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ABSTRACT

A MODEL TO DETERMINE THE IMPACT OF
IMPROVED AGRICULTURAL EFFICIENCY
IN MANITOBA

by
BASHIR AHMAD

MAJOR ADVISOR: Dr. C.F. Framingham

One of the major objectives of agricultural policy 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
value of production, number of workers, net returns etc. A measure is
usually selected by how well it serves as a base for the particular 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. Tne 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 minimum

average total cost because of problems of co-ordination, efficient decision
making and the 1ike. Economies of scale which are associated with an
increase in farm size up to certain limits in agriculture have resulted

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

of farms. The large efficient farms emerging in the agriculture industry
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have implications for income and employment. The general objectives

of the study were to determine the spatial optimal organization of crop
production in Manitoba, given efficient sized farms, and to estimate the
income and employment and the distribution of both with this organization.
To deal 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 model was developed in order to determine the optimal organ-
ization. Two soil types, all the crop districts of Manitoba and nine
crops were included in the model. The crops were wheat, oats, barley,
flaxseed, rapeseed, rye, sunfiowers, potatoes and sugarbeets. Restraints
were specified with regard to the availability of land of each soil 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 was defined as that combination
of activities which maximized net income.

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

1. Total area allocated to crops under optimal solution was
higher by 21 percent as compared with actual acreage in 1976. With the
excepfion of wheat, potatoes, and sugarbeets, the area occupied by other
crops was higher in the optimal solution than the actual area. At the
regional level, Central and South West regions experienced an increase
in the total cropped area, while a decrease was observed in the Eastern
and North West regions in the optimal acreage as compared with the actual

one. This was the result of higher net income per acre associated with




| 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 only an increase in the cropped area, but would also
substantially change the pattern of land use in Manitoba.
| 2. For the province, optimal levels of production of all
crops were higher than the actual and/or normal levels of production in
1976 with the exception of wheat and sugarbeets whose optimum levels were
ffé]ower than the actual levels. "Normal" is used to mean the trend level
.. 0f production. The Central and South West regions made maximum contribution
“tftowards the total optimal production of each crop. Collectively both the
fregions shared 60.03 percent to 91.48 percent of the total provincial
production of different crops. This was the result of higher net income
per acre associated with most of the crops in these regions. Eastern and
Interlake regions were the least important in terms of contribution toward
the total production. Central and South West regions which were already
sharing a high proportion of the total production of each crop, would
contribute relatively more towards the output of different crops with the
iﬁfoptima1 organization of agriculture.
| 3. The total employment with optimal organization of crop pro-
’ivduction totalled 8,964 man years. When the labor fequirements for live-
stock and poultry were also taken into account, the total employment
amounted to 21,118 man years which was substantially less than the pro-
'ffjected labor requirement of 42,000 for agriculture by the Department of
Industry and Commerce. The optimal employment was more or less the same
és the actual one. However, Central and South West regions contributed

considerably more, while the other regions less towards total employment
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with optimal organization than with the actual one. This leads to the
conclusion that Central and South West regions would become more important
in terms of their contribution to total employment, while the share of
other regions would decline.

4. Net income from optima] crop production came to 690 million
dollars which was higher by 50 percent than the actual net income. The
higher level of net income resulting from an optimal organization of crop
production on efficient sized farms suggests an adjustment of farms to-
wards optimum size.

The contribution of the Interlake, Eastern and North West regions
was lower, while that of Central and South West regions was higher towards
the total net income with the optimal organization of crop production as
compared to the actual one. Thus one could expeét 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

production.
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CHAPTER I

INTRODUCTION

STATEMENT OF THE PROBLEM

After the Second World War, Canadian economic policy had five
goals: full employment, a high rate of economic growth, reasonable
stability of prices, maintenance of a viable balance of payments and an
 equitable distribution of income.l An implicit general goal for agricul-
ture was in the words of Anderson:

Agricu]ture 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 fully the
competition of other industries for labor, capital and other
resources needed in agriculture; so that its earnings would

be equivalent to those set by the general level prevailing

in the economy.2

This objective was consistent with the goals 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 would also improve the
competitive position of Canadian agriculture by providing cheap food in

the international market.

The four principles of Guidelines for the Seventies set by the

Province of Manitoba (maximizing the general well being of Manitobans,

. ]w.M. Drummond, W.J. Anderson and T.C. Kerr, A Review of
Agricultural Policy in Canada, Agricultural Economics Research Council
of Canada, June 1966, p. 67.

) 2W.J. Anderson, "Agricultural Policy in Prespective",
Agricultural Economics Research Council of Canada, 1967, p. 10.

31bid., p. 10.




greater equality of the human condition, the stay option and widening
participation) implied specific objectives for agriculture exp]icitly.4
These included:

1. Expanding agricultural output to raise total income from
agriculture.

2. Stabilizing net farm income through diversifying agricul-
tural production and through effective action in the marketing 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.®

The stay option principle of Guidelines for the Seventies
emphasized the discouragement of migration from rural to urban areas.
Guidelines 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 income per capita, resource efficiency, regional sta-

bility of employment 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, education® and manpower training’

“The Province of Manitoba, Guidelines for the Seventies, Intro-
duction and Economic Analysis, March 1973, pp. 83-84.

S1bid., p. 85,
®Drummond, Anderson and Kerr, op. cit., pp. 79-80.
71bid., pp. 76-77.



emphasized the resource efficiency goal of agriculture. The Farm Diver-
sification Program,8 Small Farm Development Program? and Land Lease Pro-
gr'am]O were designed to increase the viability of low income farms, and
thus emphasized the greater equality of income goal in a given region.
Greater equality of income among different regions was strengthened
through the introduction of ARDA]](Agricultura1 Rural Development Act).
The Farm Diversification Program 12 and Western Grain Stabilization

Plr‘og\f‘am]3

were designed to improve and stabilize the income of farmers.
An effort was made to fulfill the objective of stable employment indirectly
by enabling farmers to make a good living from agriculture by programs
which emphasized income improvement i.e. higher incomes and more stable
incomes.

Despite all the different programs carried 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 capital to the large inputs of capital and small inputs of

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

8aRDA Manitoba/Canada,Agricultural and Rural Development Act,
Description and Progress Report, 19/2-73, p. I1.

9Agriculture Canada, Policies and Programs for Agriculture, Western
Provinces, 1976, M 55, p. 2.

101bid., M 17, p. 6.

Mgee Agricultural Rural Development Act (ARDA), 1966-67, C 11, S 2,
?gapter A-4 and Jack Giles, ARDA in Manitoba, Province of Manitoba, Jan.
68, p. 6.

]ZARDA Manitoba/Canada, op. cit., p. 11.

13H.w. Leggett, "Causes, Costs and Cares of Instability in Canadian
Agriculture" in New Developments in Agricultural Stabilization: Proceedings
of 1976 Workshop of Canadian Agricultural Economic Society', March 1976, p.41.
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27 percent over the time period 1957-74,]4 while the total farm cash

inputs, excluding hired labor, increased by 71 percent during the

same period.]5 Associated with these changes in resource use, a large
change also occurred in the structure of the farm industry. The total
number of farms was 58,024 in 1941 but declined by 45 percent, to

32,104 in 1976. Average farm size which was 291 acres in 1941 increased
by 104 percent, to 593 acres in 1976, (Table 1). Different studies
conducted also indicated that adjustment in farms is characterized by

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

substituting capital for labor because of the rising costs of labor
relative to capital. Farm firms are becoming larger and fewer due to
the fact that there exist important differences in efficiency between
farms of different sizes, as is émphasized 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 is widening. The oppor-
tunity cost or economic penalty for operating a small farm with
technology of an earlier decade is rising. The magnitude of adjust-
ments in sca19 of operations necessary to produce efficiently is
accelerating.

T4calculated from Statistics Canada, The Labor Force, March 1975, p.67

]5Price indexes were applied in order to eliminate the effect of
increase in expenditure due to prices. Calculated by taking data from
Magi%g?a, Department of Agriculture, Manitoba Agriculture Yearbook 1975
an 0.

1650e James A. MacMillan, F.L. Tung and John R. Tulloch, "Migration
- Analysis and Farm Projection Model: A synthesis." American Journal of
. Agricultural Economics, Vol. 56, No. 2, May 1974, pp. 292-299 and R.F. Daly,
J.K. Dempsey and C.W. Cobb, "Farm Numbers and Sizes in Future" in Size,
Structure and Future of Farms, eds. A. Gordon Ball and Earl 0. Heady, Ames
Towa State University Press, 1972, pp. 314-332.

17Leroy Quance and Luther G. Tweeten, "Policies 1930-1970" in
Size, Structure and Future of Farms, eds. A. Gordon Ball and Earl 0. Heady,
Ames, Towa State University Press, 1972, 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 plant. This then is 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 directions or new surges forward.
It is these that are creating, exploring and extending new dim-
ensions. Farms in other $Size groups below this, but still among

those that are growing and expanding over time, are but followers
of these growth points.

The larger farms are in an advantageous position because the aver-
age fixed cost per unit of output declines as the fixed costs are spread
over a larger output, i.e. there are economies of size. The small farm
firms are in a disadvantageous position because they have to bear certain
unavoidable costs with a small quantity of output. Theoretically, 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 believe that
below a certain size, farm firms are too small to give the lowest average
cost per unit of output, while above another point in the size scale, -
tarm 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 minimized). In the long run, only firms of
optimum size which are using the most efficient methods of production can

compete. Firms which are not employing the efficient methods of production

18A. Gordon Ball and Earl 0. Heady, Size, Structure and Future of
Farms, Ames, Iowa State University Press, 1972, p. 53.




and are not of optimum size, are eliminated because they fail to supply

the product at the price where the output could be produced 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 agri-
cultural industry has to emerge finally have implications for income, em-
ployment and the distribution of both. Farm size is related to income in
two ways.

1. The amount of income is a function of size of the farm. Even
when there are no economies or diseconomies for farms of different sizes,
small farms have lower income than larger farms, and

2. The amount of income relative to the quantity of resources used
depends on the nature of cost advantages or disadvantages of farms of
different sizes. |

If there are economies of scale, then doubling the use of all res-
ources will increase the nei income more than twice. Thus, large farms
~ which realize economies of scale have higher income than smaller farms.

Farm size is related to labor employment in the sense that the labor
requirement per unit of output is inversely related to the size of the
farm. Thus an efficient agriculture industry based on large 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 regions:

1. 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-



vantage over areas located further away. This means that areas located
closer to market receive a higher net price than the areas at greater
distance.

2. There are factors which affect the per unit cost of production
of different products; climate, soil 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 real life, a particular area may have
an absolute advantage for the production of most or all crops over other
areas, but it may lack sufficient productive 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 which 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 which in turn influence the income and employment distribu-
tion among regions. Spatial optimum organization of agriculture on the
efficient sized farms raises a number of questions. Some of these
questions which are of particular interest to the policy-makers are:

1. What would agriculture be 1ike if agriculture is organized
according to the technical and economic efficiency criteria i.e. when
optimum sized farms are employing the efficient methods of production
while allocating resources to various crops in order to maximize their
profits?

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?



3. What would be the total employment with the optimal organization
in agriculture?

4. What would be the income distribution associated with the
optimal 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 policy
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 public policies which

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

OBJECTIVES OF THE STUDY

The general objective of this study is to determine the implications
of efficient agricultural production in Manitoba based on the current
technology. Specifically the objectives are:

1. To estimate the profit maximizing organization of crop
production that would result on the basis of production techniques employed
by currently economically efficient Manitoba farms.

2. To estimate the level of aggregate crop production that would
result from an efficient agriculture.

3. To make a comparison of the optimal locational distribution of
acreage and production with the actual and/or normal acreage and production
where ever possible.

4. To determine income and its distribution among regions that
would result from the efficient Manitoba agriculture.

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

crop organization for Manitoba.
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SCOPE OF THE PRESENT STUDY

The present study is concerned with the determination of the com-
pétitive position of different regions of Manitoba in producing crops.
Efficient regional cropping patterns on the optimum sized farms are est-
imated with the "efficient" rather than the "average" metinods of produc-
tion given the provincial demand for each commodity. Al1l the 14 crop
districts, two soil types and nine crops (i.e. wheat, oats, barley, flax-
seed, rapeseed, rye, sunflowers, potatoes and sugarbeets) are considered.
Production of each crop in each crop district is constrained by the
maximum and minimum production restraints. These restraints are based
on historical production levels. The range of production represents
the maximum level of adjustment allowed 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 1t is concerned only with the crop pro-
duction sector, while the livestock sector is ignored. However, live-
stock feed requirements 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 model.
The mode] allows interregional competition and determine the optimal
organization for crop production on efficient sized farms for the given

level of prices of commodities and various types of constraints.
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ORGANIZATION OF THE REMAINDER OF THE THESIS

Chapter II reviews the studies relevant to this study. Chapter III
discusses the theoryof competitive farm firm and various approaches
to general equilibrium analysis. Chapter IV deals with the determination
of efficient farm size, assumptions and the specific model 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 conclusions are discusséd in Chapter VI. Chapter
VI also deals with the policy implications and limitations of the study

and suggestions for further research.



CHAPTER I1I
REVIEW OF PREVIOUS 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 studies relevant to
this study. In all the studies reviewed, a 1ineér programming model
of inter-regional competition in agriculture was 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 earlier studies in
order to determine the optimal production under changed conditions.

The first study reviewed was conducted by Egbert and Heady.]9 They
determined the optimum production location for wheat and feed grains in
104 producing regions of U.S.A.. These regions, made by dividing the
portion of the United States where wheat and feed grains were mainly
produced, accounted for 90% of all feed grains and wheat produced in the
United States. Annual produétion restraints were specified at 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 1954, Restraints were

placed on the acreage available for production of grains in each region

]9E1v1n C. Egbert and Earl 0. Heady, Regional Adjustment in Grain
Production, A Linear Programming Analysis; Iowa Agri. and Home Economics
Experiment Station, Towa State College, Ames, Iowa, Technical Bulletin
1241, June 1961.
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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 tocation of production among regions

was determined. Analysis was carried out on the assumption that technical
co-efficients 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 activities 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.

20

Heady and Whittlesey“"~ expanded the above mentioned model by in-

cluding 31 consuming regions and increasing the number of producing regions
to 144. The number of producing areas was increased for two reasons:

1. 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 Egbert and Heady's 104 regions were further divided
so that each producing region would be entirely within the boundary of
a single consuming region.

Requirement levels of wheat, feed grains and oil meals were

specified for each of the 31 consuming regions. A national demand for

?OEarl 0. Heady and Norman Whittlesey, "Land Qualities and Crop
Production Capacity" in Spatial Sector Programming Models in Agriculture,
eds.sga¥1 0. Heady and U.K. Srivastava, lowa State University Press, 1975,
pp. 56-101.




14

cotton was specified. Transportation activities were introduced in
order to allow the movement of wheat, feed grains and oil meals among
consuming regions. Transport cost was assumed to be zero where a crop
activity contributing to the demand of the consuming region was produced
within that same region. The optimum production 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 differed significantly
from the above two models and from the Egbert and Heady study on the basis
that in each producing area, three soil 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 technical coefficients of
average producing units rather than those of larger efficient farms.
Technical coefficients of average producing units were used in det-
ermining efficient organization because of computer capacity limitations
and lack of data.

Heady and Sko]dZ] developed a model similar to the preceding one
except that the model used the projected data for 1975 for determining
the optimal organization whereas Whittlesey and Heady used 1965 as a base
year. This model also included soybean rotation activities.

A11 the above studies considered only crop production, while

21 :

) Earl 0. Heady and Melvin 0. Skold, "Capacity Interregional
Adjustment and Land Use" in Spatial Sector Programming Models in Agriculture,
eds.]garl 0. Heady and U.K. Srivastava, Iowa State University Press, 1975,
pp. 120-155.
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the Tlivestock 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 livestock pro-
duced in that region. Brokken and Heady22 developed a model for det-
ermining the optimum organization of crops and livestock which would
minimize total production and transportation cost. Crop production
activities were increased to include cotton, wheat, feed grain rotations,
feed grain soybean rotations, feed grain silage rotations, hay, hay silage
rotations and wild hay. Twelve livestock producing activities were
included. In this model 157 crop producing areas and 20 livestock pro-
ducing regions were specified. Each of the livestock producing 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, industrial use and for exports. Crop
products were transferred to the feed supply row and the feed required
in each livestock producing region was obtained from this supply. Live-
stock production in each region was limited 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
silage) in each area was limited 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 available for but not used for intensive
crop production.

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

assumed to be representable by an "average" producing unit. The optimum

?zRay F. Brokken and Earl 0. Heady, "Adjustment in Crop and Livestock
Production" in Spatial Sector Programming Models in Agriculture, eds. Earl O.
Heady and U.K. Srivastava, Iowa State University Press, 1975, pp. 156-200.
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combination of enterprises that was determined for an area was assumed
to be optimal for all farms in that area. But farms of different sizes
have different input-output coefficients and different amounts and
qualities of resources available. Even the farms producing agricul-
ture crops more efficiently as compared to others in the same size have
different input-output coefficients. To partially account for the dif-
ferences in production efficiencies existing between farms located in
the same area, farm size was considered explicitly in studies conducted
by Eyvindson,23 Craddock24 and Framingham et al. 25

The largest linear programming model 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 157 producing areas, the same con-
suming regions (except that one region was further divided into two
regions) and the same crop and livestock activities. Both were concerned
with determination of the optimal production pattern which would min-

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

23Roger K. Eyvindson, " A Model of Interregional Competition in
Agriculture Incorporating Consuming Regions, Producing Areas, Farm Size
Group and Land Classes". Unpublished Ph.D. thesis, Iowa State University,
Ames, Iowa, 1970.

24y, 4. Craddock, Interregional Competition in Canadian Cereal
Production. Special Study No. 12, Economic Council Of Canada, The Queen's
Printer, Ottawa, 1970.

25Char1es F. Framingham, W.J. Craddock and L.B.B. Baker, Alternative
Futures for Manitoba Agriculture, A Linear Programming Analysis of
Agriculture Tncome, EmpToyment, Price, Production and Farm Size Policy
Rlternatives, Department of Agriculture Economics and Farm Management,
University of Manitoba, Winnipeg. Draft publication under review.

26Eyvindson op. 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 included all farms with unit gross sales of $10,000 to
$39,999, while farm size group three included all farms with gross sales
of $2,500 to $9,999. These farm size groups were the producing units
for the model and a full 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 rea]istica]]y than land re-
straints alone. The cropland and hayland available to each farm size was
divided among three quality classes. Three land constraints and three
crop production activities were defined for each farm size group. Like
the Brokken and Heady model, this model also allowed the use of cropland
and hayland 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
Timited cotton production by each farm size group to the acreage harves-
ted in 1953. Labor constraints were specified for the crop and noncrop
season. These constraints were set equal to the amount of family 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.

N Labor hiring activities were also included in the model. A capital

constraint for each farm size was defined as total expenditures made
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in 1965 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 also included transportation activities to transport
final and intermediate products.

A11 the above models were developed for the U.S. economy. Similar
models were constructed either at the provincial level or for the whole
economy of Canada. Craddock?’ developed an interregional linear pro-
ramming model for Canada for use in determination of the pattern and locat-
jon of cereal production that would minimize the combined production and
transport cost in order to meet specified levels of annual cereal demand.
This model was very similar to the Brokken and Heady model. However, it
was applied to the Canadian economy. In this model the Canadian economy
§ was divided into 188 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. With 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 flows between the central

27 ¢raddock op. 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.

28 developed an interregional linear

Framingham, Craddock and Baker
programming model to determine the optimum location of crops and live-
stock that would maximize the net income of farmers in Manitoba. Unlike
the Craddock study, they considered both crop and livestock activities.
They divided Manitoba into 14 crop districts. Unlike the Craddock
study, in order to take into account the variability in productivity,
this study considered two soil 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 production, farm
size was measured in terms of acres, while for dairy cows, number of cows
were used to measure enterprise size. For crops, small 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 1ike all other studies omitted
the question of what would be the optimum organization of agriculture if
production was redistributed to efficient farm firms.

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

as a single producing unit or farms were divided between two or three size

28Framingham, Craddock, Baker op. cit.
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groups in order to account for the differences in production effic-
jencies existing on various farms. In these studies, spatial optimal
organization of agriculture was determined by constraining the effic-
iency. The efficiency was constrained in the sense that the coefic-
ients of average sized farms or coefficients of specific groups of farms
were used while determining the optimal organization. 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 optimum 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 firms were not producing the output at the minimum
possible average cost. From this one could conclude that these firms
were not economically efficient. Therefore, the optimal organization of
agriculture determined by using the technical coefficients of average
producing units or firms of various sizes was not strictly efficient.
This study eliminates this source of inefficiency and determines the
optimal 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 is a modified version of the model
developed by Framingham et al. 29 The similarities between the model
used in this study and the Framingham et al model are:

1. Both use the same 14 crop districts,

297p4d.
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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, sunflowers, 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 a130 are that:

1. The present model unlike the Framingham et a13! model is con-

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

as exogenous. The feed requirements of livestock were however, included
in the product requirements for each crop district.

2. The present model unlike previous studies including Framingham's
et a132 is concerned only with the optimum sized farms which are employing
the most efficient methods of production and are using the inputs in optimum

quantities.

301bid.

311bid.

321hid.



CHAPTER III

THEORETICAL CONSIDERATION

It was pointed out in the previous chapter that this study would i nn
use the technical coefficients of optimum sized farms, while determining
the optimal organization of crop production. Given the optimum sized
farms, the problem of determining the optimum quantities of different

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 limited resources. Because

of the interdependence of different crops one can conclude that resource

allocation in agriculture is a matter of general equilibrium ana]ysis.33
For considering the theory underlying the present problem, the

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

a perfectly competitive industry. The second part discusses various

3For‘ references on general equilibrium analysis see:

(1) William J. Baumol, Economic Theory and Operations Analysis, New
Jersey, Prentice-Hall 1972, pp. 365-369.
(2) David Simpson, General Equilibrium Analysis, New York, John Wiley
and Sons, 1975.
(3) Donald S. Watson, Price Theory and Its Uses, Second ed. Houghton
Mifflin Company, Boston, 1968, pp. 272-275.
(4) Kenneth J. Arrow,"General Economic Equilibrium. Purpose Analytic
Techniques, Collective Choice". American Economic Review Vol. 64,
No. 3, June 1974, pp. 253-272.
(5) Blaine Robert and David L. Schulze, Modern Mathematics and Economic
Analysis, New York, W.W. Norton and Co. 1973, pp. 258-288.

obert Dorfman, Paul A. Samuelson and Robert M. Solow, Linear
Programming and Economic Analysis, New York McGraw Hill Book Co. 1958, FAR
pp. 346‘38]. Lo e
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approaches to general equilibrium analysis in the light of the present
study. In this part, the first section is concerned with the Walrasian
approach to general equilibrium. The second section deals with the
neoclassical approach to general equilibrium. The third section is
concerned with the linear programming approach to general equilibrium.
The third part also deals with the suitability of marginal analysis

and linear programming for this study.
THEORY OF A FIRM IN A PERFECTLY COMPETITIVE INDUSTRY

Economic theory suggests that in the long run, the firm uses
that size of plant and produces that level of output at which min-
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 fall to a level which
allows continued existence of firms of optimum size having minimum
average cost. Figure 1 and 2 indicate how the product prices force
the firms to be of optimum size. In figure 1, SAC], SACZ, and SAC3,
are the short run average costs for three firms of different sizes.
Their corresponding marginal cost are MC1, MC,, and MC5. 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 typically "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.
Finally, average cost curves start to rise as variable factors must

be used in increasing proportions to the fixed resources in order to




24

\ :
1
!

Cost p
)
and nm
Revenue
P3
Q
Figure 1

Long-run Equilib

Adjustment of

i
a

Tum
W

!
!
_
!
_
!
*
_
I
!
Q

O - ——

Output per firm Output of industry
Figure 2

Longrun Market Equilibrium
rm




25

achieve higher levels of output. In the long run all factors are
variable 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 well as in the variable factors used with it.

In Figure 2, DD is the demand curve and %, is the original
short run supply curve for the industry. Under this situation,
price will be OP] and all the firms would earn abnormal profits. Each
firm maximizes profit by producing that level of output at which mar-
ginal cost is equal to marginal revenue (i.e. in this case equal to
price). Small (SACq), medium (SAC,) and large (SAC3) firms will
produce 0Qy>, 0Q, and OQ3 Tevel of output respectively. 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 run. supply curve will shift to S, position
which will produce price OPo. Small firms (SACq) will go out of bus-
iness because they are not covering their costs, but the medium firms
(SAC,) are still earning abnormal profit. Large firms (SAC5) will earn
small abnormal profit. There will be a tendency among - medium size
firms to increase in number, because they are earning abnormal profit.
As this adjustment proceeds, finally a short run supply curve S3 will be
reached and the price will fall to OP3 level. Only firms of optimum size
(i.e. of minimum average cost) will stay in business. Small firms are
eliminated because they are too small and 1arge firms go out of business
because they are too large. Only firms of SAC2 size will exist in long

run.

g
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It is quite possible that some resources may be available to the
firm only in specific size units, such as a quarter section of land,
a tractor of a certain size. These resources are often under-utilized.
For example, a tractor of a certain size may be under-utilized with 600
acres but may not be able to handle 900 acres. Due to the discrete
resources, average cost curves may be discontinous. Whatever the nature
of cost curves whether they are continous or discontinous in the long
run only optimum sized farm firms will stay in business because they
would be able to produce at the minimum possible average cost.
Given the optimum sized firm, the problem of allocating scarce re-
sources to various crops is a general equilibrium problem because

of interdependence of different crops.

GENERAL EQUILIBRIUM MODELS

Walrasian Model

Leon Walras was the first-person who developed a general equil-

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

and commodity is equal to its supply. Assume that there are 1, 2 . . . n

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

are X the quantities of resources Z], 22, e oo L

T T

the prices of commodities are Py, P, . . . Pp- The prices of resources

are V], Vos = - - V- The market demand equations for commodities are:
X'l = f'l (P], Pz, « o = Pn; V'l, V2, « s . Vm)
X2 = fz (P] [ P2, . . . Pn; v'l ] V2. . . Vm)
Xn = fn (P], Pz, . e = Pn; V], Vz, « o Vm) (])

The demand for any resource can be given as the sum of the amounts
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used in all commodities. Let Aij be the quantity of the i-th resource
needed to produce one unit of commodity j. Since there is no unemploy-

ment of resources, demand for each resource equals its supply, i.e.

Ky e ket A Xy = 4
32] X] + 322 X2 + . . .+ azn Xn = 22
+ =
am] X] + a5 X2 ..t a Xn Zm (2)

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

that commodity,

anp Vi ragn Vot .ag Vg = Py
a]2V1+a22V2+... +am2Vm=P2
a]nvl+a2nV2+"'+aman=Pn (3)

Finally, the supply of resources can be given as

Z] = S5y (P], P2 e . Pn; V], V2. . . Vm)
22 = 52 (P], Pz « o e Pn; V'I, VZ' o . Vm)
Zy = Sp (Pys Po oo o o Pp3 Vy, Voo oL V) (4)

There are 2n + 2m equations for 2n + 2m unknowns, X, Z, P, V. But
equations (1) and (4) have only m + n - 1 independent equations. If
all prices are measured in terms of one commodity (say Py = 1) 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 Walrasian model of
general equilibrium described above. The most important criticism is
that when the number of equations is equal to the number of unknowns, this
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 economic 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 ajj and the total factor
supplies Zm are in special proportions.

The set of equations in (2) also requires that the total quantity
of resources be equal to the total quantity of resources supplied. In
other words, this requires that each factor is fu]Ty employed. But it
is possible, that a factor is not fully used, i.e. total demand is less

than the total quantity supplied even at a zero price.

Neo-Classical Approach and Marginal Analysis

In the neo-classical approach to general equilibrium, each house-
hold acts as if it were trying to maximize its utility and each firm acts
as if it were trying to maximaize its profits. The outcome is a unique
solution for relative prices and absolute quantities of inputs 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 the value of all the price variables are increased
proportionately the values of the quantity variables will remain the same.
This analysis is based heavily on the marginal conditions of equilibrium,
i.e. the condition of equality of price ratios to the marginal rates of
substitution. It requires that the transformation surface is well defined
and differentiable. It emphasizes substitution possibilities as against

the limited substitutability in the Walrasian model. This approach to
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general equilibrium has many weaknesses. They include:
1. Like the Walrasian model, 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 technology.
In this case, although the transformation surface is well defined, it
is not differentiable.

The theory of the multifactor, multiproduct firm (i.e. marginal
analysis) which is an adoption of neoclassical general equilibrium
analysis to the individual firm is of particular interest to our problem.
It helps to allocate scarce resources available to the production of
crops in such a way so as to maximize the income of the farm firm. This
approach 1is discussed in detail in Appendix A, while its suitability to

the present study is given after the next section.

Linear Programming Approach to General Equilibrium

A1l 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 linear programming requires that
solution real variables be non-negative.

In order to allow the non-use of resources, we can write (2) as
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Mk Akt X,

1A
~N

0

ag1 Xy tagy Xyt ooty X7,
(5)

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

am] X1 *ape X2 + . . o+ apgy Xp <

A
~N
=

of set (5), then that factor will not be fully employed. Thus the
equality requirement ofvany equation 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 fdr any commodity is greater than the unit cost, then output will
tend to increase. This will reduce the price of the commodity. At the
same time, the prices of the inputs that are used in the production of
that commodity will rise and this would result in increasing unit cost.
If the unit cost is greater than price, then output will decrease which
will increase the price of the commodity and at the same time less use
of resources will decrease their prices and this would lower the unit
cost. Output of any commodity could 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. We

can modify the set (3) as

gy Vy taypvpt o oo tay vy 2 Py
g vy tagy Vot wee ot A, Vi > Py

alpn V1 tazp vt . . . +ag, Yy 2 Py (6)




31

If the strict inequality holds for any line of set (6), the
corresponding output must be zero.

We can show that the general equilibrium system consisting of
(1), (5) and (6) will give us the values of x, p, and v which are
economically meaningful.

Since x and v variables cannot be negative, then the constraints
of (5) and (6) become the constraints of a linear programming specifi-
cation. The coefficient matrix is the same in both (5) and (6) except
that it is transposed.

We can state the problem and its dual as follows:

Maximize Y = py X3 + poXot . . . + py X,
Subject to set (5) and x.2 0, X2 0, . . . x

1 2
The dual problem is as follows:

1v
o

Minimize M = Z] vy t 22 Vot ..o Zm Vo

subject to set (6) and v]’zo, v22 0, . ..v20

Since there are nonnegative x's and v's which satisfy (5) and (6),
both the problem and its dual will have optimal solutions, when a
pair of dual problem is solved, the maximum value of the problem

being maximized, i.e. P.X. equals the minimum value of the form

JJ

e
iItem>
g

being minimized ?_Zivi. If we caﬁ find an equilibrium solution of
the general equi1;b;ium system which is also a solution of the pair of
dual programming problems, one can say that total expenditure equal
total factor returns. The converse is also true if total expenditure

equals total returns in a solution of the general equilibrium system,
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then the linear programming problems are also solved. This equality is
forced by the supply and demand functions. On the basis of the logic
of linear programming, one can state: |
Hidden in every competitive general equilibrium system is a maxi-
mum proglem for value of output and a minimum problem for factor
return.

It may be pointed out that the prices of the commodities are not
determined within the system as in Walras and neoclassical 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 quantities of input that are used follow dir-
ectly from the coefficient matrix. A1l inputs may not be fully used.
Those which are not used fully have a zero price imputed to them. The
input prices determined are the equilibrium prices in the sense that
when each input is valued at these prices, the average cost of every
commodity produced is exactly equal to its given unit price.

In the Walras model, there was no choice of technology as the
coefficients of production were fixed. In Tinear programming each process
represents a fixed combination of inputs and we can deal with the sub- |
stitution of inputs by substituting processes. The Walrasian model also
assumed that all factors are fully employed. But it may be efficient
if some of the inputs are not fully 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

34Dor‘fman, Samulson and Solow, op. cit., p. 370.
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_ that all inputs should be fully used, and some quantity of each
commodity produced. The solution will tell us not only which alter-
native processes have been used, but also tell us how much of each in-
put is used and how much of each commodity would be produced.

In the system of equations and inequalities numbered (1), (5) and
(6), the unknowns are n x's, n p's and m v's. In the pair of dual 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 solutions.

For any set of prices we can get the values of x's and v's from the linear
“programming problem. But it is quite possible that this 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 commodity
outputs or x's which are not the same as were determined from the 1linear
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 theorums® assures us that
there is at least one set of p's which will yield sets of x's and v's
that will also satisfy demand equations (1). A unique solution to a
general equilibrium system can then be ensured if we accept the axiom

of revealed perference. This approach to general equilibrium generates
two important points:

1. every competitive equilibrium system implicitly contains

35Robert and Schulze, op. cit., p. 282.
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a maximization-of-value output problem and a minimization-of-factor
returns problem;

2. unlike the Walrasian and neoclassical models, there exists
a unique solution to the general equilibrium system that has economic
meaning.

Optimality conditions of linear programming for a profit max-
imization problem are give in Appendix B, while its suitability as com-

pared to marginal analysis is discussed in the next section.

