLE 67

AcTUAL LABoR RTQUIRTMENT FoR dirrEnrrur
REGIONS AND FOR MANITOBAI

(In Man Years)

Regi on Lal¡or Requi red
(ln Man Years)

Percent of Totaì

Interlake

Eas tern

Central

South West

North l-lest

Provi nce

7s6

.| 
,335

2,268

2,170

2,080

8,609

B.78

15. 5l

26.34

25.21

24.16

ì 00. 00

lActual laoor require¡nent was estimated by projecting the farm area
fronr census reports for l97b that wouìd lie in three farnt sizes (i.e.
under 240 acres, 240 to 759 acres, and over 759 acres). This u¿as

done because the labor needed per acre varied on various sized farms
and due to the avajlability of labor data per acre for different crops
for these three sizes. These three sizes constituted 3.61 percent'
37.95 percent and 58.44 percent of the farm area jn 1976. Area of
each ci^op on each sjze and soil type in varjous crop districts was

ãetãrn1inb¿ Uy weighing according to the percent area 1yin9 jn various
sizes and accor¿iñg tõ the perðent djstrjbution of land'in two soiì
types. Labor needéd per acre according to lhq size and so'il type
wäi Oeternined from Franringham, Craddock and Baker op. c'it.
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crCIp production for 1976 would have been higher by 15.80 percent.

Distribution of optimal 'labor requirement was more concentrated in the

Central and South-West regions as compared to the actual 'labor require-

ment distrjbution. This was the resu'lt of more concentration of cropped

acreage under the optimal solution one as compared to the actual acreage.

In order to determine the total empìoyment in the agriculture

sector, labor requirements for livestock and poultry were estimated. For

livestock and poultry, employment amounted to 23,335,s64 hours or l2,l54

man years as shown in Table 68. Thus the tota'l employment of labor

needed for the agricu'lture sector came to 21 ,'ll8 laborers w'ith an efficient

organization of crop productÌon. The tota'l amount of emp'loyment pro-

iected for the agriculture sector in Manitoba was 42,000 for 1976.114

Thus the total 'labor which would be released from agriculture sector

amounted to 20,882. Out-migrat'ion of labor from the agriculture sector

over tíme could be partly exp'lained due to the redundancy of 'labor

as the optimal and actual reguirements were more or less the same.

Comparison of the total labor required for the two solutions

indicated that total employment in solution two was'lower by 35.82 per-

cent as compared to sOiution one. Like the acreage, Central and South-

l^Jest regions contributed more whÍ'le the other regions shared less of the

total employment in solution two as shown in Table 69, as compared to

solution one.

114
One could object the validity of this projected figure, but

it was used because of unavailability from some other source for comparison.It was taken from: Manitoba Department of Industry and Commerce, Manpower
and Employment 0utlook for Manitoba, 1975-77; september 

.|5, 1977,T2T-
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TABLE 68

.TOTAL LABOR REQUIRED FOR LIVESTOCK
AND POULTRY

Kind of Livestock
or Pou'ltry

Labor Requi red
Per Unit in Hrs.

Total U4ifs Labor Required
in 1976d in Hrs.

Dai ry Cow

Beef Cow

Hei fer

Cal f
Steer

Hog

Sheep

Pouì try

Total

t 5. 200c

5,956c

7.æ7c

8.538d

4.6e

2.02f

I .10

440,g24h

1 54 ,000

387,000

I 72,000

247,500

I 9,000

2,593,000

6,.| 24,560

6,702,045

917,2?4

2 ,955 ,519

I,468,536

2,277 ,000

38 ,380

2,952 ,300

23, 335 ,564

60.000b I 02,076h

asource: Manitoba Department of Agriculture, Manitoba Aqriculture
Yearbook, Queen's Printer, l.linnipeg, 1976.

bManitoba Department of Agriculture, Farm DatLHandbook, Economics
Branch , '1972, lll 22.

cThe average amount of labor. required for the low and nigh mechan-
ization, See lbid., M3.

dlt n.. assumed that the labor requirement of Steer was the same asof long fed yearìings, See Ibid. IV 23. 
'

eThis figure is based on number of hogs produced and includes maíntenance of
breeding herd. since it is possible to have two litters ín one year, the
number is multÍp'lied by two to determine the total labor required for hog
production. See: John R. Stephen, Swine Production in Ontario, Conven-
tional Enterprises, Costs, Returns er-

of Agricullu¡s i¡d Food,
ì966, p.30.

fsee V.M. Gleddie, Sheep Production Budgets .l970, Alberta Department ofAgriculture,paperpresén.Symþosium,-oi¿i'_-
Alberta, January ì6-lB, .|969.

9Manitoba Departnent of Agriculture, Farm Data Handbook, op. cit. VIII 28.

hTot.l number of bulls
basis of number of dairy cows
c'luded in the respectíve cow
quÍrement for bulìs were the

in Manitoba were dÍvided into tvro categories on the
and beef cows. These bull figures were in-

categories. It was assumed that the labor re-
same as for cows.
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Farm Crop Income and DistrÍbution

Total gross crop farm income under the optima'l solution one,

actual and normal cond'it'ions with the same prices is g'iven in Table 70. Va'lue

of optimal crop production tota'lled l,'170 million dollars, where as it
came to 857 míllion dollars under actual production conditions and 768

millÍon dollars under normal production.ll5 In other words, total crop

production value lvas higher by 36.52 pencent and 52.31 percent as compared

with the actuaì and normal conditions. Since the prices used for djfferent

crops in finding the value were the same under all conditions, the per-

centage by which the optimaì production value of each crop would be hìgher

or lower than the actual or normal production would be the same as those

given in production Table 50. The value of optimal crop production in

various regions and in Manitoba js shown in Table 7l and the percentage

contribution of different regions towards the total value of production

in Manitoba is depìcted in Tab'le 72. Comparison of these figures w'ith

the percentage figures for land used given in Table 73, indicates that

the percentage contribution towards the total value of crops produced is

sìightly greater for Central and South-l^lest reg'ions and slightly lower

for other regions as compared to the percentage share of land used in

these reg'ions.

The tota'l value of crop production decreased by 77.74 percent

under solution two as compared to solutjon one for the province. The

total vajue of production was lower by 73.09 percent for wheat,82.37

percent for oats,77.ì7 percent for barley,93.93 percent for flaxseed,

I I ssee Tabl e 7l
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TABLE 70

VALUE OF OPTII',141 SOLUTION ONE,
ACTUAL AND NORMAL PRODUCTION.
0F VARIOUS CROPS iN I'4ANIT0BAI

CroP Opti mal ProductÍ'on
Val ue

Actual Production Norma'l Production
Val ue Val ue

l,lheat

0ats

Barl ey

Fl axseed

Rapeseed

Rye

Sunf I ov¿er

Potatoes

Sug a rbee ts

Total

-_-'-
497 ,583,872
.l43,076,208

2?4,506 ,544

I 46,995,040

102,228,096

B, 868 ,348

1 3, 397 ,850

19,026,768

I 3,867 ,397

1,169,550,2ì0

5.l 2,.| 46,400

85,924,81 0

I 40 ,254 ,300

56,627 ,370

27 ,81 I ,630

6,025,484

3, I 53,985

1 3,1 48,630

I 2,301 ,590

857,392,800

330 ,376 , 700

76,628,970

.|81,997,200

67 ,o?5,680

67 ,497 ,900

6,1.|0,059

8,635 , 302

l8,077 ,040

.l.l 
,538,870

767 ,886 , 500

I'The same pri ces t'rere
produciion values, as t'Jere
sol u'uì on one.

for calcujating the actual and normal
in determin'ing the production values in

used
u>3u
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83,34 percent for rapeseed,89.B3 percent for rye,36.B4 percent for

sunflowers, 54.51 percent for potatoes and 49.92 percent for sugarbeets

in solution two than in solution one. Lower value of product'ion of each

crop was the resu'lt of lower prices and less acres allocated to most of

the crops in solutjon two. All the regions also experienced a decrease
\

in the total value of crops produced in solution two as compared to

solution one. For example, total value of crops produced was lower by

B?.21 percent in Interlake area,90.21 percent in the Eastern region,

76.40 percent in the Centra'l region, 74.01 percent in the South-West

region and 79.90 percent in the North-West region in solution two. The

South-West and Central regions observed the ìeast decrease in the total

value of crops as compared to the other regions due to the fact that

optimal acreage also experienced the 'least decrease in these regions.

The value of production of different crops in various regions in solution

two is shown ìn Appendix C Table 51.

The value of net income in the analysîs for 1976 in solution one

came to $0gg mil'lion, whereas net income from crop production amounted

to $459 million under the actual conditions. In other words optimal

ìevel of net income ín solut'ion one was higher by 50.29 percent than the

actual net income. The total number of farms in Manitoba was 32,106116

in 1976. l^lith that number of farms, average size of farm was 402 improved

acres and average net income per farm came to $'14,288.52. Under opt'imum

solution one.. conditions with farms of 760 improved acres, total number of

farms came to 16,98.| and average net incomer per farm amounted to $40,621..|1

ll6Munitoba 
Department of Agriculture, op. cit., p. 96
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Net income per farm was higher under the optimal solution one as compared

with the actual income because of the use of better production techniques,

higher yields and reduced farm numbers.

