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ABSTRACT

A VEGETABLE FARM PLANNING MODEL

FOR PRIMARY PRODUCERS
by
C. Camercn Short

The objective of the thesis was to construct a deterministic,
single year, farm planning model that would enable vegétable'
producers to select an optimal farm plan from among alternative
crops and crop production methods so as to maximize farm income
consistent with technological and resource constraints and other
gqals. The model was to be readily adaptable to a wide range of
commercial vegetable farmers in Canada but sufficiently flexiblé
to be adaptable to the particular situation of a specific farm.

A nultiperiod linear programming model was built.and validated
through its application to a large commercial végetable fafm.

The relevant theory of the firm was reviewed with special
attention made to the theory's application to vegetéble farms.
The structure of a linear programming problem was discuséed and
related to the theory of the firm and vegetable farms., |

Special emphasis was placed on the problem.of modeling the -
machinery used in vegetable production. The work of agficultural
engineers was examined to determine the technological relation-
ships involved in machine operation. Other crop budgeting models
which involved the construction of similar planning models for a

different sector of the agricultural community, especially the
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Purdue Crop Budgeting Models were reviewed.

The model constructed was able to deal with machinery
constraints by building a number of machine operating activities
and tractor transfers so that the time constraint for a particu-
lar job would consist of any subset of the predefined set of
time periods. Standard coefficients were prepared based on
engineering formulae for fuel consumption and repair and main-
tenance costs for tractors. All inputs in the model except
repair and maintenance costs were in physical units. This madé
it necessary to build several different types of purchasing or
renting activities but facilitates the interpretation of data
and the use of the model in a large number of different |
situations.

The modei was validated through its application to a
large commercial vegetable farm in British Columbia. The model
was rﬁn in simulation mode by forcing the model to follow the
farm's 1974 crop plan and altering yields and prices to yields
and prices that actually occured in that yeaf. In this manner
the reliability of the cost coefficients of the input data ahd
the relationships between resources could be evaluated and
compared with the results recorded in the farm's CANFARM
records.

- The model was run in bptimization mode with expected 1976»
prices and yields to demonstrate the use of the model in
selecting an optimal farm plan. A total of six plans were
prepared based on alternate market and risk constraints and

vields. These were compared with the plan selected by the
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farmer without the aid of the model. A detailed report on one

of the farm plans was also prepared.
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CHAPTER 1
INTRODUCTION

1.1 Background Perspective

‘In 1971 the vegetable industry ih British quumbia was
of direct concern to more than 1400 farmers and their
families who are engaged in the production of vegetables.
Relative to such large sectors as dairy, beef, and tree
fruits, however, the vegetable industry is a small part of
primary agriculture accounting for 2;1% of total
cropped acres and 6.0% of the total value of farm production
in that year (see Appendix A); Canada follows the British
Columbia pattern‘quite closely except that the vegetable
industry is slightly less'impoftant in relation to the
agricultural industry of the nation.

The vegetable industry itself is very diverse encompas-
sing a large number of very'different types of crops, crop
production systems, and marketing and other institutional
arrangements. With the exception of potatoes, no single
vegetable stands out within £he industry. In British
Columbia potatoes accounted for approximately half the land
in vegetables and of the farm value of vegetables produced
during the period 1970-74. All other vegetables account for
less than 7% of farm income and, with the exception of peas
for processing, less than 7% of the land. |

There are considerable differences in the perfofmanée of

. the vegetable industry in different parts of Canada and the
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United States. If average ylelds are ﬁsed as an 1indicator of
performance, Washington State obtains higher yields in general
than does British Columbia, British Columbia does better than
the United States, and the United States does better than
Canada as a whole. To really understand the difference in
average yields an examination has to be made of the special
circumstances in which each vegetable is produced in each
region. Yields may be different because of the.different
qualities of the crops produced in which case average value
of production per acre may provide a better basis for compari-
son. There may be special economies of scale of.which
American producers are able to take advantage but the Canadian
producers are not, for some institutional reéson. It has
often been suggested that Amefican producers have a naﬁural
advantage owing to climatic and other natural factors.‘ What-
ever'the cause of the difference in performance, the sphere in
which the individual farm family can act to imbrové its
performance is by improving its.managerial ability; In this
thesis, an attempt is made to improve the managerial environ-
ment in which vegetable producers make planning decisions so

that they may be better able to achieve farm goals.