Criticism and Suitability of Marginal Analysis and

Linear Programming

Marginal analysis 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:

We assume as given by technical considerations the maximum
amount of output, x, which can be produced from any given set of
inputs (v, . . . 5 v,). This catalogue of possiblities is the
production function and may be written

x = f{vy, o o, V)
In general, there will be a maximum output for each set of inputs,
and so this function is single valued, and will be assumgg initially
to have continuous partial derivatives of desired order.

36Pau1 A. Samuelson, Foundations of Economic Analysis, Cambridge,
Harvard University Press, 1948, pp. 5/-58.
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Profit maximization by the firm involves two decisions. The first
decision is concerned with the estimation of the production function,
which specifies the maximum quantity of output that can be produced by
applying the specified quantities 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 maximizing the net income of
the firm.

Linear programming is concerned with the optimization of a linear
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. Unlike marginal analysis,
the linear programming analysis is based on the concept of activity or
process. More specifically, 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.38 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

39

simultaneously. This can be accomplished by considering each variation

37Thomas H. Naylor, "The Theory of the Firm: A Comparison 0f Marginal
Analysis and Linear Programming." Southern Economic Journal, Vol. 32, No. 3,
January3é966, pp. 266-267.

Earl 0. Heady and Wilfred Candler, Linear Programming Methods, The
Iowa State College Press, Ames, Iowa, U.S.A., 1958, p. 11.

39

Naylor, op. cit., p. 267.
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in technical proportions as a separate activity.

The concept of activity or process in linear programming helps
us to know what lies behind the production function concept of marginal
analysis. According to Dorfman:

. . . the process of linear programming is a more specifically
defined concept than the production function of the marginal analysis.
Indeed, a production function is a family of processes which use the
same factors and turn out the same products. If we compare any two
points on a production surface, if the internal ratios of the inputs
and outputs at the two points are the same, they will represent
different levels of the same process, otherwise they will represent
different processes. The production function is thus a tool for ex-
hibiting and comparing different but related processes. What it fails
to represent adequately is the consequence of using several processes
in parallel, and sugB combination of processes as are characteristic
of modern industry.?Y

Dorfman has mentioned how closely these two approaches are related as:

Linear programming is clearly closely related to marginal
analysis because both modes of analysis depend on formal, math-
ematical methods of maximization . ..

So far as they purport to describe economic actions they both
postulate that economic decisions are made on the basis of rational
calculation. Further, to bring the problem within the scope of
mathematics, they both postulate that the guiding objective of

economic decisions is to maximize some measurab1e4funct1'on of the
variables under the control of the decision unit.

Marginal analysis helps us to determine the optimum quantities of

factors directly, whereas in linear programming optimum quantities of

40Robert Dorfman, Application of Linear Programming to the Theory
of the Firm, University of California Press, Berkeley 1951, p. 15.

4 Ibid., pp. 79-80.
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. Naylor has similarly described the difficulties associated with
second stage decision.

. the firm's second stage decision probiem (profit maxi-
m1zat1on subject to constraints imposed by the production function)
stems from the fact that the solution of the firms technological
problem may yield a production function which does not possess such
properties as continuity, concavity and non-zero first and second
order partial derivatives. Although marginal analysis may be quite

suitable for solving the first type of decision problem (technological

problem) it may not be at 3&1 appropriate for solving the second type
of decision problem . .

Marginal analysis may also be inapplicable in many situations where

the price is equal to marginal cost at a negative output. For an unpro-
fitable item marginal 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 estimating input-output relationships.
The method can only specify the type and quantity of data needed. In
cases in which a firm has an infinite number of processes, the margin-
al analysis of smooth curves is likely to be more appropriate than the

methods of linear programming.

Finally the choiée between 1inear programming and marginal analysis

as an approach to a firm's profit maximaization problem depends on the
nature of the problem being considered. In the words of Dorfman

. with regard to each of his disposable 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
using that resource for the purpose adopted. Agriculture provides
an excellent example for distinguishing these two sorts of decisions.
Land is normally the 1imiting resource. The first type of decision
is exemplified by the choice of which crop to plant on each plot;

the second type by the technical decisions of how intensively to plant,

how much and what type of fertilizer to use, and the like.

44Nay]or, 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 1ike horses and apples, they are incommensurable. The

second type of decision is infinitesimal and quantitative; it is

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 wﬂgreas the SO
point of departure of linear programming is the first. B

Naylor has very concisely summarized the problem of choice between

Tinear programming and marginal analysis in a profit maximization problem.
....the choice between linear programming and marginal analysis
as a tool of analysis depends on which problem is being considered
or equivalently which Tevel of abstraction is desired. If the
problem is "What technique should be applied for using a particular
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 particular resource?" then linear programming is perhaps more
appropriate .46

The problem of determining the optimal organization of agricul-
ture on efficient sized farms in Manitoba, given the resource restraints,
is basically the problem of how to use the available resources in order
to maximize the net income of farmers. Linear programming is more
appropriate than marginal analysis when the question is "What use
is to be made of resources?" Therefore the use of linear programming

to determine the optimal organization of agriculture on farms of current

efficient size is suggested as it involves basically the choice among
crops which should be grown in order to maximize the net income of the
farmers from the given resources. Moreover, the linear programming

approach to general equilibrium overcomes all the problems associated

with the Walrasian and neoclassical approaches, -in particular it does
not allow the negative level of output of crops. Finally, linear pro-

gramming, where the criteria of marginal analysis remain applicable,

4500rfman, op. cit., p. 84

46Nay10r, op. cit., pp. 267-268.
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permits the incorporation of many relationships and variables into
a set of equations and allow simultaneous determination of production
patterns for many regions. Marginal analysis does not provide any
direct means of finding the optimal organization in such a large scale

problem.



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 havé been conducted to determine the optimum
organization of agriculture in the U.S.A. and Canada. Chapter Three
discussed the theory of perfectly competitive 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 bptimum organization of crops that would result, given "efficient"
farm size, linear programming was a suitable technique. The model
to determine the potential optimum organization of crop production
is discussed in this chapter. The chapter is divided into two sections.

Section I is concerned with the determination of efficient or

optimum farmt/

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 minimum average total cost are the best to
survive in a common market where all the firms sell. The competition
among firms of different sizes selects out the firms which are most

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

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

47Effic1ent or optimum size refers to the range over which average
total costs, as defined by the long run average cost, are at a minimum.
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If the share of a particular size in the total output is increasing,
then that size lies within the range of optimum size, while if the
share of a given size is decreasing then that size lies outside the
range of optimum size. Use of this technique on farms of different
sizes resulted in concluding that farms having 760 acres and over are
in the optimum range. These farms may not be equally efficient, but
it was assumed that they are efficient for the present study as they
all lie in the optimum range.

Section II deals with the assumptions, the specific model and
the data used in this study for the analysis of the implications of
"efficient" sized farms. Briefly, in order to determine the optimum
organization of crops on these efficient farms, Manitoba was divided
into 14 crop districts. Fifteen production activities were considered.
They were: wheat for export, oats for export, barley for export, flax-
seed, rapeseed, rye, sunflowers, potatoes, sugarbeets, wheat for feed,
oats for feed, barley for feed, wheat produced for sale as feed, oats
produced for sale as feed, and barley 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 supply the
_feed to some other adjacent crop districts as the total feed requir-
ement of each crop district could be fulfilled either by producing in
the same crop district or obtaining it from adjacent crop districts.
Constraints utilized in the study included:

1. Land availability constraints: Total amount of land

available in each crop district was arrived at by projecting the crop
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and summerfallow 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. Maximum 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 constraints were set
in a way similar to the maximum production constraints except that
minimum levels of production were used. Maximum and minimum production
constraints were specified by considering the actual or normal prod-
uction instead of using maximum and minimum flexibility 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
barley were established at the normal requirement of livestock. This
energy could come from either wheat or oats or barley; that is sub-
stitution between the three is allowed. Normal livestock requirements
per animal unit for each crop were first determined by dividing the
projected animal requirement by the projected number of animal units
in 1976 for Canada. These average requirements per animal unit
were then multiplied by the availability of metabolized energy per bushel.
The resulting figure was then multiplied by the projected number of animal
units in each crop district. Theée figures were then added in order
to establish the constraints.

5. Minimum demand constraints for Manitoba: Minimum constraints

for wheat, oats and barley 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 was determined by projecting the human food demand
for Canada to 1976 and then by dividing the total population of 1976.
These average requirements were then multiplied by the population of
Manitoba. Industrial demand was determined by estimating the total pro-
duction-and total industrial use of each of these crops to 1976.

If wasbaésumed that the contribution made by each province was equé]

to the proportion of the total quantity used for industrial purposes to
total production. The procedure used for export demand was identical tq
the industrial demand. The procedure used for establishing constraints

for flaxseed, rapeseed, and rye demand was identical to the previous one

except that there was no livestock requirement. Minimum demand restraints

for sunflowers, potatoes and sugarbeets were set at the minimum level

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

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

estymation are also discussed in this chapter.

I. DETERMINATION OF EFFICIENT FARM SIZE

Before determining an efficient farm size, it is necessary to de-
fine the term size. Renborg defined size as:
The size of the firm is some measure of the total sum of all the

means of production which firm commands. The means of production
can be thought of as a vector, B, whose elements are the amount

of each means of production measured in technical units.... .
The size of the firm is thus specified in as many dimensions as
there are elements in B. ....If some elements....decrease in size

at the same time as others .... increase - e.g., a substitution
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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 fjrm has increasgd in.size in agme dimensions ...
and decreased in some other dimensions ...

This definition establishes the point that a single measure
offers difficulties. But there are several single measures of farms
size as number of acres, gross value of production, number of workers,
total cost, net returns etc.. When we see the census data, we are forced
to use single measure ciassification. 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 useful measure when
one is concerned with crop production, while it may be a poor measure
for poultry operation.

Given the farm size measure in terms of acres, equilibrium 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
will 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 normal profit 49 to induce them to stay in the

48U1f Renborg, "Growth of the Firm in Relation to Problems of
Factor Acquisition - the Swedish Experience" in Market Performance
and Firm Growth, Joint Comm. Rept. 1, Joint Conf. Farm Management and
Marketing Res. Comm., Western Agr. Econ. Res. Council, Las Vegas,
November 1967, p. 18.

Bnormal 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
50

about firm behaviour. In a perfectly competitive long run model,

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 1055).51

In Manitoba agriculture, where farm firms of different sizes
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 92 stydy 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),
$28.86 on medium sized farms (i.e. 240-759 acres) and $26.16 on large
sized farms (i.e. over 759 acres); while the gross income on all these
farms amounted to $31.67. Profits of $5.51 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 small 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:

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

50The Chicago School of Economics has tended to use the assumption
of atomistic market, which closely approximate perfect competition. See
MHenery L. Miller Jr., "On the Chicago School of Economics" Journal of
Political Economy,Vol. 70, No. 1, Feb. 1962, pp. 64-69.

Slsee Alfred W. Stonier and Douglas C. Hague, A Textbook of Economic
Theory, Urwin Brothers Ltd., London, 1963, pp. 126-138, and C.E. Ferguson:
Microeconomic Theory, Homewood; Richard D. Irwin, Inc., 1972, pp. 270-80.

52Framingham, Craddock and Baker,op. cit.
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2. Economic engineering method.

3. Survivor analysis

Use gf_Regression53

This method involves the determination of average costs and
volumes for each of a group of sample plants. 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 operating conditons, differences in the basis of
valuation of physical assets, the operation of many plants below their

54 made it impractical to determine the

optimum volumes and other problems
Tongrun average cost curve. Unavailability of relevant data was another

obstacle.

Economic Engineering Method

This technique requires some fairly technical information and
some crude guesses on non-technical aspects such as marketing costs.
Hypothetical firms are developed and estimates are obtained for cost .

and output. Estimates are usually based on the assumption that:

53See R.G. Bressler Jr ., "Research Determination of Economies of
Scale", Journal of Farm Economics, Vol. 27, No. 3, 1945, pp. 526-539.

54Sheldon W. Williams and James W. Grubele, "Estimating Optimum
Size of Food Processing Plants by Using Survivor Analysis." American
;ourna1 of Agricultural Economics, Vol. 58, No. 4, Nov. 1976, pp. 740-
44,
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1. A1l factor supply curves are completely elastic, i.e.
factors of production are freely available at a constant supply 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 industry
because they do not take into account all factors in the environment in

which plants operate.55

Survivor Analysis

The survivor technique is a re1ative1y 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 technique was used in determin-
ing the optimum size in this study. This techm’que56 is based on the
concept that the minimum average cost size firms survive best in a com-
mon market where all the firms sell. The competition among different
sizes of firms selects out the most efficient firms. The technique
helps in finding the efficient firm size by determining the share of
industry output coming from different sizes of firms over time. If the
share of output of a given size is increasing its industry output, then
that size 1ies within the range of optimum size; while if the share of
a given size falls, then that size lies out of the range of optimum size.
In general, the more rapidly the share of a given size is falling, the

more inefficient that size is considered to be.

1bid., pp. 740-741.

565ee Thomas K. Saving, "Estimation of Optimum Size of Plant by the

Survivor Technique", Quarterly Journal of Economics, Vol. 75, No. 4, 569-
607, 1961 and George J. Stigler, "The Economies of Scale", Journal of
Law and Economics, Vol. 1, No. 1, 54-71, 1961.
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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 1951, 1961, 1966 and
1971, For 1951,%7 411 the crops reported in the census were considered.
For 1961°8 and 1966,%° all the crops mentioned in census reports with the
exception of soybean and tobacco (which accounted for 0.01% and 0.03%
respectively of the total cropped area during 1961 and 1966) were taken
into account. Yield per acre60 and the price per unit of output of
soybean and tobacco were not available. For 197161 field beans, oats
cut for fodder, other fodder crops and soybean, which accounted for 0.01% of
the total crop area, were not taken into consideration for the same
reasons. While finding the contribution of different size farms to total
agricultural output in Manitoba, it was assumed that yield 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.

57Dom1’m’on Bureau of Statistics, Ninth Census of Canada, Agriculture
Vol. VI, Part 2, Queen's Printer, Ottawa, 1953.

58Domim’on Bureau of Statistics, Census of Canada, Agriculture, Manitoba

- Cat. 96-537, Vol. V, Part 3, Queen's Printer, Ottawa, 1963.

59Domim’on Bureau of Statistics, Census of Canada, Agriculture
Manitoba, Cat. No. 96-608, Vol. V, Part 1, Queen's Printer, Ottawa, 1968.

60See Manitoba Department of Agriculture and Immigration, Report on
Crops, Livestock etc; Crop Bulletin No. 130, Queen's Printer, Winnipeg,
December 1951; Manitoba Department of Agriculture and Conservation, Report
on Crops, Livestock etc; Crop Bulletin No. 140, Queen's Printer, Winnipeg,
December 1961; also Manitoba Department of Agriculture, Manitoba Agriculture
Yearbook, Queen's Printer, Winnipeg, 1966 and 1971.

61Statistics Canada, Census of Canada, Agriculture, Manjtoba, Cat. No.
96-708, Vol. IV, Part 3, Queen's Printer, Ottawa, 1973.
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TABLE 2

PERCENT CONTRIBUTION OF DIFFERENT SIZE
FARMS TO TOTAL MAJOR CORP QUTPUT OVER TIME

A>MHMM~ 1951 1961 1966 1971
Under 3 0.00 0.001
10-69 0.79] 0.466 0.349 0.275
70-239 14.017 10.127 7.179 5.625
240-399 29.403 23.516 . .
) 18.790 14.280
400-559 20.173 mm.m#w 19.291 16.749
560-759 16.710 : 19.312 18.336
760-1119 11.480 15.035 18
1120-1599 4.782 7o 410 2,056
1600-2239 1.480 .52 3853 e
2040-2879 0.293 9.67% Rt 11300
2880-Over 0.825 1414 2307 1208
. | 2302 4.245
100,000 100.000 100.000 99,999

1

Data used are taken from various sources.

See mOOﬁ:oﬁmm 57-61.




51

From the table, it is clear that the share of total output con-
tributed by sizes under three acres, 3-9 acres, 10-69 acres, 70-239
acres and 240-399 acres has decreased consistently over time. The
contribution of farm size 400-559 acres increased slightly over 1951
and 1961, and then decreased consistently. The percent contribution
of 560-759 acres increased over the period 1951 and 1966 but decreased
over 1966 -and 1971. 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 1971. The share of farms of
sizes 760 acres and over has increased consistently between 1951 and
1971.

In order to see how rapidly a given farm size 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 (Table 3).

Index of growth was calculated by using the following formula:

- PR;:

Inj; = 1] X 100

PR11951
Where:

PR1.j _ percent contribution to total output by the i-th size

in years 1961, 1966, 1971.
PR11951= percent contribution to total output by the i-th size in

year 1951.

I"ij = index of growth of output of i-th size in the j-th year

over 1951,
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TABLE 3

INDEX OF GROWTH OF CROP QUTPUT

OF DIFFERENT SIZE FARMS OVER TIME!

Size

w>n1mm~

Under 3
3-9
10-69
70-239
240-399
400-559
560-759
760-1119
1120-1599
1600-2239
2240-2879
2830-0ver

X

1951

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

1961

m——atae

100.00
26.67
58.91
72.24
79.98

103.20

109.59

130.97

148.56

170.27

230.38

171.39

1966

100.00
22.22
44,12
55.07
63.91
95.63

115.57

159.49

196.78

260.34

407.51

279.03

1971

0.00
8.88
34.77
40.13
48.57
83.02
109.73
183.94
252.32
359.05
679.18
514.55

1

Based on Table 2.
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The index of growth of output of different 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 total output) over the period 1951 to 1966 and then
a declining rate of growth over the period 1966 to 1971. It may be
hypothesized that the smaller the farm size, the more inefficient they
are and the more rapidly 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 existing over the
period 1951-71. This increase in the index of crop output was not the
-same for these different farm size groups. A question arises, which
is the efficient size when various farm size groups observed different
increase in the index of growth of crop output? Stig]er52 argued that
one should not infer that size class whose share is growing more rapid-
1y is more efficient than other classes whose éhare are growing more
slowly because the difference mére]y represents difference in the quan-
tities of various qualities 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 all
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 regional differences

623tig1er, op. cit.
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in soil fertility, climate and in the availability of various inputs.
Due to these factors, different regions Have comparative advantage in the
production of different crops. An efficient spatial allocation 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 model 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 law (universal conclusion) is one of the form
'state X is always and invariable followed by state Y'. A probabilistic
law may have a form such as 'state X is followed by state Y with pro-
bability h and by state Z with probability (1-h)."

Concentrating on probabilistic elements, there are two ways in
which probability can be specified--objectively and subjective]y.54

The objective probability approach emphasize the relative frequency
of occurrence of events. Using the principle of maximum 1ike1ihood65

the observed frequency is taken to be an accurate measure of the probability

of the event in any evaluation of a system. The central limit theorem®®

assures us of the correctness of such a procedure for a large number of

. 63N. Rescher, "Discrete State Systems, Markor Chains and Problems
in the Theory of Scientific Explanations and Prediction." Philosophy of
Science, Vol. 30, No. 22, 1963, p. 325.

64R. Carnap,"The Two Concepts of Probability," in Readings in the
Philosophy of Science, eds. H. Feigl and M. Brodbeck, AppTeton-Century-
Crofts, Inc., 1953, pp. 438-455.

5Taro Yamane, Statistics, an Introductory Analysis, Harper and
Row publishers, New York, 1973, pp. 194-200.

66M. Melnyk, Principles of App]ied Statistics, Pergamon Press Inc.,
New York, 1974, p. 220.
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observations, but otherwise we have no such assurance. The subjective
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 probabilities are accurate. But there is no way by which they
can be known to be accurate.

One can say that the probabilistic 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
recommended levels of fertilizer also forced us to use the deterministic
model because the central 1imit theorem assures us correctness only when

the number of observations is large.

Models are also appraised in general terms by using the criteria
of communicability and workability. The logic of a deterministic linear
programming model is easier to communicate than that of a probabilistic
model. In terms of workability, the probabilistic model may be either

unsolvable or solvable at larger cost as compared to the deterministic

mode1.%7

It was for the reasons discussed above that a deterministic
multiregional linear programming model was used in this study to deter-

mine the optimal organization of crop productibn.

) 67J.B. Anderson, "An Overview of Modelling in Agricultural Manage-
ment." Review of Marketing and Agricultural Economics, Vol. 40, No. 3,
Sept. 1972, pp. TIT-T2T.
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ASSUMPTIONS OF THE MODEL
The assumptions in the model employed are described below.

Farmers Aim to Maximize Their Profit

It may be said that maximization 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 fami]y.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 busines;. Thus profit maximization can be con-

sidered as a valid goal of the farmers.

Markets are Competitive

Knoh70 and Watson7] stated that most agricultural markets and
many factor markets as well, approximate perfect competition. For the
commodities which we have included in our model, there are large numbers
of producers who are producing almost homogeneous products. No producer
is strong enough to influence the products prices. Prices of the inputs

are also not influenced significantly by any producer. Farmers are

68Profit is defined as the difference between the total revenue and
total cost, C of the firm. Total revenue of a firm operating under per-
fectly competitive market can be given as the number of units of product
sold, q, multiplied by the unit price, P received. Thust= Pg-C and profit
equals net revenue.

69ar1 0. Heady and Harold R. Jensen, Farm Management Economics
Prentice Hall, Inc., Englewood C1iff, N.J., 1954, pp. 8-9.

70James V. Knoh, Industrial Organization and Prices, Prentice Hall
Inc., Englewood, New Jersey, 1974, pp. 16-21.

7]Donald S. Watson, Price Theory and It's Uses, Second Edition,
Houghton Mifflin Co., Boston, 1968, p. 117.
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normally price takers rather than price makers. Therefore, the assumption
l
of perfect competition seems realistic.

Linear Enterprise Functions

It is assumed that linear enterprise functions for firms of 760
acres and over are an adequate representations of efficient crop firms
for purpose of the analysis. This assumption implies that there are
constant returns to scale or that the production function for each
enterprise is linear i.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-is
quite consistent with economic theory. It should be made clear 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 simply says that if we take a point on the product-
ion function and if we multiply each input and output by the same constant,
the relevant point will 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
facility, then each duplication will be as productive as the original
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 Activities

This assumption implies that output can be produced and inputs
can be used in fractional units, i.e. it is possible to use 0.51 acres

of Tand to produce 13.5 bushels of a commodity. It may not be possible
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to apply certain inputs 1ike tractors in fractional units, but their
services can be obtained in any quanitiy, i.e. it is possible to hire
the tractor for 1.5 hours. Buying and selling such services among
farmers in aggregate will overcome the divisibility problem. Thus the

assumption of divisibility is justified in our study.

Finite Number of Activities and Resource Restrictions

If there are an infinite number of alternative activities and
resource restrictions, then it is not possible to find an optimal sol-
ution. It is realistic to assume that farm situations involve only a
finite number of activities and restraints. For the present study, it
is assumed that nine crops (i.e. wheat, oats, barley, flaxseed, rapeseed,
rye, sunflowers, potatoes and sugarbeets) which 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 minimum levels of
production of crops restrictions and demand restraints. Due to the finite
number of crop activities and number of restraints, this assumption is :ﬁii

Justified.

Nonnegativity of Decision Variables

This assumption is satisfied in crop production because it does
not make sense to grow minus ten acres of wheat or to transport negative
one -hundred bushels of wheat.

It is assumed that there are 14 interdependent but spatially

separated regions.
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A11 producers in a given region have identical input-output co-
efficients and these coefficients are constant for given soil 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 allowed
to farmers producing each commodity. Flexible constraints were not used

in establishing this range because of the static nature of the model.

MATHEMATICAL PRESENTATION OF THE MODEL

The model was applied to 14 crop districts of Manitoba. Two soil
types and nine crops were considered. The objective of the model was to
maximize total net income given the land, production and consumption

constraints. Algebraically, the model is summarized below.

) 14 2 15 14 14 15
aximize Y = 2_ D )BT SIS 2 > t. . T.
i=1 j=1 k=1 WKWk payy vk vk

subject to the following constraints.

Land Availability

15
;é%:aijk Xijk <;Lij for all i and j.

Production Maximums and Minimums

2
};% bisk ¥ijx &MAPRy for all 1 and k= 1-9
2
2 b1Jk Xijk ;ZPJPRik for all 1 and k= 1-9
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Minimum Feed Demand Constraints for Each Crop District

12 2 15 14
ST X_M b, X... + 2 M S . T, D, for all i

Minimum Demand Constraints for Manitoba

14 2
v{:{ %‘_:'] bijk xijk>/Dk for k= 1-9

Non-negativity Constraints

X

ijk > 0

Tivk 2 0
Where:
Y = Net income
rijk = Net income for the k-th crop activity in the i-th region for
the j-th soil type
= 1, wheat for export

= 2, oats for export

= 3, barley for export

flaxseed
= 5, rapeseed

= 6, rye

b = < = Fa =~ =~
i
ey
“w

= 7, sunflowers

= 8, potatoes

o =
1

= 9 sugarbeets

k = 10, wheat for feed



~ X x x x

t1‘vk
ivk
ijk
1J

ijk

PAPRik

MIPRik
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11, oats for feed

12, barley for feed

13, wheat produced for sale as feed
14, oats produced for sale as feed
15, barley produced for sale as feed
1, sandy soil

2, clay soil

1, 2 . . . 14 crop districts

Level of production of k-th activitiy in the i-th region for
the j-th soil

Cost of transportation per unit of the k-th product from
(to) the i-th region to (from) the v-th region

Quantity of the k-th commodity transported from (to) the
i-th region to (from) the v-th region

Amount of land needed per unit of commodity k in the i-th
region for the j-th soil

Soil of quality j available in the i-th region

= Per unit yield of commodity k for the i-th region on soil j

= Maximum level of production of commodity k in the i-th region

over the 1962-1975 period

Minimum level of production of commodity k in the i-th region
over the 1962-1975 period

Metabolizable energy provided per unit of commodity k

Total amount of metabolizable energy demanded for livestock
in the i-th crop district

The total demand for human food, export, industrial 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

, 72
by Framingham, Craddock and Baker. =~ Most of the data requirements were

fulfilled by making specific adjustments to the data used in their study.

The restraint levels were determined by collecting data from different

sources and projecting to 1976. The procedure adopted in establishing

different constraints is 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 Availability 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 1). For this
purpose, the following equation was used to estimate available land,
employing regression analysis./3

TAC., = ai + bixt

it
Where
TACit = Total crop and summerfallow area in year t for i-th
region
aj = intercept of the equation for the i-th region
bj = Regression coefficient showing the annual change in the

crop and fallow area for the i-th region

72Framingham, Craddock and Baker op. cit.

730vera1] regression and regression coefficients were s1gn1f1cant
at the 5 percent level for half of the crop districts.
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X, = Trend variable such that X =1 for 1961 and X =6
t t t+5

for 1966 and X
t+10 = 11 for 1971.

Area available for the production of crops for 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 Table 4.
The crop area was then partitioned into soil type 1 and soil type 2.
by using the proportionate share of these two types of soils uSed by
Framingham et a1.74 The area of each soil type available in each

crop district is given in Table 5.

Production Constraints

Maximum and minimum production restraints were imposed in order
to account for farmers desire for diversity and to depart from established
levels of production. A conglomeration of factors is responsible for
farmers' inability or unwillingness to make large changes in their est-
ablished levels of production. These include risk and uncertainty assoc-
jated with weather and marketing, imperfect knowledge and personal pre-
ferenceé as objectives other than profit. Since these factors cannot be
measured easily, so maximum and minimum actual or normal production of
each crop over 1962-75 was used as an alternative measurement of extent
of diversity. Equilibrium of an efficient firm is influenced by a
number of factors 1like price of input, price of output, technology and
weather conditions. Given the prices of inputs and outputs, and
technology used by efficient sized firms it was assumed that the total
production by all firms of each commodity would not increase or decrease

by more than the maximum or minimum production over the period 1962-75.

74Frahingham, Craddock and Baker op. cit.
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TABLE 4
LAND AREA AVAILABLE FOR THE PRODUCTION OF CROPS

~Crop District Total Area; Tame Hay Area’ Area Available
Available for Crops
————————————————————————— ACres--=-= s
1 1,033,246 110,663 922,583
2 1,102,189 40,278 1,061,911 e
3 1,998,940 162,673 1,836,267 .
4 376,646 51,554 325,092 e
5 1,071,771 234,536 . 837,235
6 170,505 12,680 157,825
7 866,725 108,371 758,354
8 865,120 78,082 787,038
9 764,736 14,299 : 750,437
10 1,300,446 35,198 1,265,248
1 979,385 212,674 766,711
12 924,095 34,225 889,870
13 509,002 92,828 416,174
14 511,787 256,469 255,318
]Projected

2Statistics Canada, Census of Agriculture 1976
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TABLE 5

AVAILABLE SOIL TYPE 1 AND 2 AREA
IN DIFFERENT CROP DISTRICTS!

Crop District Soil Type 1 Soil Type 2
............. --aCres-~-===========n=

1 916,309 6,274

2 690,242 371,669

3 30,849 1,805,418

4 81,273 243,819

5 301,405 535,830

6 142,043 15,782

7 583,933 174,421

B: 543,056 243,982

9 232,635 517,802

10 1,138,723 126,525

11 581,014 185,697

12 569,517 320,353

13 -- 416,174

14 171,063 84,255

]

used by Framingham et al.

Soil type 1 and soil type 2
by using the proportionate share o

See Framingham,

area for each crop district was obtained
f these two types of soils as was

Craddock and Baker op. cit.
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This range of production represents the maximum level of adjustment
allowed to farmers producing each commodity. The actual 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 production
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 according to crop districts, the following steps were taken in
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 whole

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 1eve1lof

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 equilibrium where they
were using their resources efficiently. Normal production is assumed

to include the effect of all variables which could influence production.
The normal level 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 wéather and indicated long

run production trends. Another reason for using normal production was

to include the effect of technological change which is occurring over time.




TABLE 6

~
[Xe]
MAXIMUM AND MINIMUM PRODUCTION OF WHEAT,
OATS, BARLEY AND FLAXSEED IN DIFFERENT
CROP DISTRICTS OF MANITOBA OVER THE PERIOD 1962-1975

crop District o MR e e e hax. i .
T . e mem oo --—--thousands of bushels--------- e mmmm e moe
1 1 2,927 8,859 2,378 5,953 849 7,469 704 2,022
2 3,981 11,246 3,639 9,615 761 12,689 495 1,431

3 5,774 18,314 6,344 17,627 1,431 19,056 1,269 5,069

4 665 2,399 1,687 4,156 370 4,307 122 307

] 5 2,612 8,342 4,301 11,749 881 8,370 315 1,171
) 235 872 312 1,751 40 777 30 158

7 2,480 6,331 3,839 6,229 829 7,168 249 873

8 2,251 7,044 3,223 8,661 534 7,768 235 968

9 1,795 .m“omb 2,488 7,662 738 4,282 218 831

10 - 3,475 11,831 3,887 7,702 4,110 12,298 218 1,183
11 1,962 7,920 3,641 muoom 1,183 7,429 129 902 .

12 484 2,443 1,060 3,189 228 3,296 144 509

13 824 4,065 1,128 3,168 1,624 5,118 27 118

14 714 2,977 1,685 3,256 186 2,592 137 488

Source, Manitoba Department of Agriculture, Yearbooks of Manitoba mmxdncgdc1m,
Queen's Printer, Winnipeg, 1962-75.
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Use of normal production thus included the effect of technological change

which is continuous. The following equation was used to estimate normal

production:
PRiwt = 2w * Pau X1
Where:
PRiwt = Production of wheat in the i-th region in period t,
84w = Intercept for wheat for the i-th region,
biw = Regression coefficent showing the annual change in
wheat production in i-th region,
Xt' = Trend variable such that
X¢ = 1 for 1962
Xt41 = 2 for 1963
X +12 = 13 for 1974
t
Secondly, production of rye and rapeseed was projected for 1975

by using the aforementioned equation for Manitoba75.

Thirdly, normal production for rye and rapeseed for each crop
district as given in Table 7 for 1975 was determined by distributing
the normal 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 -

750verall regression equations and regressions coefficients were
significant for rapeseed and nonsignificant for rye.
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TABLE 7

NORMAL PRODUCTION OF RAPESEED AND RYE
IN DIFFERENT CROP DISTRICTS IN 1975

Crop District . Rapeseed Rye

meme--ew-e=-byshelseemvmwcana-
1 833,921 252,092
2 883,746 297,383
3 1,752,190 529,682
4 187,779 56,765
5 940,151 284,205
6 809,975 24,476
7 643,989 191,187
8 601,972 181,974
9 467,175 141,226
10 861,107 260,310 -
1 588,764 177,982
12 238,953 72,235
13 340,047 102,795
14 266,370 80,523

1

Normal production of rapeseed and rye for each crop was
determined by applying the formula given in the third step.
.14.amﬂw:w=.amv~m 2, Appendix C.