Average net income per farm depends not on'ly on the level of total

net income, but also on the number of farms. A decrease in farm numbers

causes average net farm income to increase even though the total net

income was constant in Manitoba. If it was assumed that the efficient

farms were of size 760 acres of improved land, then the efficient farm

size was higher by 89.05 percent than the actual farm size in 1976. How-

ever, net income on these efficient farms was higher by 184.29 percent

as compared to the actual average farm. This points out that net income

per farm increases proportionately more than the increase ìn farm size

under the '1976 conditions. This argument is dependent on and "efficient"

size of 760 acres. Thus one can conclude that Manitoba agriculture

has the potential to substantjally increase the net earnings of the farmers

if the farms were of economically efficient sÍze and used the techniques

employed by 760'and 'larger average farms in '1976. Although the aggregate

income wou'ld increase substantially, but jt would be shared by fewer

farms.

Contribution of different regions towards the total net income

is given in Table 74. This shows that Sout-West and Central regions

were the most important in terms of their contribution to net income

in optimaì solution one. Individua'lly, both of these reg'ions contributed

more than one-third of the total net income. The North-West region was

next in importance foilowed by Eastern region. The Interlake region
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':

shared only 6..|2 percent of the total net income. This ìndicates that

the contribution of different regions is more or less in the same

proportion, as the total value of crop production shared among regions.

' regions as shown in Table 75, the Centra'l and South-West regions cont-

ributed substantially more, while the other regìons contributed propor-

tionately'less of the total net income in optímal solution one as com-

, pared with the actual net income.

,, The value of objective function in so'lution two was minus
,i.,

62,329,818 dol'lars indicating the'loss to the agriculture sector

i that would result íf 1971 prices were used, even if the industry was

r organized efficiently. Thjs was because of negative net income

'i per acre associated with the production of most of the crops.
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TABLE 75

ACTUAL CONTRIBUTION OF DIFFERENT .
REGIONS TOWARDS THE TOTAL NET INCOMI'

Regi on Net Income in
$

Percent of Total

Interl ake

Eas te rn

Central

South West

North West

Total

34,400 ,.| 80

70,104,920

1 
.| 

2, 350,300

124 ,1 6g ,600

117,722,460

458,757 ,360

7.50
.l5.28

24.49

27.07

25.66

I 00. 00

- lUethod of calculating the gross income is already discussed under
Tabie 50. Actual cost of production of different cropi was estimated
Þy proiectíng the farm area from census reports for 1976 that woujdlie in three farm sizes (i.e. under 240 acre, z4o to 759 acres and
over 759 acres). This was done because the cost of different com-
ponents of production varied on various sized farms and due to the
avaÍlability of cost data for these three sizes. Area of each crop
o-n each size and soil type in .|976 in various crop djstricts was
letermined by weighing ãðcording to the percent area lying'in various
sizes and according to the percent distributÍon of lanã iñ two soiì
!vnel_.- cost per acre of different components with the exception offertilizer and pesticides vras determined as discussed in Chäpter IV.
For fertilizer and pesticide, cost per acre was taken from Framingham,
craddock and Baker op. cit. and then adjustment was done by theirprice jndexes and by taking the increase in fertilÍzer salê and
increase in cropped area tieated.



CHAPTER VI

SUMMARY OF RESULTS AND CONCLUSIONS

As was mentioned in previous chapter, the second solution was

obtained to see the workability and resu'lts of the model at other prices.

For this reason, this chapter summarizes the results of solution one

and the conclusions which can be drawn therefrom. This is folìowed by the

implications of results for Manitoba. Finally the 'limitations of the

present study and suggestions for future research are described.

Summary of Results

The optimal resu'lts of solution one obtained by applying the

model to the data were compare with the actual and/or normal situatíons

wherever possible. The results were discussed for the five agricultur-

al regions and for Manitoba. For the province as a who'le, total acres

allocated to crops in the solution one were higher by 21 percent as

compared to the actual acreage. Area occupied by wheat, potatoes and

sugarbeets was lower jn solution one than the actual acreage because of

relatively high net income per acre from these crops over the previous

years due to higher prices. The area allocated to rapeseed, sunflowers,

and flaxseed was substantially highen than the actual acreage. Area

occupied by oats, barley and rye was higher from 3l.ll percent to 47.36

percent over the actual acreage. This was caused by the higher yields

per acre used in this study than the actual yield and the substitution

of area occupied by other crops for wheat, potatoes and sugarbeets.

At the regiona'l level, the Central and South-West regions took
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the lead in the cropped acreage increase, where the total area occup'ied

by crops was higher by 65.52 percent and 53.78 percent respectìvely over

the actual acreage. As was explained in Chapter V, this was the result

of higher net income per acre from most of the crops in these regions.

In the Inter'lake area total optimal acreage was more or less the same

as the actual acreage. A decrease in cropped area was experìenced'in

the Eastern and North-West regions, where the solution one acreage was

lower by about 23 percent as compared to the actual acreage in both regions.

This was caused by the low net income per acre associated with most of

the crops.

Total optimal acreage like the actual acreage, was not equa'l1y

distributed among regions. The Central and South-l^lest regions were the

most important in terms of their contribution toward total optimal

acreage in solution one. Individually both regions shared about one-

third of the tota'l optima'l acreage, whereas they occupied 24.4.| percent

and 25.94 percent of the actual acreage. The North-West, Eastern and

Inter'lake regions contributed 'less towards the total optimal acreage as

compared to their contribution in the actual acreage. This was the

result of high net income per acre from most of the crops in the Central

and South-West regions, and low net'income per acre in the other regìons.

A comparison of the optimal solution one croppìng pattern with

the actual one indicated a s'ignificant difference. The percentage area

occupied by wheat decreased considerably, while the relatìve area

allocated to flaxseed, rapeseed and barley 'increased for the province. A

similar trend was observed for each region.
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It was observed that the optimum levels of production in solut'ion

one for all crops were higher than the actual and/or normal levels of

production, with the exception of wheat and sugarbeets, whose optimum

levels v,rere lower than the actual levels, Low production of these crops

1aas caused by the lessor number of acres allocated in the optimaì sized farms

solution. H'igher levels of production of other crops as explained in

Chapter V was caused bY two factors:

ì. more acres allocated to crops under the optimal solution, and

2. higher yield per acre of different crops jn the model as

compared to actual Yield.

Considering the distribution of opt'imaì production of crops among

reg.ions in solution one it was observed that the Central and South'l'lest

regions were making maxìmum contribution towards the total production of

each crop. Collectively, both regions shared 60.03 percent to 9ì'48

percent of the total production of different crops. The NorthJ¡lest

region contributed .|.75 percent to 17.7? percent of the total production

of varjous crops. The Eastenn and Interlake regions were the least

important in terms of contribution towards total production. More concen-

tration of the total production of various crops in the Central and South-

W,est regions was the result of higher net income per acre associated with

most of the crops in these regions. The percentage distribut'ion of

optimal and normal production of wheat, oats, barley, potatoes and sugar-

beets among regions b,as more or less the same' while the optimaì pro-

duction of other crops was more concentrated in Some regions and ìess

concentrated in others. The percentage d'istribution of all crops with

the exception of sunfìowers, potatoes and sugarbeets v.ras heaviìy
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concentrated 'in the Central and South-West reg'ions in the optimal

solution as compared wjth the actual production distribution.

Different regions have comparative advantage and disadvantage

in the production of various crops as shown in Table 76.

The impact of efficient organization on the tota'l labor require-

ment was also determined. Our model estimated total crop empìoyment of

8,964 man years. The total employment was distributed among reg'ions in

more or less the same proportion as the distribution of total optimal

acreage. Slight variations were caused by the difference in labor

requirement of various crops.

The actua'l labor emp'loyment was more or less the same as under

optimaì solution one. The actual labor requ'irement would have been

higher by l6 percent than the optima'l solution one emp'loyment ìf the

actual cropped acreage had been the same as optimaì cropped acreage.

However, both the optimal soìution one and actuaì employment were

substantia'lly lower than the projected employment by the Manitoba

Department of Industry and Co*r.r...117 The distribution of employment

was more concentrated in the Central and South-West regions in the optimal

solution one where they contributed 35.06 percent and 30.33 percent of

the total emp'loyment as compared to the actual distribution where they

shared 26 .34 percent and 25 .2'l percent, respecti ve'ly. The North-l,Jest,

Eastern and Interlake regions contributed l:ess towards tota'l optimal

117
Manitoba Department of Industry and Commerce op. cit., p. 27.

Also see Footnote l14.
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TABLE 76

COI4PARATIVT ADVANTAGE AND DISADVANTAGE
IN TI1I PRODUCTION OT DiFFTRTNT

CROPS IN VARIOUS REGIONS

Reg i on Comparati ve
Advantage

Cornparati ve
Di sadvantage

Interl ake

Eastern

Cen traì

South llest

llheat , oats , barl ey,
flax, rapeseed, Fyê,
sunflower, potatoes

rye, sunflower, potatoes,
s ugarbeets

Oats, rapese'ed

Wheat, oats , barl ey,
flax, rye, sunflower,
potatoes, sugarbeets

FJê, sunflower, oats, flax, sugarbeets
pota toes

North West wheat, barìey, FYÊ fìax, sunflower' potatoes,
s ug arbee ts
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employment as compared to their contribution in the actual emp'loyment.