1.2 NATURE AND SCOPE OF THE PROBLEM

The framework for pianning decisions fqr the vege#able
farm manager is illustrated in Figure 1.1 which has been
adapted from Bauer (1972, p. 15 ). The farm manager has
available a number of specific resources which aré,éither
acquired on the factor markets-or are a flow of specific’
capital inputs which have been purchased on capital markets.
Through the technological relationships of tﬁe production
process he is able to transform the resources into final
prdductsvwhich are sold on the product markets. Decision
points where decisions have to be made relating to.thé'
acquisition of resourées, the use of the resources in the
production process, the final products which are to be
produged, the disposition of final products, and.fhe
managing of the firm's financial resources are indicated.

The diagram illustrates three broad types of deci$ions
which have to be made. First of all, there are the‘prdduc-
tion decisions about what to produce and what method of
production to use.‘ It is this typelof decision théf‘is'the
central focus of this study..

1.2. 1 Factors Affectlng Production Decisions

There are several factors which comblne “to make this
type of decision very complex for the vegetable producer. .
Vegetables may be perennial, biennial, or annual.‘ Multiple
cropping may be feasible but at the same time, some crops
may be incompatible so that rotations must aiso be accurétely

specified. Furthermore, some vegetable crops produce joint
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products. All of these variables considérapiy increase’the
‘scope of the problem. |

Another factor that incfeases'the scope of_the'probiem
is the wide.range of technological Systems thaﬁ may be Qsed'
t0'produ¢e vegetables. These range f:om greenhouses andA
.market gafdens through to large coﬁmércial veéetable farms.
Each of these systems may be exteﬁsi?ely mechanized or rely
on large amounts of hired labour in critical £ime periods.
Irrigatign and drainage syStems may of may not be used. "It
was not thought possible to examine the special céncerns of
all péssible tybes of téchnological.systems. iThis study ié
:elevant_to.mediﬁm'and large scale commergial vegetable
producers regardless of.whether tﬁey employ a‘maqhine intensive
or a labour intensive system. .The:concentration is in the use
of farm machinery‘in field operations but the study is not
Specific to farms which'employ a'parficular‘teqhﬁologiCalv
system or degree'bf;machine or labou;:infensity; | |

Managément decisions onvvegetable_farms_are also made-
more comple# by_the wide range of lqcatidns in.Whiéh vegetables
may be produced. The particular climatic_and sgil ¢onditi6ns
will havevan,effeqt on the decisions made‘by'ééch'farmw
managér. An effort was made to avdid‘making the étudy-spe;ifig
to a rggion so.thaf it is relevant tovvegeﬁable productioﬁ in
’all_a:eas of the country.

- The diversity;qf vegetables, technological'systehs‘ahd
locations delineate the wide range of situations'ih_whiCh'thé

vegetable producer is making decisions andbconsiderably :



_ "6
enlarges the scope of the problem. The actual prpduction'

vrelatidnships which are relevant to a particular farm._'
operator are conce?ned with the Cur:ent inpuﬁs, such és
purchased gOOds.énd services and with the flow of services‘:
from labour and inputs such as machines, buildings.énd land.
It is essential for rational decision makiﬁg tﬁat £h¢ 
relationships between these inputs are understood and that -
they afe evaluated in terms of relevant constraints on their
.supply and of the particular operators knowledge and ability.
It is necessary to see that the flow of these inputs is |
measured per unit of time so that the cohstraints 6n the
~resources have to take into account the timeliness of_the use
of ﬁheSe resources. | |
1.2.2 Fihancial‘and Marketing Decisiqns
A secohd broad area of farm management that is evident is

in the area of marketing. The farmer is operating on both' the
factor markets and on the product markets.  For the purpose of.
this study two aspects of his behaviouf anthese markets are
considered: pri;es that he can expect to thain_orbpay, and
constraints on his'purchasing or selling actiﬁities,

| The_third brogd_area of coﬁcern is ihvthé area of.finag-
cial management. A necessary implication of financial manége-
@ent_is that financial records have to be kebﬁ. Acébunting
points where this type of information Shodld be'recorded_are
indicated in Figure 1.1. The effect of financiél withdrawals
and transfers must.also be taken into ;onside:ation. Thé

1 . .
important area of capital budgeting largely associated with



financial management is not included as this is considered
" beyond the scope of the study. The decisions that are fhe
subjéct of this thegis are those which optimize'decisions-in
the static sense rather than those that Eaké into account
the dynamic growth position of the farm. |
1.2.3 The Planning Period

For the_pu:poses of this study the‘normal planhing
period is considered to be one year. Theré are two main
reasons for this. Most vegetables are annuals produced over
the period of one year. Even in cases where multiple croppiﬁg
is feasible or perennialstand biennials are a fagtor thé
period of a year provides a complete set of climatic and
biological conditions which can be considered by the farm
manager. The institutional setting of the vegetable farm is
also based on a year. A complete set of financial records
is required every twelve months for taxation purposes. Loan
repayments and other dealing with financial intermediaries

are also frequently based on the year.