See
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A
A Y
Yik = _,wi Q = ‘
ﬂ#__ nk s (k=5, 6, . . . 9)
Where:
A
Yik = The projected production of the k-th crop (i.e., rye or

rapeseed) in the i-th crop district for 1975,

Ywi = The projected production of wheat for the i-the crop
district for 1975,

¢m = The projected production of wheat for Manitoba for 1975,

¢hk = The projected production for the k-th crop (rye or rapeseed)

for Manitoba for 1975.

Finally, maximum and minimum level of pkoduction restraint for rye
and rapeseéd for each crop district were arrived at by using the
following formula:

A
MAXP, . = MAXW, |y,

ki o ik, (k=5,6)
wi
Where:
MAXPki = The maximum production level of crop k (i.e. rye or

rapeseed) over 1962-1975 in region i,

MAXWi = The maximum production level of wheat in the i-th crop
district over 1962-75,

Qwi = as defined earlier,

Qik = as defined earlier.

By following similar steps, one can establish 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 8

ESTIMATED MAXIMUM AND MINIMUM PRODUCTION

OF RYE AND RAPESEED IN DIFFERENT CROP DISTRICTS OF MANITOBA]

Rye Rapeseed

Crop District

Maximum Minimum Maximum Minimum
-------------- thousands of bushels----=m-memmmememnaa-

1 372.285 . 123.002  1231.520 406.892

2 472.594 167.295  1563.344 553,412 e
3 769.615 242.643  2545.889 802.663 e
4 100.814 27.945 333.493 92.444 s
5 350.558 109.765 - 1159.649 363.103

6 36. 640 9.874  1212.529 326.771

7 259.269 101.562 880.093 344.753

8 296.012 94.594 979.210 312.919

9 255.670 75.432 845,757 249.529

10 497.178 146.031  1644.667 483.071

1 332.825 82.450  1100.984 272.744
12 102.663 20. 339 339.610 67.283

13 170.825 34.627 565.088 114.547

14 125.103 30.005 413.842 99.255

Tsos . . .

1 of production of rye and rapeseed for each crop district
was de%;Q%Tﬁgd]g;eapp1ygng the formu]ayas discussed 1in Text:Similar formula
was used in estimating the minimum levels of production of these crops at the
crop district levels. Data used was taken from : Department of Agriculture,
Yearbook of Manitoba Agriculture, 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. Sunflowers production was allowed in crop district

1-5, 7, 8, 11, and 13. Sugarbeets production was constrained to crop

districts 2-5 and 9-11. Potatoes were grown in all crop districts with
the exception of crop district 1, 5, 6, 13 and 14. The normal production
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 districts in 1976.76

Maximum and minimum production restraints as depicted in Table 11 were
arrived at by increasing or decreasing the normal 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 1962-75.

Minimum Feed Demand Constraints for Crop Districts

Minimum demand constraints for metabolizable energy for each crop

district were established by using the fo]]owing formula:

3
MER; = I, MREQ. X AU; X MEAB,

Where:
MER-i = Metabolized energy required for 1ivestock in the i-th
crop district,
NREQS = Normal requirement per animal unit for the s-th commodity
in bushels,
AUj = Animal units in the i-th crop district,

76See Appendix C Table 3.
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NORMAL PRODUCTION OF SUNFLOWERS, POTATOES AND SUGARBEETS IN 1975
AND PERCENT INCREASE OR DECREASE OF ACTUAL PRODUCTION OVER 1962-75
: OVER NORMAL PRODUCTION

m Percent Increase of Percent Decrease of-
M . Actual Maximum Pro- Actual Minimum Pro-
W Crop Normal Production duction Over Normal duction Under Normal
: Production Production
: e S (Percent) (Percent)
M Sunflower 90,897,950 67.21 83.10
_m Potatoes 7,758,400 5.27 : 55. 34
: Sugarbeet s 329,683¢ 20.18 40.33

3in pounds

®in bushels

“in tons

Hzowaﬁ production was determined by projecting the data from 1962 to 1975. Data was

taken from Manitoba Department of Agriculture, Yearbook of Manitoba Agriculture, Queen's
Printer, Winnipeg, 1976.
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TABLE 10.

NORMAL PRODUCTION OF SUGARBEETS, SUNFLOWERS AND POTATOES
IN DIFFERENT CROP DISTRICTS IN 1976

Crop District Sunflowers Potatoes . Sugarbeets
(000 pounds) (000 bushels) (Tons)
1 5,418 _— --
2 37,008 3,134 228,800
3 2,118 67 43,782
4 4,000 470 38,045
5 7,300 -- ' --
6 - ——— -
7 18,008 1,259 --
8 14,609 : 2,180 --
9 .- 154 6,462
10 - 267 9,594
o 636 _ 200 3,000
| 12 -- 26 --
§ 13 1,809 -- -
| 14 - - --
. Manitoba | 90,906 7,758 329,683

Normal production of these crops for each crop district was deter-
mined by allocating the normal Manitoba production of these crops
according to the proportionate share of the area sown in each crop
district in 1976. Area sown to each crop in various crop district
Yg; obtained from Statistics Canada, Census of Canada, Agriculture,

6. '
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TABLE 11

MAXIMUM AND MINIMUM PRODUCTION
OF SUNFLOWERS, SUGARBEETS AND POTATOES]

;in District . Sunflowers Potatoes Sugarbeets
Maximum Minimum Maximum  Minimum Maximum __ Minimum
(000 pounds) (000 bushels) (Tons)

1 9,059 916 - - - - --

2 61,881 6,254 3,299 1,400 247,972 136,524

3 3,542 : 358 71 30 52,617 26,124

4 6,688 676 495 210 45,722 22,701

5 12,206 1,234 - - - -

6 - - — . - -

7 30,111 3,043 1,325 562 -~ --

8 24,428 2,469 2,295 974 - --

9 -- -- 162 69 7,766 3,856
10 -- - 281 119 11,530 5,725
1 1,063 107 211 89 3,605 1,790

12 - - 27 12 - -

13 3,024 306 -- -- -- -

14 o o - - - -
152,002 15,363 8,166 3,495 396,212 196,720

- ]Max1mum and minimum production of these crops in each crop district was

obtained by 1ncreas1ng or decreasing the normal production given in Table 10
by the percent increase or decrease of actual production over 1962-75 over
normal production as shown in Table 9.
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MEAB
s

S

Metabolized energy provided per bushel of commodity s,

1 - 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 following steps were involved in finding the values of
MER;.

1. Total annual requirements for wheat, oats and barley as feed

were projected to 1976 by using the following equation:

FEDgy = ag + bg X¢»

Where:
FEDst = Use of s-th commodity as feed in year t in Canada
s =1 - wheat, s = 2 - oats, s = 3 - barley,
ag = Intercept of the equation for the s-th commodity,
bs = Regression co-efficient indicating the annual change in
feed use for the s-th commodity,
Xt = Trend variable such that x4 = 1 for 1960, x £+ = 2 for

1961, . . = 15 for 1974.

IR V'
The projected figures/7 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 following form

was used for projection:78

"Toverall regressions and regression coefficients were significant
for these crops. '

. Overall regression equations and regression coefficients were
highly significant for various kinds of animals with the exception
of bulls.
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TABLE 12

PROJECTED USE OF CROPS wm FEED
IN CANADA IN 1976

nxon Quantity in Bushels
Wheat 81,141,450
Oats 285,602,470
Barley 327,133,700
Hcmm of crops as feed was projected to 1976 by using the data

from Statistics Canada, Grain Trade of Canada, cat. no. 22-201,

1966-75.
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ANLjp = a3y + by X,

Where:
ANL_it = Number of animals of i-th kind in year t in Canada,

i=1-bulls, i =2 -milk cows, i = 3 - beef cows,
i =4 - dairy yearling heifers, i = 5 - beef yearling
heifers, i = 6 - steers, i = 7 - calves, i = 8 - hogs,
i =9 - sheep and lamb, i = 10 - horses, i = 11 - hens
and pullets, |

a; = Intercept of the equation for the k-th kind of animals,

by = Regression coefficient showing the annual change in

number of animals of i-th kind,

X
r'-
]

1 for 1963, Xt 41 = 2 for 1964, . . . ., X¢ 4 12= 13 for
1975.

The projected figures for sheep and Tambs were divided into
sheep units and Tamb units on the basis of total number of these
animals in Manitoba in 1974. Similarly, 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 1975. These animal
numbers were divided into two categories in order to apply the appropriate
conversion factors. The projected 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

Table 14.
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TABLE 13

PROJECTED NUMBER OF ANIMALS IN CANADA IN 1976!

Category of Animal Number
Bulls 260,255
Milk Cows 1,965,160 .
Beef Cows 4,245,874
Dairy yearling 482,206
Beef Yearling 1,466,276
Steers . 1,862,455
Calves 4,071,678
Horses 266,085
Chickens 4,563,214
Pigs (6 months & older) 1,602,364
Pigs (under 6 months) 5,519,255
Sheep 290,085
Lamb 212,729

ngoumnmma figures were obtained by using the data

given in Appendix C, Table 5.
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TABLE 14

FACTORS FOR CONVERSION OF VARIOUS LIVESTOCK

INTO ANIMAL UNITS

Category of Animal Animal Units
Beef Cow 0.80
Beef heifer & Steer 0.71
Bull 7.95
Pig over 6 mos. 0.44
. 0.22
Pig under g mos.
0.13
Sheep
Lamb 0.03
\ Chicken 0.005
-Calves 0.64
. 1.00
Dairy cow
. , 0.75
Dairy heifer
. 0.62
Horse
Scurce: Surendra N. Kulshreshtha. Prospects for Livestock Feedgrains

Economy and Prajrie Producers, Dept. of Agricultural Economics,

University of Saskatchewan. Production Outlook 864, publication
No. 225, Jan.-Feb., 1975, p. 13.
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4. Normal requirements of feed per animal unit were determined
by dividing the projected feed requirements of wheat, oats and barley by
the total number of animal 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 Manitoba Yearbook79
and using linear equation 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 16@0 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 units.

7. In order to allow 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 available from one bushel of each of these com-

81

modities. The total metabolized energy required for livestock for each

crop district is given in Table 17.

795ee Appendix C, Table 6-20.

80About 77 percent of the regression equations and regression
coefficients were significant.

8]Metaboh'zed energy provided by one pound of wheat = 1.29 MCAL,
one pound of oats = 1.11 MCAL, one pound of barley = 1.22 MCAL. See
Faculty of Agriculture. Principles and Practices of Commercial Farming,
University of Manitoba.




82

TABLE 15
CONSUMPTION OF DIFFERENT FEED GRAINS
PER ANIMAL UNIT IN CANADA!

Crop

Consumption in Bushels Per Animal
Unit Per Year

Wheat
Oats

Barley

6.277
22.095
25.308

dnmgncdmwma by aa<ma*:w the projected use of crops as feed by
the projected number of animal units for Canada for 1976.
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TABLE 16

PROJECTED NUMBERS OF ANIMALS OF VARIOUS, CATEGORIES
IN DIFFERENT CROP DISTRICTS!
Crop District  Bulls Mﬁwfmmww mwmm.._mwﬂm x““mmxm.:nmﬂm mmm%-mﬂﬂﬁ.w Steers Caives 6 mmm_mzm mmﬁw mumwv wwmmw Chickens JNMMM
dver 2 Yr. Cver 2 Yr. Years Years - frd Olider § ¥snths 1 Year 1 Year o

1 1,654 2,150 35,828 288 a3 13,815 3715 5,228 24,652 204 369 44,516 78,540
2 1,877 4,704 39,331 750 1,654 17785 33912 33,220 102,377 50 -- 177,102 119,182
3 1419 11,146 22,750 2,850 8,445 15,206 23,588 43,679 153,828 2,265 1,303 1,298,210 125,346
4 515 6,777 13,315 161 4,562 6,531 12,273 10,159 42,835 1,108 73 111,340 €9,476
5 1,265 21,031 17,381 7.123 7,462 13,127 22,563 44,253 155,118 1,619 1,208 1,611,077 133,158
8 754 4,050 11,608 628 3,623 3,795 10,535 3,585 12,856 150 69 242,114 32,651
7 2,058 2,088 4,112 4,435 13,281 14,332 34,581 12,240 31,359 915 838 75,422 95,675
8 1,762 5,146 30,385 1,508 9,838 18,165 29,212 15,040 56,149 2,081 1,308 207,409 91,170
9 1,154 3,673 30,481 423 5,623 9,604 22,935 13,286 59,225 323 31 183,591 74,829
10 2,700 3,958 47,742 427 12,650 4223 38.7% 12,518 38,735 523 762 39,291 164,065
n 2,184 3,112 22,652 - 11.508 10,622 34,285 9,950 46,293 1,523 1,452 48,625 90,510
12 2,355 7,782 60,677 1,746 12,865 15,266 49,727 8,505 24,531 625 519 172,411 123,424
13 573 242 13,262 127 4,531 s.215 11,073 13,684 37,469 - - 15,337 41,302
2 1,938 2,619 51,704 - 1,542 g,285 33,089 6,465 17,260 3,500 1,98 35,607 91,892

dcmdm used for projection are taken from Manitoba Department of

Agriculture, Manitoba Agriculture Yearbook, Queen's Printer, Winnipeg,

1963-75.




TABLE 17

METABOLIZABLE ENERGY REQUIRED IN

DIFFERENT CROP DISTRICTS

1

84

Crop District Wheat Oats Barley Total
TP R o R T T ——

1 38,157,560 65,491,360 116,398,300 220,047,200

2 57,903,150 99,381,420 176,631,400 333,915,900

3 60,898,080 104,521,600 185,767,200 351,186,900
T4 24,037,180 41,255,930 73,324,540 138,617,600
5 64,691,840 111,033,000 197,340,000 373,064,700

6 15,862,970 27,226,240 48,389,400 91,478,600

7 46,482,560 _79,779’790, 141,793,300 268,055,600

8 44,294,080 76,023,640 135,117,400 255,435,200

9 36,354,840 62,397,240 110,899,100 209,651,200
10 50,559,050 86,776,440 154,228,500 291,564,000
11 43,973,580 75,473,500 134,139,700 253,586,800
12 59,993,580 102,965,500 183,008,300 345,967,300

“ 13 20,069,260 34,445,630 61,220,480 115,735,300
14 44,644,920 76,625,740 136,187,500 257,458,200

lcalculated by using the procedure discussed under minimum feed

demand constraints.
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Minimum Provincial Demand Constraint

Minimum provincial demand constraints were established by adding
the human food demand, industrial demand and export demand to the live-
stock requirement for Manitoba. Expressed in equation form the relation-
ship was

Dk = Py byg + Lg + Ig + Ex

Dk = Demand for the k-th commodity for the province,

= Human population in Manitoba,

bHK= Per capita human consumption for the k-th commodity,

L, = Livestock requirement for Manitoba,

Iy = Industrial normal requirement for the k-th commodity for Manitoba,

Ex = Normal export requirement for the k-th commodity for Manitoba.

Human food demand%ZThe method used for estimating human require-

ment involved the following steps.

(i) Total consumption of each commodity was projected83 for 1976
for Canada by using the following equation and data from Grain Trade of
Canada presented in Appendix C, Table 21.

Pkt = ak + kat (k=], 23 33 5’ 6)3

Pkt = Total consumption of commodity k for period t,
k =1 - wheat, k = 2 - oats, k = 3 - barley, k = 4 - flaxseed,
k =5 - rye,

2Food uses as estimated by Grain Trade of Canada are as follows:
wheat-wheat flour and breakfast food; barley--pot and pearl barley and
and breakfast foods; rye--rye flour and breakfast foods; and flaxseed--
breakfast foods.

83 . . - . ies
Overall regressions and regression coefficients were significant
for all crops.
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ay = Intercept for commodity k,

bk = Regression coefficient showing the annual change in the
consumption of commodity k,
Ty = Trend variable such that
T, =1 for 1962,
Ty +1 =2 for 1963,
Ty + 13=14 for 1975.

(ii) Total projected consumption shown in Table 18 for 1976 was
divided by the Canadian population (i.e. 23,086,100)84 to determine the
per capita consumption.

(iii) Per capita consumption also shown in Table 18 was multiplied

085

by the Manitoba population of 1,011,90 to determine the human food

demand for Manitoba.

. 86 .
Industrial demand. It was assumed that industrial demand for

oats is zero, because oats have not been used for industrial purposes

since 1961,

B4statistics Canada, Population Projections for Canada and Provinces
1972-2001, Cat. No. 91-514, p. 6T.

85 .,
Ibid., p. 61.

6Industm’al uses as estimated by Grain Trade of Canada are as
follows: wheat--distilling and alcohol industries; wheat flour--feed, starch
adhesives, miscellaneous chemicals, explosives and pulp and paper industries;
barley--malting and brewing; flaxseed and rapeseed for crushing includes
seed crushed for subsequent export as oil and oil meals; rye-distilling.
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TABLE 18

TOTAL PROJECTED HUMAN CONSUMPTION AND PER CAPITA CONSUMPTION

OF DIFFERENT COMMODITIES IN CANADA

Name of Commodity Total Consumption Per Capita Consumption
Wheat 69,752,200 3.0213938
Oats 4,312,830 0.1868150
Barley 102,162 0.00442526
Rye 524,627 0.02272479
Flaxséed 1,650.77 0.00007150

1Data used for projecting ﬁmﬁmg human consumption
Table 21, Appendix C.

are given in
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Following steps were followed in calculating the industrial
demand for other commodities.
(i) Total industrial demand for Canada for each commodity was

projected87 88

to 1976 using data from Grain Trade of Canada for Canada.
The projected figures are given in Table 19.

(i1) Total production of each commodity for Canada was 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 1976 as percent of total
projected production was calculated.

(iv) It was assumed that the industrial demand for each commodity
for each crop district was 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 following 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 Table 21.

Livestock demand. Normal demand for livestock for Manitoba in

terms of commodities as discussed already was used in this study. Total

. 87Regression equations and regression coefficients were sig-
nificant for wheat, barley, flaxseed and rapeseed, and nonsignificant
for rye.

. 88
See Appendix C, Table 22.
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TABLE 19

PROJECTED INDUSTRIAL DEMAND
FOR DIFFERENT oozzoﬂ,:mm IN
n>z>o>Hz~mwm

Crop Industrial Demand for 1976
bushels

Wheat 396,973.4

Barley 16,925,383 -

Rye 3,800,705

Flaxseed 1,982,496

Rapeseed 17,539,060

Tpata used are given in Table 22, Appendix C.
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TABLE 20

PROJECTED PRODUCTION OF DIFFERENT CROPS
IN CARADA IN 1976

Name of Crop Production
Bushels
Wheat o 563,359,030
| Oats , 288,343,410
MW , Barley ‘ 570,972,100 -
| Flaxseed | 23,524,545
Rapeseed 80,105,520
Rye 19,554,007

~omﬁm used for projecting total uxoacnﬁdo:m of various nOﬂaoagngmm
are given in Table 23, Appendix n
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TABLE 21

PROJECTED EXPORT OF DIFFERENT CROPS
IN CANADA IN 19761

Name of. Crop

Quantity Exported

Wheat
Oats

Barley
Rye ~

Flaxseed

Rapeseed

~----bushelg~~v-a
460,584,600

3,286,071
186,034,950
7,494,119
19,140,899
52,475,900

dwmm data in Appendix C, Table 24.
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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 total cost of production per acre of different commodities
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.%0 : labor, machinery, fertilizer,
chemicals, seed cleaning and treatment, investment in land and buildings,
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 is outlined below.

Labor
It was assumed that labor réquirements per acre for different
crops were the same in 1976 as in 1971 for large farms (760 acres and

over). Adjustment was made for the change in wage rates by applying

89
Framingham, Craddock and Baker, op. cit.

-~

901pi4.
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TABLE 22

VARIOUS TYPES OF DEMAND

~ FOR COMMODITIES IN MANITOBA !

nan Food ‘Industriatl Export Livestock Total
Crop Human Foo Demand Demand Demand
uuuuu Temmmmmmmemme e ceeecbuShel S e e e el
Wheat 3,057,348 45,888 53,595,151 7,854,300 64,552,687
Oats 189,038 - 579,770 27,647,086 28,415,894
Barley 4,478 2,454,074 25,512,300 31,667,450 59,648,302
Flax 72 616,409 2,801,996 - 3,418,477
Rapeseed - 2,142,481 6,411,785 - 8,554,266
Rye 22,995 509,798 1,005,304 -- 1,538,097

w#jm.nwonmacwm used

is discussad on page .
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the following formula for each crop in each crop district.gl

Lag 76 = 1ag!71 o LIN'?TE
ijk ijk 977
LIN
Where:
1976
LABijk = Labor cost for the k-th commodity in the i-th region
for j-th soil in 1976,
1971
LABijk = Labor cost for the k-th commodity in the i-th region
for the j-th soil in 1971,
1976
LIN = The hired labor wage index for 1976,
1971
LIN = The hired labor wage index for 1971.

Machinery

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 in 1976 and 1971. A machinery price index92 was

used to determine the cost for 1976.

Fertilizer

It was assumed that efficient farm firms apply fertilizer at
optimum levels. Average recommended levels of fertilizer given in
"Field Crop Recommendations for Manitoba" for different crops grown

on stubbles were used as given in Table 23. This was done because the

91 . .. s
‘ . For hired wage price index see Statistics Canada, Farm
Input Price Index, Catalogue No. 62-004, March 1977 and May 1972.

921hid.
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TABLE 23

FOR VARIGOUS CROPS GROWN ON STUBBLE

ACTUAL AND AVERAGE NITROGEN AND PHOSPHATE RECOMMENDATIONS

Crop Nitrogen Phosphate
Actual? mmnoasm:amav Actual® xmhbsam:amac
..................... pPOUNdS--===mm e mm e
Wheat 28.45 50 25.75 25
Oats 26.35 50 21.59 25
Barley =~ 34.62 .50 24.82 25
Filaxseed 32.75 50 20.60 --
Rapeseed 37.27 50 23.99 25
Rye 20.01 75 23.17 10
Sunflower 43.38 50 26.21 25
Potatoes n/a 50 n/a 40
Sugarbeet n/a 75 n/a 60

8Calculated from Manitoba Crop Insurance Data

brManitoba Department of Agriculture, Field Crop Recormmendations

for Manitoba, 1976.

:\m:oﬁ available
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Manitoba Crop Insurance Corporation data collected by the Department

of agricultural economics, University of Manitoba, indicated that almost

100 percent of each crop was sown on stubble and the area sown on summer-

fallow was negligible in 1976. These levels of fertilizer were assumed

to be the same on both types of soils except that'potash fertilizer

was also applied on sandy soils as it was recommended in "Field Crop

Recommendations."93
The levels of fertilizer obtained were multiplied by the price

per pound of each type of fertilizer to get the cost per acre for each

crop for both clay and sandy soils.

Chemicals

Recommended levels of herbicide and cost per acre were obtained
from the Farm Data Handbook 974.94 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 bushel 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 total
production cost as these seeds are normally purchased by farmers. The

“seed requirement per acre of other crops were deducted from their yields.

935ee Table 24.

9%5ee Table 25.
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TABLE 24
RECOMMENDED LEVEL OF POTASH (Kp0) ON SANDY SOILS

: Crop Actual? Potash xmnoaam:amac

. cmmmemmm e pounds--===-==~--- -

M Wheat 8.75 22.50

Oats - 7.%0 22.5

w Barley 9.03 22.50

Flax 7.74 45.00
Rye 3.47 22.50
Rapeseed 0.00 45.00
Sunflower 16.33 . 30.00
Potatoes n/a 45.00

. Sugarbeet n/a . 45.00

acalculated from Manitoba Crop Insurance Data.

bManitoba Department of >@<~nc~ﬁcxm Field Crop Recommendations

for Manitoba, 1976.

,m . n/a not available
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TABLE 25
RECOMMENDED HERBICIDES AND THEIR COST

Crop Herbicide Cost in 1972 Cost in 1976
Wheat . MCPA ey T T domers TT G
Oats MCPA 0.62 0.98
Barley MCPA 0.62 0.98
Flax MCPA 0.53 ‘ 0.84
‘. Rye . MCPA 0.62 0.98
Rapeseed Treflen 4.50 7.75
Sugarbeet Avadex BM  6.46 10.21
Sunflower Treflen 4.90 7.75
Potatoes Eptam 13.00 20.56

Source, Manitoba omumﬂﬂam:ﬂom>m1¢ncgdc1m.mmﬂacmﬂm :w:acoox.mno:oamnm
Branch, I1 9, 1972. :
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TABLE 26

SEED CLEANING AND TREATMENT COST
FOR DIFFERENT CROPS

Name of ¢ Seed oamm:wzmm Seed qﬂmmdsm:wc mmmaw:m Rate Per Acre®  Total Cost
rop Cost/Bushe] Cost/Bushe]l - Bushels Per Acre

¢ ¢ : ¢

Wheat 5.5 40 1.50 68

Oats | 5.0 - 2.30 12

Barfey 5.375 40 1.60 73

Flax 6.0 - 0.60 : 4

Rye : 5.125 - 1.20 6

Rapeseed 5.375 8.00 0.15 . 1.21

@Seed cleaning cost for 1976 was obtained from George McLaughlin, Canada
Grain Commission.

UommncmmAO: with A. Martin, Manitoba Department of Agriculture indicated
that seed treatment is recommended only for wnheat, barley and rapeseed.
Cost per bushel of treatment was obtained from Hoffer A. Jack, Uniroyal Chemical
Limited, while the cost for rapeseed was obtained from Chipman Chemicals Limited.

CSee Framingham, Craddock and Baker op. cit.




100

Investment in Land and Building

Land is treated as a type of capital which could be leased,

bought or sold in the market. > Return on the capital value of invest-
ment in land is considered as cost in this study. The annual cost of
land and buildings for crop production was calculated by mu1tip1y1ng

an interest rate of nine percent96 times the projected value of farm
land per acre as shown in Table 27 for 1976 by using the data given

in Table 11 of the Appendix C.

Overhead
Overhead costs exclusive of house expenses were defined as the
sum of hydro, telephone, taxes on land and buildings, fire insurance

7 Overhead cost for

and miscellaneous expenses such as bank charges.
1976 was determined by using the total farm input price index for 1976

and 1971 along with the cost reported per acre for different crops by

Framingham et a1.98
1976 1971
OHCk = OHC, X :',FII]976 s
F11971
Where: .
OHC1976 = Overhead cost per acre for crop k in year 1976,
k
1971 .
OHC = Overhead cost per acre for crop k in year 1971,

95See Raleigh Barlowe, Land Resource Economics, The Economics of

Real Property, Second Edition, Prentice Hall, Inc., EnglTewood CTiffs,
‘N.Jd., 1972, p. 172.

~ 0FF 9 nformation obtained from the Agricultural Credit Eorporation
ice.

97C.F. Framingham, W.J. Craddock, L.B.B. Baker, op. cit.

981hid.
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TABLE 27

PROJECTED VALUE OF FARM LAND PER
' ACRE BY CROP onqunqm
IN 1976

Crop D

e

strict

Value

0O ~N O BN

11
12
13
14

S/Acre
116.30

136.15
192.90
179.99
167.84
85.96
90.05
123.21
120.16
102.23
109.43
71.24
119.56
81.82

Tpata used are given in Appendix C, Table 25.
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FII1976

n

Total farm input price index for 1976,

FII197] = Total farm input price for 1971.

Taxes
Tax cost was determined by using the property tax index. The
procedure applied using the Framingham et a199 study data was similar
to that for overhead.
Total cost of production in various crop districts arrived
at by using the above procedure for different crops on various soil

types is given in Table 28.

YIELD ESTIMATION

It was assumed that fertilizers were applied 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 soi]s.]oo Yields for Manitoba for 1976 at the

recommended levels of fertilizer were obtained by applying the follow- i

ing formula:
1976 1976

v N X RE
AY
- km

9 1bid.

100

Discussion with R.A. Hedlin, Professor and Head, Soil Science
Dept. and with K.M. McGill, 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
r$commen?ed level would be used on sandy soil which is not required on
clay soil.



TABLE 28

-

COST OF PRODUCTION PER ACRE OF DIFFERENT nmovmg
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Crop District Soil Type Wheat Oats Barley Flax Rapesead Rye Sunflower Potatoes Sugarbeet
rmcmmccccmmmmemmmemnememmeeeec=d DEF ACPEemesesescemmne e dmme e e sssseessm—oeoeoo
1 o0 49.75 50.12 49,26 45.34 59.16 48,58 58.60 -~ .-
2 48,31 48.49 47.56 42.88 55,21 47,06 58.60 .- -
2 1 50.92 50.67 £0.19 45.80 " 60,05 43,2 60.08 245.70 283,42
2 49,56 46,35 48,52 43,32 57.12 47.79 60.08 245.70 283.42
3 1 56.43  56.76 55.87 52.53 66.57 55.24 64.30 249,92 287.65
2 54.40 54.70 53.80 48,42 €2.2 53.20 64.30 249,92 287.65
; 4 1 55.24 54,41 53.74 49.89 64.61 52.98 62.55 248.17 285.89
2 53.23 52.35 51.70 45,57 60.37 50.95 62.55 248,17 285.89
5 ] 55.97 55.44 55.39 51.90 65.56 54.62 63.48 - .-
2 53.95 53.38° 53.38 47.70 61.1 52.58 63.48 -- --
) 1 51.51 50.77 51.13 44,96 60.56 49,82 -- - --
) 2 49.02 . 48.03 48.51 43.26 57.46 47.33 - -- .-
8 7 1 48.33 48.56 47.91 43.66 57.89 47.36 57.42 243.04 -
”m 2 ) 46.94 46.96 46.25 41.20 54.91 45.96 57.42 243,04 --
: 8 1 43,80  50.08 49,22 45.64 £9.20 48.18 59,07 244.69 -,
2 48.44 48.49 47.57 43.19 56.31 46,74 - 59.07 244,69 -
: 9 1 50.19 £0.24 49.43 46.00 £9.54 48.65 - ] 244,46 282.18
2 58.83 48.62 47.82 43.53 56.58 47.18 -- 244.46 282.18
10 1 50.03 51.08 49.99 45,54 59.62 48.76 - 243.53 281,25
2 48.60 49,49 48.32 43.05 56.62 47.26 .- 243,53 281.25
1 1 50.27 50.79 50.09 46.15 60.32 48.69 57.94 243.56 281.28
2 49,07 48.14 67.37 42.20 84,47 : 46.47 57.94 243.56 281.28
; 12 1 50.43 49,79 50.30 43.77 59.26 48,85 -- 2640.73 -
: 2 47.94 46.95 47.65 40,64 55.11 46,19 -- 240,73 -
: 13 1 50.67 51.52 50.94 46.62 60.47 - 49.64 58.91 - .-
2 49,81 48.49 48,70 43.38 54.66 47.61 58.91 -- .-
14 1 50.78 45.58 49.34 _ 45,72 £9.13 49,46 -~ - .-
z 48.33 46.81 46.71 42,56 54.69 47.02 -- .- -~

Tcalculated by using the procedure discussed in Text.
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Where:
Y;%76 = Yield for k-th crop for Manitoba at the recommended
level of fertilization in 1976,
NYLa76 = Normal yield for Manitoba for k-th crop in 1976,
AY1976 = pverage yield ot the k-th crop over 1966-74,
YRF:m = Average yield for the k-th crop when recommended levels

of fertilizers were applied over 1966-74.

Normal yield for Manitoba for the k-th crop were obtained by
using the following form of equation and the data in Appendix C, Table
26. The projected yields are given in Table 30.

Yot = 3 0T s
Where:

th = Yield of the k-th crop for the t-th period,

ap = Intercept for the k-th crop,

b, = Regression coefficient for the k-th crop,

T4 = Trend variable such that,
Ty = 1 for 1962,
T+l = 2 for 1963,
Ti+#12 = 13 for 1974,

Yield of different crops for each crop district was obtained by

using the fo]1owin?9formu1a:
1976 W28 g7
Yik ik x v ,
76 km

hYk

IO]See Table 29.
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TABLE 29

AVERAGE YIELD OF MAJOR CROPS IN MANITOBA -
WHEN RECOMMENDED LEVELS OF FERTILIZERS WERE APPLIED
OVER 1966-74

Year Wheat Oats Barley Flax
~m~=—==e~e—------bushel per acre------ ——————————- -
1966 27.0 53.5 . 36.6 10.9
1957 30.6 53.1 40.5 11.5
1968 34.7 72.1 48.6 16.5
1969 32.1 66.1 . 48.2 15.7
1970 26.5 . 54.4 42.6 15.2
1971 35.5 73.0 57.5 12.9
1972 32.2 64.2 50.9 14.5
1973 30.9 54.4 149.5 17.0
1974 31.2 61.4 46.8 14.3
Average 31.19 61.36 46.8 14.28
Source; Data for 1966-73 were taken from P.F. Fehr, "Soil Testing Report

1971-72 to 1973-74" in papers presented at the Eighteenth Annual
Manitoba Soil Science Meeting, 1973, p. 117. 1974 data were

obtained from K.S. Mcgill, Director, Soil Science Laboratory,
University of Manitoba, Winnipeg.
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TABLE 30

PROJECTED YIELD PER ACRE FOR DIFFERENT CROPS

IN MANITOBA IN 1976

Name of Crop

Projected Yield

|||||| bushel per ac.-----

Wheat 25.45
omﬁm 45.56
Barley 38.17
Flax 10.86
Rye 23.78
xmnmmmma 18.52
Sunflower* 871.71
Sugarbeet** 11.19
voawwomm 230.37
* pounds

- ** - tons
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Where:

11976 = Yield of the k-th crop in the i-th crop district in 1976,

NY}276 = Normal yield for the k-th crop in the i-th crop district
) 102
in 1976. Data used are in Table 27 to 40 of the
Appendix C,

1976 . . .
Nyk = Normal yield for k-th crop for Manitoba in 1976,
ylﬁ76 = Yield for the kth crop for Manitoba at the recommended

level of fertilization in 1976.
Since the yield per acre for rye, rapeseed, sunflowers, - -
sugarbeets and potatoes were not available for different crop dis—
tricts over time, the following formula was used for determining the

yield per acre for the various crop districts.