0ptimal organization in solution one resulted ìn a total crop

income of .|,170 million dollars which was higher by 36.52 percent and

52.31 percent as compared to the actual and normal income. The Central

and South-West regions contributed individually more than 34 percent

towards the total crop income, while the North-West, Eastern and Inter-

lake regions contributed 15.64 percent, 9.22 percent and 6.35 percent

respectively. Net income from the model amounted to about 690 mjllion

dollars which was higher by 50.29 percent than the actual 'level of income.

The distribution of net income among regions was more or'less in the same

proport'ion as the total va'lue of crop production among regìons. l^lith

"efficient" farms of an average size of 760 acres, the net income per

farm was higher by'184.29 percent than the actual average farm size,

while the efficient farm size was greater by 89.05 percent than the

actual farm size in 1976. Thus the net income per farm increased

proportionately more than the increase in farm size. The Central and

South-West regions were the most important in terms of their contribution

toward net income in solution one. Individually both reg'ions contri-

buted more than one-third of the total net income, whereas they shared

24.49 percent and 27.07 percent of the actual net income. The North-

blest, Eastern and Inter'lake regions contributed less towards the total

optimaì net income as compared to their contribution in the actual net

income. This was caused by higher net income per acre from most of the

crops and more acreage cropped in the Central and South-West regions,

and'low net income per acre and lesser acreage in other regions.
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Concl us i ons

A number of conclusions can be drawn from the result of this

study. Some of the important conclusions are discussed here.

The first conclusion concerns the effect of optimal organization

on the totat cropped area and on the cropping pattern. The study indicated

that the total cropped area was higher by 2ì percent as compared to the

actual area. Our model also showed a change in the cropp'ing pattern'

i.e. a decrease in the area devoted to wheat, potatoes and sugarbeet and

an increase in the area allocated to other crops. Thus one could conclude

that efficient organization would lead to not only an increase in the

cropped area but would also substantiatìy change the pattern of land use

in Manitoba.

The increase in croppe.d area jn the Central and ¡.So.uth-l¡lest regions

was so strong that jt not only compensated for the decrease in area in

Eastern and Nortlpl¡l.est regions, but al so resul ted in increasìng tota'l

cropped area in Manitoba. From this it can be concluded that an optimal

organization of the agriculture industry in Manitoba would require

certain interregionaì adjustments in land use. The Central and South{Jêst

regions would become more important in terms of their contribution to

total cropped area, while the share of the Eastern and North4taE{.regìons

would decl ine.

Our results indicated that production of almost alì the crops

would increase with optìmal organization. However this increase over

the actual and normal production woul d not be proportionately the same

for all crops. Production of certain crops would increase substantialìy

more than other crops. This brings us to the conclusion that an

i .:.,
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efficient organization would lead to a disproportionate change 'in the

production of crops.

The Central and South-West regions were the most important in

terms of the area occupied by various crops. Correspondingly, these ,

were also the most important in sharing the total production of various

crops. Thus we could expect that although the contribution of these

regions was already quite high in the actual production of various crops,

they would contribute more towards the output of different crops in

Manítoba with the optimal organization of agriculture. Other regions

would experience an increase in the absolute production of most of the

crops, but their share of total production would declìne w'ith efficient

organization of agriculture because of the relative 'increase in the

Central and South-West regions.

The optima'l employment was more or less the same as the actual

one. However, Central and South-West regions contributed considerablJ

more towards tota'l employment with opt'imal organization than with the

actua'l one. This leads to the conclusion that Centnal and South-West

regions wouìd become more important in terms of their contribution to

total employment, while the share of other regions would decline.

The resul ts a'lso indicated that the opt'imai organ'ization of crop

production along with the estimated requirement of livestock and pou'ltry

labor would need 2.|,'ll8 man years which is much lower than the projected
il8

labor employment of 42,000 by the Department of Industry and Commerce.

This suggest that an efficient organization of agriculture would lead

to the reductíon of total amount of'labor employment in crop production.

llBS.. 
Footnote ll4.
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Finaìly the resu'lts show that net income from crop productìon

was greater by 50 percent when agriculture is organized efficiently in

solution one as compared to the actual net income. This leads to the

conclusion that an efficient agricultural índustry using the best

techniques of production would increase the net income of the farmers

co ns i derabl y .

The results also indicated that the contribution of Central

and South-West regions towards the total net income was higher w'ith the

optimal organization as compared to the actual one. Thus one could

expect that Central and South-l^lest regions wou'ld experience an increase

and other regions a decrease in sharing the total net income with an

efficient organi zation.

Po'licy Impl ications

The cropping and production patterns specified for agriculture in

solution one were optimal only under the conditions specified in the mode'|.

The study was concerned only with the economic analys'is and did not say

anything on social side. A number of policy implications can be derived

from the results of this study ignoring the dangers associated with social

aspect. Foremost among these is the great potential for increased output

and net income from the crop production sector. Our results showed that

net income from the crop production was higher by 50 percent han the actual

net income. This result holds when crop production is organized on the

optimum farms which are using the best techn'iques of production known in

1976. Profit per farm increased substantial'ly because of reduced farm

numbers and due to the efficient methods of production.
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Given the objectives of Manitoba agricuìture as specified in

Chapter One, and the increased net income resulting from efficient

organization of agriculture on the optimum sized farms, a basic quest'ion

is, whether policies should be framed to convert the sma'll farms into

optimum units? Some wil'l argue that an increase in net income from

crop production is the only legitimate goa'l in measuring the benefits

that will flow from an efficíent organization of agriculture practised

on the optimum sized farms. This group favors policies which would

increase the total income from the agriculture sector. 0thers wìll

argue the goal of maximization of positive utility of rural life on the

famÍ'ly farms. They also advocate that the amalgamation of family farms

into optimum sized farms leads to very high socia'l cost and destroys

the human values associated with them. This group favors farm policies

which would increase the viabi'lity of smal'l and medium farms. Thus the

above two objectives which emphasize on the one hand an increase in total

income from agriculture and on the other hand enhance the economic

viability of low and middle income farmers are jn direct conflict with

each other. Neitherof the objectives can have dominance over the other

because the societyrspreference funcíton is not linear and after achieve-

ment of one parti cul ar goa'l i ts f urther attai nment i nvol ves dimi ni sh'i ng

utility relative to other goal. Expression of quantification of society'

preference function is difficult espec'ially with regard to an increase

in income resulting from efficìent use of resources in agriculture on the

optimum sized farms and the existence of small famiìy farms. Thus the

decision about the extent to which the efficíency in use of resources in

agriculture can be traded with the extent of exìstence of small famiìy farms
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can be left ot po'líticians. Assuming that the Manitobans decide on an

efficient use of resources in agriculture industry which couìd be prac-

tised 0n the optimum sized farmsn then one could suggest the fo]ìowing-

1. Efficient use of resources requires an adjustment of farms

towards optimum size. This size among other things is influenced by the

government policies. The government po'licies which are conducive towaÉds

the viability of small farms would result in greater ineffic'iency in the

agriculture sector. If there are no programs which support small farms

and the economic forces in agriculture are allowed to work with little
government interference, the farm numbers would dec'line rap'idly and

there wou'ld be an adjustment towardss the opt'imum farm size. Changes in

government policies which favour the maintenance of smal'l farms would

be needed in order to achieve the necessary adjustments in farm size.

2. Co-operative farming would be offered by some as another pos-

sible approach. Smal'l farmers which may not be able to iustify the use

of heavy machinery due to higher cost to individual farmers, may take

advantage of the modern, large scale methods through co-operative

farming and at the same time preserve the traditional values associated

with the family farms. Through co-operative ownership of machinery,

small farmers my realÍze economies of size and lower cost per unít

of output and be able to compete with the large opt'imum sized farms.

Reduced labor demand resulting from co-operative farming could be used for

livestock operatíons or for some other industry. The government cou'ld

provide necessary technicaì information and credit facilíties to farmers

who are interested in co-operative farming.
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3. In case the government is concerned with the efficiency

goal aiong with maintaining the family farms of optìmum size, then the

government should attempt to fashion two or more small undersized and

inadequate fami'ìy uníts into one large and more efficient unit, as land

became available (rather than to add a smal'l unit to an already large one).

Instjtutions 'like Manitoba Agricultural Credit Corporation should be

strengthened. A typica'l arrangement wì1.| be that as 'land comes into the

market when the operator dies, retires or mìgrates, the Manitoba Agricult-

ural Credit Corporation purchases it. The land so obtained can be sold

to an operator of a smaller unit who is able to fashìon a larger and more

efficient unit through special credit arrangements. This wilì make a

non-optimum sized farm into an optìmum unit, rather than an'increment to

an already very large operation. Under this arrangement, the process of

converting small farms into optimum units isvery slow and gradual. If the

Manitoba Agricultural Credit Corporation can pay higher price than the

market, more farmers would like to move from farms to other industries.

If in turn, the Manitoba Agricultural Credit Corporation can se'll land

below the market price and extend credit for a'long term at a low interest

rête, it can increase the demand by small farmers for land which wou'ld

result in farm enlargement. The speed and effectiveness of this po'licy

and its cost depends on the amount of public funds and assÍstance made

available. If little emphasis is on the family farms then the Manitoba

Agricultural Credit Corporation can sell small units to already large

ones,.through special credit arrangements. This would assist and acce'lerate

the process of enlargement by the absorption of those farms which are not

of optimum size.
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4. Optimum sized farms in Manitoba agriculture are of 760 acres

and over, require machinery which is larger in size as compared to the

machinery used by many farms today. Th'is points out the adjustnents which

would be needed in the production of machinery in order to meet the demand

on optimum sized farms

5. In order to use the resources efficjently, optimum sized farms

must use not only the better techniques of production but must also follow

the cropping patterns which are most profitable to that region. These

would require that necessary i nformation about the prof itabi'l'ity of crops

and better techniques of productíon be provided to farmers through

agricultural extension service.