1.3 OBJECTIVES OF THE STUDY . |

The objective of the study was'ﬁo develop a‘computefized
‘farm planning model for those farmérs whbse resources, .
technical knowledge, éxperience and markéts limit their
choice of what to produce fromaafinitelist.qf vegetableé;'
who are limited in their'options of hoﬁvto produce to the
bundle of capital inpﬁts they presently own and current inpqts
they can purchase of hire. The model should be readily
adaptable to a wide range of commercial végetable fa:ms
producing a wide variety of_vegetables iﬁ various locations
and usihg either labour intensive or machine intensive tech-
nology. The model Should,realistically cope with the diversity
of current inputs and the flow of capital inputs'in a frame-
work that reflgcts the timeliness of the use of these inputs.
The model -to be built is to be a deterministic,ﬁsingle,yeér,
farm planning model that will enablé producers to select crops
and crop production methods frpm,amdng alternativés avai;able
so aé_to fqrm an_optimal farm plan with the maximum level of
income consistent'with the farmlmanager$ technological and
reséurce c¢nstraints and his other goals.

The objective may be separated into several sub;objeCtives
that are necessary tq be able to éomplefe the overall
objective:

1. ‘To_identify problems encountered by vegetable,

préducers in formulatihg a farm plan and technological
information available that ié relevant to rationally

making planning decisions;



-9

To construct a model that will‘select optimal farm
plans for vegetable producers;

To verify the model through its application tg a case
farm; | |

To demdnstrate ﬁhe use of the model in developing an

optimal farm plan for the case farm.
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1.4 METHODS ADOPTED FOR ACHIEVING OBJECTIVES
1.4.1 The First Sub-Objective

The first sub-objective involved identifying.the:
problems facing primary.producers and the aréas Qf decision
making that it would be:poésible to incorporate into a fa:m
pianning model. This sub-objective is the first step in the
overall objective of the thesis as indicated in Figure 1;2

The first Subsobjective has been satisfiéd through
conversations with gr6wers, ~uriiversity experts, and others
interested and informed about the_problems of végetable
producers. This sub-objective is naturally an on-going one
that is continually being updated throughout the work aone
towards the éompletion of the thesis..,The.manr econdmic
problems facing vegétable producers have been idenéifigd_as a .
problem of crop seléction and resource allocation. How hany
acres of each crop should be produced and what combinatiop of
inputs or resources should be used to produce each crop?
Crops ére to be selected according to theirlprofitability on
the'farm_subject to téchnological reiationsﬁips and'resdurce
constraints. |

Because of theldiverSity‘of vegetables, regions, and
individual practices and because the basic ftésting' has not
been done td define systematic biological relationships in
most cases, it was felt necessary to leave the.definition of
thése rélations to_the discretion of the farmer. :Consequently
the direétion of reseafch has fdcused'pn Ehé relatiOnships

that the farmer can be_expected to prbvide. Evaluations of
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resource constraints in a realistic time frame is seen as a

major problem abouf which considebable'information may be 
obtained relevant tocthe individual grower. The schéduling
" of machine operations with an accurate evéluation of machine
and labou:'resources%avai;able over the time oeriod budgéted'
for the opefation and the'prediction of associated costs is
the area of central concern. Ic has been thc techhological
information about méchine performance and cost’that has been:
investigated in a most detailed-mannef. The model ﬁaé been
developed,to_evaluate these types of_constraints_and calculéte
these types of costs in détail, Tﬁe biologicai_celatiOnships
are incidental to the main work done on the model.:_Intuitively
this can be seen as a rational approach; there are such a
lafge number. of vegetables and regions each with.afgreqc ‘
variety of_specific bioiogical.requirements but the technologicél
relationships between the machinery used to produce théﬁ; is
common to all.
1,4,2»,The Second Sub-Objective -

- There are two steps that have béen'identified as
necessary for the completion of the second SUb-objectiveif
the development of a'theo;etical model of fheivegetable’fifmb
and the construction of a quantitative:empiricalumodeib(éteps
II and IIIA:espectiyely'in Figure 1.2). - The theoretical
model givén is the theory of the firm. The tﬁeory of the
firm is modificd by'special.concidcratiohs‘of.the.situatioo of
vegetable‘férm and of the quantitati?e model uséd.