%y ° - " 976 (k=5,6, ...09)
AL -
Where:

Q}Z76 = the yield per acre of the k-th crop (k = 5,6, . . . 9)
in the i-th crop district for 1976 with recommended
level of fertilizer,

QNH}g76 = the yield per acre of wheat for the i-th crop district
in 1976 with recommended level of fertilizer,

102

Projected normal yield of wheat, oats, barley and flax are given
in Table 31. The results of overall regression equations and regression
coefficients varied from nonsignificant to highly significant levels

for these crops in different crop districts.



TABLE 31

PROJECTED YIELD OF WHEAT, OATS, BARLEY AND FLAX
IN DIFFERENT CROP DISTRICTS IN 1976
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Crop District Wheat Oats Barley Flax
—————————————————— bushel per acre--------=--~
1 25.35 ~ 46.56 39.53 10.30
2 26.61 48.47 40.70 11.95
3 25.56 48.08 39.80 9.88
4 26.93 43.13 37.40 11.45
5 23.18 43.81 33.42 10.58
6 24.03 36.79 37.57 11.74
7 25.01 44.98 38.69 11.28
8 27.29 50.39 44.14 13.32
9 24.07 41.76 36.01 11.25
10 26.20 45.79 43.40 11.99
11 24.00 40.57 33.25 10.29
12 25.22 41.33 33.92 12.53
13 27.91 43.53 33.87 15.59
14 24.18 40.21 33.14 10.05
Tpata used are given in Appendix C, Table 27 to 40.
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1976
QWH = the projected yield per acre for wheat for Manitoba in
1976,
M1976 . ]
Q K = the projected yield for the k-th crop (k =5, 6, . . . 9)

for Manitoba for 1976.

From the projected yields, at the recommended levels of
fertilizers shown in Table 32, the average seed requirements per acre
(Table 26) were deducted to get the net yield for wheat, oats, barley,
flax, rye and lr'apeseed.]03 Cost of seed of other crops was included
in their cost of production and thus seed was not deducted from gross

yield. Their yields are given in Table 34.
SELLING PRICES

Since at the time of making 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 basis to allocate acreage among
crops. So prices for 1974-75 for different commodities were used in
this analysis as these were also the most recent available. Since
there were a number of grades for each commodity, a number of prices
prevailed for each érop. In order to arrive at a particular price for

-each crop, average percentage distribution of grades of each commodity
for the period 1972-75 and their respective prices for 1974-75 were
taken into account.m4 Different grades of various commodities con-
stituted 63-97 percent of the total quantity of grain inspected in

e 105 . . .
Western divisions. An arithmetic mean of the resulting percentage

03See Table 33.
104

This procedure is identical to the one used by Framingham et al.
105 :

See Table 35 and 36.
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TABLE 32

YIELD PER ACRE OF DIFFERENT CROPS
IN VARIOUS CROP DISTRICTS 1
GIVEN RECOMMENDED LEVEL OF FERTILIZER USE

p District Wheat Oats Barley Flax Rye Rapeseed
------------------ bushel per acre-----==eoeaemo o ___
1 31.37 63.03 50.92 13.97 29.31 22.83
2 32.93 65.62 52.43 16.21 30.77 23.96
3 31.63 65.09 51.27 13.40 29.55 23.02
4 33.32 58.39 48.18  15.53 31.13 ° 24.25
5 28.68 59.31 43.05 14.35 26.80 20.87
6 29.73 49.8) 48.40 15.92 27.78 21.63
7 30.95 60.89 49.84 15.30 28.92 22.52
8 33.77 68.22 56.86 18.07 31.55  24.57
9 29.78 56.54 . 46.39 15.26 27.83°  21.67
10 32.42 61.99 55.91 16.26 30.29 23.59
n 29.70 54.92 42.83 13.96 27.75 21.61
12 31.21 55.95 43.70 17.00 29.16 22.71
13 34.53  58.93  43.63 2115 32.26  25.13

14 29.92 . 54.44 42,69 13.63  27.96  21.77

Tcalculated by applying the formula given on page 104 :fiiij
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TABLE 33

zma<Hmrovmw>ommOm onmmmmqa omonw
IN VARIOUS CROP DISTRICTS

Crop District Wheat Oats Barley Flax Rye Rapeseed
........ mem-e--ee-===  bushels----=====m-se--m=-ooommomoo oo
1 29.87 ~60.73 49.32 13.37 28.11 22.68
2 31.43 63.32 50.83 15.61 29.57 23.81
3 30.13 62.79 49.67 12.80 28.35 22.87 .
4 31.82 56.09 46.58 14.93 29.93 24.10
5 27.18 57.01 41.45 13.75 25.60 20.72
6 28.23 47 .53 46.80 15.32 26.58 21.48
7 29.45 58.59 48.24 - 14.70 27.72 22.37
8 32.27 65.92  55.26 17.47 30.35 24.42
9- - 28.28 - -54.24 44.79  14.66 26.63 21.52
10 30.92 59.79° 54.31 15.66 29.09 23.44
11 28.20 52.62 41.23 . 13.36 26.55 21.46
12 29.71 53.65 42.10 16.40 27.96 22.56
13 33.03 56.63 42.03 20.55 31.06 24.98
14 28.42 52.14 41.09 13.03 26.76 21.62

INet yield per acre for these crops was determined by deducting the
_seed rate (Table 26) from gros yield (Table 32).
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TABLE 34

<Hmrovmm>nmmommc2ﬂrozmxm,voa>40mm>zo mcm>mmmmqm
GIVEN RECOMMENDED LEVEL OF FERTILIZER USE

Crop District Sunflower Potatoes Sugarbeet

(" pounds) (" bushels) (" tons)

1 1074.48 -- --

2 1127.91 298.08 15.07

3 1083.39 286.31 14.48

4 1141.27 . 301.61 15.25

5 982.34 - -

6 -- - --

7 1060.10 280.16 -

8 1020.02 305.68 -

9 -- 269.56 13.63
.10 - 293.46 14.84
1 1017.28 268.84 13.59
12 -- 282.51 --

13 1182.72 | - --
14 - -- --

anmdnCAmama by applying the formula given in nmmmdow.
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figures is depicted in Table 35 and 36 and the resulting total of

different grades of each commodity is as follows:

Wheat: Red Spring & Canada Utility 82.6%

Durum 95.3%
Oats 72.5%
Barley 78.3%
Rye 94 .5%
Flaxseed 95.7%
Rapeseed 96 .0%

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 commodities 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 1971-72, 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 sunfiowers, potatoes and sugarbeets, prices

107
were taken from the Manitoba Agriculture Yearbook for 1975 and were:

Sunflower $ .095 per pound
Potatoes $2.33 per bushel
Sugarbeets $35.00 per ton
106

Framingham, Craddock and Baker op. cit.

107 _
Manitoba Department of Agriculture, op. cit., 1975
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TABLE 35 -

WEIGHTED PRICES FOR WHEAT, OATS AND BARLEY

, Average Weighted  Realized Weighted
1972-73 1973-74 1974-75 1972-75 Percent Price - Price
. . . ) . 1974-75 1974-75
Wheat cmmmmccunnanme=aea==Peprcent Distribution-----e-emenca- weama=$/Bushelecnnma-
I CW Redspring 65.13 £8.16 31.29 51.527 28.960 4.47414 1.29571
2 CW Redspring 16.63 21.77 16.10 18.167 10.211 4,30624 0.43971
3 CW Redspring 8.46 3.93 14,52 8.97 5.04) 4,26209 0.21485
1 Canada Utility 0.02 0.23 0.98 0.41 0.230 4,26941 0.00982
2 Canada Utility 0.0 0.02 - 0.30 0.1 0.063 4,2694] 0.00269
3 Canada Utility 0.65 0.52 9.13 A 3,433 1.929 3.64768 0.07036
90,90 84,63 72.32 82.617
1 CW Amber Durum 6.57 6.85 5.63 6.53 3.569 6.23136 0.22240
2 CW Amber Durum 30.85 29.60 18.08 26.177 14.712 6.22136 0.937529
3 CW 1.1 32.14 19.02 27.423 15.413 6.16072 0.94955
Extra 4 CW Amber :
Durum 16.00 16.39 11.64 14.677 8.249 6.19136 0.51073
4 CW Amber Durum 1112 10.32 23.04 14,827 8.333 6.13002 0.51081
5 CW Amber Durum 1.38 1.57 14.61 5.853 3.290 5.28985 0.17404
97.03 96,87 92.02 95,307 100,000 5.31596
Oats
1 CW 0.24 - 0.03 0.09 0.124 1.76752 0.00219
2 CW 1.44 0.31 0.04 0.60 0.827 1.76752 0.01462
Extra 3 CW 24.26 0.94 0.22 8.473 11.683 1.74252 0.20358
Extra 1 Feed 48,91 11.15 7.06 22.373 30.850 1.67517 0.51679
1 Feed ! 4,78 57.00 49,83 37.203 57.299 1.65517 0.84909
2 Feed 0.93 4,40 6.02 3.783 5.217 1.62517 0.08479
80.56 73.80 63.20 72.522 100.000 1.67101
Barley oo ) .
1 CW Six-Row 0.32 - 0.22 0.02 0.187 0.239 . 3.26367 0.00780
2 CW Six-Row 10.77 10.86 5.82 9.15 11.692 3.24367 0.37925
1 CW Two-Row 0.23 0.30 0.04 0.19 0.243 3.24608 0.00789
1 Feed 65.41 57.55 55149 59,483 76.006 2.33073 1277149
2 Feed 6.39 12:92 8.213 10.495 2.31533 0124299
3 Feed 0.72 1.90 1.037 1.325 2.25245 0.02984
76.04 76.19 78.26  100.000 2.43926

e i
e —

o
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WEIGHTED PRICE FOR FLAXSEED, RAPESEED AND RYE

Average Weighted  Realized Weighted

1072-73  1973-74  1974-75 1972-75  Percent Price Price
o . L . ] . 1974-75 1974-75
mememmmemmmae--——-Percent Distribution------c-mceeccacas o--e--$/Bushel------
Flaxseed
1 C.H. 95.67 95.76 83.07 91.50 95.631 9.54 9.12320
2 C.W. 1.71 1.59 6.21 . 3.17 3.313 9.41 0.31175
3 C.H, 0.67 0.75 .61 1.01 1.056 8.10 0.08554
98.05 98.10 50.89 95.68 100.000 9,52049
Rapeseed
1 Canada 91.01 85.73 91.79 92.843 96.701 7.23 a.oodbm
2 Canada 3.46 2.16 4,88 3.167 3.299 7.07 0.23324
93.47 97.89 96.67 96.010 100.00 7.22472
Rye _
2 C.HW. 49,93 60.47 70.6% 60.363 63.901 2.62 1.67421
3 C.W. 44,87 31.78 16.57 31.073 32.894 2.57 0.84538
4 C.W. , 1.75 2.52 2.68 2.317 2.453 2.39 0.05863
Ergoty 1.35 0.71 0.07 0.7 0.752 2.34 0.01760
97.90 95.48 90.01 94.463 100.00 2.59582

Source; Statistics Canada, Grain Trade of Canada, Cat. No. 22-201, 1972-75.
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TABLE 37

TOTAL PAYMENTS RECEIVED BY PRODUCERS
FOR PRINCIPAL GRADES OF DIFFERENT CROPS
BASIS IN STORE THUNDERBAY OR VANCOUVER 1974-75°

Grade Total Payment
$/Bushel

Wheat

Red Spring Wheat Grades

No. 1 Canada Western Red Spring 4.47414
No. 2 Canada Western Red Spring 4.30624
No. 3 Canada Western Red Spring 4.26209
No. 1 Canada Utility 4.26941
No. 2 Canada Utility 4.26941
No. 3 Canada Utility 3.64768
Amber Durum Wheat Grades
No. 1 Canada Western Amber Durum 6.23136
No. 2 Canada Western Amber Durum 6.22136
No. 3 Canada Western Amber Durum 6.16072
Extra No. 4 Canada Western Amber Durum 6.19136
No. 4 Canada Western Amber Durum 6.13002
No. 5 Canada Western Amber Durum 5.289%5
Oats
No. 1 Canada Western 1.76752
No. 2 Canada Western 1.76752
Extra No. 3 Canada Western 1.74252
Extra No. 1 Feed 1.67517
No. 1 Feed 1.65517
No. 2 Feed 1.62517
Barley
No. 1 Canada Western Six Row 3.26367
No. 2 Canada Western Six Row 3.24367
No. 2 Canada Yestern Two Row 3.24608
No. 1 Feed 2.33073
No. 2 Feed 2.31533
No. 3 Feed 2.25245

Source; The Canadian Wheat Board, Annual Report, 1974-75, pp. 55-57.




TABLE 38

WINNIPEG COMMODITY EXCHANGE CLOSING
CASH PRICES FOR RYE, FLAXSEED AND
RAPESEED BASIS IN STORE THUNDERBAY 1974-75
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Grade Price
Flaxseed $/Bushel
1.C.W. - 1.0.C. 9.54
2.C.W, - 2.0.C. 9.41
3.C.W. - 3.0.C. 8.10

Rapeseed
1 Canada 7.23
2 Canada 7.07
Rye
2.C.H., - 2.0.C. 2.62
3.C.W. - 3.0.C. 2.57
4.C.H., - 4.0.C. 2.39
Ergoty 2.34

Source, Statistics Canada, Quarterly Bulletin of
Cat. No. 21-003, 1974-75.

Agricultural Statistics,
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TABLE 39

REALIZED PRICE OF WHEAT BY CROP DISTRICT
AFTER DEDUCTING FREIGHT RATES,
HANDLING AND OTHER CHARGES

'''' Freight Ratesa  Handling andb Realized®
Crop District To ThunderBay Other Charges . Price
' $ per bushel $ per bushel . $ per bushel

1 0.108 A 0.178 5.03

2 0.096 0.178 5.04

3 0.090 0.178 5.05

4 0.090 0.178 5.05

5 0.090 0.178 5.05

6 0.084 0.178 5.05

7 0.108 0.178 5.03

8 0.096 0.178 5.04

9 0.096 0.178 5.04

10 0.108 0.178 5.03

11 0.108 0.178 5.03

12 0.096 0.178 5.04

13 0.108 0.178 5.03

14 0.096 0.178 5.04

dCrows Hest Pass rates expressed in cents per 100 pounds, are converted
here to dollars per bushel.

bHandling and other charges (i.e. custom c]eanipg, stOYage co§t,.etc.)
for 1976 were obtained from George Mclaughlin, Canadian Grain Cormission,
Winnipeg.

Cps
fr

alized price is the price of wheat ($5.316 per bushel in Table 35)

minus freight rates, handling and other charges.
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TABLE 40

REALIZED PRICE OF OATS BY CROP DISTRICT
AFTER DEDUCTING FREIGHT RATES,
AND HANDLING AND OTHER CHARGES

Freight Rates? Handling andb Realized®
Crop District To ThunderBay Other Charges Price
'$ per bushel- $ per bushel $ per bushel
] 0.061 0.110 1.50
2 0.055 0.110 1.51
3 0.051 0.110 1.51
4 0.051 0.110 1.51
5 0.051 0.110 1.51
6 0.048 0.110 1.51
7 0.061 0.110 1.50
8 0.054 0.110 1.51
9 0.054 0.110 1.51
10 0.061 0.110 1.50
11 0.061 0.110 1.50
12 0.054 0.110 1.51
13 0.061 0.110 1.50
14 0.054 0 1.51

.10

: dCrows Nest Pass rates expressed in cents per 100 pounds are converted
‘here to dollars per bushel.

bHand'ling,and other charges (i.e. custom cleaning, storage cost, etc.) for
1976 were obtained from George McLaughlin, Canadian Grain Commission, Winnipeg.

B CRealized price is the price of oats ($1.671 per busnel in Table 35) minus
“freight rates, handling and other charges.
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REALIZED PRICE OF BARLEY BY CROP DISTRICT

AFTER DEDUCTING FREIGHT RATES,
HANDLING AND OTHER CHARGES

Freight Rates®

Crop District to ThunderBay
. $ per bushel

Handling andb
Other Charges
$ per bushel

Realized®
Price
$ per bushel

1 0
2 0
3 0
4 0
5 0
6 -0
7 0
8 0
9 0
10 0
11 0
12 0
13 0
14 0

.086
.077
.072
.072
.072
.067
.086
.077
.077
.086
.086
.077
.086
.077

O 0O 0O 0O 0 00 0O o o0 o o0 o O

.176
176
.176
.176
176
176
176
.176
.176
.176
.176
.176
.176
.176

.18
.19
.19
.19
.19
.20
.18
.18
.19
.18
.18
.19
.18
.19

NN NN

N PN NN NN

aCrows Nest Pass rates expressed in cents per 100 pounds are con-
verted here to dollars per bushel.

bHandh‘ng and other charges (i.e. custom cleaning, storage costs,

etc.) for 1976 were.obtained from George McLaughlin

Commission, Winnipeg.

, Canadian Grain

CRealized price is the price of barley ($2.439 per bushel in
Table 35) minus freight rates, handling and other charges.
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TABLE 42

REALIZED PRICE OF FLAXSEED BY CRUP DISTRICT
AFTER DEDUCTING FREIGHT .RATES,
HANDLING AND OTHER CHARGES

: Freight Rates®? Handling andb Realized®
Crop District to ThunderBay Other Charges Price
: $ per bushel $ per bushel $ per bushel
1 0.109 0.256 9.16
2 0.098 ‘ 0.256 9.17
3 0.092 0.256 9.17
4 0.092 0.256 9.17
5 0.092 0.256 9.17
6 0.092 0.256 9.17
7 0.109 0.256 9.16
8 0.098 0.256 9.17
9 0.098 0.256 9.17
10 0.109 0.256 9.16
1 0.109 0.256 9.16
12 0.098 0.256 9.17
13 0.109 0.256 9.16
14 0.098 0.256 9.17

aCrows Nest Pass rates expresséd in cents per 100 pounds are converted
here to dollars per bushel. :

bHand1ing and other charges (i.e. custom cleaning, storage cost,.etc.)
for 1976 were obtained from George McLaughlin, Canadian Grain Commission,
Winnipeg.

CRealized price is the price ($9.52 per bushel in Table 36) minus
freight rates, handling and other charges.
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TABLE 43

REALIZED PRICE OF RAPESEED BY CROP DISTRICT
AFTER DEDUCTING FREIGHT RATES,
HANDLING AND OTHER CHARGES

Freight Rates® Handling andb Realized®
Crop District to ThunderBay - Other Charges Price
$ per bushel = - $ per bushel $ per bushel
] 0.098 0.239 6.89
2 0.088 0.239 6.90
3 0.083 0.239 6.90
4 0.083 . 0.239 6.90
5 0.083 0.239 6.90
6 0.083 0.239 6.90
7 ) 0.098 0.239 6.89
8 0.088 0.239 6.90
9 0.088 .0.239 6.90
10 ©0.098 0.239 6.89
11 0.098 0.239 6.89
12 0.088 0.239 6.90
13 0.098 0.239 6.89
14 0.088 0.239 6.90

3Crows Nest Pass rates expressed in cents per 100 pounds are con- S
verted here to dollars per bushel. ' SR

<bHand]1ng and other charges (I.e. custom cleaning, storage cost, etc.)
for 1976 were obtained from George McLauglin, Canadian Grain Commission,

Winnipeg.

CRealized price is the price ($7.229 per bushel in Table 36 ) minus
freight rates, handling and other charges.




REALIZED PRICE OF RYE BY.CROP DISTRICT
AFTER DEDUCTING FREIGHT RATES,
HANDLING AND OTHER CHARGES

TABLE 44

12.

Freight Rates? Handling and® Realized®
ip District to ThunderBay Other Charges Price
T $ per bushel $ per bushel $ per bushel

1 0.101 0.174 2.32
2 0.090 0.174 2.33
3 0.084 0.174 2.34
4 0.084 0.174 2.34
5 ~ 0.084 0.174 2.34
6 0.084 0.174 2.34
7 0.101 0.174 2.32
8 0.090 0.174 2.33
9 0.090 0.174 2.33
10 0.101 0.174 2.32
1 0.101 0.174 2.32
12 0.090 0.174 2.33
13 10.100 0.174 2.32

14 0.090 0.174 2.33

4Crows Nest Pass rates expressed in cents per 100 pounds are converted here

~dollars per bushel.

bHandling and other charges (i.e. custom cleaning, storage cost, etc.) for
> were obtained from George Mclauglin, Canadian Grain Commission, Winnipeg.

~ CRealized priée is the price ($2.596 per bushel in Table %) minus freight

s, handling and other charges.
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NET INCOME

Given the yields, prices and cost of production of various crops
on different soil types for each region, net income per acre was deter- ]{jﬂfﬁ%“?
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 41 to 43 while the net income from other crops is

depicted in Table 45. 1971 net income for all crops is shown in Appendix

C, Table 44.
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TABLE 45

NET INCOME PER ACRE FROM VARIOUS CROPS
ON DIFFERENT SOIL TYPES IN 1976

- Crop District Soil Type Wheat Rapeseed Qats Barley Rye Flax
——————————————————— ACYEmmmm mmm e —m e e

1 1 100.50 97.10 ¥ .98 58.26 16.63  77.12

2 1061.93 100.06 42.60 59.96 18.15 79.59

2 1 107.49 104.24 44 .64 61.13 19.61 97.35

2 108.85 107.17 46.26 62.79 21.11 99.83

3 1 95.73 91.23 38.05 52.90 11.10  64.75

2 97.75 95.48 40.11 54.97 13.14 68.95

4 1 105.45 101.€8 30.29 48.27 17.06  87.11

2 107.47 105.92 32.34 50.31 19.08 91.34

5 1 81.29 77.01 30.65 35.39 5.28 74.19

2 83.31 81.26 32.71 37.41 7.33 78.39

6 1 91.06 87.65 20.97 51.83 12.38 95.52

2 93.54 90.75 23.71 54.45 14.87 97.23

7 1 99, 80 96.24 39.33 57.25 16.95 90.99

2 161.19 99.22 40.92 58.91 18.35 93.45

8 1 112.84 109.29 49,46 71.90 21.84 114.56

2 114.20 112.19 51.05 73.45 23.27 117.01

9 1 92.34 88.94 31.66 48.66 13.40 88.44

2 93.70 91.91 33.28 50.27 14.87 90.90

10 1 105.49 101.88 38.61 £8.41 18.72 97.90
2 106.93 104.88 40.19 70.08 20.23 100.39

N 1 91.57 87.53 28.14 39.79 12.91 76.23

2 92.78 93.39 30.79 42 .51 15.13 80.18

12 1 99.31 96.41 31.22 41.90 16.29 106.62

2 101.80 100.55 34.05 44 .53 18.76 109.45

13 1 115.17 111.64 33.42 40.69 22.42 141.32

2 116.33 117.45 36.46 42.93 24.45 144.86

14 1 92.46 90.06 29.15 40.65 12.89 73.77

: 2

94.91 94.48 31.92 43.28 15.33  76.93




CHAPTER V

JINTERPRETATION 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 model and same data ex-
cept that for solution one 1974-75 prices were used, whereas for the
second solution 1971 prices were used. The objective of finding the
second solution using 1971 prices was to see the workability of the model
at other price levels. For this reason, only selected results of the
second solution are compared with the results of solution one. The results
of solution one are presented and compared in detail with the éctua]
and/or normal situation of 1976 wherever possible. One should use
caution in interpreting results in this chapter. The solution provides
the optimal production plan for Manitoba crop production for the currently
economical efficient farm firms.

The results were presented for-the five agricultural regions and
for Manitoba in this discussion. However, anyone interested in the
optimal crop acreage results for each crop district, is referred to
Table 47 and Table 49 of Appendix C. The crop districts were allocated to

1108 stydy,

the five regions by taking the information from the Framingham et a
which is given in Table 46. In the following sections optimal crop acreage,

optimal production levels of various crops, the employment of labor,

108
Framingham, Craddock and Baker op. cit.
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TABLE 46

) RELATIONSHIP OF CROP REPORTING onqumqm
AND M.D.A. ADMINISTRATIVE REGIONS

M.D.A. Administrative Crop Reporting
Regions Districts

Interlake (4) + (12) + (6.4% of 5)

Eastern . (6) + (93.6% of 5)

Central (3) + (70% of 2) + (48% of 8) +
(33% of (9)+ (24.6% of 14)

South West (1) + (30% of 2) + (52% of 8)
+ (58% of 9) + (77% of 10) + (7)

North West © (11) + (23% of 10) + (75.4% of 14)

+ (9% of 9) + 13

~mmm Framingham, Craddock and Baker op. cit.

B
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value of optimal crop production and net income in various regions are

discussed.

Optimal Crop Acreage

The optimal crop acreage allocated to each crop in each crop
district was arrived at by dividing the optimal 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 solution one and actual 1976 acreage for

the province as a whole are presented in Table 47. Total optimal acreage.

in solution one allocated to crops was higher by 20.57 percent than the
actual acreage in 1976. The increase in cropped acreage came through

a decrease in summerfallow area. This substitution of cropped area for
the summerfallow area is consistent with the trend in land use in Man-
itoba: In the present study summerfallow area contributed about 17 per-
cent to the total area available for crops, where as it constituted a-
bout 30 percent of the total cultivated area (i.e. cropped area and

summerfallow) in 1961 which dropped to 23 percent in 1971.109 Similar

trend about the decrease in summerfallow acreage is reported in other

studies.HO

]09Ca1cu1ated from Dominion Bureau of Statistics, Census of

Canada, Agriculture, Manitoba, op. cit. 1963 and Statistics Canada,
Census of Canada, Agriculture, Manitoba, op. cit. 1973.

110
Hed1in R.A.,'The Place of Summerfallow in Manitoba Agriculture"
paper presented at Soils and Fertilizer Conference , Winnipeg and Brandon,
February 20 and 21, 1975.
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TABLE 47

ACTUAL AND OPTIMAL ACREAGE IN SOLUTION ONE
ALLOCATED TO VARIOUS CROPS AND PERCENT INCREASE
IN OPTIMAL ACREAGE OVER ACTUAL ACREAGE IN MANITOBA

Percent Change

Crop Optimal Acreage 1 in Optimal Acreage
Under Solution 1 Actual Acreage Over Actual Acreage
—---ACreS---=== —==- Acres----- = =---- Percent-------

Wheat 3,297,346 3,798,098 -13.18

Oats 1,611,676 1,218,209 +32.80

Barley 2,147,705 1,638,042 +31.11

Flaxseed 1,143,730 521,212 +119.44

Rapeseed 654,561 224,056 +192.14

Rye 134,034 90,969 +47.34

Sunflower 129,607 49,591 +161.35

Potatoes 27,632 34,504 -19.92

Sugarbeets 26,490 32,936 -19.57

Total 9,172,781 7,607,617 +20.57

]Statistics Canada, Census of Agriculture, Ottawa, 1976.




130

Optimal acreage allocated to wheat, potatoes and sugarbeets was
lTower 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 realization of
relatively 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 1976.

The optimal acreage allocated to other crops was substantially
higher than the actual acreage in 1976. For example, optimal acreage
in solution one occupied by rapeseed, sunflower and flaxseed was higher
by 192.14 percent, 161.35 percent and 119.44 pércent, respectively, than
the actual acreage. Similarly for oats, barley and rye, optimal acreage
was higher by 32.8 percent, 31.11 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
a]sd would substantially change the pattern of land use in Manitoba.
Crops like 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 solution one for the province. The percent dec-
rease in the cropped area of each crop in solution two over solution

one is shown in Table 48. A1l 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 result of lower and negative

net income per acre due to low prices associated with almost all the crops
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TABLE 48

DECREASE IN AREA IN SOLUTION TWO]
SOLUTION ONE FOR DIFFERENT CROPS

Crop Percent Decrease
Wheat 6.39
Oats 52.92
Barley 33.75
F]axéeed 73.24
Rapeseed 43.58
~ Rye 60.74
Sunflower -=
Potatoes ==
Sugarbeet' 8.49
Total 32.65

]Calcu]ated from the results of solution one and solution two

obtained through the application of the model.
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in various crop districts in solution two as shown in Table 44 of the
Appendix C compared to solution one, where the net income per acre was
positive 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 all crop districts, where the crops were grown. The
optimal acreages allocated to various crops in solution two is given in

Table 45 of the Appendix C.

Crop Production

Actual and normal production in 1976 and optimal production in
solution one of different crops for the province is presented in Table
43. The total quantity of each crop produced was higher in the optimal
solution one as compared to the actual production in 1976 with the
exception of wheat and sugarbeets. Optimal level of wheat and sugarbeets
production was lower by 4.1 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 actual acreage might be due to high-
er prices from these crops over previous 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 1976. 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

OPTIMUM SOLUTION ONE, ACTUAL AND NORMAL PRODUCTION OF VARIOUS
CROPS IN MANITOBA IN 1976

optimunf Actua!b Normal®

Crop Production Production Production
heat oo Tiolels.eoo 65,581,720
Oats 94,752,449 57,052,560 50,857,000
Barley 102,514,424 64,159,600 83,245,740
Flaxseed 16,029,994 6,177,548 7,312,097
Rapeseed 14,815,667 4,033,006 9,787,491
Rye 3,806,158 2,583,516 2,622,411
sunflovers - 141,029,962° 52,566,410° 90,897,880¢
Potatoes 8,165,996 6,993,952 7,758,400
Sugarbeets 396,2]1e 410,053 329,682e

dBased on the model

bTota1 production of each crop was obtained by multiplying the yield
per acre with the area of each respective crop. For this purpose, area
of various crops in different crop districts was obtained from Statistics
Canada, Census of Canada, Agriculture, 1976. Yield per acre of wheat,
oats, barley and flax was taken from Manitoba Department of Agriculture,
Manitoba Agriculture Yearbook, Queen's Printer, Winnipeg, 1976. Due to
the unavailability of yield per acre of other crops at crop district
level, it was assumed that their yield per acre were the same in all
crop districts. Their yields were also taken from Manitoba Department of
Agriculture Yearbook, Queen's Printer, Winnipeg, 1976.

.CProjected production for 1976 using time as independent variable.

dpounds

€tons
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TABLE 50

PERCENT INCREASE OR DECREASE IN OPTIMAL SOLUTION ONE 1
PRODUCTION AS COMPARED WITH ACTUAL AND NORMAL PRODUCTION

Percent Increase or Decrease in Optimal

Crop Solution One Production Over
Actual Production Normal Production
S -wem-e—e--Percent---ecememmnnao -
Wheat -2.¢& +50.6
Cats 66.0 +86.3
Barley 59.7 +23.1
Flaxseed 159.4 - +119.2
Rapeseed 267.3 +51.4
Rye . 47.3 +45.1
Sunflower 168.2 +55.2
Potatoes 16.7 | +5.3
Sugarbeets -3.3 +20.2

Tcalculated from Table 49.
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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. higher yield per acre of different crops in our model as
compared to the actual yield.

Since the actual production is greatly influenced by weather
and other conditions, a comparison was made of optimal production
levels of solufion 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 levels of various
crops were caused by:

1. higher net income per acre from various crops due to higher
prices of different conmodities and higher yields per acre which were
obtained at the recommended level practices, and

2. due to optimal 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 concluded that an efficient organ-
ization of agriculture would have a disproportionate effect on the pro-
duction of various crops.