6. Optimal organization of agriculture industry would result in
(a) increasing the production of aìi crops in al'l regions, and

(b) Íncreasing the concentration of acreage and production in

the Central and South-West reqions as compared to other

regions.

This provides us the information about the adjustment that should

be made by agriculture iî tfre net income from crop production is to be

maximized. An increase and change in the distribution of acreage and pro-

duction of various crops in djfferent regions necessitates adjustments in

the business serving agriculture.

7. The results indicated that the total cropped area would increase

substantially in South-West and Centra'l regÍons, while jt would decline in

the Eastern and North-hlest regions with an optimal organization of crop

production. This would necessitate an adjustment in the cropped area.

Retirement of land from crops in the North-West and Eastern reg'ions would

require the formu'lation of certain land diversion programs. This would
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provincial industry strategy may wish to emphas'ize those regions more

where there would not be sufficient employment opportunities and where

more labor would be displaced with efficient organization of agriculture.

Provision of employment opportunities at the regional level through

industriaìization could prevent the economic and social probìems

from falling particularly heavily on l,{innipeg.

10. Due to seasonal nature of employment in crop production'

tota'l labor required in Central and South-West regions may exceed the

labor available because of increase in crop acreage. This may require

the movement of labor from other regions to Central and South-West regions.

It would require that necessary incentives for migration of labor such

as provision of moving expenses and better housing, education and

heatth faci'lities be provided in the Central and South West reg'ions by

the government.

Limitations and Suggestions for Further Research

Qur model can be used in a number of sìtuations. Its ability

to determine the efficient organization could a'lso be improved jn a

number of ways. Its uses and ways of improvement are discussed here.

In the present study, we were concerned only with the determination

of efficient organization of the important crops; we Ígnored some of

the crops like tame hay, mixed grains, etc. Simììarly, livestock prod-

uction activities were omitted. Since the ignored activities are also

users of the land resource in Manitoba, these activities should also

be included in the determination of efficient organization on optimum

sized farms ín future studies. Inclusjon of these activ'ities would give
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precise information about the optimal organization of agriculture in

Mani toba .

The mode'l can also be used wíth variable demand restraints. Using

various levels of demand restraints, one can determine the optimal solution.

This can provide us the answer to what shouìd be the opt'imai organìzation

of agriculture with a change in projected demand.

The model could also be extended to all the provinces or the

prairie provinces of Canada, which have comparative advantages in the

production of various crops and/or livestock activities. Application

of the model at the national level or to the pra'irie provinces cou'ld

suggest how the use of resources should be shifted if the agriculture

industry Ís primarily concerned with the maxim.ization of its profits.

In this study complete certainty about the yjelds of crops was

assumed. This was necessary because of small numbers cf observations

about the yields of crops at the recommended'levels of fertiìizer over

time. Sínce the yields are greatly influenced by weather condìtions,

it is necessary to incorporate the risk associated with weather, while

determining the efficient organizatjon. This would be possible in the

next few years, when more yie'ld data with recommended leve'ls of fertiiizers

under various weather conditons become available.

Efficient organizations with ljnear programming partiaì equilib-

rium mode'l were determined under two price levels. Use of other prìces

could indicate the changes in opt'imal organization which would result

from different levels of prices.

The optimum farm size determined by us'ing the survivor approach'

uras assumed to be an efficient farm size for the present study. But the
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size optimum now may be non-optimal fifteen years later because of

changes in technology, changes in resource availabiljties and the like.

When changes occur over time, their impact may be so strong that they

may alter the optimum farm size. Determination of optimal organizat'ion

of agricuìture over time on efficient sized farms through the introduction

of time element may be necessary in order to cover this dynamic aspect.
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HARGINAL ANALYSIS 
]]9

This analysis assumes that all functions have first and second

partial derivatives. Considering the case where there are n products

and m inputs, the production function can be stated jn its implicit form

as

t^IHERE

F (yr ,ì y2 . yn; xl, x2 xr) = 0

V¡Þ0 (i=.l,2,3 n)and

*iVT (i=1,2 .m)

WHERE v¡ denotes the quantity of jth product produced and

x' the quantìtY of i-th inPut used.

The gross revenue can be given as

^nn=t PjYj
j=l

IIHERE p, is the price per unit of commod'ity i..J

The total cost can be given as

(r)

(z)

'll9See: (ì) Ralph t,l. Pfouts; "The Theory_of Costs and Production in
the Mutiipro¿ùct Firm". Economgúrica, Vol. 29, No. 4, 0ctober 

.|96ì 
' PP'

650-658.
(2) Thomas H. Nayìor; "A Kuhn-Tucker Model of the Multi-

product Multiiaðtot F'irm". Sóuthern Economic Journaì, Vol. 3l, No' 4,
Aoril 1965. pp. 324-330.'t¡) Tf,o*as H. Naylor; "The Theory of the Firm. A Compar-

ison of Marginai nnàiVsis and Linéar-Progranrninglr Southern Economic

Journal, Voi. 32, No.-3, January 1966' pp. 263-274.':-' '- 't4i'Thomas 
tt. tlaylär and-Jòirn la. Vernon; Micloe9qnomics and

Decision}4odelsoftheFìrm.NewYork,Harcourt,Braceffi

;;';;'i.ff}'9lìl';T'[n5*iîl'i'g.IÏiî;hl-ilil'
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m

c =f- vrx' + b

i=l I '

I^IHERE vi is the price of i-th input and b is the fixed cost.

Profit can be defined as

fl= R - C

The Lagrangian method can be used to find the sets of Y¡ and xt

rvhich maximize profit subject to the given production function. To do

so form the function
nm

I =Ë PiYi - , vixi - b + lrjl, vz Yni *t, *z *r)
i=l ''l \' i =l

(¡)

hlHERE L is a function of all inputs and output regarded as independent

variables and /, is a Lagrangian multiplier'

using a single subscripl of L, F, R and c to denote partial

differentiation, the necessary condÍtions for profit maximization (i-e.

n + m = K * I partial derivatives) are given by the followíng.

Lj=Rj+lFr=0 (i=1,2,...n) (4)

Li=-Ci*ÅFi=Q [i=1,2 .m) (5)

Lr( = F(yl , lz . yn; xl , x2 **) = o (6)

Taking any two equations (e.g. a and b) from among the n equations

of (+) and solving for I , we get

tRu
^ =--

Fu

R

^ 
=_:grb
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equating these tvlo expressjons we get

þ ='+ =-?Yb . (7)Ro Fb t%
This equation states that when optimum quantities of a and b are be'ing

produced the ratio of their marginal revenues must be equa'l to the

physical rate of substitutjon between the two products.

If we select two equations from (5), among the' n equations' we

get
f^

l, = ]u and
Fa

c.

,<=+'b
Equating these tvro express'ions we get

ca = 
tu 

= -15- ,, (s)q = 6 --t\
Thìs equation states that when optimum quant'itjes of a and b are

used in production, the ratio of their marginaì costs must be equal to

thei r rate of technical substitut'ion'

F'inalìy if r,¡e select one equat'ion from the n equations ìn (q) and

one equation from the m equat'ions in (S) vte get

?y^
cu=\ 

";- 

(e)

which states that optimum quantity of factor a requires that the marginaì

factor cost of fac'uor a t.o be equaì to the marginal revenue product of b

vrith respect to a.
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Deriving the level of input and output by so'lving the first order

conditions does not guarantee that the profit of the firm would be

maximum. The same fìrst order conditions w'ill also satisfy a local

minimum or a stationary value. The second order conditions for profit

maximization requires that the bordered Hessian determinant alternate

ìn s'ign:

ÃF 
zz

F2

Ê'll

Fzr

Á t*''

F'l

>o

^
Á

Áttz ÁFlr -'l
r,2Á Fl l ^'r,

"l,,7

0l

AT.,, Ár rr
-" -'-c'fÃF zl

Fl Á, *,

F2

Icl\t l,l,NN

r'k

( l0)
F'k

0

The most conpact statement of the compìete conditions for an opt'imal

product'ion schedule has been given by Hí'cks:

"If the prices of all products and all factors are g'iven to the
enterprise, the quantities of factors it will employ, and_products
it wiil próduce,'will be gjven by the condition that surplus is
maximun.' This'implies thãt it cannot be increase{ þv any-type.of.
varíatìon. t'le shall thus have the followìng cond'itions of equilibrium.

1. Corresponding to the condition Price = Marginal Cost, we have

three conditions:

(a) The price ratio between any two factors must equal their
marg'inal rate of substi tuti on.

(.b) The price ratio between any two products must equal the
margìnal rate of subst'itution between the two products.

(c) The price ratio between any factor and any product must
equai the marginal rate of transformation between the
factor and the Product.
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2. l'lext there are the stabil ity condjtions. For the transfor-
mation of a factor into a product we shall have the con-
dition of diminishing marginal rate of transformation or
diminishíng marginaì product. For the substitution of one
product for another we shalt have a condjtion of increasing
marginal rate of substitution, that is to say, increasing
marginal cost in terms of the other product (marginal opp-
ortunity cost). For the substitution of onç^factor for another
diminishing marginal rate of substitution." t¿v

The above quotation summarizes the results of the marginal analysis

of the firm's production problem. The whole analysis depends on diff-

erentiating the production, revenue and cost functions with respect to

each input and output independently, a mathematical procedure which has

operational significance only when corresponding changes of values are

poss i bì e.

120
J.R. Hicks , _Va'lue and Capi tal , Oxford UniversÍ ty Press ,l94l,pp. 86-87
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oprrMALiry coNDITIoNS 0F LINTAR pRoGRAMMInel2l

Our problem which is concerned with the maximization of income of

farmers from the limited resources can be formulated in terms of linear

programm'ing. Like the marginal analysis, consider the situation where

a firm employs m variable factors ancl r fixed factors in the production

of n independent activities. Then the firm's profit function can be

given as

4f = Y ,,r,j=l 'r 'r

l,'lHERE

f/ = Profit

P¡ = The Price of ith

Y¡ = The level of the

rnxii 
,= F Mvi Fui (-r )

mn
-L E ai

i=l j=l

activity (j=1, 2, n)

j,th activity (i=.l, 2, n)

-TZT( I ) Robert Dorfman "Mathemati cal or ' Li near' programmi ng . A non-
mathemàtical exposition". The-American Econom'ic Rev'iew, Vol. 43, llo. 5,
Part l; Dec. ì953, p. 797-825

(2) Robert Dbrfman; Applica-üo!--Qf-U-[g-ü Proqramminq to the
ftreor.u'of ri im. n-puu ji¿ái c

m$fr¡n- Àrsity of Càlifornia, Published by University of Californìa
Press, Berkley and Los Angeìos, 1951.

(3) Keirneth E. goulding and Al len w. Spivey;. Li[¡99[ Proqramminq

End-Ihegntpfjirms. The Macñi l l an Company, l'li:w York' 196l .

Æ. Baumel; Economic ïheor.v and 0peratjons Anal.vsis
Parentice-Hal I , Inc. , Engìewood C] i ffs , New Jersey , 1972

(5) !'lilliam J. Bañmel; "Activity Ana'lysis in One Lesson". The

4¡ner{ean Economi c Rev'iew, Vol . 43, No. 5, Dec. l95B' p. 837-873.
or; "The Theory of Firm. A Comparison of

Margina1Ana1ysisandLinearProgramming'..TheSouthern@
Vol. 32, No. 3, January ì966, p. 263-274.

(7) James M. Heirderson and Richard E. Quandt; Micro-Economic
Theory: A Mathematical- Approaü. McGraw-Hi ll Book Company Inc. , New York.
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ui = The price of the i;th variable input (i=.|, 2, . m)

X** = Quantity of the i;th variable input used by the ith activityrJ (i=l .2 ..mii=1.2 n)

M... = The cost of transfering one unìt of v-th fÍxed fp¡use in"vi 
üñ ;;liritv-lu=i, z, : . . r; j=i, z, . : . n)122

F..., = The quantity of vJh fixed factor used in j-th activityvJ 0=1) 2,.: F; j=.|,2, . n)

Since an activity requires factors in certain proportion so the

folìowing constraints are imposed.

Xij = .ij yj (i=1, 2, . m; i=1, 2, n) ( z )

Fuj = buj yj (v='|, 2, . r; i=l , 2, n) (-"¡')

buj is the quantity of the vth fixed factor used by one

uni t of j"th acti v i tY

The activity leveis are also constrained by the availability of

fixed resources, i.e.

n

Ftu,(Fu
The Kuhn-Tucker Theorum could be used to describe the optimaìity

conditions of functions constrained by equalities and inequalities.

Inordertoappìythetheorum,itisnecessarythattheobjective

function and constraints are concave. Since the obiective function (l )

and constraints (2,3) are linear, the concavity requirements are ful'

fitled. The restraints in (a) are linear and may be considered as

(v=l , 2, r) (.+ )

122''"tofouts has suggested that, "transferring units of fixed factors
from the production"óf one product to that of another ordinarily entai'ls
a cost,'.'This typó of cost'does not fall either the category of variabìe
costs or fixed.ä'ttr, for "these costs do not change continuously rvith
the output of a particular product, but they do not change as the product
mix of tfre tirm ìs changed.¡' Pfouts, 9P-- cit-, pp. 652-653'
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both convex and concave. Hence

are satisfied. The Lagrangian

can be given as

the concavity

functi on of the

a.'l

r
(xij - aij r¡) *ã

6.0VJ VJ

requirements of the theorum

firm's profi t maximi zation

Muj Fuj *
rr

v=l

nm
L=fP;Y; -L

j=l J J i=l

mn+f fu*
i=l j=j ¡\'

oj-(
mf

i =l 'ij uij

nLj=l
rnXrr-ffrJ v=l j=l

nIj=l

nr6
F-l ii

(i=1, ?, n)

( j=1, 2, m; j=1, 2

4Gu -

(Fvj - bvj yj) ( z)

(¡)

n)

(q )

(s )

tr\'vj'

Following are the Kuhn-Tucker necessary and suffjcient conditions for

constrained maximum at Vj, Xii, Füj, 2 ¡, ,Tj and ¿:*ur.

àL - p. +
ãq - .r Í, u ii uii É d¡ bu¡(o

or r+l
v=l

?L 
=à xij -a. *

I u i¡ -( 0

/+
V

or

or

-ui ( - uij

)l - r.'rT; - -"vj

fvj - l'iu,

m

- f u *.
ì=l rJ

vi>/ o

/v
r-L

v=l

€.¿0VJ\

(v=1, 2

6 .b .)
VJ VJ'

+ (-a. +'l

\<

4..
1J

. r; j=1, 2

(P¡ rr*,j
^¡)

u.¡j) €. - þrVJ VJ

F*. = 0
vJ to /

(i )(i=1, 2 . n)
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or
n

r:\r,v// ?r tvj
J-l

h = xii - aii vi¡)t o

(14)

)l
tÇ = Fui - bvi viV o

or

,uj), bujyj (v=1, 2 Ft i=1, 2. n) (lS¡
n

(Fr - jã Fri)Ki* (*ii - ai¡v¡)^ù-¡¡ + (Fvi - Qujrj) *uj =q

or r

,.rÌ ¡ ¡ù o

(t3)

(loi

(r z )

(re)

(le)

or

Xij 2 uijYi¡ (i=ì, 2 m; i=l ,2 n)

6vjVo

In equation (5) {, u.ij und 4¡are the Lagrangian muìtipì'iers.

These are'uhe prices imputed to factors of production. i.e. the príces

the firm t'rould be i'¡iììing to pay for the marginal un'it of a particular
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factor. The marginaì value imputed to the i-th variable input used in

the i-th activity is shown by uij. The margina'l value'imputed to the

v-th fixed factor is denoted by t. The marginaì value imputed to the

v-th fixed factor used in the i-th activity is denoted by {:?t
Equation (6) states that the price per unit of the j-th activity

should be 'less than or equal to the sum of the imputed costs of the fixed

and variable factors used in the production of one unit of j-th activity.

If the market price of the i-th activity is less than the imputed costs of

fixed and variable factors used per unit then that activíty wil'l not be

used. if an activity is profitable, i.e. when the market price is greater

than the imputed costs, then the linear programming solution will not be

optimal and the profitable activity wi1ì be increased into the solution.

If the market price of the j-th activity is equal to the imputed price

of the fixed and variable factors used in production, then the j-th

actívity would be at the optimum level. Equation (6) corresponds to the

marginal analysis in whích optimality requires that marginal revenue be

equated wíth marginal cost. If one could assoc'iate products with diff-
erent activities, then one could find the rate of product transformation

and marginal rate of substitutíon which are needed in finding the optimum

quantities in marginal analysis.

Equation (7) states that the price of the i-th variable should be

less than or equal to the marginaì value imputed to the i-th variable

factor used in the j-th activity. If the price of the i-th factor is

greater than the marginal value imputed to the i-th variable factor used

I 23 
ltuyl or, op. cì t. , p. z7o.
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in j-th act'iv'ity, the factor will not be util'ized by the i-th activ'ity.

If the price of the j-th factor is less than the marg'inal value imputed

to thei-th varjable factor used in j-th activity, then the level of usage

of, factor i jn activity j should be increased. Variable factor i will be

used at an optimum level in the j-th act'ivity when the price of the ì-th

factor would be equal to the marginal value imputed to the i-th variable

factor. This condition corresponds to marginaì ana'lysis which requires

that the use of variable'input should be increased to the point where

value of the MP ìs equal to the price of the factor

Condit'ion (8) states that the marginal value imputed to the v-th

fixed factor used in the j-th activity minus the cost of converting one

unit of the v-th fjxed factor for use in j-th activity shou'ld be less than

or equaì to the marginal value imputed to one unit of the v-th fixed

factor. If the inequality holds,.then the v-th fixed factor will not be

used in the j-th activity. If equaììty holds, then the fixed factor is

beìng used at an optimum level with regards to the i-th activity. If

excess capa.city exists in the v-th fjxed factor, then Suj vuj = 0124

Equation (g) simp'ly states that the firms profìt after paying the

imputed cost of factors must be zero.