Optimal level of production of yarious crops in solution two was
Tower than the solution one by more or less the same percentage as the
optimal acreages were lower, i.e. optimal level of wheat was lower

by 5.80 percent, oats 52.46 perceht, barley 30.55 percent, flaxseed
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73.22 percent, rapeseed 42.26 percent,rye 60.51 percent and sugarbeets
8.13 percent. Optimal production levels of sunflowers and potatoes

were the same under both solutions. Decreased production of most of

the crops was caused by the low and negative net income per acre from
most of the crops due to lower prices in solution two as compared with
solution one which in turn resulted in low acreage allocation. Sunflowers
and potatoes experienced the same level 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 Optimal Acreage Among Regions

The optimal acreage figures of solution one for each agricultural
region are presented in Table 51, while the results for each crop district
are shown in Table 47 of the Appendix C. The actual acreage in 1976
allocated to different crops in various regions 1sﬁgﬁbwn in Table 52,
while the percentage increase or decrease in acreage in the optimal
solution one over the actual acreage is shown in Table 53. Central
and South-West regions were the most important in terms of the increase
in crop acfeage. In these two regions crop acreage increased by 65.52
percent and 53.78 percent, respectively, over the actual acreage in 1976.
This was the result of higher net income per acre of most crops in these
regions. In both the Eastern and North-West regions, optimal crop acreage

decreased by about 23 percent as compared to the actual 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
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TABLE 51

OPTIMAL ACREAGE ALLOCATED TO DIFFERENT CROPS
IN VARIOUS REGIONS OF MANITOBA IN SOLUTION ONE

Crop Interlake Eastern Central South West North West Manitoba

uheat e Reae T TisLete 590,270 3,287,346
Oats 145,166 .. 206,939 504,654 499,335 . 255,585 1,611,676
Barley 183,678 205,609 672,312 677,826 408,284 2,147,705
Flaxseed 57,050 90,026 514,702 357,981 123,972 1,143,730
Rapeseed 32,473 108,835 194,207 211,013 108,033 654,561
Rye 7,314 5,392 46,460 51,192 23,676 134,034
Sunflower 5,941 1,176 53,169 - 65,720 3,602 129,607
Potatoes 1,737 0 11,797 13,040 1,059 27,632
Sugarbeets 2,998 0 16,594 6,403 495 26,490

Total 613,620 936,140 3,073,730 3,034,321 1,514,974 9,172,781

dmmmma on the modeT.
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ACTUAL ACREAGE ALLOCATED TO DIFFEREN
IN VARIOUS REGIONS OF MANITOBA

TABLE 52

ﬁ CROPS

Crop Interlake Eastern Central South West North West Manitoba
Sty (ol ol T
Wheat 306,916 613,088 981,966 923,707 972,421 3,798,098
Oats 102,048 172,300 292,333 309,830 341,697 1,218,209
Barley 111,333 - 222,461 368,970 442,652 492,652 1,638,042
Flaxseed 57,134 118,837 107,775 168,902 68,563 521,212
Rapeseed 15,495 53,688 34,038 56,423 64,412 224,056
Rye 5,075 29,547 17,301 24,555 14,491 90,969
Sunflower 2,436 3,729 19,110 22,978 1,338 49,591
Potatoes 2,204 -- 14,939 16,135 1,225 34,504
Sugarbeets 3,802 -- 20,586 7,969 578 32,936
Total 606,443 1,213,648 1,857,016 1,973,149 1,957,349 7,607,617

_nmdncgmdma from Statistics Canada, Census of Agriculture, Ottawa, 1976.
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PERCENT INCREASE OR DECREASE OF THE OPTIMAL ACREAGE
OF SOLUTION ONE OVER THE ACTUAL ACREAGE ALLOCATED
TO DIFFERENT CROPS IN VARIOUS REGIONS AND IN MANITOBA!

Crop Interlake Eastern Central South West North West Manitoba
Wheat -42.24 -48.10" +7.93 +24.,69 : -39.30 . -13.18
Oats +42.25 +20.10 +72.63 . +61.16 -25.20 +32.30
Barley +64.98 -7.57 +82.21 +53.13 -17.12 +31.11
Flaxseed -0.15 | ~24.24 +377.57 +111.95 +80.81 +119.44
Rapeseed  +109.57 +102.72 +470.56 +273.98 +67.72 +192.14
Rye +44.12 -81.75 +168.54 +108.48 +63.38 +47.34
Sunflowers +143.88 -68.46 +178.23 +186,01 +dmm.wd +161.35
Potatoes -13.02 -- -26.63 -19.18 -15.68 -19.92
Sugarbeets -26.82 -- -19.39 -19.65 -14.36 -19.57
Total +1.18 -22.86 +65.52 +53.78 -22.60 20.57
B

Calculated from Table 51 and 52.
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solution one acreage and the actual crop acreage in 1976 in Inter-

lake area. This brings us to the conclusion that certain 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 position of Eastern and quth—west 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—Wést regions as compared to the
Eastern and North-West regions. Thus the proper utilization of land

in Manitoba would require that the East and NorthWest regions should
persumable engage increasingly in pastoral farming, while the Central
and Southwest regions should concentrate moe in crop production.at

the expense of summerfallow average.

The percentage decrease of total optimal acreage in solution
two over solution one indicated that the South-West and Central regions
experienced the least decrease in optimal acreage as compared to other
regions, 1i.e. total optimal acreage decreased by 19.19 percent and '
28.86 percent respectively, in solution two over solution one as shown
in Table 48, Appendix C. This was the result 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 total optimal acreage
was lower by 37.32 percent, 52.06 percent and 68.48 percent, respectively,
in solution two over solution one. This was due to lower net income

per acre for most crops in these regions. The optimal acreage allocated

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 optimal acreage in
solution 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 example, rapeseed occupied a 470.56 percent higher

area in the Central region as compared with the actual one, while the
wheat crop occupied 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 optimal 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 result of higher yield and consequently higher net

income per acre in these regions. Similarly, the increased concentration

of rapeseed acreage in the optimal solution in the Central region was

the result of higher yield and resulting 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 61.61 percent due to the fact that these regions
ranked first and second in terms of yield per acre.

The percentage distribution of total optimal acreage in solution
one, for each crop among regions, is shown in Table 54.

The Central 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 followed by the Eastern

region. The Interlake region contributed only 6.7 percent of the total
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TABLE 54

THE PERCENTAGE DISTRIBUTION OF OPTIMAL CROP

ACREAGE AMONG VARIOUS REGIONS IN SOLUTION ONE!

Crop Interlake Eastern Central South West North West Province

m———me—- mmmmmm—mmem o -------Percent-=mmcmmcmm e mm—mmmmr——e-
Wheat 5.38 9.65 32.14 34.93 17.90 100.00
Oats §.01 12.84 31.31 30.98 15.86 100.00
Barley 8.55 o.mN. 31.30 31.56 19.02 100.00
Flaxseed 4.99 7.87 45.00 31.30 10.84 100.00
Rapeseed  4.96 16.63 29.67 32.24 16.50 100.00
Rye 5.46 4.02 34.66 38.20 17.66 100.00
Sunflower 4.58 0.97 41.02 50.71 2.78 100.00
Potatoes 6.29 0.00 42.69 47.19 3.83 100.00
Sugarbeets11.32 0.00 62.64 24.17 1.87 100.00

6.69 10.20 33.51 33.08 16.52 100.00

Hnmqn:ﬂmwma from Table 51.
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optimal 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 substantially more, while the other regions
shared proportionately less of the total optimal acreage compared with
actual acreage. The reasons for these results are as already explained
in the previous discussion. This indicates the potential for develop-
ment of the Central and South-West region as compared with the other
regions.

With regard to the percentage contribution of each region g

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 solution one as compared with the actual sit-
uation. This wés 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 efficient
organization of crop production.

Comparison of the percent distribution of total optimal acreage

in the two solutions indicateéd 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 were lower in solution two than in

solution one. This was due to the fact that South-West and Central
regions had less loss or higher net income from most of the crops as

compared to the other regions.
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"TABLE 55

.THE ACTUAL PERCENTAGE DISTRIBUTION
OF CROP ACREAGE AMONG VARIOUS REGIONS OF MANITOBA !

Crop Interlake Eastern Central South West North West Province

.......... e o =3 et A
Wheat 8.08 16.14 25.85 24.32 25.61 100.00
Oats 8.38 14.14 24.00 25.43 28.05 100.00
Barley 6.80 13.58 22.53 27.02 30.07 100.00
Flaxseed Ho.wm 22.80 20.68 32.41 13.15 ~100.00
Rapeseed 6.92 23.96 . 15.19 25.18 28.75 100.00
Rye 5.58 32.48 | 19.02 26.99 15.93 100.00
Sunflower  4.91 7.52 38.54 46.33 2.70 100.00
Potatoes 6.39 .o.o 43.30 46.76 3.55 100.00
Sugarbeets 11.54 0.0 62.50 24.20 1.76 ~100.00

7.97 15.95 24.41 25.94 25.73 100.00

1

calculated wwoa;ﬂwcdm 52.
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Competitiveness Between Crops

- The percentagevof the optimal and actual total cropped area
occupied by different crops in various regions and in Manitoba is
given inTable 56 and Table 57. Important changes in the cropping
pattern for the province as a whole under the optimal solution as
compared With the actual one include a decrease in the percentage
area occupied by wheat and an increase in the relative area allocated
to flaxseed and rapeseed. This leads to the conclusion that with an
efficient organization of agriculture the relative importance of
wheat would decrease while flaxseed and rapeseed woﬁ]d become more
important in terms of their contribution to total cropped area.

Thus the compétitive acreage of wheat would decline, while that of
flaxseed and rapeseed would increase with an efficient organizatibn
of crop production. This might be due to the fact that differences
in crop prices were more in the model than the actual differences in

prices in 1975.

Distribution of Production Among Regions

The distribution of optimal production in solution one for
different crops in various regions is depicted in Table 58. The Central
and South-West regions were the most important in terms of contribution
towards total production of all crops. The share of these regions ranged
from 60.03 percent for rapeseed to 91.48 percent for sunflower relative
to total production in Manitoba. This can be explained by two factors:

1. these two regions collectively contributed 66.59 percent

of the total land used for all cultivated crops in Manitoba, and




[Ye)
< TABLE 56

ﬂxmvmxnmzq>mmOm<>xHocmoxov>nxm>mm *z morchoz ozm
. BY REGIONS AND IN MANITOBA

Crop Interlake Eastern Central South West North West Province

B T R L e e DL L L L LD Rl
Wheat 28.89 33.99 34.48 37.96 38.96 35.95
Oats 23.66 22.11 16.42 16.46 16.87 17.57
Barley 29.93 21.96 21.87 22.34 | 26.95 23.41
Flaxseed 9.30 9.62 16.75 11.80 8.18 12.47
Rapeseed 5.27 11.63 6.32 6.95 7.13 7.14
Rye 1.19 : 0.58 1.51 1.69 1.56 1.46
Sunflower 0.97 0.13 1.73 2.17 0.24 1.41
Potatoes 0.28 0.00 0.38 0.43 0.07 . 0.30
Sugarbeets  0.49 0.00 0.58 0.21 0.03 0.29

Total 100.00 v 100.00 100.00 100.00 100.00 100.00

Tcalculated from Table 51.
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TABLE 57

THE PERCENTAGE OF VARIOUS CROP ACREAGE

IN THE TOTAL ACTUAL ACREAGE
BY REGIONS AND IN MANITOBA

Crop Interlake Eastern Central South West North West Province

D e - E o] R e L L LU L L L Dbt
Wheat 50.61 50.52 52.88 46.81 49,68 49,92
Oats 16.83 14.20 15.74 15,70 Aw.wm 16.01
Barley 18.36 18.33 19.87 22.43 25,17 21.53
Flaxseed 1 9.42 9.79 5.80 8.56 3.50 6.85
Rapeseed 2.56 4.42 1.83 2.86 3.29 2,95
Rye 0.84 2.43 0.93 1.24 0.74 1.20
Sunflower 0.40 0.31 1.03 1.16 0.07 0.65
Potatoes 0.36 0.00 0.80 0.82 0.06 0.45
Sugarbeets 0.63 0.00 1.1 0.40 0.03 . 0.43
Total 100.00 100.00 100.00 100.00 100.00, 100.00

1

Calculated from Statistics Canada, Census of Agriculture, Ottawa, 1976.
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: . TABLE 58
DISTRIBUTION OF OPTIMAL PRODUCTION AMONG REGIONS'

Interlaka Esstern Central . South West Horth West Tots)

Crop Quantity Quentity Quantfty Quantity Quantity

B Produced Percent of Produced Percent of Produced Percent of Produced Percent of Produced Percent of
- {1n 8u.) Total (In Bu.} Total {In Bu.) Total {In Bu.} Tota! (in Bu.) Total (In Bushels)

: wneat 5,375,886 5.45 8,680,111 8.79 CoRME 2 34,865,265 35,32 17,498, 344 .12 98,726,972
. Oats 8,008,004 8.45 1,442,462 12.08 N47,040 2.2 29,864,715 31.60 13,094,526 14.67 34,752,443
; Barley 8,138,678 7.94 8,611,318 8.40 33,691,907 32.87 .43,005 3359 17,636,443 17.20 162,514,42¢
i " Flaxseed 890,644 5.56 1,254,055 7.8 6,929,616 43.23 5,220,548 2.5 1,734,831 10.€2 16,029,954
; Rapeseed 747,320 5.04 2,297,959 15.51 4,481,158 30.3) 4,846,736 272 2,932,499 16.42 14,815,687

Rye 210,502 5.53 139,360 3.66 1,334,269 35.05 1,458,374 8.2 £63,635 17.44 3,806,158

Sunflowers  6,766,975¢ 4.80 1,155,023 0.82 $8,584,1240 41,54 10,436,837 49.94 4,086,998+ 2.90 141,029,962¢
: Potatoes 522,000 6.39 0 0.0 3,835,359 43.29 3,818,428 45.76 290,210 3.56 8,165,996
: Sugarbeets 45,7220 11,54 0 0.0 247,660%%. 62,51 95,8740 24.20 6.956¢ 1.7 s

m Hmmmma on the mode)
* in pounds

: ** in tons
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2. the higher level of yield per acre of most crops in the
two regions as compared to other regions. The north-West region
contributed 1.75 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 aéres allocated
to various crops. In order to make the distributional comparison
with the optimal production 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 also
given in these Tables in 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 optimal and normal production
conditions. Some of the important deviations between the optimal and
normal productions are:

1. Production of flaxseed was heavily concentrated in the
central region in the optimal solution as compared with the normal
production, while the results were opposite for the South-West region.

2. Percentage share of rapeseed prdduction of the Eastern region
in the optimal solution was higher than in the normal production case.
There was a lessor share of this crop in the Central region in 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 optimal solution than in normal production,
while the Eastern region shared considerable less in solution one than

under normal conditions.
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TABLE 59

DISTRIBUTION OF NORMAL PRODUCTION AMONG REGIONS

, raitern ) Central South West Korth Wast Tots
cron wc.i:«::,»luno wcummwu percent of wﬂww““ﬂ“w Percent of wuwn“ﬁ“ Percent of mwmuw“““ Percent of
: \ NMNQMMA 1n.~—.mmnﬂ. of A_mm b Total {1 Bu.) Total {1n Bu.}) Total (1n Bu.) Tota} {In Bushels)
: T enn s ol 7,485,956 .42 22,340,880 34,08 21,846,460 3.3 10,070,580 15.36 65,551,720
oats 4,972,403 9.78 §,400,805 12.59 15,741,500 30.94. 16,048,520 .56 7,693,850 15.13 50,857,000
Barley 6,138,535 ' 1.37 6,413,195 1.70 268,325,550 u»\ou 28,848,690 34,66 13,519,550 16,24 83,245,740
. et 538 7.36 371,800 5.08 2,462,851 33.68 3,122,835 2.7 815,835 1LY 7,912,097
: Rapeseed 568,640 5,81 1,117,633 .42 3,335,702 34.09 3,261,879 33,32 1,503,601 15.36 9,707,401
: aye 152,358 5.81 299,454 11.42 893,752 34.09 873,972 33.32 402,875 15.36 2,622,411
Sunflower 4,465,027 4.9 6,835,123* 7.52 35,027,107 38.54 42,117,530 46,33 2,452,490 2.70 $0,097,8u0¢
; potatoes 4555817 6.3 = 3,359,180 43,30 3,628,1000 45,76 275,535 3.55 7,758,400
g Sugarbeets 36,057 1.5 - - 206,066 62.50 79,769 u.20 5,750 1.7 329,682
1

- Projected production for 1976 using time as independent variable.

* in pounds .

** in tons
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TABLE 60
DISTRIBUTION OF ACTUAL PRODUCTION AMONG xmmHozmd

Crop Interlske Eastern Central South West North West Total

et P ety reent gany D remet gty S ()

{In Bu.) Total in Bu. Total (In Bu.) Total (In Bu.) Total (In Bu.) Total
Wheat 8,279,816 8.14 17,280,860 7.0 26,785,790 26.36 3,361,230 22.99 25,907,500 25,50 101,615,200
Oats 4,454,879 7.81 8,558,539 15.00 14,420,800 25.28 5,501,890 22.17 14,116,470 24,74 57,082,560
Barley 4,354,816 6.79 9,187,881 14.32 15,374,760 23.96 8,286,190 28,50 16,955,930 26.43 £4,159,600
Flaxseed 667,162 10.80 1,497,866 24,25 1,207,383 19,54 1,994,489 32,29 810,649 13.12 6,177,548
Rapeseed 278,913 . 6.92 966,381 23,96 612,676 15,19 1,015,616 25.18 1,159,421 28.75 4,033,006
Rye 144,138 5.58 839,126 32.48 491,361 19.02 697,354 26.99 411,538 15.93 2,581,516
Sunflowers 2,582,134¢ 4.9 3,952,765 7.52 20,256 ,600* 38.54 24,356,640* 46.33 1,418,280 2.70 52,566,410%
Potatoes 446,751 §.39 - .. .. 3,028,196 43,30 3,270,620 46.76 248,386 3.55 6,993,952
Sugarbeets 47,335« 11.54 T .. .- 256,301+ 62,50 99,216 24,20 7,201 1,76 410,053

1

* pounds

** tons

See Footnote b under Table 49 for the procedure used for determining production.
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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
normal production.

Comparison of the optimal 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-West regions in the optimal solution as compared with
the actual production distribution. For example, Central and South-
West regions collectively shared 68.04 percent of the total production
of wheat under the optimal solution as compared to the 47.35 percent
under the actual production. Similarly, Central and South-West regions
contributed 75.8 percent of the total flaxseed production in the optimal
solution as compared to 51.83 percent under the actual production. Per-
centage share in the production of sunflowers, potatoes and sugarbeets
was the same under the optimal solution one and the actual production
in various regions. In the production of almost all other crops, Inter-

Take, Eastern and North-West regions experienced a much lower share of

the optimal solution as compared to the actual production.

The percentage increase or decrease in the optimal production
in solution one over the normal production for each crop in each region
was also calculated and is given in Table 61. It is clear from the
table that with the exception of sunflowers and rye production in the

Eastern region, optimal production of all crops in all 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 yields 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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PERCENT INCREASE OR DECREASE OF OPTIMAL SOLUTION ONE

TABLE 61

PRODUCTION OVER THE NORMAL PRODUCTION IN VARIOUS REGIONS AND IN MANITOBA!

Central’

B wo:a: zmmﬂ

Crop ‘Interlake Eastern " North West Manitoba
Wheat +41.14 +15.96 +44.61 +59.59 +73.76 +50.61
Oats +61.05 +78.84 +99,84 +mm.mm +80.59 +86.31
Barley +32.58 +34,28 +18.95 +19.37 +30.45 +23.15
Flaxseed +65.31 +237.29 +Amg.wN +67.17 +112.64 +119.23
Rapeseed +31.42 +105.61 +34.64 +48,59 +61.77 +51.37
Rye +38.16 -53.45 +49.29 +66.87 +64.72 +45,14
Sunflower +51.56 -83.10 +67.25 +67.24 +66.65 +55.15
Potatoes +5.33 -- +5.24 +5.25 +5.33 +5,25
Sugarbeets  +20.14 -- +20.18 +20.18 +20.14 +20.18

dom_nc_mﬁma from Table 58 and 59.

.
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showed the greatest increase over normal 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 production
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. Interlake, South-West and North-West regions
experienced an increase in production of some of the crops and a decrease
in other crops in the optimal solution as compared to the actual production.
Lower levels of production of crops in these regions were the result of
less number of acres allocated to these crops in optimal solution one
as compared to the actual acreage. Flaxseed observed the highest in-
crease in production in optimal solution 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 specifically those of oiiseeds in the optimal solution as com-
pared to the actual production levels might be the result of:

1. vrelatively higher prices of oilseeds in the model as compared
to the relative prices realized by farmers over previous years as compared
to the prices of grains and,

2. higher yields of different crops due to the use of efficient
methods of production in the optimal solution as compared to the actual

conditions.
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TABLE 62

%z IN VARIOUS

PERCENT INCREASE OR DECREASE QF OPTIMAL SOLUTION ONE
PRODUCTION OVER THE ACTUAL PRODUCTI
REGIONS AND IN MANITOBA

Crop Interlake Eastern Central South West North West Manitoba
Wheat -35.07 -49.77 +20,61 +49.,24 -32.45 -2.84
Oats +79.76 +33.75 +118.14 +93.17 -1.57 +66.08
Barley +86.89 -6.28 +119.13 +88. 32 +4.01 +59.78
Flaxseed +33.50 -16.28 +473.94 +161.75 +114.01 +159.49
Rapeseed +167.94 +137.79 +633.04 +377.22 +109.80 +267. 36
Rye 46.04 -83.39 +171.55 +109.13 +61.26 +47,32
Sunflowers 162.07 -70.78 +189.22 +189.19 +188.17 +168.29
Potatoes 16.84 -- +16.75 +16.75 +16.84 +16.76
Sugarbeets -3.52 -~ -3.37 -3.37 -3.40 ~-3.38

"calculated from Table 58 and Table 60.
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Comparative Advantage in Production of
Various Crops in Different Regions

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, 1if a particular region contributes P
percent towards .the total production of a particular crop and if the
land available 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 compérative 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-West regions have a comparative advantage and the Interlake region
a comparative disadvantage. The Eastern and South-West regions have
neither comparative advantage nor comparative disadvantage in their
production.

The Eastern and Central regions have comparative advantage in
the production of oats, while a comparative disadvantage was experienced
in the Interlake and South-West regions.

The Central region has a comparative advantage in the production

flaxseed, while the Interlake, South-West and North-West have a
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TABLE 63

LAND AVAILABLE TO DIFFERENT REGIONS!

Land Available

Region .
Acres Percent of Manitoba

Interlake 1,268,545 11.50
Eastern 941,476 8.54
Central 3,267,835 29.62
South West 3,818,264 34.62
North West 1,733,942 15.72
Manitoba 11,030,062 100.00

1

Calculated from Table 4.
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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 region 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 ddvantage 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-West regions, and
a comparative disadvantage in the Interlake, Eastern and North-West
regions.

Production of sugarbeets has comparative advantage in the Central
region and a compakative disadvantage in the Eastern, North-West and
South-West regions, whife the Interlake regions have neither com-

parative advantage nor disadvantage.

Distribution of Employment Among Regions

The geographical distribution of total employment in solution
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 entitled to

111
two weeks vacation and the General Hoh’daysHz amount to two weeks,

]11See "The Vacation With Pay Act", S.M., 1966, c.70, S.1, Section

5(1).

]]ZSusan Walters, Canadian Almanac and Directory, Copp. Clark Pub-
Publishing, Toronto1977, p. 25.
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TABLE 64

LABOR REQUIREMENT FOR DIFFERENT REGIONS

AND FOR MANITOBA IN SOLUTION ONE

Region Labor Required
(In Man Years)

Percent of Total

H:wmwdmwm
Eastern
Central
South West
Nerth West

Province

674
1,001
3,143
2,719
1,427

2
8,964 °

7.52
11.17
35.06
30.33
15.92

100.00

Ammmma on the model.

2Excluded management.
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r>woxmmochmovmx>omm.moonmmmxmzq nxov% )
IN VARIOUS CROP DISTRICTS FOR SOIL TYPE ONE
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Crop District Wheat Oats Barley Flaxseed Rapeseed Rye Sunflower Potatoes m:@m1cmmﬁm
et T T A e T e

1 1.63 1.66 1.59 1.54 1.48 1.60 1.58 - -- --

2 1.65 1.67 1.60 1.52 1.47 1.60 1.58 14.35 20.72

3 2.03 2.09 2,00 2.01 1.97 2.00 1.58 14.35 | 20.72

4 2,10 . 2.07 2.00 a.ou. 1.97 2.00 1.58 14,35 20.72
.5 2.04 2.04 2.00 2.00 1.96 2.00 1.58 -- --

6 2.40  2.30 2.32 2.12 2.18 2.31 - -- --

7 1.65  1.67 1.61 1.53 1.49 1.63  1:58 14.35 --

8 v 1.65 1.68 1.60 1.56 1.49 1.59 1.58 14.35 .-

9 1.65 1.67 1.60 1.56 1.49 1.61 -- 14.35 20.72
10 1.68 1.74 1.65 1.58 1.52 1.64 -- 14.35 20.72
11 1.78 w.mm 1.79 1.73 1.73 1.75 1.58 14.35 20,72
12 2.40 2.30 2,34 2.1 2.16 2.31 -- 14.35 --

13 1.79 -1.87 1.80 1.75 1.72 1.77 -- -- --

14 2.2 2.8  2.25 2.28 2.14 2.36 - - .




TABLE 66

LABOR REQUIRED PER ACRE FOR DIFFERENT CROPS
IN VARIOUS CROP DISTRICTS FOR SOIL TYPE 2
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Crop o*maﬂanﬁ_A Wheat Oats Barley - - Flaxseed Rapeseed Rye Sunflower  Potatoes Sugarbeets
1 -m...ﬂw-----ﬂ.wm:-----m..m---------.g..m-------jwfwmw---::-ﬁ.m:-:ﬂ.mw.---::---.--
2 1.81 1.84 1.76 1.72 1.64 1.76 ~1.58 , 14.35 20.72
3 2.03 2.09 2.00 2.01 1.97 2.00 1.58 14.35 | 20.72
| 4 2.10 2.07 2.00 1.97 1.97 2.00 1.58 14.35 20.72
5 2.04 2.04 2.00 2.00 1.96 2.00 1.58 -- --
6 1.96  1.94 1.93 1.85 1.77 1.90 -- --
7 1.81 1.84 1.77 1.73 1.65 1.79 1.58 14.35 --
8 1.81 1.85 1.77 1.76 1.65 1.75 1.58 14.35 - |
9 1.82 1.83 1.76 1.77 1.65 1.76 -- 14.35 20.72
10 1.84 1.9 1.82 1.78 1.69 1.80 -- 14.35 20.72
1 1.79 1.77 1.69 1.67 1.52 1.68 1.58 - 14.35 20,72
12 1.95 1.95 1.95 1.85 1.76 1.91 -- 14.35 --
13 1.8t - 1.77 1.74 1.7 1.50 1.72 -- -- --

14 1.96  1.93 1.89 1.92 1.74 1.93 -- -- --
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there are 48 working weeks. These weeks were multiplied with the

standard 40 hours of work per week.”3 Thus 1920 hours per year was

used as one man year. In solution one, total employment of labor for
crop production came to 8,964 laborers. Among regions, the Central
region had total employment of 3,143 or 35.06 percent of the total
employment in the crop sector. The South-West region was the next
in importance with employment of 2,719 or 30.33 percent of total
employment. The North-West region provided oniy half as much employment
as South -West region. The total labor requirement in the Eastern
region came to 1,001 or 11.17 percent of total employment. The Inter-
lake region was the least important in terms of labor provision with
674 laborers or 7.52 percent of the total. The various levels of
employment by regions can be explained in terms of the total acreage
allocated to different 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
this, the percentage contribution of the Interlake area to the
Manitoba crop acreage was lowest.

Actual Tabor 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 optimal
solution one acreage. If actual acreage allocated to crops had been as

much as the optimal acreage, then the actual labor required for

1(1) 3u7pe Employment Standards Act" S.M.; 1957, c¢.20, s.1, Section
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TABLE 67

ACTUAL LABOR REQUIREMENT FOR DIFFERENT
REGIONS AND FOR MANITOBA!
(In Man Years)

Region Labor Required Percent of Total
(In Man Years)

Interlake 756 8.78
Eastern 1,335 15.51
Central | 2,268 26.34
South West 4 2,170 25.21
North West 2,080 24.16
Province 8,609 100.00

Yactual labor requirement was estimated by projecting the farm area
from census reports for 1976 that would lie in three farm sizes (i.e.
under 240 acres, 240 to 759 acres, and over 759 acres). This was
done because the labor needed per acre varied on various sized farms
and due to the availability 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 in 1976. Area of
each crop on each size and soil type in various crop districts was
determined by weighing according to the percent area lying in various
sizes and according to the percent distribution of land in two s0i1
types. Labor needed per acre according to the size and soil type
was determined from Framingham, Craddock and Baker op. cit.



164

crop 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 distribution. This was the result of more concentration of cropped
acreage under the optimal solution one as compared to the actual acreage.
In order to determine the total employment in the agriculture
sector, labor requirements for livestock and poultry were estimated. For
livestock and poultry, employment amounted to 23,335,564 hours or 12,154
man years as shown in Table 68. Thus the total employment of labor
needed for the agriculture sector came to 21,118 laborers with an efficient
organization of crop production. The total amount of employment pro-
jected for the agriculture sector in Manitoba was 42,000 for 1976.1]4
Thus the total labor which would be released from agriculture sector
amounted to 20,882. Qut-migration of labor from the agriculture sector
over time could be partly explained due to the redundancy of labor
as the optimal and actual requirements 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 s@lution one. Like the acreage, Central and South-
West regions contributed more while the other regions shared less of the
total employment in solution two as shown in Table 69, as compared to

solution one.

14
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 Outlook for Manitoba, 1975-77; September 15, 1977, p. 27.




165

TABLE 68

TOTAL LABOR REQUIRED FOR LIVESTOCK
AND POULTRY - :

Kind of Livestock Labor Required Total Upits Labor Required
or Poultry Per Unit in Hrs. in 1976 in Hrs.
Dairy Cow 60.000P 102,076 6,124,560
Beef Cow 15.200° 440,924" 6,702,045
Heifer 5.956¢ 154,000 917,224
Calf 7.637° 387,000 2,955,519
Steer 8.538¢ 172,000 1,468,536
Hog 4.6° 247,500 2,277,000 .
Sheep - 2.02f 19,000 38,380
Poultry ' 1.10 2,593,000 2,852,300
Total 23,335,564

aSource: Manitoba Department of Agriculture, Manitoba Aqriculture
Yearbook, Queen's Printer, Winnipeg, 1976.

bManitoba Department of Agriculture, Farm Data Handbook, Economics
Branch, 1972, III 22.

CThe average amount of labor required for the low and high mechan-
ization, See lbid., IV 23.

d!t was assumed that the labor requirement of Steer was the same as
of long fed yearlings, See Ibid. IV 23.

€This figure is based on number of hogs produced and includes maintenance of

breeding herd. Since it is possible to have two litters in one year, the e

number is multiplied by two to determine the total labor required for hog
production. See: John R. Stephen, Swine Production in Ontario, Conven-
tional Enterprises, Costs, Returns and Management, Farm Economics, Cooper-
?gg;es and Statistics Branch, Ontario, Department of Agriculture and Food,
» p. 30. : '

. foee V.M. Gleddie, Sheep Production Budgets 1970, Alberta Department of
Agriculture, paper presented at the First Annual Sheep Symposium, 0lds,
Alberta, January 16-18, 1969.

9Manitoba Department of Agriculture, Farm Data Handbook, op. cit. VIII 28.

. hTotal number of bulls in Manitoba were divided into two categories on the
basis of number of dairy cows and beef cows. These bull figures were in-
cluded in the respective cow categories. It was assumed that the labor re-
quirement for bulls were the same as for cows. :
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LABOR REQUIREMENT FOR DIFFERENT REGI
AND FOR MANITOBA WITH SOLUTION TWO

TABLE 69

@zm

Region Labor Required Percent of Total
(In Man Years)
Interlake 344 5.98
Eastern 318 5.54
Central 2,224 38.66
South West 2,226 38.69
North West 640 11.13
Province 5,753 100.00

gmwmma on the model.
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Farm Crop Income and Distribution

Total gross crop farm income under the optimal solution one,
actual and normal conditions with the same prices is given in Table 70. Value
of optimal crop production totalled 1,170 million dollars, where as it
came to 857 million dollars under actual production conditions and 768

15 In other words, total crop

million dollars under normal production.
production value was higher by 36.52 percent and 52.31 percent as compared
with the actual and normal conditions. Since the prices used for different
crops in finding the value were the.same under all conditions, the per-
centage by which the optimal production value of each crop would be higher
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 is shown in Table 71 and the percentage
contribution of different regions towards the total value of production
in Manitoba is depicted in Table 72. Comparison of these figures with
the percentage figures for land used given in Table 73, indicates that
the percentage contribution towards the total value of crops produced is
slightly greater for Central and South-West regions and slightly lower
for other regions as compared to the percentage share of land used in
these regions.