Equations (10), (ll) and (12) state that these terms cannot be

negative. According to condjtin (l¡) tfre total usage of v-th fixed

factor cannot exceed the amount avajlable. The equalities wjll hold

for (14) and (.|5), since we defined them accordingly. Equation (.|6)

states that the value imputed to the scarce resources available must

be equal to total value of scarce resources used in the activities.

l24rui¿.
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Equations (.|7), (18) and (.|9) state that the multipliers are nonnegative.
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DATA AND SOME RESULTS
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TABLE 2

Productíon of Different Croos
in Manitoba 0ver Time

-------Thousand bushel s--------
I 960

t 961

1962

I 963

I 964

1 965

t 966

1967

I 968

ì 969

I 970

I 971

1972

i 973

197 4

66,000

34,000
go,000

6l ,000
g5 ,000

79,000

79 ,000
g0 ,000
gì,000

64,000

30,500

74,000

69 ,000

Bo,000

59 ,000

I,660
886

3,000

2,128
2,766

?,992
2,400

2,667

2,500

3, 358

4,177

3,280

I ,830

2,145

2,200

477

360

580

760

1,470

2,407

2,1 50

.2 ,300
I,900
3,500

7,200

1 2 ,000

8,500

7 ,700
9,500

Source, Department of Agriculture, Yearbook of Manitoba Aqricuìture'' 
Quêen's Printer, l.Iinnipeg, 1960-74.
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TABLE 3

. A*es A1 rocatedo¡3,1i3'äl:;ï;,iiill3'il"and Potatoes
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2

3
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300
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20,187

I ,.|54
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3,984

9,823

,,_r_un

349

989

t ,, r0,
301

':ln'

5,601

9,697

682

I ,187

891

-l'

----acres

Source¡ Stati sti cs Canada, Census of Agriculture 1976-
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TABLE 4

Use of Wheat, 0ats and Barley as Feed ín Canada

Year blheat 0ats Barl ey

I 960

1 96.|

1962

I 963

I 964

I 965

1 966

1967

t 968

I 969

1970

ì 971

1972

I 973

197 4

62 ,293,272
44,149 ,625
44,203,777

53,769,269

46,878,730

50, 1 66 ,395

52,789,047

53 ,687 ,000

64,1 97 ,000

84,803,000

79, 203,000
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75,721 ,000
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92,826,8?4

.| 
21 ,300, ì 73

I 34,360,3l 6

142,893,820
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I 80, I 43,000

I 99,449,0oo

240,562,000

247 ,999,000
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297,?11,000

288, 260 ,000

?44,283,000

Source; Statistics Canada, Grain Trade of Canada' 1966-75.
Cat. No. 22-201,
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TABLE 2ì

Food Consumption of Various Conrnodities in Canada
Over Tine

ì960 56,265,000 5,203,000 
- - lbo,ooo .|,000 446',000

I 96t

1962

I 963

I 964

I 965

t 966

1967

I 968

I 969

1s7o

I 971

1972

ì 973

197 4

.|93,000

188,000

212,000

208,000

I 56,000

I 45,000
.| 

33 ,000

I 64,000

I 08,000

I 26,000

1.|9,000

1.l6,000

I 49,000

l4l,000

I,ooo
300

300

ì ,000

800

I,000
I,000
I,000
2,000

I,000
I,000
I,o0o
2,000

41 4,000

43.|,000

468,000

454,000

451 ,000

439,000

423,000

450,000

465,000

458,000

509,000

505,000

497 ,000

500,000

58,924,000 5,148'000

53,038,000 5,292,000

59,079,000 5'7.l4'000

57,507,000 5,816,000

60,943,000 5,534,000

59 ,006 ,000 5 , 533 ,000

60,463,000 5,221,000

6l ,397,000 4,571 ,oo0

64,627,000 4,786,000

64,361,000 4,8.|4,000

65,426,000 4,986,000

64,685 ,000 5,000'000

3,947 ,000

4,32'l ,000

66,781 ,ooo

69 ,,945 , oo0

Source, Statistics Canadar@' Cat' No. 22-201, 1966-75.
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TABLE 2?

Use of Various Commoditíes for Industrial
Purposes in Canada

Year l,lheat Barì ey Fl axseed Rapeseed Rye

I 960

1 961

1962

I 963

t 964

I 965

I 966

1967

I 968

I 969

I 970

I 971

1972

I 973

197 4

I,468,096

1 ,473,097

I,528,7.|8

ì,541,700

I,7ll,146

I ,959,765

I ,900,000

2,397,000

I ,.|46,000

461,000

5l 7,000

31 5,000

500,000

806,000

800,000

1 4 ,609,876

I 4,l 07 ,501

j 5,633 ,.| 34

14,553,524

16,208,666

l6 ,0.|8,.l63

1 7 ,694,1 63

l6,g2l ,000

1 7 ,3ì 2,000

I I ,400 ,000

I I,065,000

20,921 ,000

l 8,706,ooo

I I,go8 ,000

22,048,000

?,916,230

2,464,929

2,529,195

2,750,118

2,901 ,402

2,630,729

2,54?,947

?,266,000

2,095,000

2 ,490 ,000

2,827 ,000

3,101,000

2,633,000

762,000

3,745,507

4,963,009

5,.| 59,000

6,934,000

7,768,000

I,575,000

I 2,050,000

ì 5 ,572,000

I 4 ,745 ,oo0

1 2 ,.| 68,000

1 ,229,514

ì,2ì9,695

1,287 ,611

I,379,691

I,696,432

1,798,327

ì,904,000

2,605,000

2,244 ,ooo

2,844,oo0

2,881,000

2,800,000

2,795,000

3,800,000

3 ,200,000

Sou rce , Stati sti cs
I 966-75.

Canada, Grain Trade of Canada, Cat. No. 2?-?01,
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TABLE 23

Total Production of Varíous Commodities
In Canada Over Time

ear l.lheat 0ats Barl ey Fl axseed Rapeseed Rye

5rã-,3;t- 3;;,so;' 
--i-rï,l?ï'u^o

283,394

565,585

7?3,500

600,726

649,412

8?7,338

592,948

649,950

671,212

331,579

529,552

533 ,288

593, 738

488,51 3

283,965

492,610

445,877

347,006

399,983

370,678

301,772

356,700

354,895

353,073

363,479

300,208

326,880

254 ,7 45

112,640

165,87?

2?1 ,235

ì 68,463

21 8 ,300

296,235

252,867

326 ,045

371,288

408,287

601,628

51 8,31 6

469 ,570

404,286

bushel s -----
?2,571

14,478

I6,065

2l ,l l6

20,305

29,176

22,520

9,378

I 9 ,666

2g,048

47 ,966

22,387

17 ,617

ì g,400

ì 3,800

22,600

25,800

24,700

l9 ,400

33,400

72,200

95,000

57 ,300

53,200

5l ,300

10,221

6 ,519

12,251

I 3,760

12,345

l7 ,834

17,220

11,967

I 3,024

15,155

I I,905

2l ,gì 5

13,524

14,282

l8,9.|4

960

961

962

963

,964

i965

isoo
i

ls67
i
I

1968

I

1969
1

I

ie70

j,,'

i972

tgll
974

iource; Statjstics Canada, Grain Trade of Canada Cat. No. 2?-20'1,
I 966-75.
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TABLE 24

Export of Various Conmodities From Canada 0ver TÍme

l^lheat 0ads Barl ey Fl ax Rapeseed Rye

0

I

2

3

4

5

Þ

it

B

þ

0

it

'2

3

4

353,249,439 2,679,652 47,179,102 13,603,333 2,613,234

358,021 ,822 3,454,261 42,909,063 11,997,594 4,362,748

331,367,218 21,700,158 ì5,376,964 .|2,565,941 7,309,825

594,547,631 18,758,927 46,935,.|94 .|3,638,472 5,50.| ,099

399,594,316 ì5,551,ì36 37,032,ì19 I4,346,.|ì8 4,857,951

584,905,946 15,921,687 38,028,594 18,935,830 13,632,267 8,050,040

515,306,608 4,902,891 58,541 ,846 16,568,065 13,8.|7,739 9,96?,942

336,010,000 3,545,000 4l ,405,000 12,611 ,000 .|2,309,000 4,760,000

305,838,000 2,723,000 26,407,000 13,421 ,000 
.|4,3.|.|,000 4,248,000

346,498,000 5,165,000 98,3.|3,000 .|8,61.|,000 22,213,000 3,829,000

435,257,000 13,366,000 179,595,000 2ì,194,000 46,811,000 8,917,000

503,764,000 10,454,000 230,558,000 25,74ì,000 42,603,000 
.|0,757,000

576 ,594 ,000 6 ,925 ,000 I 65,248,000 I 9 ,640,000 54,059 ,000 8,236 ,000

419,387,000 838,000 127,480,000 15,503,000 39,184,000 4,584'000

394,594,000 1,415,000 ì38,393,000 10,5.l9,000 26,.|45,000 4'843'000

rce i Stati sti cs
I 966-75.