The total value of crop production decreased by 77.74 percent
under solution two as compared to solution one for the province. The
total value of production was lower by 73.09 percent for wheat, 82.37

percent for oats, 77.17 percent for barley, 93.93 percent for flaxseed,

]]SSee Table 71.
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VALUE OF OPTIMAL SOLUTION ONE,
ACTUAL AND NORMAL PRODUCTION]
OF VARIOUS CROPS IN MANITOBA

168

Optimal Production

Actual Production

Normal Production

Crop Value Value Value
S mmmmmmem————ooo o Dollars-~-—-=-==c-mm—m=m—=mmmmmm =

Wheat 497,583,872 512,146,400 330,376,700
Oats 143,076,208 85,924,810 76,628,970
Barley 224,506,544 140,254,300 181,997,200
Flaxseed 146,995,040 56,627,370 67,025,680
Rapeseed 102,228,096 27,811,630 67,497,900
Rye 8,868,348 6,025,484 6,110,059
Sunflower 13,397,850 3,153,985 8,635,302
Potatoes 19,026,768 13,148,630 18,077,040
Sugarbeets 13,867,397 12,301,590 11,538,870

Total 1,169,550,210 857,392,800 767,836,500

1., . .
The same prices were used for calculating the actual and normal

production values, as were usad in determining the production values in

solution one.
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TABLE 71

VALUE OF OPTIMAL CROP PRODUCTION
IN VARIOUS REGIONS AN
IN SOLUTION ONE

ﬂ IN MANITOBA

Crop Interlake Eastern Central South West North West Province
P ittt R V1o B I I Y A T e repepeprey=peppepepepere ey S S E
Wheat 27,121,984 43,834,544 162,829,008 176,480,816 88,040,752 497,583,872
Oats 12,090,865 17,285,648 47,501,152 45,277,312 20,890,384 143,076,208
Barley 17,821,904 18,903,200 _ww,umm.dmb 75,616,032 38,501,920 224,506,544
Flaxseed 8,169,134 11,499,681 63,544,544 48,106,928 15,889,143 146,995,040
Rapeseed 5,155,992 15,855,908 30,988,944 33,598,592 16,760,553 102,228,096
Rye pm_.mOA. 326,149 3,108,843 3,407,665 1,541,626 -. 8,868,348
Sunflower 642,798 *dm,umu m.mwm.pmm 6,728,967 388,032 13,397,850
Potatoes 1,216,136 -- 8,237,378 8,946,752 675,783 19,026,768
Sugarbeets 1,600,105 -- 8,668,090 3,374,372 243,304 13,867,397
Total 74,310,532 107,814,892 404,228,679 401,537,497 182,931,528 1,169,550,210

dmmmma on the model.
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TABLE 72

PERCENT CONTRIBUTION OF DIFFERENT REGIONS ]
TOWARDS THE TOTAL VALUE OF PRODUCTION IN SOLUTION ONE

Region Percent Contribution
Interlake 6.35
Eastern : 9.22
Central . 34.56
South West 34.33
North West 15.64
Total . ©100.00

~mmmm.q.o: the model.
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TABLE 73
LAND USED IN VARIOUS REGIONS!

mm@mmu.u Acres Land Tsed Percent of Manitoba
Interlake 613,620 6.69
Eastern 936,140 10.21
Central | 3,073,730 . 33.51 -
South West 3,034,321 33.08

North West 1,514,974  16.51
Manitoba 9,172,781 . 100

1

Based on w:m model.
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83.34 percent for rapeseed, 89.83 percent for rye, 36.84 percent for
sunflowers, 54.51 percent for potatoes and 49.92 percent for sugarbeets
in solution two than in solution one. Lower value of production of each

crop was the result of lower prices and less acres allocated to most of

the crops in solution two. A1l the regions also experienced a decrease
in the total Ja]ue of crops produced in solution two as compared to
solution one. For example, total value of crops produced was lower by
82.21 percent in Interlake area, 90.21 percent in the Eastern region,
76.40 percent in the Central 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 régions observed the least decrease in the total
value of crops as compéred 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 in Appendix C Table 51.

The value of net income in the analysis for 1976 in solution one

came to $689 million, whereas net income from crop production amounted

to $459 million under the actual conditions. In other words optimal

Tevel of net income in solution one was higher by 50.29 percent than the R
actual net income. The total number of farms in Manitoba was 32,106”6 T

in 1976. With that number of farms, average size of farm was 402 improved
acres and average net income per farm came to $14,288.52. Under optimum

solution one. conditions with farms of 760 improved acres, total number of

farms came to 16,981 and average net incomer per farm amounted to $40,621.11.

6 .
Manitoba 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 only 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 sfze 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 in 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 substantially increase the net earnings of the farmers

if the farms were of economically efficient size and used the techniques
employed by 760 ‘and larger average farms in 1976. Although the aggregate
income would increase substantially, but it 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 contfibution to net income
in optimal solution one. Individually, both of these regions contributed
more than one-third of the total net income. The North-West region was

next in importance followed by Eastern region. The Interlake region
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TABLE 74

CONTRIBUTION OF DIFFERENT REGIONS
TOWARDS THE TOTAL NET INCOME IN SOLUTION ONE!

Region Net Income in $ Percent of Total
Interiake 42,228,690 6.12
Eastern 57,009,448 8.27
Central 237,656,640 34.47
South Hest 245,051,690 35.54
North West 107,501,973 15.60

Total 100.00

689,448,461

1

Based on the model.
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shared only 6.12 percent of the total net income. This indicates that
the contribution of different regions is more or less in the same
proportion, as the total value of crop production shared among regions.
In comparison with the actual percentage distribution of net income among
regions as shown in Table 75, the Central and South-West regions cont-
ributed substantially more, while the other regions contributed propor-
tionately less of the total net income in optimal solution one as com-
pared with the actual net income. |

The value of objective function in solution two was minus
62,329,818 dollars indicating the loss to the agriculture sector
that would result if 1971 prices were used, even if the industry was
organized efficiently. This was because of negative net income

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 INCOME!

Region Net Igcome in Percent of Total
Interlake , 34,400,180 7.50
Eastern 70,104,820 15.28
Central \ 112,350,300 24.49
South West 124,169,600 27.07
North West | 117,722,460 25.66
Total 458,757,360 100.00

IMethod of calculating the gross income is already discussed under
Table 50. Actual cost of production of different crops was estimated
by projecting the farm area from census reports for 1976 that would
1ie in three farm sizes (i.e. under 240 acre, 240 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
availability of cost data for these three sizes. Area of each crop
on each size and soil type in 1976 in various crop districts was
determined by weighing according to the percent area lying in various
sizes and according to the percent distribution of land in two soil
types. Cost per acre of different components with the exception of
fertilizer and pesticides was determined as discussed in Chapter IV.
For fertilizer and pesticide, cost per acre was taken from Framingham,
Craddock and Baker op. cit. and then adjustment was done by their
price indexes and by taking the increase in fertilizer sale and
increase in cropped area treated.



CHAPTER VI

SUMMARY OF RESULTS AND CONCLUSIONS

As was mentioned in previous chapter, the second solution was
obtained to see the workability and results 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 followed 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 results of solution one obtained by applying the
model to the data were compare with the actual and/or normal situations
wherever possible. The results were discussed for the five agricultur-
al regions and for Manitoba. For the province as a whole, 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 in 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 higher than the actual acreage. Area
occupied by oats, barley and rye was higher from 31.11 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 regional level, the Central and South-West regions took
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the lead in the cropped acreage increase, where the total area occupied

by crops was higher by 65.52 percent and 53.78 percent respectively 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 Interlake area total optimal acreage was more or less the same

as the actual acreage. A decrease in cropped area was experienced in

the Eastern and North-West regions, where the solution one acreage was
lower by about 23 perceht 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 equally
distributed among regions. The Central and South-West 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 total optimal acreage, whereas they occupied 24.41 percent
and 25.94 percent of the actual acreage. The North-West, Eastern and
Interlake 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 regions.

A comparison of the optimal solution one cropping pattern with
the actual one indicated a significant difference. The percentage area
occupied by wheat decreased considerably, while the relative 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 solution
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 were lower than the actual levels. Low production of these crops
was caused by the lessor number of acres allocated in the optimal sized farms
solution. Higher levels of production of other crops as explained in
Chapter V was caused by two factors:

1. more acres allocated to crops under the optimal solution, and

2. higher yield per acre of different crops in the model as
compared to actual yield.

Considering the distribution of optimal production of crops among
regions in solution one it was observed that the Central and South4{est
regions were making maximum contribution towards the total production of
each crop. Collectively, both regions shared 60.03 percent to 91.48
percent of the total production of different crops. The Northdlest
region contributed 1.75 percent to 17.72 percent of the total production
of various crops. The Eastern 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-
West regions was the result of higher net income per acre associated with
most of the crops in these régions. The percentage distribution of
optimal and normal production of wheat, oats, barley, potatoes and sugar-
beets among regions was more or less the same, while the optimal pro-
duction of other crops was more concentrated in some regions and less
concentrated in others. The percentage distribution of all crops with

the exception of sunflowers, potatoes and sugarbeets was heavily



180

concentrated in the Central and South-West regions in the optimal

solution as compared with 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 total labor require-
ment was also determined. Our model estimated total crop employment of
8,964 man years. The total employment was distributed among regions 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 actual labor employment was moré or less the same as under
optimal ;o]ution one. The actual labor requirement would have been
higher by 16 percent than the optimal solution one employment if the
actual cropped acreage had been the same as optimal cropped acreage.
However, both the optimal solution one and actual employment were
substantially lower than the projected employment by the Manitoba
Department of Industry and Commerce.”7 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 employment as compared to the actual distribution where they
~shared 26.34 percent and 25.21 percent, respectively. The North-West,

Eastern and Interlake regions contributed less towards total optimal

117 -
Manitoba Department of Industry and Commerce op. cit., p. 27.
Also see Footnote 114.
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TABLE 76 .

g COMPARATIVE ADVANTAGE AND DISADVANTAGE
IN THE PRODUCTION OF DIFFERENT
CROPS IN VARIOUS REGIONS

Region Comparative - Comparative
Advantage Disadvantage
Interlake Wheat, oats, barley,

flax, rapeseed, rye,
sunflower, potatoes

Eastern Oats, rapeseed rye, sunflower, potatoes,
- : sugarbeets

Central Wheat, oats, barley,
flax, rye, sunflower,
potatoes, sugarbeets

South West rye, sunflower, oats, flax, sugarbeets
potatoes

North West ' wheat, barley, rye flax, sunflower, potatoes,
sugarbeets _
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employment as compared to their contribution in the actual employment.
Optimal organization in solution one resulted in a total crop
income of 1,170 million dollars which was higher by 36.52 percent and
52.31 percent as compared to the actual and normal income. The Central il
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 million

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 fn the same
proportion as the total value of crop production among regions. With
"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 regions 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-
West, Eastern and Interlake regions contributed less towards the total
optimal 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 ret income per acre and lesser acreage in other regions.
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Conclusions

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 total cropped area and on the cropping pattern. The study indicated
that the total cropped area was higher by 21 percent as compared to the
actual area. Our model also showed a change in the cropping pattern,

j.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 Tead to not only an increase in the
cropped area but would also substantially change the pattern of land use
in Manitoba.

The increase in cropped area in the Central and  South-West regions
was so strong that it not only compensated for the decrease in area in
Eastern and North-West regions, but also resul ted in_increasing total
cropped area in Manitoba. From this it can be concluded that an optimal
organization of the agriculture industry in Manitoba would require
certain interregional adjustments in land use. The Central and South¥yest
regions wbu]d become more important in terms of their contribution to
total cropped area, while the share of the Eastern and North-Wast regions
would decline. _

Our results. indicated that production of almost all the crops
would increase with optimal organization. However this increase over
the actual and normal production would not be proportionately the same
for all crops. Production of certain crops would increase substantially

more than other crops. This brings us to the conclusion that an
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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. Corresponding]y,‘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

Manitoba 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 decline with efficient
)organization of agriculture because of the relative increase in the
Central and South-West regions.

The optimal employment was more or less the same as the actual
one. However, Central and South-West regions contributed considerably
more towards total emp1qyment with optimal organization than with the
actual one. This leads to the conclusion that Central and South-West

regions would become more important in terms of their contribution to

total employment, while the share of other regions would decline.
The results also indicated that the optimal organizaticn of crop
production along with the estimated requirement of livestock and poultry

labor would need 21,118 man years which is much lower than the projected

1
labor employment of 42,000 by the Department of Industry and Commerce. 18

This suggest that an efficient organization of agriculture would lead

to the reduction of total amount of labor employment in crop production.

18
See Footnote 114,
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Finally the results show that net income from crop production
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 industry using the best
techniques of production would increase the net income of the farmers
- considerably.

The results also indicated that the contribution of Central
and South-West regions towards the total net income was higher with the
optimal organization 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.

Policy Implications

The cropping and production patterns specified for agriculture in
solution one were optimal only under the conditions specified in the model .
The study was concerned only with the economic analysis 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 techniques of production known in

1976. Profit per farm increased substantially because of reduced farm

numbers and due to the efficient methods of production.
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Given the objectives of Manitoba agriculture as specified in
Chapter One, and the increased net income resulting from efficient
organization of agriculture on the optimum sized farms, a basic question
is, whether policies should be framed to convert the small farms into
optimum units? Some will argue that an increase in net income from
crop production is the only legitimate goal in measuring the benefits
that will flow from an efficient organization of agriculture practised
on the optimum sized farms. This group favors policies which would
increase the total income from the agriculture sector. Others will
argue the goal of maximization of positive utility of rural 1ife on the
family farms. They also advocate that the amalgamation of family farms
into optimum sized farms leads to very high social cost and destroys
the human values associated with them. This grdup favors farm policies
which would increase the viability of small 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 in direct conflict with
each other. Neitherof the objectives can have dominance over the other
because the society'spreference funciton is not linear and after achieve-
ment of one particular goal its further attainment involves diminishing
utility relative to other goal. Expression of quantification of society'
preference function‘bis difficult especially with regard to an increase
in income resulting from efficient use of resources in agriculture on the
optimum sized farms and the existence of small family farms. Thus the
decision about the extent to which the efficiency in use of resources in

agriculture can be traded with the extent of existence of small family farms
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can be left ot politicians. Assuming that the Manitobans decide on an
efficient use of resources in agriculture industry which could be prac-
tised on the optimum sized farms, then one could suggest the following-

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 policies which are conducive towards
the viability of small farms would result in greater inefficiency in the
agriculture sector. If there are no programs which support small farms
and the economic forces in agriculture are allowed to work with Tittle
government interference, the farm numbers would decline rapidly and
there would be an adjustment towardss the optimum farm size. Changes in
government policies which favour the maintenance of small 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. Small farmers which may not be able to justify 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 realize economies of size and lower cost per unit
of output and be able to compete with the large optimum sized farms.
Reduced labor demand resulting from co-operative farming could be used for
livestock operations or for some other industry. The government could
provide necessary technical information and credit facilities to farmers

who are interested in co-operative farming.
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3. In case the government is concerned wfth the efficiency
goal along with maintaining the family farms of optimum size, then the
government should attempt to fashion two or more small undersized and
inadequate family units into one large and more efficient unit, as land
becahe available (rather than to add a small unit to an already large one).
Institutions like Manitoba Agricultural Credit Corporation should be
strengthened. A typical arrangement will be that as land comes into the
market when the operator dies, retires or migrates, 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 fashion a larger and more
efficient unit through special credit arrangements. This will make a
non-optimum sized farm into an optimum 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 sell land
below the market price and extend credit for a long term at a low interest
rate, it can increase the demand by small farmers for land which would
result in farm enlargement. The speed and effectiveness of this policy
and its cost depends on the amount of public funds and assistance 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 accelerate
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. This points out the adjustments 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 efficiently, 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 information about the profitability of crops
and better techniques of production be provided to farmers through
agricultural extension service.
| 6. Optimal organization of agriculture industry would result in

(a) increasing the production of all crops in all regions, and

(b) increasing the concentration of acreage and production in
the Central and South-West regions as compared to other
regions.

This provides us the information about the adjustment that should
be made by agriculture if the 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 different regions necessitates adjustments in
the business serving agriculture.

7. The results indicated that the total cropped area would increase
substantially in South-West and Central regions, while it would decline in
the Eastern and North-West 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 regions would

require the formulation of certain land diversion programs. This would
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provincial industry strategy may wish to emphasize 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 thrbugh
industrialization could prevent the economic and social problems

from falling particularly heavily on Winnipeg.

10. Due to seasonal nature of employment in crop production,
total 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
health facilities be provided in the Central and South West regions by

the government.

Limitations and Suggestions for Further Research

Our model can be used in a number of situations. Its ability
to determine the efficient organization could also be improved in 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 ignored some of
the crops like tame hay, mixed grains, etc. Similarly, 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 in future studies. Inclusion of these activities would give
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precise information about the optimal organization of agriculture in
Manitoba.

The model can also be used with variable demand restraints. Using

various levels of demand restraints, one can determine the optimal solution.

This can provide us the answer to what should be the optimal organization
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 prairie provinces could
suggest how the use of resources should be shifted if the agriculture
industry is primarily concerned with the maximization of its profits.

In this study complete certainty about the yields of crops was
assumed. This was necessary because of small numbers of observations
about the yields of crops at the recommended levels of fertilizer over
time. Since the yields are greatly influenced by weather conditions,
it is necessary to incorporate the risk associated with weather, while
determining the efficient organization. This would be possible in the
next few years, when more yield data with recommended levels of fertilizers
under various weather conditons become available.

Efficient organizations with linear programming partial equilib-
rium model were determined under two price levels. Use of other prices
could indicate the changes in optimal organization which would result
from different levels of prices.

The optimum farm size determined by using the survivor approach,

was 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 Tater because of
changes in technology, changes in resource availabilities 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 orgaﬁization

of agriculture 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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1
MARGINAL ANALYSIS 19

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 in its implicit form

as

Flyy» Yp o o v - Ypd Xys Xg oo+ o X ) =0 (1)

WHERE yj;; 0 (j=1,2,3...n) and

xi;;,o (i=1,2 .. .m |
WHERE yj denotes the quantity of jth product produced and

X3 the quantity of ith input used.
The gross revenue can be given as
R = <& P.Y: (2)
3 Py
J=1
WHERE pj is the price per unit of commodity J.

The total cost can be given as

HgSee: (1) Ralph W. Pfouts; "The Theory of Costs and Production in
the Multiproduct Firm". Econometrica, Vol. 29, No. 4, October 1961, pp.
650-658. '

(2) Thomas H. Naylor; "A Kuhn-Tucker Model of the Multi-
product Multifactor Firm". Southern Economic Journal, Vol. 31, No. 4,
April 1965, pp. 324-330. '

(3) Thomas H. Naylor; "The Theory of the Firm. A Compar-
ison of Marginal Analysis and Linear Programming". Southern Economic
Journal, Vol. 32, No. 3, January 1966, pp. 263-274.

(4) Thomas H. Naylor and John M. Vernon; Microeconomics and
‘Decision Models of the Firm. New York, Harcourt, Brace & World In, 1969,
pp. 146-205.

(5) Ching-Won Kwong and Yuan-Li-Wa; Mathematical Programming
and Economic Analysis of the Firm. Seranton, Intext Educational Publishers,
© 1971, pp. 345-77. '
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m
C =5 vix; + b
3

‘I .
WHERE vi .is the price of i-th input and b is the fixed cost.

-Profit can be defined as

MT=R-¢C

The Lagrangian method can be used to find the sets of yj and X;
which maximize profit subject to the given production function. To do

so form the function
n

L =§§% PY; - EE%' ViXy - b+ A F(y], Yo « o o Y3 Xps Xy o xm)

3

(3)

WHERE L is a function of all inputs and output regarded as independent

variables and A 1is a Lagrangian multiplier.

Using a single subscript of L, F, R and C to denote partial
differentiation, the necessary conditions for profit maximization (i.e.

n+m=K+ 1 partial derivatives) are given by the following.

i = 1 s = j = s o 4
Ly=R;+AFy=0 (3=1.2, n) ()
Ly=-C;+AF, =0 (i=1,2...m (5)
LA = F(y]: _Y2 o« » e ,Yn; X'ls X2. . . Xm) =0 (6)

Taking any two equations (e.g. a and b) from among the n equations

of (4) and solving for £ , we get
A =.38

Fa

=

>N

I

|} .
c:qc;
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equating these two expressions we get

.F_{.é. :f_a_ -= _-Byb

R ___._.
b b 2Y,

This equation states that when optimum quantities of a and b are being

A7)

produced the ratio of their marginal revenues must be equal to the
physical rate of substitution between the two products.

If we select two equations from (5), among the. m equations, we

get
C
A = ?9- and
a
L=
b

Equating these two expressions we get

__Ea._ = Eg- = _B xb . .‘-‘(8)
Cb Fb 3 Xa ) '

This equation states that when optimum quantities of a and b are
used in production, the ratio of their marginal costs must be equal to

their rate of technical substitution.

Finally if we select one equation from the n equations in (4) and
one equation from the m equations in (5) we get
.. 2 Yy
a” Ry 7;32;——~—— | " (9)
which states that optimum quantity of factor a requires that the marginal
factor cost of factor a to be equal to the marginal revenue product of b

with respect to a.
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Deriving the Tevel of input and output by solving the first order
conditions does not guarantee that the profit of the firm would be
maximum. The same first order conditions will also satisfy a local
minimum or a stationary value. The second order conditions for profit

maximization requires that the bordered Hessian determinant alternate

in sign:
/\F” AF]Z AF]K Fi
A A
F11 Fi2 AFo Afyy  AFpe  Fy
O ]
21 22 2 >0
F F 0 '
1 2 AF AF AF E
K1 K2 kk K (10)
F F, F 0

The most compact statement of the complete conditions for an optimal

production schedule has been given by Hicks:

"If the prices of all products and all factors are given to the
enterprise, the quantities of factors it will employ, and products
it will produce, will be given by the condition that surplus is
maximum. This implies that it cannot be increased by any type of
variation. We shall thus have the following conditions 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
marginal rate of substitution.

(b) The price ratio between any two products must equal the
marginal rate of substitution between the two products.

(c) The price ratio between any factor and any product must
equal the marginal rate of transformation between the
factor and the product.
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2. Next there are the stability conditions. For the transfor-
mation of a factor into a product we shall have the con-
dition of diminishing marginal rate of transformation or
diminishing marginal product. For the substitution of one
product for another we shall have a condition 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 on? gactor for another
diminishing marginal rate of substitution.” 2

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

possible.

120

J.R. Hicks, Value and Capital, Oxford University Press,
1941,pp. 86-87. : Y
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OPTIMALITY CONDITIONS OF LINEAR PROGRAMMING]Z]

Our problem which is concerned with the maximization of income of
farmers from the limited resources can be formulated in terms of Tinear
programming. Like the marginal analysis, consider the situation where
a firm employs m variable factors and r fixed factors in the production

of n independent activities. Then the firm's profit function can be

given as
n m n
1 - 5 - Xio = 222 M. F (1)
PaYs a. . . .
ST B S I
WHERE
M = Profit
p; = The price of jth activity (§=1, 2, . . . . n)
yj = The level of the jth activity (j=1, 2, . . . n)
1

21 -

(1) Robert Dorfman "Mathematical or 'Linear' programming. A non-
mathematical exposition". The American Economic Review, Vol. 43, No. 5,
Part 1; Dec. 1953, p. 797-825.

(2) Robert Dorfman; Application of Linear Programming to the
Theory of Firm. A publication of the Bureau of Business and Economic
Research, University of California, Published by University of California
Press, Berkley and Los Angelos, 1951.

(3) Kenneth E. Boulding and Allen W. Spivey; Linear Programming
and Theory of Firms. The Macmillan Company, New York, 1961.

(4) William J. Baumel; Economic Theory and Operations Analysis
Parentice-Hall, Inc., Englewood Cliffs, New Jersey, 1972.

(5) William J. Banmel; "Activity Analysis in One Lesson". The
American Economic Review, Vol. 43, No. 5, Dec. 1958, p. 837-873.

(6) Thomas H. Naylor; "The Theory of Firm. A Comparison of
Marginal Analysis and Linear Programming". The Southern Economic Journal
Vol. 32, No. 3, January 1966, p. 263-274.

(7) James M. Henderson and Richard E. Quandt; Micro-Economic

Theory: A Mathematical Approach. McGraw-Hi11Book Company Inc., New York.
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a; = The price of the ith variable input (i=1, 2, . . . m)
Xij = Quantity of the ith variable input used by the jth activity
(i=1.2 . . . m; j=1.2 . . . n)
Mvj = The cost of transfering one unit of vth fixed f?{ use in
jth activity (v=1, 2, . . . r; j=1, 2, . . . n)ie2
F . = The quantity of vth fixed factor used in jth activity

Vi o(v=1, 2, .+ v .rs 351, 24 . . . n)

Since an activity requires factors in certain proportion so the

following constraints are imposed.

X'ij = aij _yj ('l=]g 2, N (] J=]s 2: . e e n) (2)

Fys = bys ¥; (v=1, 2, . . . r;j=1,2, .. .n) (3.)

bvj is the quantity of the vth fixed factor used by one
unit of jth activity
The activity levels are also constrained by the avai]abi]itj of
fixed resources, i.e.
n .
szl Fuy £F, (v=1, 2, . . . 1) (a)
The Kuhn-Tucker Theorum could be used to describe the optimality
conditions of functions constrained by equalities and inequalities.
In order to apply the theorum, it is necessary that the objective
function and constraints are concave. Since the objectfve function (} )
and constraints (2, 3) are linear, the concavity requirements are ful-

filled. The restraints in (4) are linear and may be considered as

22"Pfouts has suggested that, “"transferring units of fixed factors
from the production of one product to that of another ordinarily entails
a cost". This type of cost does not fall either the category of variable
costs or fixed costs, for "these costs do not change continuously with
the output of a particular product, but they do not change as the product
mix of the firm is changed." Pfouts, op. cit., pp. 652-653.
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both convex and concave. Hence the concavity requirements of the theorum
are -satisfied. The Lagrangian function of the firm's profit maximization

can be given as

n m n r n r n
L=d__psy: -2 2_ag X -3 XZ_ M F o+ 3 L(F -2 F)
EZHRE S =5 NS R A= N T B B M o B
bl sl ) 43 5 6 ) (2)
+ u X - .. Y.) F ~-b .y 2
=1 g=1 9 T RN i W W

Following are the Kuhn-Tucker necessary and sufficient conditions for

constrained maximum at yg, X¥

L F*., % ., uk. and g% ..
T30 FVg» Kj» Ui and 67%y;

%
m
2L P. - 3_ u..a..-zio;.b.(o

7 RS B
J
or E?f ii P
. .. + b . =1, s
PR v a5t 2 G5 by (3=1, 2 n) (3)
2L
=-a; + y..¢0
] Xij i ij
or ' . .
-a; £- U 5 (i=1, 2, . . . m; j=1, 2 . . .n)
(4)
o,
sro T Mg A 40
vl
or .
vi- Ay (vl 2 r; §=1, 2 n) (s)
m r & '(
- - - b L) y*+ (- ) xx ML -
(PJ ?Ea‘JiJ 43 55% 6;Jbv3) Y] ( a; t “13) X]J + vj ”VJ 3)
Fes = 0 (6)
y¥p 0 (i=1, 2 n) (7)
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x;j >0 (i=1, 2. . .m; j=1,2 .. .n) (11)
Fes 2 0 (v=1, 2 . . . r; =1, 2. . .n) (12)
2L n
5 F, - Z F .20
Ay Voo vl
or n
F,» Jg] Fuj (=1, 2. ..n) (13)
L
Sar, Tt i Yi52 0
J
or
Xij > 35313 (i=1, 2. . .m; j=1,2 .. .n) (14)
2L
o8 Fvj ~ by Y520
or
ij'Z’bvjyj (v=1, 2 . . . r; j=1, 2 . .. n). (15)
n
- £ * C.o= A.. VL) X + - * =
(Fv jéa FVJ) * (X1J alJ YJ)”‘ 1] (FVJ b~\,j yJ) vj 0
or r - o
* = Y
LSS S Fi s (16)
v=1 j=1
Zﬁ/ 0 (=1, 2 . . . n) (17)
/Jij)/o (i=1, 2 .. .m; j=1,2 .. .n) (18)
5vj70 (v=1, 2 . . . r; j=1,2 .. .n) (19)

In equation (5) Ap, uij and é%jare the Lagrangian multipliers.
These are the prices imputed to factors of production. 1i.e. the prices

the firm would be willing to pay for the marginal unit of a particular
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factorf The marginal value imputed to the i-th variable input used in
the j-th activity is shown by uij‘ The marginal value imputed to the

v-th fixed factor is denoted by ﬁ/‘ The marginal value imputed to the

g123

v-th fixed factor used in the j-th activity is denoted by A

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 j-th activity is Tess than the imputed costs of
fixed and variable factors used per unit then that activity will 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 will 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
activity would be at the optimum level. Equation (6) corresponds to the
marginal analysis in which optimality requires that marginal revenue be
equated with marginal cost. If one could associate products with diff-
erent activities, then one could find the rate of product transformation
and marginal rate of substitution 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 marginal 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

23 )
Naylor, op. cit., p. 270.
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in j-th activity, the factor will not be utiiized by the j-th activity.
If the price of the i-th factor is less than the marginal value imputed
to thei-th variable factor used in j-th activity, then the level of usage
of factor i in activity j should be increased. Variable factor i will be
used at an optimum level in the j-th activity when the price of the i-th
factor would be equal to the marginal value imputed to the i-th variable
factor. This condition corresponds to marginal analysis which requires
that the use of variable input should be increased to the point where
value of the MP is equal to the price of the factor.

Condition (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 fixed factor for use in j-th activity should be less than
or equal to the margina] 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 equality holds, then the fixed factor is
being used at an optimum level with regards to the j-th activity. If
excess capqcity exists in the v-th fixed factor, then Svj - ij = 0124

Equation (9) simply states that fhe firms profit after paying the
jmputed cost of factors must be zero.

Equations (10), (11) and (12) state that these terms cannot be
negative. According to conditin (13) the total usage of v-th fixed
factor cannot exceed the amount available. The equalities will hold
for (14) and (15), since we defined them accordingly. Equation (16)

states that the value imputed to the scarce resources available must

be equal to total value of scarce resources used in the activities.

]24Ibid.
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Equations (17), (18) and (19) state that the multipliers are nonnegative.



APPENDIX C
DATA AND SOME RESULTS




TABLE 1

Crop and Summerfallow Areas
In Different Crop Districts of Manitoba Over Time
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19612 1966° 1971¢

Crop Crop Summer- Crop Summer- Crop Summer-
District Area fallow Area fallow Area fallow
e T T S PR EE R R L

1 645,103 343,703 748,327 259,225 756,165 261,285
2 714,230 318,188 800,720 249,292 846,634 233,715
3 1,470,831 422,949 1,676,852 271,018 1,718,073 241,056
4 264,740 89,730 295,176 66,440 303,166 66,150
5 897,832 235,816 913,245 218,474 957,833 174,183
6 145,638 27,686 136,289 35,611 144,736 26,830
7 502,072 282,683 585,679 229,574 596,071 242,537
8 571,874 237,196 642,494 194,040 676,394 168,172
9 463,408 225,769 518,086 198,308 543,669 195,374
10 642,433 442,956 761,250 389,721 787,360 442,927
11 542,407 280,971 621,652 245,451 669,620 259,833
12 296,626 75,727 343,518 78,216 419,612 84,910
13 289,416 132,198 345,071 120,438 355,094 140,134
14 242,118 114,523 305,323 113,022 348,047 118,091

7,688,728 3,230,095 8,693,682 2,668,830 9,122,474 2,665,197

Source, qnominion Bureau of Statistics, Census of Canada, Agriculture, Manitoba, Cat. No. 96-537,
Queen's Printer, Ottawa, 1963.

cooa*:*oz Bureau of Statistics, Census of Canada, Agriculture, Manitoba, Cat. No. 96-608,

Queen's Printer, owwmzm. 1968.

Cstatistics Canada, Census of Canada, Agriculture, Manitoba, Cat. No. 96-708, Queen's
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TABLE 2

Production of Different Crops
in Manitoba Over Time

Year Wheat Rye Rapeseed
------------ ---Thousand bushels----------------
1960 66,000 1,660 477
1961 . 34,000 886 360
1962 80,000 3,000 580
1963 61,000 2,128 760
1964 85,000 2,766 1,470 s
1965 79,000 2,992 2,407
1966 79,000 2,400 2,150
1967 90,000 ' 2,667 2,300
1968 91,000 2,500 1,900
1969 64,000 3,358 3,500
1970 30,500 4,177 7,200
1971 74,000 3,280 12,000
1972 69,000 1,830 8,500
1973 80,000 2,145 7,700
1974 59,000 2,200 8,500

Source, Department of Agriculture, Yearbook of Manitoba Agriculture,
Queen's Printer, Winnipeg, 1960-74.
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TABLE 3
Acres Allocated to Sugarbeets, Sunflowers and Potatoes
. in Specific Crop Districts in 1976
Crop District Sugarbeet Sunflower Potatoes
---------------------- aCres--==—==--===-==-----
1 -- 2,955 --
2 22,858 20,187 13,941
3 4,373 1,154 301
4 3,802 2,181 2,091
5 -- 3,984 --
6 - — -
7 -~ 9,823 5,601
8 -- 7,969 9,697
9 645 -- 682
10 958 -- 1,187
11 300 349 891
12 - .- 113
13 -- 989 -~

—
E~3
|
1
1
]
i
i

Source, Statistics Canada, Census of Agriculture 1976.
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Use of Wheat, Oats and Barley as Feed in Canada

Year Wheat Oats Barley
—————————————————— bushels------=necucuon
1960 62,293,272 349,160,228 138,023,756
1961 44,149,625 289,373,696 101,289,500
1962 44,203,777 370,184,798 92,826,824
1963 53,769,269 369,651,689 121,300,173
1964 46,878,730 352,989,816 134,360,316
1965 50,166,395 360,554,774 142,893,820
1966 52,789,047 361,980,456 177,486,047
1967 53,687,000 305,908,000 180,143,000
1968 64,197,000 282,639,000 199,449,000
1969 84,803,000 307,312,000 240,562,000
1970 79,203,000 340,412,000 247,999,000
1971 81,181,000 338,918,000 298,096,000
1972 75,721,000 309,399,000 297,211,000
1973 70,479,000 315,383,000 288,260,000
1974 62,440,000 239,301,000 244,283,000

L e

Source; Statistics Canada, Grain Trade of Canada, Cat. No. 22-201,

1966-75.