Canada, Grain Trade of Canada, Cat. No. 22-201,
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TABLE

Vaìues of Farm Lands
Buildings in Different

25

oer Acre Includìng
brop D'istricts Over Time

Di stri ct
B9

l96t 3t

1962 42

ì963 46

1964 53

ì965 64

t966 73

1967 9l
l968 99

t969 8l
ì970 73

l97l 76

1972 B0

1973 84
.|974 .|08

1975 132

44 71

56 89

59 90

67 ì01

74 ll3
83 124

100 140

I 10 150

103 135

95 120

89 ll7
9t ll2

ì03 ì49

ì 26 197

157 ?44

52 68 29

70 66 43

70 68 4l

76 73 44

80 83 47

'94 86 s2

]08 95 58

ì]9 ì04 63

109 102 63

88 97 57

106 ll0 65

il4 ìlB 60

132 tì9 66

198 .l85 
83

2?1 202 98

29 36

36 56

39 60

49 76

56 83

70 94

76 9s

78 99

66 96

sB 9l
70 88

63 85

71 I0'l
81 120

96 126

per
3l
47

49

s7

65

74

76

8l
73

71

73

80

t00
t2t
138

'e---------
31 30 19 37 16

42 42 35 50 30

46 45 35 54 3l

57 45 36 68 37

64 53 43 B0 37

77 63 48 B0 40

85 72 50 87 49

88 82 s6 97 52

74 74 60 96 53

71 72 59 8l 43

71 71 6s 91 52

70 74 62 9s 56

78 95 s4 88 72

97 110 60 105 83

t I'f 1.|0 63 129 86

source, Manjtoba Department of Agricu'lture, l'lanitoba Aqriculture Yearbook'
' qr"un's Printer, t'lìnnipeg, 1963-75'
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R

apeseed sunflow
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::::::::::::::::::::6ü5ñãl¡:::::::::::::::::::: .I63: 
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toñs

1962 26.3 49.6 33.4 
1.l.7 

25.2 lB
.0 

7s0 
100 

s'12

1963 19.3 38.3 
27.4 

l'l .3 
22,4 '16.9 

950 
175 

12'36

1964 25.1 
44.6 32.2 

.l0.3 
20.8 17.5 

525 
200 

9'55

1965 24.4 48.5 36.6 
12.0 2?.5 16.6 

550 
195 

]0"12

1966 
24 .3 

41 .2 
32.0 

9 .0 
23.s 12.4 

594 
208 

]0 ' 61

1967 25,6 
41 .2 

34.0 
8.6 

I8.9 'l5.9 
B

O
0 

'lB
2 

8'43

1968 26.8 
5l . 3 

36. B
 

12.7 
20. B

 
20.9 

650 
I 89 

'Ì0 ' 26

1969 25.6 
45. 'l 

35.0 
9.3 

I8.3 I7.9 
708 

218 
'l I ' 05

l97o .21 .8 
42.1 34.0 

lo.9 
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18.0 
800 

lB
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9'39

l97l 
29 .4 

54.5 4s.8 
I0.4 

25. 5 
20 .7 

750 
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I 'l ' 76

1972 26.5 
48,2 40.5 

ll.8 
22,5 18.1 

800 
lB

9 
11 '77

1973 25.8 
48.5 39.5 

12.7 
26.2 19.2 

700 
244 

12'-47

1974 2l.l 
35.8 

2g,4 
g.4 

23.g l7.o 
867 

233 
8',23

I 975 
?5 .? 

45. 5 
34.0 

11 .? 
24 .5 

1 6.9 
'l 065 

?34 
12 '42

T
A

B
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Y
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ource; M
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ent of A
griculture, Y

earbook of M
anitoba A

griculture'
' 

Q
ueen's P

rinter, l¡linniP
eg, 1963-75'
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TABLE 27

Average Yield of Wheat, 0ats, Barley and Flaxseed
In Crop District I Over Time

Fl ax
Y ear l,lheat Barl ey

s per acre-

1962

I 963

ì 964

I 965

I 966

\967

I 968

I 969

I 970

t 971

1972

I 973

1974

1 975

26.2

t9.ì
?4.5

24.0

?3.9

I 7.1

24.5

28.3

21 .4

28.3

25.5

27.4

21 .5

24.6

48.6

47.9

42.0

27.7

49.9

s3 .0

45.6

50.7

s3 .6

5?.1

33 .0

45.4

34.4
28.3

32.8

37.1

34.9

23.9

33.9

4?.7
34.7

45.0

43.4

44.9

27.B

34.4

It.7
l0.B
t 0.5

12.s
9.2
5.5

13.2

t0.9
il.0

8.2

t 2.0

12.4

8.7

10.7

Sou rce ; l'lani toba' 
Queen's

Department of Agricuì turen
P ri nter, t^lí nn i' PeS , I 963-75 '

Manitoba Agricul ture Yearbook'
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TABLE 28

Average Yield of Wheat, Oat!, BarleY
and Fìaxõeed in Crop District 2 Over Time

Year t,lheat 0ats Barl ey Fl ax

1962

t 963

I 964

I 965

1968

1967

t 968

I 969

I 970

1971

1972

I 973

1974

1975

26.5

1 8.5

27.2

25.2

25.5

25.0

30.2

26.8

23.3

30. I
27 "7
27 "7
20.5

25.7

50.6

49.9

42.0

38.7

60.2

49.0

45.8
s9.4

sl .4
s4 .3

35.7

48.0

12.3

12. t

10.8

1?.2

9.5
7.5

14.8
It.9
il.9
11 .6

13.6

ì 3.8
9.4

ll.6

s per acre-----
34. B

26.2

3l .9

38. I
34.2

3ì .7

41.7

37.9

37 -2

49.0

43.7

43.4

26.0

36. 5

Source; Manitoba
Queen's

Department of Agri cul ture,
Printer, l'linni Peg, 

.l963-75. Manitoba Agriculture Yearbook'
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Average Yield
and Flaxseed in

TABLT 29

of Wheat, Oats, BarleY
Crop District 3 Over Time

Year l,lheat 0ats Barl ey Fl ax

--bushels per acre-----
1962

I 963

I 964

I 965

I 966

1967

ì 968

I 969

I 970

ì 971

197?

1973

1974

I 97s

24.4

l4.l
23.4
26.8

20.3

27.2

27.3

18.5

19.4

29.0

25.9

25.6

19.9

27.2

48.6

st.l
39.2

49.6

55. I

38.6

39. l
57.5

48.0

53.7

38.0

52.2

28.3

I 9.9

30.6

38.2

26.8

36. B

35.7

25.9

29.8

46.6

38.6

42.6

28.0

38. I

ll.9
il.5
9.6

It.s
8.0
9.4

t3.5
7.7

8.3

9.9
.|0.3

12.2

9.ì
10.9

Source; Manitoba- 
Queen's

Department of Agri cuì ture,
Printer, l.linnipeg, .|963-75. Manitoba Aqricuì ture Yearbook,
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Average Yield
and Flaxseed in

TABLE 30

of Wheat, 0ats, Barley
Crop District 4 Over Time

Year tlheat 0ats Barl ey Fl ax

1962

I 963

I 964

I 965

I 966

1967

I 968

I 969

1970

r 971

197?

I 973

1974

ì 975

24.2

l1 .0

26.9

27.6

25.8

29.6

29.1

19.2

20.8

29.8

?8.1

26.6

?0.7
27.3

47.1

s0.l
43.5

46. I

56.2

32.7

37.3

52.4

47.2

50.0

36.6

45.?

23.9

14. B

3s.0

36. I

3l .5

40. ì

38.7

?1.2

29.0

44.4

4ì .0

37.0

26.6

3?.7

10.2

10.2

il.8
tì.3
10.0

11.2

ì 3.1

9.0

10.0

ll.4
il.7
12.8
9.6

il.9

Source; Manitoba Department of Agriculture, Manitoba Agricuìture Yearbook'- 
Queen's Printer, l,linniPeg, 

.|963-75.
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Average Yield
and Flaxseed in

TABLE 3I

of Wheat, Oats, Barley
Crop uistrict 5 Over Time

Year }{heat 0ats Barl ey Fì ax

1962

I 963

I 964

I 965

I 966

1967

I 968

I 969

I 970

I 971

1972

1 973

1974

1 975

25.4

il.4
20.9

25.8

1 8.6

25.4

?6.4

17 .?

t 7.0

27.2

27.5

?3.7

ì 7.6

22.6

38.7

4l .8

35.2

29.9

40.7

36. 3

33 .6

53. 4

45.7

46.4

32.8

44.2

28.4

34.7

21 .3

34.3

33.1

?4.4

'?4.s

43.6

39 .0

32.3

23.3

?9.?

l0.l
t 0.5

7.9

10.3

1?.8

8.1

8.6

il.5
12.0

1?.3

8.8
.l0.4

.-bushel s per acre-26.7 10.2

16.9 ll.3

Sou rce ; Manitoba Department of
book, Queen's Printer,

Agricuìture, l'lanitoba Agriculture Year-
l.linnipeg, .l963-75.
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Average Yi e'l d
and Fìaxseed ín

TABLE 32

of Wheat, 0ats, Barley
Crop District 6 Over Time

Year l^lheat 0ats Barl ey Fl ax

s per acre-----
1962

I 963

1 964

I 96s

1 966

1967

1 968

I 969

1 970

I 971

1972

I 973

1974

ì 975

21.0

tt.1
20.3

25.5

ì7.5
25.9

27.2

20.7

I 8.1

28. ì
24.6

25.9

t 6.9

21 .6

38.7

48" I
25.3

39.9

39.5

37 -6

28.8

47 .6

4?.2

40.2

28.4

38.6

21 .2

t 3.3

23.5

36.7

21.4

3?.3

37.0

35.0

25.6

43.7

40.2

38.8

?2.1

29.6

ì 0.0
10.2

t 0.9
'12.?

8.2

il.9
I 2.3

ì 3.3
12.2

I3.0
12.6

12.1

8.9

10.2

Source; Manitoba Department of Agriculture'' Queen ' s Pri nter, l'li nn i Pe9, I 963-75.
Manitoba Agrìcul ture Yearbook'



247

Average Yieìd
and Flaxseed in

TABLE 33

of Wheat, Oats, Barley
Crop District 7 0ver Time

Year Wheat 0a ts Barl ey Fl ax

-------busheì s per
1962

I 963

I 964

I 965

I 966

1967

I 968

I 969

I 970

1971

1972

1973

1974

1975

25. B

22.5

24.2

24.2

23.4

23.4

22.2

28.4
22.5

?7.6

24.6

25.7

22.3

25.3

48.4

st .8

39.8

33 .9

45.4

sl .ì
42.2

49.0

49.6

48.3

39.4

44.6

36.0

30.2

33. B

37.4

33.9

29.9

34.7

4l .6
35.?

44.8

39.7

43.4

30. 5

34.0

tì.3
ìt.7
10. 7

12.5

9.2
'7.3

8.8
12.0

il.8
9.7

tì.2
12.8

t 0.6

1?.0

Sourcei Manitoba- 
Queen 

t s
Department of Agricuìture,

Printer, l,'linnipeg, .l963-75. Mani toba Department Yearbook,
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Average Yield
and Flaxseed in

TABLE 34

of Wheat, Oats, Barley
Crop Distríct 8 0ver Time

Year llheat 0ats Barl ey Fl ax

.--Þusners per
1962

t 963

1 964

t 965

I 966

1967

t 968

I 969

1970

I 971

1972

1973

1974

ì 975

26.8
'19. s

27.6

26.0

?5.8
?6.7

28.7

27.3

23.2

3t .3

28.7

26.4

22.2

27.5

47 .0

47 .5

44.7

41 .6

59.2

49.4

48.0

60.1

53 .3

52.?

39.3

48.2

35.2

26.7

3s. 5

37.3

35.0

34.5

43.5

40.2

37.6

49 .0

47.1

46 .0

33.5

37.5

tì.9
10.7

ll.9
r 2..|

9.0

8.7

ì 3.0
12.6

12.8

12.4

13.6

14.6

il.1
13.0

Source'. Mani toba' 
Queen's

Department of Agriculture,
Printer, I,linnipeg, 1963-75.

Manitoba Aqriculture Yearbook,



249

Average Yield
and Flaxseed in

TABLE 35

of Wheat, Oats, Barley
Crop Distríct 9 Over Tíme

Year llheat 0ats Barl ey Fl ax

per
1962

I 963

I 964

I 965

I 966

I 967

I 968

1 969

t970

I 971

1972

I 973

1974

ì 975

26.9

t9.B
26.0

22.7

23.3

27.0

28.1

24 -s

?3.0

25.0

26.8

24.0

21 .7

23. 3

4s.7

46.4

39.2

37.0

54.8

43.1

44.3

46.0

49.3

44.2

35.4

40. I

34.9

24.1

3l .B

35. 7

33.8

33.8

37..l

33 .3

34.9

39 .0

41 .2

34.9

31 .3

30.9

ll.5
t0.t
11.5

ì1.2
8.8

9.0

It.9
10.5

t2.l
9.9

il.0
12.9

I0.6
il.0

Source I l'lani toba Departrnent of Agri cul ture ,- / 
Queen's Printer, VlinniPeg,1963-75'

Manitoba Agriculture Yearbook'
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,TABLE 36

Average Yield of Wheat, 0ats, BarleY
and Flaxseed in Crop District l0 Over Time

Year l,lheat 0ats Barl ey Fl ax

acre -------- ---- -::-:
196?

1 963

I 964

t 965

I 966

ì 967

t 968

I 969

t 970

1 971

1972

ì 973

1974

197s

28.2

30. t

30.0

26.6

28.3

28.5

?5.9

32.1

26.3

32.4

26.5

25.7

25.0

25.8

60.3

54.8

53.6

42.3

50.0

s9. t

53.4

57.3

5l .3

46.2

42.5

46.8

34.4

38. l

36.3

39.2

39.7

37.6

39.5

46.4

42.O

50.0

42.7

4l .6

40.6

35. I

12.8

t3.4

\2.5

12.8

12.2

9.4

9.5

I4.1

I 4.4

13.7

1?.4

12.7

il.3
ìl.t

Sourcer l'lanitoba
Queen' s

Department of Agricul ture,
Pri nter, ld jnni Peg, 

.l963-75. Manitoba Agricul ture Yearbook'
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TABLE 37

Average Yie'ld ot Wheat, Oats,
and Flaxseed in Crop District ll

Barl ey
Over Time

Year þlheat 0ats Barl ey Fl ax

--bushe per acre-
1962

I 963

I 964

t 965

t 966

1967

ì 968

I 969

I 970

ì 971

197?

1973

1974

1975

27.3

26.3

23.4

28.3

?7.4

27.0

23.9

30.6

23.9

29.7

25.1

25.4

19. B

23. B

38.6

58.5

44.7

45.2

47.9

st.7
44.4

53.8

42.3

41 .2

33.4

42.6

34.9

28.2

?8.6

36.3

33 .6

3?.3

3t .4

37.4

36.3

42.7

34.4

3ì .9

26.4

30. 5

12.1

12.9

10. B

12.6

lt.l
t 0.4

il.0
ì 3.9

14.1

il.8
10.8

10.5

9.2

9.5

Sou rce ; l4an ì toba
Iqueen's

Department of Agriculture,
Printer, !linnipeg, .l963-75. l4anitoba Aqri culture Yearbook,
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TABLE 38

Average Yield of Wheat, Oats, BarleY
and Flaxseed in Crop Distri ct 12 Over Time

Year l^lheat 0ats Barì ey Fl ax

1962

I 963

1 964

I 965

I 966

1967

ì 968

I 969

t 970

1971

1972

I 973

1974

1975

25.7

tì.0
21.6

?6.0

26.4

27.0

28.4

26.0

23.0

32.6

28.7

27.1

I6.0
I 9.6

35.2

48.9

42.4

43.0

46.4

49.4

4l .6

55.9

46"8

54.2

?7.8

32.1

bushel s per acre-
32.7

. 13.4

28.1

3l .l
34.4

35.6

37.1

35.3

33.5

47 .7

38. B

33.8
21.4

23.0

l1 .4

8.4

tì.3
9.0

l?.6
't2.6

13. I

12.1

1?.5

l4.B
t4.3
13.3

8.3

ì 0.3

Source; l'lanitoba- 
Yearbook,

Department of Agriculture'
Queen's Pri nter, l'li nni Peg '

Mani toba Agri cul ture
I 963 -75.
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.TABLE 39

Average Yield of l^lheat,0ats, Barley
and Flaxseed in Crop District l3 0ver Time

Year l.lheat 0ats Barl ey Fl ax

'-bushels per acre-----
1962

ì 963

ì 964

I 965

ì 966

1967

I 968

I 969

I 970

I 97.|

1972

I 973

1974

1 975

30.8

29.4

28.5

27.6

32.6

30.6

29.5

32.9

28.4

32.5

28.5

26.3

25.7

28.3

45.7

48.8

s2.1

46.6

55.8

53. 3

46.0

6t .6

37.6

45.2

36 .6

45.7

37.4

3l .8

3l .6

34. I

36. l

35. I

36.3

39.6

35.5

44.s

37. s

29.2

?9.6

30. 6

13.5

14.2

12.0

10.7

12.5

13.3

1?.5

14.3

ls.B

t5.6

12.9

t5.3

ì4.5

16.2

Source, l4anitoba Department of Agricuìture,
Queen's Printer, I'linnipeg, ì963-75.

I,lani toba Aori cul ture Yearbook,
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Average Yieìd
and Flaxseed in

TABLE 40

of Wheat, 0ats, BarleY
Crop District lq 0ver Time

Year l,lheat 0ats Barì ey Fl ax

------bushel s Der acre-r-' 
34. ì lo.7

1962

I 963

1964.

t965

I 966

I 967

I 968

I 969

1 970

I 97t

197?

1973

197 4

1975

26.5

17.2

18.2

2l .5

21.5

22.1

28.4

25.7

21.6

24.0

?5.7

25.1

20.9

21.8

28.7

34. I

38.0

35 .8

49.5

4l .0

40. I

42.3

42.9

40.1

30. 7

36.l

21 .5

25.5

29.7

30. 7

27.6

35. 3

33.0

29.3

36.0

33.6

38.8

28.0

?6.5

9.1

8.5

11.2

8.8
8.4

il.6
9.3

10.2

9.7

9.4

11.2

9.1

ì0. 3

Source, Manitoba Department of Agriculture, Manitoba Agri.culture'gvg¡ vs) 
itiäriióUã Ãã-.ituìi,.iiu-Ì"ãiUooL, Queen's Printer, l'linnipeg'
lffi
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A
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4,385
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D
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E
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able .l8.

46 .54

70.54

30. 6l

63.66
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