TABLE &

: > ‘ Livestock and Poultry in Canada
S (in *000)
Year  Bulls  Milk Cows  Beef Cows owMWW1d*=u zmwMMMm Steers Calves Hogs Sheep & Lambs Horses Hens & Pullets®

19608 255.0 2,964.8 2,158.8 735.6 793.9 1,237.5 3,191.4 5,070 1,607 552

: 19612 257.5 2,986.8 2,341.0 749.7 856.7 1,397.5 3,344.6 5,33 1,548 51 7,668.5

. 1962%  253.2 2,938.5 2,437.0 126.4 868.1 1,455.1 3,388.7 4,981 1,449 478 6,744.0

W 19632 258.1 2,873.0 2,579.3 7271 954.5 1,483.2 3,489.8 5,21 1,346 457 6,653.0

‘ 1964 263.0 2,845.0 2,830.1 706.5 1,079.0 1,675.4 3,595.0 5,667 1,272 431 6,799.0

w 1965%  269.7 2,795.0 3,035.0 665.8 1,102,V 1,723.4 3,668.0 5,147 1,132 403 q.ob~.oa

”A 19662  253.2 2,673.9 2,987.0 615.5 1,027.3 1,751.8 3,570.1 5,401 1,006 386 8,967.9

g 1967%  256.2 2,569.0 2,995.6 594.2 1,104.6 1,715.4 3,462.0 6,070 922 370 8,751.5
1968% 247.3 2,489.0 2,967.0 598.2 1,087.8 1,734.0 3,363.7 5,1 829 360 8,255.6
1969%  2438.2 2,442.0 2,983.0 597.0 1,098.6 1,702.2 3,299.0 5,809 796 359 8,458.0
19702 241.4 2,3859.0 3,176.6 572.4 1,203.9 1,750.5 3,492.2 7,114 796. 358 9,358.0
19712 257.6 2,255.1 3,514.2 560.6 1,295.5 1,720.9 3,666.7 7,624 851 354 $,540.0

: 19728 259.3 2,210.8 3,679.4 524.3 1,419.0 1,762.1 3,801.6 6,995 845 150

m. 19732 270.0 2,152.0 3,940.6 539.8 1,419.5 1,777.8 4,033.8 7,022 833 342

: 1974°  295.0 2,080.0 4,255.5 550.6 1,541.1 . 1,995.6 4,260.7 6,564 783.5

MH 1875%  238.7 2,085.0 4,293.3 514.9 1,179.4 1,449.4 a.méw.w 5,895.0 541,23

; o , -

%Statistics Canada, Handbook of Agricultural Statistics Livestock and Animal Produ
Part VI, Cat. 21-51%, Occastional, 1871-1973, Nov. 1974,

cts,

umnmﬁ*m~*nm Canada, Quarterly Bulletin of Agricultural Statistics, Cat. 21-003,
July-Sept. 1974,

Sstatistics Canada, Quarterly Bulletin Agr, Statistics, Cat. 21-003, Jan.-March 1976

YStatistics Canada Cat. No. 23-202.
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TABLE 6

Livestock Numbers in Crop District 1 Over Time

] MiTk Cows Beef Cows Mtk Beef Hogs Sheep
: Year. Bulls & Heifers & Heifers Heifers Heifers Steers Calves 6 mo. & Under Over Under
2 : Over 2 yrs. Over 2 yrs. 1-2 yrs. 1-2 yrs. ! - ) Older 6 mo. 1 Yr. 1 Yp.
, 1963 1,300 5,400 26,700 800 7,900 9,500 27,200 3,000 12,500 3,500 3,700 .
1964 1,300 5,300 29,700 1,100 8,800 12,200 29,000 5,000 13,000 3,50 3,400
: 1965 1,100 5,300 31,000 1,000 10,500 12,700 31,300 4,500 10,500 3,000 2,700
1966 900 5,00 28,000 1,100 10,500 11,500 23,000 5,500 11,500 2,300 1,700
i 1967 1,400 4,100 30,400 400 8,800 12,500 27,700 4,500 12,000 1,000 1,100
\__m . 1968 1,200 4,300 27,000 400 6,700 10,200 28,500 4,000 9,000 700 600
1969 1,100 3,400 26,000 300 6,000 12,000 . 26,000 6,000 14,000 700 600
1970 1,300 4,000 28,000 400 7,300 12,000 29,000 6,000 19,000 700 600
197 1,200 4,200 33,000 400 7,700 10,000 31,000 6,000 21,000 1,000 1,000
1972 1,600 2,800 31,000 600 9,300 12,500 28,500 4,50 - 21,500 1,000 800
1973 1,600 . 2,700 35,000 600 8,500 12,000 31,000 4,200 20,800 900 700
1974 1,700 2,600 39,000 500 9,800 14,000 34,000 4,500 23,500 700 500
1975 1,700 2,600 39,000 400 10,500 . 16,000 35,000 500 400

. Source, Manitoba Department of Agriculture, Man{toba Agriculture Yearbook,
Winnipeg, Queen's Printer, 1963-75,

|
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TABLE 7

Livestock Numbers in Crop District 2 Over Time

. Mi1k Couws Beef Cows Milk Beef . Hogs Shee

ME s selh MTOESE e e em e g My,

& Older 6 mo, b Yr. 1 Yr.
1563 2,106 11,200 30,300 2,400 10,200 1,700 35,400 10,400 25,600 3,200 3,300
1964 2,300 11,000 35,300 2,600 10,600 13,900 34,000 13,000 37,000 u.aoo 3,100
1965 2,100 10,400 38,000 2,300 10,100 11,600 36,600 15,000 31,000 2,600 2.600
1966 1,900 9,500 33,000 2,400 7,10 12,100 32,500 19,000 36,000 2,400 2,600
1967 1,700 8,000 33,400 1,200 9,500 10,700 33,000 16,000 50,000 1,100 1,200
1968 1,600 7,300 33,000 1,100 8,000 10,200 34,500 15,500 44,500 700 700
1869 1,600 7,000 31,000 800 7,600 12,000 35,000 dm.uoo 48,000 700 800
1970 1,700 m.moo 32,000 700 8,000 12,000 38,000 26,000 79,000 800 £00
1971 1,700 6,000 38,000 800 11,700 12,000 39,000 27.000 88,000 1,000 1,200
1972 1,800 7,000 36,000 1,400 10,500 18,000 30,500 25,000 83,000 1,300 1,000
1973 1,900 6.600 37,000 1,300 11,000 16,000 31,000 29,000 83,000 1,100 500
1974 2,100 6,300 41,000 1,300 12,200 18,500 34,000 29,000 80,000 800 £00
1975 2,300 6,200 41,000 1,500 13,200 19,000 35,000 200 600
Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,

Winnipeg, Queen's Printer, 1963-75.
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TABLE 8

Livestock Numbers in Crop District 3 Over Time

Year Bulls E”%Mﬁ mmmm%mm umwmz .m%wma Steers Calves 6 mo. & fogs Under Over e Under
: T Over 2 yr. Over 2 yr. 1-2 yr. 12 yr, . - Older 6 mo. 1ye. 1 yr.
1963 1,800 18,800 18,900 5,100 5,400 15,000 26,000 21,000 62,000 2,300 3,100
1964 1,800 19,300 20,300 5,100 5,700 15,000 25,000 24,000 71,000 2,400 2,800
1865 2,100 18,700 20,700 4,100 5,600 13,400 24,800 24,500 65,500 1,900 2,000
1966 2,100 16,200 18,100 3,400 4,600 16,000 22,200 27,300 73,700 1,300 1,600
1967 1,400 15,000 18,200 3,300 7,000 11,500 20,000 39,000 103,000 1,600 1,700
1968 1,200 14,500 17,000 3,400 4,700 12,000 20,500 30,000 $0,000 1,500 1,500
1969 1,300 13,600 16,500 3,000 5,900 15,000 18,000 36,000 94,000 1,400 1,300
1970 1,400 13,400 19,000 2,700 8,100 20,000 19,000 43,000 135,000 1,600 1,400
197 1,200 13,400 23,000 2,500 9,000 20,500 21,000 35,000 100,000 2,100 2,100
1972 1,400 13,500 20,500 3,500 7,600 16,000 24,000 45,000 144,000 2,800 1,800
1973 1,500 13,000 21,000 3,500 7,500 12,500 24,000 42,000 145,000 2,800 1,500 .
1874 1,800 13,300 24,000 3,600 7,300 13,500 27,000 28,000 117,000 2,300 1,600
1875 1,800 13,300 24,000 3,700 7,900 14,000 28,000 2,000 1,500

Source; Manitoba Department of Agriculture, Manftoba Agriculture Yearbook,

Winnipeg, Queen's Printer, 1963-75.
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Livestock Numbers in Crop District 4 Over Time

: MiTk Cows Beef Cows MiTk Beef Hogs Sheep

Year Bulls & Heifers & Heifers Heifers * Heifers  Steers Calves 6 mo. Under Over Under

’ Over 2 yr. Over 2 yr. 1-2 yr, 1-2 yr. - ; & Older 6 mo. 1yr. 1yr.
1963 500 8,300 6,000 2,800 3,500 3,400 9,200 11,800 15,600 700 500
1964 600 8,000 7,800 . 3,500 2,000 45,000 10,000 11,000 14,000 500 600
; 1965 700 8,000 7,400 3,400 - 1,400 3,300 10,800 12,000 13,000 300 300
m 1966 900 7,400 8,100 3,400 1,200 4,100 $,000 18,000 11,000 300 300
. 1967 600 8,500 9,500 2,200 3,800 5,700 9,800 8,000 22,000 800 700
1968 500 7,700 , 10,000 1,800 3,600 4,400 9,500 8,000 18,000 300 700
‘ 1969 400 7,400 8,000 1,500 © 4,000 4,400 10,000 10,000 23,000 1,000 800
1970 500 7,800 9,000 1,400 4,000 6,000 11,000 10,000 25,000 1,200 809
1971 600 9,000 11,000 1,200 3,200 5,600 12,000 11,000 26,000 1,200 1,300
1972 500 7,000 . 10,500 2,400 4,200 5,800 9,000 12,000 38,000 1,100 700
1973 §00 7,000 - 12,000 2,400 3,800 5,500 11,000 12,000 39,000 1,000 800
1974 600 6,900 13,000 2,400 4,000 6,500 13,000 10,000 38,000 800 600
: 1975 500 6,200 13,000 2,100 4,300 6,000 .~ 13,000 . 700 500

Source; . Manitoba Department of Agriculture Manitoba Agriculture Yearbook,
Winnipeg, Queen's Printer, 1963-75, :
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TABLE 10

Livestock Numbers in Crop District 5 Over Time

e PR M e osen o e

; Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. & older 6 mo. 1 yr. 1 yr,
1963 2,100 u.m.moo. 8,700 8,400 3,600 12,000 30,500 13,000 52,000 1,800 2,000
1964 2,100 36,000 12,300 8,100 4,300 9,500 33,000 16,500 57,500 1,900 1,700
1965 2,100 35,600 13,200 7,900 4,000 9,000 32,400 15,500 58,500 1,100 900
1966 1,900 35,000 14,000 7,900 2,800 8,500 30,500 15,000 ) 65,000 1,100 1,000
1967 1,900 31,000 12,000 9,000 5,300 14,600 24,000 25,000 74,000 1,600 1,700
1968 1,500 28,00 11,500 9,000 4,100 10,800 23,500 27,000 72,000 1,300 1,000
1969 1 .moo 25,500 11,000 8,500 4,200 10,000 25,000 29,000 73,000 1,300 1,200
1970 1,700 23,700 12,000 7,800 6,300 12,500 27,000 23,000 112,000 ,d.moo 1,900
1971 1,400 25,000 15,000 7,800 6,300 14,500 28,000 28,000 122,000 2,000 2,000
1972 1,500 25,500 14,500 7,000 7,500 9,800 22,000 34,000 121,000 1,700 1,300
ﬂmuw 1,600 25,000 16,000 7,200 6,000 11,000 22,000 41,000 141,000 1,500 , 1,200
1974 1,600 25,000 18,000 w.moa 6,500 - 13,000 27,000 42,000 duu.ooo 1,500 1,100
1975 1,900 25,200 18,000 7,200 7,000 . 14,000 27,000 , 1,700 1,100
mocqnm‘ Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,

Winnipeg, Queen's Printer, 1963-75.
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Livestock Numbers in Crop District 6 Over Time

TABLE N

Milk Cows Beef Cows Mitk Beef Hogs Sheep
Year Bulls & Heifers & Heifers Heifers  Heifers  Stears Calves 6 mo. Under Over Under
’ . Over 2 yr. Over 2 yr. 12 yr. 1-2 yr. . T & over § mo. 1 yr., 1 yr.
1563 1,000 9,600 3,200 3,000 1,500 2,500 10,500 1,500 3,000 1,700 1,800
1964 1,100 9,800 4,500 N.moo 1,400 2,500 11,000 3,000 5,000 1,600 1,600
1965 1,100 5,200 4,500 2,300 1,600 3,000 11,000 2,500 4,000 1,000 1,000
1968 1,000 . w.mou 3,800 m.w.oo 1,200 2,800 10,700 3,000 5,500 1,000 1,000
1967 S00 8,400 6,000 2,200 2,800 3,200 10,000 1,500 8,500 800 700
1368 800 8,200 5,500 2,000 2,800 3,000 8,500 2,000 6,500 600 600
1969 700 7,500 5,500 1,700 2,500 2,500 9,000 2,000 8,000 700 500
1970 uoo. 8,000 6,400 1,300 2,900 3,500 10,000 2,000 . 8,000 700 900
19N 800 8,400 8,800 1,600 4,000 3,500 12,000 3,000 8,000 800 900
1972 700 5,000 9,000 1,000 2,700 2,600 9,500 3,600 8,900 600 400
1873 800 4,700 .,_o.ooo 1,100 2,700 2,500 10,000 4,000 11,000 500 400
1974 900 4,500 N .ooo. 1,100 3,000 .u.moo 12,000 4,300 12,700 400 300
1975 1,000 4,400 11,000 1,200 3,200 5,000 12,000 uo.o 200

Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Winnipeg, Queen's Printer, 1963-75.
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TABLE 12

Livestock Numbers in Crop District 7 Over Time

Year Bulls m*wm*mmﬂw WmMMﬂmmﬂm nwwwm«m WMMmm1a Steers Calves 6 mo s Und sheep

o Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr, ' T & Older mngmw m,\w“. m.:_uw_.
1963 1,500 9,000 24,000 3,000 7,500 8,300 26,700 2,500 11,200 3,400 2,700
1964 1,600 9,100 27,800 2,000 6,700 7,000 30,000 3,500 12,000 3,300 2,400
1965 1,800 9,200 30,000 2,000 7,400 7,200 26,300 3,500 9,000 3,000 2,800
1966 1,500 9,500 27,700 1,700 7,900 7,600 27,000 4,000 16,000 2,500 1,600
1967 1,500 5,700 31,500 1,000 "7,400 1,400 28,000 7,000 22,000 1,500 1,500
1968 1,400 3,700 31,500 900 5,000 8,100 25,500 6,000 - 20,000 2,000 1,900
1969 1,500 3,400 31,000 900 7,000 8,000 26,000 6,500 22,500 2,000 2,000
1970 1,600 3,000 35,000 700 7,600 13,50 26,000 16,000 ° 27,000 2,300 . 2,000
1971 1,800 3,000 40,000 500 8,700 13,500 29,000 15,000 34,000 2,300 2,200
1972 1,700 4,600 35,500 700 11,000 12,500 33,000 9,400 28,600 1,700 1,300
1973 1,900 4,400 37,000 700 - 12,500 12,000 33,000 10,000 28,000 1,600 1,300
1974 2,100 4,200 38,000 700 14,500 12,000 . 35,000 6,000 14,000 1,200 800
1975. 2,300 4,400 39,000 1,000 15,700 14,000 37,000 900 800
Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook, .

Winnipeg, Queen's Printer, 1963-75.
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TABLE 13

Livestock Numbers in Crop District 8 Over Time

Year Bulls M*MMAMMWM Mmmm*mmw” uwwwmxu mmwﬁmwm Steers Calves 6 mo. Hogs Under Over Sheep Under
. o Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr., oo & Older 6 mo. 1yr. 1 yr.
1963 1,500 9,800 26,000 2,000 8,600 10,000 25,900 4,000 20,000 1,500 2,100
1964 1,700 10,000 30,400 2,200 7,600 12,200 28,000 6,500 21,000 1,300 1,400
1965 1,600 10,200 wo.woo 2,100 7,000 12,500 27,600 6,000 17,000 1,400 1,200
1966 1,300 9,800 27,200 2,100 9,300 9,700 26,200 7,400 25,600 1,200 900
1967 1,300 8,200 24,500 1,800 6,500 13,500 25,000 10,000 26,000 1,600 1,500
1968 1,200 8,200 Na.ooo 1,800 4,500 13,500 22,000 16,000 23,000 1,500 1,400
1969 1,200 7,100 24,000 1,600 4,000 14,000 21,000 10,000 125,000 1,600 1,400
1970 1,400 6,600 25,000 1,500 4,500 13,500 27,000 12,000 48,000 1,800 1,400
1971 1,400 7,000 . 27,000 1,200 5,300 12,900 28,000 12,000 37,000 2,400 .n.uoo
1972 1,600 6,400 29,000 1,500 9,500 18,000 27,500 13,000 54,000 2,200 1,300
1973 1,700 6,200 31,000 1,600 9,000 15,000 28,000 12,000 51,000 2,100 g.uoo.
1974 1,900 6,200 32,000 1,700 12,000 18,000 30,000 11,500 42,500 1,700 1,200
1975 2,000 6,300 33,000 2,100 13,600 18,000 32,000 . 1,600 1,200
N oy -
Source; Manitoba Departmont of Agriculture, Manitoba Aqriculture _ .book,

Winnipeg, Queen's Printer, 1963-75.
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: TABLE 14

Livestock Numbers in Crop District 9 Over Time

Year Bulls mﬂm%mﬁ womm%wﬂw n%wmxm mmﬂmqm Steers Calves 6 mo. fogs Under oéw:»% Under
; ’ Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. ’ R & Older 6 mo, 1 yr. 1yr,
, 1963 a.woo. 8,500 19,200 1,900 8,100 10,200 20,100 8,400 17,400 2,600 2,800
1964 1,600 8,500 22,000 1,900 7,500 10,600 22,500 8,500 20,500 2,300 2,300
1365 1,600 7,500 23,500 1,600 7,300 7,300 - 24,100 8,500 21,500 2,000 2,200
1966 1,700 7,500 21,700 1,600 5,900 - 8,300 22,000 11,000 23,000 1,600 2,000
: 1967 1,100 7,000 24,500 1,300 5,500 8,300 22,000 9,000 25,000 1,100 ¥ 1,200
1968 1,000 6,000 22,000 1,200 6,000 6,000 19,700 9,000 21,000 1,100 1,100
1969 1,100 5,700 22,000 900 5,500 7,600 18,500 8,000 24,000 1,100 1,100
1970 1,000 5,900 . 23,000 700 5,700 8,000 19,500 10,000 55,000 1,500 1,300
1371 1,300 5,800 25,000 800" 6,000 8,000 22,000 15,000 60,000 1,500 1,500
1972 1,200 4,500 28,000 800 5,800 9,400 23,500 11,500 43,500 700 600
1973 1,200 4,300 30,000 800 5,500 - 8,000 25,000 11,000 45,000 700 600
_ . 1974 1.300 4,300 . 31,000 800 6,500 11,000 23,000 13,000 47,000 600 400
: 1975 1,400 5,100 29,000 800. 7,000 12,000 23,000 mSA 300

——

. Source; Manitoba Department of Agriculture, Manitoba Agrfculture Yearbook,
.m E:ivmn.ocmoa.mvlzﬁm?Smu-um..
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TABLE 15

Livestock Numbers in Crop District 10 Over Time

Year  Bulls Em*mmm WmmM%Mﬂ” muwma mmmm: Steers Calves 6 mo. toss Under Over Sheep Under

! . Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. ’ & Older 6 mo. 1 Yr. 1¥Yr.

1963 2,200 13,300 32,400 2,900 8,500 10,500 33,500 6,700 15,000 2,300 2,800

1964 2,500 12,800 35,700 2,900 16,300 11,300 34,000 7,500 19,500 2,200 2,300
1965 2,300 11,400 © 37,500 2,200 9,000 13,000 36,400 6,000 16,000 2,200 2,100
1966 2,000 11,500 32,000 2,100 7,900 - 13,000 30,500 7,400 16,600 2,000 2,400

1967 2,100 8,30¢ 35,500 1,600 9,300 11,000 33,000 6,000 21,000 1,400 1,600

1968 2,000 7,600 35,000 1,600 8,300 8,200 37,000 7,000 21,000 1,500 1,500
1969 2,100 8,600 33,000 1,500 10,000 12,000 33,500 10,000 30,000 - 1,600 1,800
_ 1970 1,90 9,000 38,000 1,000 11,600 16,500 36,000 21,000 49,000 2,000 3,300
1971 2,000 8,500 42,000 1,200 11,700 14,000 38,500 14,000 38,000 . 2,500 2,300

1972 2,800 6,900 44,000 1,100 11,800 14,500 35,000 10,000 32,000 1,300 1,100

1873 2,600 - 6,400 45,000 1,100 11,000 12,500 37,000 10,000 33,000 1,300 1,100

1974 2,800 6,300 48,000 1,000 10,800 - 12,500 39,000 7,000 20,000 800 600

1975 3,000 6,500 47,000 800 11,700 . 14,000 "39,000 700 500

. Source; Manitoba Department of Agriculture, Manftoba Agriculture Ye.:book, .
Winnipeg, Queen's Printer, 1963-75.
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TABLE 16

Livestock Numbers in Crop District 11 Over Time

Year Bulls uﬁwgmmﬁ mmmm*mmm nmwmz ’ MMMMSJ Steers Calves 6 mo. Hoss Under Over Sheep Under

. Rt Over 2 yr. Over 2 yr. 1-2 yr, 1-2 yr, & Older 6 mo. 1yr. 1yr.

1963 1,700 . 15,200 19,200 3,400 4,800 8,700 28,200 5,300 15,700 2,300 v 2,400

1964 1,700 14,200 . 23,400 4,500 5,500 8,800 31,000 6,500 21,500 2,200 2,200

1965 1,700 . 14,500 23,400 4,000 4,900 6,600 31,900 5,500 16,500 3,000 2,700
,, 1966 1,500 13,400 23,500 3,200 6,000 11,400 31,000 4,500 17,500 2,800 3,200
FN 1967 1,700 9,500 29,000 1,800 9,500 11,300 27,000 6,000 20,000 2,300 2,800
1968 1,600 9,300 29,000 . 1,900 6,500 10,500 26,500 5,000 21,000 2,200 2,200
.w 1969 1,500 7,900 30,000 1,300 . 5,700 9,500 28,000 7,000 29,000 2,300 2,000
1970 1,700 8,100 32,600 1,200 8,400 10,000 32,000 9,000 " 33,000 2,700 3,600
1971 1,300 6,500 33,500 1,000 9,300 8,000 . 34,000 7,000 29,000 - 3,100 3,000
HM 1972 2,000 6,100 33,500 900 10,500 106,500 29,500 9,000 42,000 2,200 1,600
: 1973 2,100 5,900 35,000 900 9,000 9,500 33,000 10,000 43,000 2,200 1,700
: 1974 2,200 5,800 39,000 900 10,500 10,500 36,000 8,500 38,500 1,700 1,200
, 1975 2,600 5,600 38,000 800 T30 11,000 35,000 1,400 1,000

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Winnipeg, Queen's rrinter, 1963-75.
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TABLE 17

Livestock Numbers in Crop District 12 Over Time

Year Bulls u*p”*mmww mmmmﬁmmﬁw mmuwmqu mmwﬂmqm Steers Calves 6 mo. Hogs Under o<w1m:»mu Under
- . Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. & Older 6 mo. 1yr. 1yr.
1963 2,100 20,800 31,000 6,000 6,600 12,700 28,500 3,000 12,900 3,600 3,900
1964 2,400 22,200 34,900 5,200 7,400 14,000 32,000 3,000 13,000 3,200 3,300
1965 2,500 21,400 37,600 4,900 7,500 14,500 35,200 4,000 10,000 2,900 2,800
1966 2,400 19,300 38,000 5,400 7,500 14,700 35,700 3,400 12,600 2,200 1,800
1967 2,200 17,000 42,500 4,000 10,100 19,000 36,000 5,000 15,000 1,800 1,700
1968 2,100 17,000 139,500 3,200 10,000 19,500 33,500 4,000 16,000 1,400 1,300
1969 2,100 15,900 40,000 2,900 9,000 16,000 33,000 4,000 14,000 1,400 1,300
1970 2,100 14,400 42,000 3,500 11,100 21,000 36,500 8,000 18,000 1,700 2,000
1971 2,200 14,600 46,000 3,800 12,200 18,000 38,000 8,000 16,000 2,200 2,200
1972 2,300 10,700 50,000 2,500 13,000 13,700 42,000 7,000 22,500 1,600 1,500
1973 2,200 10,000 54,000 2,600 12,000 1,000 44,000 8,000 26,000 1,600 1,500
‘ 1974 2,400 9,900 60,000 2,600 13,500 13,500 50,000 6,500 21,500 1,100 800
1975 2,700 10,000 62,000 2,400 14,600 15,000 53,000 800 700
Source; Manitoba cmumwnaman of Agriculture, zmzAﬂoua Agriculture Yearbook,

Winnipeg, Queen's Printer, 1963-75.
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TABLE 18

Livestock Numbers in Crop District 13 Over Time

MiTk Cows Beef Cows Milk Beef Hogs Sheep

. Year Bulls & Heifers 4 Heifers Heifers  Heifers Steers Calves 6 mo, Under Over Under
; Lo T Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. - T & Older 6 mo, 1 yr. 1 yr. .
MW 1963 800 " 5,500 8,800 1,300 2,400 3,400 10,200 4,300 16,800 2,400 n.wom .
! 1964 1,000 5,400 9,600 1,200 3,000 5,000 10,000 6,500 18,500 2,100 2,000
1565 900 5,100 . 10,700 1,100 2,200 4,700 11,600 5,500 13,500 1,500 1,400
b 1566 600 4,400 10,900 800 3,400 4,000 10,200 9,500 19,000 1,100 1.400 |
: 1967 800 3,800 10,000 700 3,200 4,600 10,500 7,000 23,000 1,000 1,000
1968 700 3,500 10,000 600 2,800 3,100 8,600 9,000 dw.ooo 800 800
1569 600 w.aoo 8,000 500 2,200 4,000 8,000 11,000 24,000 600 700
1970 80 3700 10,000 700 2,500 6,500 9,500 19,000 31,000 700 800
: 1971 700 2,700 10,700 900 3,200 6,500 8,000 15,000 45,000 ) 1,100 1,000
w 1972 600 2,000 11,500 300 4,100 5,200 . 11,000 9,500 27,500 500 500
1973 600 1,600 13,000 300 4,500 5,000 12,000 10,000 34,000 500 500
‘ 1974 600 1,700 14,000 300 4,400 5,000 12,000 7,500 25,500 400 300
: 1975 700 . 1,600 14,000 300 4,800 7,000 12,000 300 , 200

moS.nmw Manitoba Department of Agriculture, Manitoba A 12..23. Yearbook,

Winnipeg, Queen's Printer, 1963-75.




233

TABLE 19

Livestock Numbers in Crop District 14 Over Time

Year Bulls uﬂpx.nozm Beef Cows & Milk Beef Hogs Sheep

eifers Heifers Heifers Heifers Steers . Calves 6 mo. Under Over Under
’ CTTe Over 2 yr. Over 2 yr. 1-2 yr. 1-2 yr. 4 Older 6 mo. 1yr. 1 yr.
1963 1,100 9,800 19,600 3,000 4,400 7,100 21,100 5,100 5,300 3,700 4,200
V 1964 1,300 10,400 20,300 3,500 5,200 10,000 21,500 5,500 6,500 3,700 4,000
1965 1,400 9,500 23,700 3,100 5,100 9,200 25,000 4,000 5,000 3,100 3,300
. 1966 1,300 9,200 22,000 2,600 4,100 7,300 25,500 5,000 7,000 2,200 1,500
1967 1,400 7,500 35,000 1,500 7,300 7,700 29,000 4,000 8,500 4,500 4,600
1968 1,200 7,700 33,000 1,100 6,000 5,500 26,200 3,500 8,000 4,800 4,700
. 1969 1,200 6,600 33,000 600 6,400 5,000 29,000 6,500 18,500 4,600 4,100
: 1970 1,200 5,400 36,000 400 7,700 10,000 29,500 10,000 30,000 4,600 2,200
1971 1,400 4,900 43,000 300 8,700 8,000 29,500 8,000 22,000 _ 4,400 4,000
1972 1,800 - 4,000 41,000 . 800 9,500 7,500 32,000 6,500 8,500 3,300 2,100
1973 1,700 4,200 44,000 800 9,000 7,500 34,000 6,800 ao.»co 3,200 2,100
1974 2,000 4,000 47,000 900 10,000 8,500 38,000 2,200 6,800 3,000 2,000
1978 2,100 4,600 47,000 700 10,800 10,000 40,000 2,900 2,000

Source, Manitoba Department of Agriculture, Manitoba >n1n5n5.m. Yearbook, '

Winnipeg, Quecn's Printer, 1963-75.




TABLE 20

o
o™
™ Hens and Chickens in Various Crop Districts Over Time (In 000)
Crop District 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 19741975
] 130 130 120 110 105 95 87 65 80 .95 9.0 61 48 54
2 345 345 325 360 355 355 35 235 270 260,8  232.0 205 205 176
3 1,320 1,450 1,405 1,485 1,390 1,385 1,497 1,425 1,640 1,409.3 1,297.0 1,278 1,240 1,194
4 230 260 260 210 200 240 238 170 200 167.2  150.0 139 117 115
5 1,505. 1,550 1,880 1,695 1,910 2,290 2,391 2,100 2,415 1,650.2 1,518.0 1,497 1,410 1,244
6 240 265 315 330 340 280 307 280 355 299.1  275.0 244 195 200
7 200 185 190 195 190 160 154 - 120 140 139.1  120.0 94 88 82
8 260 260 310 240 230 315 306 215 260 274.3  244.0 200 192 195
4 9 ‘ 250 250 275 210 215 310 213 235 275 15,2 192,0 174 190 170
10 270 240 280 255 235 225 189 125 150 139.9 13,0 76 73 61
N 260 290 310 295 320 230 213 160 185 143.2 118,089 78 75
12 195 200 230 185 210 200 - 205 165 . 205 226.1  202.0 163 175 150
13 . 145 150 180 140 125 110 93 75 85 70.9 52.0 45 39 32

14 18 125 130 10 15 135 12 70 80 76.8 58.0 45 45 39

e S e e

e et e e AR o aeee

Source; Manitoba Department of Agriculture Manitoba Agriculture Yearbook,
Winnipeg, Queen's Printer, 1963-75.




235

TABLE 21
Food Consumption of Various Commodities in Canada
Over Time
Year Wheat Oats Barley Flaxseed Rye
------------------------ bushels--~-=--omcmccccmmnaaa—o

1960 56,265,000 5,203,000 196,000 1,000 446,000
1961 58,924,000 5,148,000 193,000 1,000 414,000
1962 53,038,000 5,292,000 188,000 300 431,000
1963 59,079,000 5,714,000 212,000 300 468,000
1964 57,507,000 5,816,000 208,000 1,000 454,000
1965 60,943,000 5,534,000 156,000 800 451,000
1966 59,006,000 5,533,000 145,000 1,000 439,000
1967 60,463,000 5,221,000 133,000 1,000 423,000
1968 61,397,000 4,571,000 164,000 1,000 450,000
1969 64;627,000 4,786,000 108,000 2,000 465,000
1970 64,361,000 4,814,000 126,000 1,000 458,000
1971 65,426,000 4,986,000 119,000 1,000 509,000
1972 64,685,000 5,000,000 116,000 1,000 505,000
1973 66,781,000 3,947,000 149,000 2,000 497,000

69,945,000 4,321,000 141,000 500,000

1974

Source, Statistics Canada,Grain Trade of Canada, Cat. No. 22-201, 1966-75.




Use of Various Commodities for Industrial
Purposes in Canada

TABLE 22
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- Year Wheat Barley Flaxseed Rapeseed Rye
s bushels-—=---vmmmem e
1960 1,468,086 14,608,876 12,916,230 1,229,514
1961 1,473,097 14,107,501 2,464,829 1,219,695
1962 1,528,718 15,633,134 2,529,185 1,287,611
1963 1,541,700 14,553,524 2,750,118 1,379,691
1964 1,711,146 16,208,666 2,901,402 1,686,432
1965 1,859,765 16,018,163 2,630,729 3,745,507 1,798,327
1966 1,900,000 17,684,163 2,542,947 4,963,009 1,804,000
1967 2,397,000 16,921,000 2,266,000 5,159,000 2,605,000
1968 1,146,000 17,312,000 2,085,000 6,934,000 2,244,000
1969 461,000 18,400,000 2,490,000 7,768,000 2,844,000
1970 517,000 18,065,000 2;827,000 8,575,000 2,881,000
1971 315,000 20,921,000 3,101,000 12,050,000 2,800,000
1972 500,000 18,706,000 2,633,000 15,572,000 2,795,000
1973 806,000 18,908,000 762,000 14,745,000 3,800,000
1974 800,000 22,048,000 12,168,000 3,200,000
‘Source, Statistics Canada, Grain Trade of Canada, Cat. No. 22-201,

1966-75.




TABLE 23

Total Production of Various Commodities

In Canada Over

Time
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1966-75.

- .

ear Wheat Oats Barley Flaxseed Rapeseed Rye
960 si8.979 mms0s 193073 M T g
961 283,394 283,965 112,640 14,478 6,519
962 | 565,585 492,610 165,872 16,665 12,251
j963 723,500 445,877 221,235 21,116 13,760
964 600,726 347,006 168,463 20,305 12,345
965 649,412 399,983 218,300 29,176 22,600 17,834
966 827,338 370,678 296,235 22,520 25,800 17,220
967 592,948 301,772 252,867 9,378 24,700 11,967
968 649,950 356,700 326,045 19,666 )9,400 13,024
969 671,212 354,895 371,288 28,048 33,400 15,155
970 331,579 353,073 408,287 47,966 72,200 18,905
971 529,552 363,479 601,628 22,387 95,000 21,915
972 533,288 300,208 518,316 17,617 57,300 13,524
i973 593,738 326,880 469,570 19,400 53,200 14,282
.974 488,513 254,745 404,286 13,800 51,300 18,914
,ource; Statistics Canada, Grain Trade of Canada, Cat. No. 22-201,



TABLE 24
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Export of Various Commodities From Canada Over Time

Wheat Oats Barley Flax Rapeseed Rye

. mmmmmemmeoo—o—omeo—oooo—- bushels------==--om-mmmom oo

0 353,249,439 2,679,652 47,178,102 13,603,333 2,613,234
1 358,021,822 3,454,261 42,909,063 11,987,594 4,362,748
52 331,367,218 21,700,158 15,376,964 12,565,941 7,309,825
3 594,547,631 18,758,927 46,935,184 13,638,472 5,501,099
.4 399,594,316 15,551,136 37,032,119 14,346,118 4,857,951
S 584,905,946 15,921,687 38,028,594 18,935,830 13,632,267 8,050,040
% 515,306,608 4,802,891 58,541,846 16,568,065 13,817,739 9,962,942
% 336,010,000 3,545,000 41,405,000 12,611,000 12,309,000 4,760,000
%‘ 305,838,000 2,723,000 26,407,000 13,421,000 14,311,000 4,248,000
b 346,498,000 5,165,000 88,313,000 18,611,000 22,213,000 3,829,000
b 435,257,000 13,366,000 179,595,000 21,194,000 46,811,000 8,917,000
ﬁ 503,764,000 10,454,000 230,558,000 25,741,000 42,603,000 10,757,000
? 576,594,000 6,925,000 165,248,000 19,640,000 54,059,000 8,236,000
f3 419,387,000 838,000 127,480,000 15,503,000 39,184,000 4,584,000
.4 394,594,000 1,415,000 138,393,000 10,519,000 26,145,000 4,843,000
rce; Statistics Canada, Grain Trade of Canada, Cat. No. 22-201,

1966-75. :
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TABLE 25

Values of Farm Lands per Acre Including
Buildings in Different Crop Districts Over Time

Year Crop District

1 2 3 4 5 6 7 8 S 10 HA 12 13 14

P m e mmmmme—mmemm—meo—oeomo oo Dollars per ACre---------=-===-==-=-=-=-====""7°"
1961 31 44 71 52 68 29 29 36 31 31 30 19 37 16

1962 42 56 89 70 66 43 36 56 47 42 42 35 50 30
1963 46 59 90 70 68 41 39 60 49 46 45 35 54 3
1964 53 67 101 76 73 44 49 76 57 57 45 36 68 37
1965 64 74 113 80 83 47 56 83 65 64 53 43 80 37
1966 73 83 124 94 8 52 70 94 74 77 63 48 80 40
1967 91 100 140 108 95 58 76 95 76 85 72 50 87 43
1968 99 110 150 119 104 63 78 99 81 88 82 56 97 52
1969 81 103 135 109 102 63 66 96 73 74 74 60 96 53
1970 73 95 120 8 97 57 58 91 71 n 72 59 81 43
1971 76 89 117 106 110 65 70 88 73 n n 65 n 52
1972 80 91 112 114 118 60 63 85 80 70 74 62 95 56
1973 84 103 149 132 119 66 71 101 100 78 95 54 88 72
1974 108 126 197 198 185 83 81 120 121 97 110 60 105 83
1975 132 157 244 221 202 98 96 126 138 m 110 63 129 86

Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.




TABLE 26

Yield of Different Crops in Manitoba
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Year Wheat Oats Barley Flax Rye Rapeseed Sunfiower Potatoes Sugarbeet

e psppspmm YT (V-3 EEEEEE R Tbs. bu. tons
1962 26.3 49.6 33.4 11.7 25.2 18.0 750 100 9.12
1963  19.3 38.3 27.4 11.3 22.4 16.9 950 175 . 12.36
1964  25.1 44.6 32.2 10.3 20.8 17.5 525 200 9.55
1965 24.4 48.5 36.6 12.0 22.5 16.6 550 195 10.12
1966  24.3 41.2 32.0 9.0 23.9 12.4 594 208 10.61
1967 25.6 41.2 34.0 8.6 18.9 15.9 800 182 8.43
1968 26.8 51.3 36.8 12.7 20.8  20.9 650 189 10.26
1969  25.6 45.1 - 35.0 9.3 18.3  17.9 708 218 11.05
1970 -21.8 42.1 34.0 10.9 21.5 18.0 800 187 9.39
1971 29.4 54.5 45.8 10.4 25.5 20.7 750 209 11.76
1972  26.5 48,2 40.5 11.8 22.5 18.1 800 189 .77
1973  25.8 48.5 39.5 12.7 26.2 19.2 700 244 12,47
1974  21.1 35.8 29.4 9.4 23.9 17.0 867 233 8.23
1975 25.2 45.5 34.0 11.2 24.5 16.9 1065 234 12.42

—g—

Source; Manitoba Department of Agriculture, Yearbook of Manitoba Agriculture,
Queen's Printer, Winnipeg, 1963-75.
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TABLE 27

Average Yield of Wheat, Oats, Barley and Flaxseed
In Crop District 1 Over Time

Y ear Wheat Oats Barley Flax
e bushels per acre---------==-----=-=
1962 26.2 34.4 11.7
1963 19.1 : 28.3 10.8
1964 24.5 48.6 32.8 - 10.5
1965 24.0 47.9 37.1 12.5
1966 23.9 42.0 34.9 9.2
‘1967 17.1 27.7 23.9 5.5
1968 24.5 . 49.9 33.9 13.2
1969 28.3 53.0 42.7 10.9
1970 21.4 45.6 34.7 11.0
1971 28.3 50.7 45.0 8.2
1972 25.5 53.6 43.4 . 12.0
1973 27.4 - 52.1 44.9 12.4
1974 21.5 33.0 27.8 8.7
1975 24.6 45.4 34.4 10.7

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.




TABLE 28

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 2 Over Time
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Year Wheat Oats Barley Flax
———————————————— bushels per acre--------=-===-=--=
1962 26.5 34.8 12.3
1963 18.5 26.2 12.1
1964 27.2 50.6 31.9 10.8
1965 25.2 49.9 38.1 12.2
1968 25.5 42.0 34.2 9.5
1967 25.0 38.7 31.7 7.5
1968 30.2 60.2 41.7 14.8
1969 26.8 49.0 37.9 11.9
1970 23.3 45.8 37.2 11.9
1971 30.8 59.4 49.0 11.6
1972 27.7 51.4 43.7 13.6
1973 27.7 54.3 43.4 13.8
1974 20.5 35.7 26.0 9.4
1975 25.7 48.0 36.5 11.6

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.
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TABLE 29

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 3 Over Time

Year ' Wheat Oats Barley Flax
———————————————————— bushels per acre----------~=------
1962 24.4 ' 28.3 11.9
1963 14.1 19.9 11.5
1964 23.4 48.6 30.6 9.6
1965 26.8 51.1 38.2 11.5
1966 20.3 39.2 26.8 8.0
1967 27.2 49.6 36.8 9.4
1968 27.3 - 55.1 35.7 13.5
1969 18.5 38.6 25.9 7.7
1970 19.4 39.1 29.8 8.3
1971 29.0 57.5 46.6 9.9
1972 25.9 48.0 38.6 10.3
1973 25.6 53.7 42.6 12.2
1974 19.9 38.0 28.0 9.1
1975 27.2 52.2 38.1 10.9

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.




TABLE 30

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 4 Over Time
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Year Wheat Oats Barley Flax
———————————————————— bushels per acre---------=--==w---
1962 24,2 23.9 10.2
1963 11.0 14.8 10.2
1964 26.9 47.1 35.0 11.8
1965 27.6 50.1 36.1 11.3
1966 25.8 43.5 31.5 10.0
1967 29.6 46.1 40.1 11.2
1968 29.1 56.2 38.7 13.1
1969 19.2 32.7 21.2 9.0
1970 20.8 37.3 29.0 10.0
1971 29.8 52.4 44 .4 11.4
1972 28.1 47.2 41.0 1.7
1973 26.6 50.0 37.0 12.8
1974 20.7 36.6 26.6 9.6
1975 27.3 45.2 32.7 11.9
Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,

Queen's Printer, Winnipeg, 1963-75.
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TABLE 31

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop Uistrict 5 Over Time

Year Wheat Oats Barley Flax

1962 Tang TTTTTTTTTbushels per acre T 07
1963 11.4 . 16.9 11.3
1964 20.9 38.7 28.4 10.1
1965 25.8 41.8 34.7 10.5
1966 18.6 35.2 21.3 7.9
1967 25.4 29.9 34.3 10.3
1968 26.4 40.7 33.1 12.8
1969 17.2 36.3 24.4 8.1
1970 17.0 33.6 245 8.6
1971 27.2 53.4 43.6 11.5
1972 27.5 45.7 39.0 12.0
1973 23.7 46.4 32.3 12.3
1974 17.6 32.8 23.3 8.8
1975 22.6 44.2 29.2 10.4

Source; Manitoba Department of Agriculture, Manitoba Agriculture Year-
: book, Queen's Printer, Winnipeg, 1963-75.
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TABLE 32

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 6 Over Time

. Year Wheat Oats Barley Flax

----------------- bushels per acre-----------------
1962 21.0 21.2 10.0
1963 1.1 ' 13.3 10.2
1964 20.3 38.7 23.5 10.9
1965 25.5 48.8 36.7 12.2
1966 17.5 25.3 21.4 8.2
1967 25.9 39.9 32.3 11.9
1968 27.2 39.5 37.0 12.3
1969 20.7 37.6 35.0 13.3
1970 18.1 28.8 25.6 12.2
1971 28.1 47.6 43.7 13.0
1972 24.6 42.2 40.2 12.6
1973 25.9 40.2 38.8 12.1
1974 16.9 28.4 22.1 8.9
1975 21.6 38.6 29.6 10.2

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.
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TABLE 33

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 7 Over Time

Year Wheat Oats Barley Flax
————————— -~------bushels per acre-----~------o----

1962 25.8 36.0 11.3
1963 . 225 30.2 1.7
1964 24.2 48.4 33.8 10.7
1965 24.2 ~ 51.8 37.4 12.5
1966 23.4 39.8 33.9 9.2
1967 23.4 33.9 29.9 7.3
1968 22.2 ~ 45.4 34.7 _ 8.8
1969 28.4 51.1 41.6 12.0
1970 22.5 42.2 35.2 11.8
1971 27.6 49.0 44.8 9.7
1972 24.6 49.6 39.7 11.2
1973 25.7 48.3 43.4 12.8
1974 22.3 39.4 30.5 10.6
1975 25.3 44.6 34.0 12.0

Source; Manitoba Department of Agriculture, Manitoba Department Yearbook,
Queen's Printer, Winnipeg, 1963-75. -
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TABLE 34

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 8 Over Time

Year Wheat Oats Barley Flax
—————————————————— bushels per acre-----------=------=

1962 26.8 35.2 11.9
1963 19.5 ' 26.7 10.7
1964 27.6 47.0 35.5 11.9
1965 26.0 47.5 37.3 12.1
1966 25.8 44.7 35.0 9.0
1967 26.7 41.6 34.5 8.7
1968 28.7 59.2 43.5 13.0
1969 27.3 49.4 40.2 12.6
1970 23.2 48.0 37.6 12.8
1971 31.3 60.1 49.0 12.4
1972 28.7 53.3 47.1 13.6
1973 26.4 52.2 46.0 14.6
1974 22.2 39.3 33.5 11.1
1975 27.5 48.2 37.5 13.0

p—

Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75. ‘




TABLE 35

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 9 Over Time
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Queen's Printer, Winnipeg, 1963-75.

Year Wheat Oats Barley Flax
_ R el bttty bushels per acre-------------==---=
1962 26.9 . 11.5
1963 19.8 241 10.1
1964 26.0 45.7 31.8 11.5
1965 22.7 46.4 35.7 11.2
1966 23.3 39.2 33.8 8.8
1967 27.0 37.0 33.8 9.0
1968 28.1 54.8 37.1 11.9
1969 24.5 43.1 33.3 10.5
1970 23.0 44.3 34.9 12.1
1971 25.0 46.0 39.0 9.9
1972 26.8 49.3 41.2 11.0
1973 24.0 44.2 34.9 12.9
1974 21.7 35.4 31.3 10.6
1975 23.3 40.1 30.9 11.0

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
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TABLE 36

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 10 Over Time

Year ' Wheat Oats Barley Flax
. mememeems—mmmosoooooe- bushels per acre---------====-=--
1962 28.2 34.4 12.8
1963 " 30.1 38.1 13.4
1964 30.0 60.3 36.3 12.5
1965 26.6 54.8 39.2 12.8
1966 28.3 53.6 39.7 12.2
1967 28.5 42.3 37.6 9.4
1968 | 25.9 50.0 39.5 9.5
1969 32.1 59.1 46.4 14.1
1970 26.3 53.4 ©42.0 14.4
1971 32.4 57.3 50.0 13.7
1972 26.5 51.3 42.7 12.4
1973 25.7 46.2 41.6 12.7
1974 25.0 42.5 40.6 1.3
1975 25.8 46.8 35.8 1.1

Source; Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.
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TABLE 37

Average Yield ot Wheat, Oats, Barley
and Flaxseed in Crop District 11 Over Time

Year " Wheat Oats Barley Flax
----------------- bushels per acre------------=------
1962 27.3 . 34.9 2.1
1963 26.3 28.2 12.9
1964 23.4 38.6 28.6 10.8
1965 28.3 53.5 36.3 12.6
1966 27.4 44.7 33.6 1.7
1967 27.0 45.2 . 32.3 10.4
1968 23.9 47.9 31.4 11.0
1969 30.6 51.7 37.4 - 13.9
1970 23.9 44 .4 36.3 14.1
1971 29.7 53.8 42.7 11.8
1972 25.1 . 42.3 34.4 10.8
1973 25.4 41.2 31.9 10.5
1974 19.8 33.4 26.4 9.2
1975 23.8 42.6 30.5 9.5

Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, VWinnipeg, 1963-75.
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TABLE 38

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 12 Over Time

Year Wheat Oats Barley Flax
———————————————— bushels per acre------------------
1962 - 25.7 32.7 11.4
1963 11.0 . 13.4 8.4
1964 21.6 35.2 28.1 11.3
1965 26.0 48.9 31.1 9.0
1966 26.4 42.4 34.4 12.6
1967 27.0 43.0 35.6 12.6
1968 28.4 46.4 37.1 13.1
1969 26.0 49.4 35.3 12.1
1970 23.0 41.6 33.5 12.5
1971 32.6 55.9 47.7 14.8
1972 28.7 46.8 38.8 14.3
1973 27.1 54.2 33.8 13.3
1974 16.0 27.8 21.4 - 8.3
1975 19.6 32.1 23.0 10.3

Source; Manitoba Department of Agriculture, Manitoba Agriculture
Yearbook, Queen's Printer, Winnipeg, 1963-75.
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JABLE 39

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 13 Over Time

Year Wheat Oats Barley Flax
1962 we T Pushels per acre s
1963 29.4 31.8 14.2
1964 28.5 45.7 31.6 12.0
1965 27.6 48.8 34.1 10.7
1966 32.6 52.1 36.1 12.5
1967 30.6 46.6 35.1 13.3
1968 29.5 55.8 36.3 12.5
1969 32.9 53.3 39.6 14.3
1970 28.4 46.0 35.5 15.8
1971 32.5 61.6 44.5 15.6
1972 28.5 37.6 37.5 12.9
1973 26.3 45.2 29.2 15.3
1974 25.7 36.6 29.6 14.5
1975 28.3 45.7 30.6 16.2

Source, Manitoba Department of Agriculture, Manitoba Agriculture Yearbook,
Queen's Printer, Winnipeg, 1963-75.




TABLE 40

Average Yield of Wheat, Oats, Barley
and Flaxseed in Crop District 14 Over Time
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Year Wheat Oats Barley Flax

1962 26.5 34.1 10.7
1963 17.2 21.5 9.1
1964 18.2 28.7 25.5 8.5
1965 21.5 34.1 29.7 1.2
1966 21.5 38.0 30.7 8.8
1967 22.1 35.8 27.6 8.4
1968 28.4 49.5 35.3 11.6
1969 25.7 41.0 33.0 9.3 .
1970 21.6 40.1 29.3 10.2
1971 24.0 42.3 36.0 9.7
1972 25.7 42.9 33.6 9.4
1973 25.1 40.1 38.8 11.2
1974 20.9 30.7 28.0 9.1
1975 21.8 36.1 26.5 10.3

Source, Manitoba Department of Agriculture, Manitoba Agriculture,
Manitoba Agriculture Yearbook, Queen's Printer, Winnipeg,
1963-75.
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TABLE 41

Income Data for mczﬁdozmﬂmd

Crop District

) 2 3 4 5 6 7 8 9 10 11 12 13 14
Gross INCOME = m e mmce mce e e oo ee cml(do]lapgr e e mmm e - -
Per Acre
(5.095/1b) 102.08  107.15 102,92 108.42 93.32 == 100.71 956,90 <= == 96,64 == 112,36 --
Less Seed
$1.58/Ac, 1.58 . 1.58 1.58 1.58 1,58 == 1.58 1,58 o= == 1,568 o= 1,58 ==
Total Cost §7.67  59.15  63.37  61.62 62.55 == 56,49 58,14 - == 57,01 -- 5§7.98 --
Net Return
Per Acre 42.83  46.42  37.97  45.22 2919 .- 42,64 37,18 - -- 38,05 -- 52,80 --

) dmxomm income per acre was determined by multiplying the yield per acre given
in Table 32 (b) by the price per pound of sunflower. Seed cost reported by Framingham,

Craddock and Baker op. cit. was adjusted by using the farm input price index.

was obtained by using the procedure discussed in Chapter IV.
considered as we used the farm price.

Total cost

No transportation cost was
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TABLE 42

Income Data for Potatoes!

Crop District

1 2 3 4 5 6 7 8 g 10 11 12 13 14
Gross Income ==-=== === == =c = = -~ DpllaArsicc cmcce e v om crmier e o me
Per Acre 658,25 == -

(e 2.33/bu.)
Seed @ $41.07

694.52 667,10 702.758 - -

652,77 712.34 628.07 683.76 626.40

per acre - 41,07 41.07 41.07 == - 41,07  41.07 41.07 41,07 41,07 N.07 - -
Total Cost -  221.33 225.61 223.86 =- =- 21873 220.38 220.15 219.22 219.25  y54p .. .
Het Income

Per Acre - 432.06 400.42 437.82 - - 392.97 450.89 366.85 423.47 366.08

400,76 -~ -

Hoxomm income per acre was determined by multiplying the yield per acre given
in Table 32 (b) by the price per bushel. Seed cost reported by Framingham, Craddock
and Baker op. cit. was ad-sting by using the: farm input Jaam«. Storage cost included
in the total cost was also adjusted by using the farm input index. AOﬁm@ cost was
obtained by using the procedure discussed in Chapter IV. No transportation cost was
deducted as we used the farm price.




TABLE 43
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Income Data for mcmmxcmmﬁmd

Crop a¢mﬂxamd

1 2 3 4 5 6 7 8 9 10 11 12 13 1a
Gross Income B e
per Acre .
($35/ton) - 527.45 506,80 533,75 <= == == -- 477,05 519,40 475.65 -- -- -
Less seed
$5.25/acre - 5.25 5.25 5.2 == == == - 5.25 5.25 5.25 == -~ =~
Total Cost - 280.29 284.52 282.76 == == == -= 279,05 278,12 278.15 -~ -~ -
Net Income
per Acre - 241,91  217.03 245.74  «= == == == 192,75 236.03 192.25 -- -- =~

Gross income per acre was determined by multiplying the yield per acre given in Table 32 (b)
by the price per ton of sugarbeet. Seed cost reported by Framingham, Craddock and Baker op. cit.,
was adjusted by using the farm input price index. Total cost was obtained by using the procedure
discussed in Chapter IV. No transportation cost was considered as we used the farm price.
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. Net Income per Acre from Various Crops 1
, on Different Soil Types Based on 1971 Prices

Crop Soil gy Sugar-
Dist. Type Jheat Qats mmwﬂmz . Flaxseed Rapeseed Rye Sunflower Potatoes beats
cemcmcmemcececccsaecseeneeece-a===(0]]arS pPEr 3Cr@----c-c-eesemecmcacccccnccaoeann.
; 1 1 -7.04 -16.72 -14.24 -17.80 -=14.48 -32.00 5.87 -- -
2 -5.,60 -15.09 -12.54 -15.3¢4 -11.53 -30.48 5.87 -- --
2 1 -5.66 -15.51 -13.59 -13.33 -12.67 -31.55 7.59 70.26 4.1
2 -4,30 -13.89 -11.92 -10.85 -9,74 -30.05 7.59 70.26 4.1
3 1 -13.04 -21.60 -20.11 -26.01 -21.06 -38.23 0.70 53.57 -11.37
“ -2 -11.01 -19.34 -18.04 -21.280 -16.81 -36.19 0.70 53.57 -11.37
. 4 1 -9.42 -23.00 -20.14 -18.75 -16.65 -35.02 5.93 71.54 5.08
o 2 -7.41  =20.94 -18.16 -14.52 -12.8 -32.99 5.93 71.54 5.08
: 5 1 -16.83 -23.51 -25.55 -23.30 -24.73 -39.00 -4.54 -- -
: 2 -14.81  -21.45 -23.52 - -19.10 -20.48 -36.96 -4.54 -- --
, 6 1 -10.58 -23.69 -16.97 -12.94 -17.60 -33.61 -- .- --
2 -8,09 ~20.95 -14.35 -11.24 -14.50 -31.12 .- -- --
7 1 -6.22 -16.34 -13.66 -13.66 -13.82 -31.01 6.19 53.93 --
2 -4,83 -14.74 -12.00 -10.92 -10.84 -28.61  6.19 53.93 --
8 1 -3,33 -13.16 -9.,43  -9.30 -10.60 -29.97 2.3 79.33 --
, 2 -1.97  -11.57 -7.78 -6.85 -7.71 -28.53 2.13 79.33 .-
. 9 1 -9.47 -19.87 -17.18 -15.51 . -16.72 -32.67 -- 41.27 -22.81
; 2 -8.11  -18.25 -15.57 -13.04 -13.76 -31.20 -- 41,27 -22.81
w 10 ) -5.81 -18.20 -11.43 -13.28 -13.44 -31.60 .- 67.54 1.90
i 2 -4.38 -16.61 -9.76 -10.79 -10.44 -30.10 - 67.54 1.90
: N 1 -9.94 -21.85 -20.82 -18.63 -18.04 -33.03  3.10 41.41 -21.98
. 2 -8.76 -19.20 -18.10 -14.68 -12.19 °~ -30.81 3.10 41,41 -21.98
12 1 -7.65 =19,75 -19.99 -9.66 -14.37 -32.07 -- 58.73 --
) 2 -5.16° -16.92 -17.35 -6.83 -10.22 -29.61 -- 58.73 -
13 1 -4,07 -20.37 -21.52 -4.59 -11.26 -31.31 12.05 - --
2 -2.01  -17.34 -19.28 -1.05 -5.45 -29.28 12,05 -- -
14 1 -9,86 -20.38 -19.76 -18.62 -16.09 -33.40 -- - -
2 -7.41  -17.61 -17.13 -15.46 -11.67 -30.96 -- -- --
]

Procedure used for determining the net income is discussed in Chapter IV.




TABLE 45

Optimal Acreage Allocated to Different Crops
in Various Regions and in Manitoba in Solution Two 1
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Crop Interlake Eastern Central South West North West Total

et Yol ol e
Wheat 163,771 120,839 1,059,838 1,151,815 590,270 3,086,530
Oats 54,663 77,182 227,405 266,900 132,560 758,711
. Barley 14,719 36,497 562,308 677,826 131,430 1,422,778
Flaxseed 18,418 23,401 135,288 105,445 | 23,437 305,990
Rapeseed 30,013 31,616 105,261 146,417 55,974 369,280
Rye 1,936 4,385 16,828 18,602 10,860 | 52,611
Sunflower 5,941 1,176 53,169 65,720 3,602 129,607
Potatoes 1,737 -- 11,797 13,040 1,059 27,633
Sugarbeets 2,998 -- 14,670 6,236 336 24,240
Total 294,195 295,094 2,186,563 2,451,999 949,529 6,177,378

Ammmma on the model.
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TABLE 46

Distribution of Optimal vxoacnﬁ¢0ﬁ

Among Regions in Solution Two

Crop Interlake Eastern Central South West North West Total

Wheat 5,009,166 3,316,831 T 30.307, 560 S N 868 268 TN o8 AaE TG 996,972
Oats 3,022,262 4,337,735 14,283,427 16,248,145 7,157,817 45,048,987
Barley 654,384 1,601,616 28,346,229 34,436,075 6,161,161 71,199,466
Flaxseed 286,160 324,840 1,833,941 1,517,999 329,058 4,291,997
Rapeseed 696,34 666,635 2,473,785 3,404,102 1,313,401 8,554,264
Rye 55,309 112,614 486,069 532,830 316,274 1,503,097
Sunflower 6,766,975% 1,155,023 58,584,124* 70,436,837+ 4,086,998 141,029,962+
Potatoes 522,000 -- 3,535,359 3,818,428 290,210 8,165,996
Sugarbeets  45,722%* -- O 219,877%+ 93,606%* 4,789 363,993%*

Awwmma on the model.

* in pounds

** in tons




TABLE 47

Optimum Acreage Allocated to Different Crops .
in Various Crop Districts Under Solution o:m,_

&
Crop District Wheat Oats Barley - Flaxseed Rapeseed Rye Sunflower Potatoes  Sugarbcets
1 | Nmmwm%m---M&wmmmm--JM&Jmmmm--wmmummwﬂ---->nﬂmwmwmw---wmmmwmﬂ--Mwmmy--;-----me----------Hnw
2 357,811 151,848 249,636 91,672 65,659 15,982 54,863 11,067 18,246
3 607,833 280,729 383,652 396,016 111,320 27,147 3,269 . 248 3,634
4 75,393 74,095 92,465 20,563 13,838 3,368 5,860 1,641 2,998
5 306,917 181,713 201,930 85,164 55,968 4,288 1,256 - --
6 30,889 36,855 16,603 10,313 mm.ppo‘ 1,378 -- - --
7 214,975 106,315 148,590 59,388 39,343 9,353 28,377 4,729 -
8 218,283 131,387 140,572 55,409 40,099 9,753 23,949 7,508 --
9 215,134 141,261 95,602 56,685 39,301 9,601 -- 601 - 570
10 382,633 128,818 226,441 75,543 70,165 17,091 -- 958 777
1 280,851 132,934 180,184 67,515 51,304 12,536 1,045 785 265
12 82,228 59,441 78,290 31,037 15,054 3,672 -- 96 --
, 13 123,070 55,942 121,770 5,742 22,622 5,500 2,557 -- --
14 104,750 32,317 60,536 37,452 19,142 1,121 -- -- --

ammmma on the model.
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Percent Decrease of Optimal Acreage in Solution Two
as Compared to Solution One for Various Crops by Region!

Crop Interlake Eastern Central South West North West Manitoba
Wheat 7.61 mwﬁom . -- -- -- . 6.39
Oats 62.34 - 62.70 54.94 46 .54 48,13 52.92
Barley 91.99 82.25 16.36 -- 67.81 33.75
. Flaxseed 66.55 74.01 73.72 70.54 81.09 73.24
Rapeseed 7.57 70.95 45.80 30.61 48.19 43.58
Rye 73.53 18.68 63.78 63.66 54.13 60.74
Sunflower -- -- -- -- -- --
Potatoes -- - -- -- -- --
Sugarbeets -- -- " 11.59 2.61 68.27 8.49
, Tota] 52.06 68.48 28.86 19.19 37,32 32.65

dnwgocamﬁma from Table 49 and Appendix C Table 18.
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N TABLE 49

ouﬁ*aca>n1mm@m>AJonmﬁmaﬁo oﬁﬁﬁmﬁmaﬁ nsonm
by Crop District 1in Solution Two

Crop District “Wheat Oats Barley Flaxseed Rapeseed Rye Sunflower Potatoes Sugarbeets
1 236,58 30,157 AsT.a0  E2ems o amen T aan eas LT L
2 . 357,811 57,454 249,636 31,710 65,659 5,658 54,863 11,067 18,246
3 607,833 101,035 287,427 99,141 35,097 8,559 3,269 248 1,804
4 75,393 30,077 7,943 8,17 13,838 934 5,860 1,641 2,998
5 96,100 75,443 21,255 22,909 17,524 4,288 1,256 -- --
6 30,889 6,567 16,602 1,958 15,213 n - -- --
. 7 214,975 65,523 148,590 16,939 27,175 3,664 28,377 4,729 -
8 218,283 131,387 140,572 13,452 40,099 6,456 23,949 7,508 .-
9 215,134 45,870 95,602 14,870 11,595 2,833 -~ 601 282
10 382,633 65,011 226,441 13,921 70,165 5,020 -- 958 777
N 280,851 69,194 28,692 9,656 12,709 3,106 1,045 785 132
' 12 82,228 19,758 5,416 8,780 15,054 727 -- 96 -
13 123,070 19,919 38,639 1,314 22,622 5,500 2,557 .- --
14 104,750 32,317 4,527 10,514 4,591 1,121 - -- --

1

Based on the model.
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TABLE 50

Percentage Contribution of Optimal Crop
Acreage Among Various Regions in Solution Two

Crop Interlake Eastern Central South West North West Province

. mmmmememe—csseeoo-o- e mm—————— Percent--------=--cemereocmommm oo -
Wheat 5.31 - 3.91 34.34 37.32 19.12 100.00
. Oats 7.20 10.18 29.97 35.18 17.47 100.00
Barley 1.03 2.57 39.52 47.64 - 9.24 100.00
Flaxseed 6.02 7.65 44.21 34.46 7.66 dmo.oo
Rapeseed  8.13 8.56 28.50 39.65 15.16 100.00
Rye - 3.68 8.33 31.99 35.36 20.64 100.00
. mcmﬁaozmx 4.58 0.91 41.02 50.71 2.78 100.00
Potatoes 6.29 0.00 - 42.69 47.19 3.83 100.00
Sugarbeets12.36 0.00 60.52 25.73 1.39 100.00
Total 4.76 4.78 35.40 39.69 15.37 100.00

1

Based on the model.
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TABLE 51

Value of Optimal Crop Production

For Various Regions

 in Solution Azoa

and for Manitoba

Crop Interlake mmmﬁmws. Central South Vest North West Total
bt g aaman T Tasais e os 5.0m0.000 135,915,600
Oats 1,692,296 2,451,513 7,998,716 9,045,517 3,965,701 25,227,424
Barley 471,109 1,161,427 20,409,264 24,711,552 4,383,461 51,263,616
Flaxseed 595,152 677,343 3,814,593 3,155,611 680,346 8,927,354 |
Rapeseed 1,385,579 1,330,043 4,922,828 6,768,346 2,597,401 17,022,976
Rye 33,493 68,694 291,642 318,065 187,881 901,858
Sunflower 405,978 69,301 3,515,046 4,249,875 245,073 8,461,797
Potatoes 553,264 -- 3,747,478 4,070,199 307,438 8,655,959
Sugarbeets 872,286 -- 4,195,243 1,796,003 91,316 6,944,994
gw.mmg.mwo 10,551,671 95,417,386 104,378,239 37,499,327 260,352,882

B

Based on the model.