The model built is aAmultiperiod linear programming
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model. The model assumes that all coefficienté:are known

with complete certainty and that the farm operator

has the sihgle goal of maximizing‘his gross margins. These
last two characterizations of the model can be relaxed to
some extent in the specification of limits on resourées and
activities within the model but these are not explicitly
incorporafed into.thé model.

An essential feature of the modelvisvthat it is a
multiperiod model with limits placéd on most resources for a
number of segments of the total planning period. The number
of segmehts and the length of each varies according to the
demands placed on those résources. A cent:al part of the
model allows the length of Eime in which a specific job must
be compleﬁed to be specified individually in.terms of groups
of the basic time ségments. This.quality'of the model enables
evaluation of different farm plans in a realistic time
constraint framework.

The model incorporates quité detailed machinery data
used to determine fuel consumption, repair and maintenance_’
costs, and constraints on.machine time. Most 6f.this data,
and all data concérning chemical use; cultural practices, énd
vield reéponse should ideally originate on the farm to which
the model is being abplied. |

Another feature_of‘tﬁe model is that it can‘readily
accommodate vafiatiohs in variable ihputs that are khown.
Considerable work‘is required to build a crop into the model

but when this has been done additional variations in para-
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meters and their consequences for yields can be'evaluated by

adding a few columns to the matrix. |

The model has aiso been.cdnstructed aimost completeiy_in
terms of physicél units. For example, the apnroach'taken-to*
estimate repair and maintenance costs is to buiid in the
hours of use of the machinery and calculate the cost of use cn'
an hourly basis within'the model rather than”use only a single
coefficient in dollars. | |
1.4.3 The Third Sub-Objective

Three steps have been 1dent1f1ed in the completlon of
the thlrd sub-objective, whlch are 1nd1cated as steps IV, V
and VI in Figure 1.2. The first step 1nvolved'spec1ficat;on
of the data required by the empirical model,and sources of the
data. Once the data had been specified a cese.farm wes'se1ected
and the farm data recorded‘ The Selected .case farm was
relatlvely complicated in that a large number of technologl-}
cally diverse crops are grown. The operators' CANFARM records
and infqrmation_collected on several visits to the farm, and
special machine coefficients originating in empirical studies
done‘hy egricultural engineers constifucerthe data base for the
case farm. | | |

A farm plannlng model of the case farm was constructed
and constrained to follow the case farm's 1974 farm plan,’
The SOIntion found with fhis 'simulation_run',of_the:farm

planning model is used to verify the model.

¢ Data collected is’documented in a separaﬁe paper
"An Optimal Farm Plan for a Vegetable Farm."
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The logic of the model was evaluated by showing that a

solution to the model was consistent with resources‘dtilized
and costs calculated based on numerical anaiysis of the
empirical model and the data.

The validity of the_coefficients-used for'thevcase farm
and reliability of p1ans produ¢ed by the modél wéreshqwn by
comparing the costs predicted with the farm planning model
with those recorded in the CANFARM records of the farm.

1;4.4 The Fourth Sub-Objective

Finally the modei'was used to produce an optimal 1976
farm plan for the farm. Thisvwas done to show that thé ﬁqdél
can indicate some important changes in the farmer'splan so
that hercan better sétisfy his objectives. Several farm
plans were_prepared and compared with the farm plan sélected
by the operator without the additional knowlédge he would
have had using the farm planning model. - Detailed‘farm reports

were prepared for one of the farm plans.
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The organization of the thesis as it relates to the steps
taken to achieve objective is summarized incFigureli.Z.  The
first sub-objective of problem identification is documented
in this chapter. | | |

The second sub—obJective was separated into two steps.
The first step involved an examination of the standard theory
of the firm and this is done in the second chapter of the
thesis. Attention 1s ‘also given 1n Chapter 2 to the quanti—
tative methods that were con51dered and practical concerns of.
the nature of_vegetable farming and of the quantitative‘
approach used (linear programming) as they‘affect the theory
of the firm. |

The specification of the empirical model waS'such an
‘involved task that it was separated into two chapters. 1In the
third chapter other crop_budgeting.models, particularly the
Purdue Models; are summarized and the machihe scheduling
system developed for the model is discussed in detail. This'
is done at this p01nt because. the machlne scheduling block is
really the core of the model and the rest of the model_is very
‘straightforward when this section of it is.knowh. The
structure of the entire model is introduced, in this'chapter,'
with aid of a flow diagram illustrating source of resources,
‘use of resources ahd information_requiredhbyvthe'model.

Ih~the‘fourth chapter the‘themes established in thetthird
chapter are‘expanded, ?he sources of farm data are specified.

A'picture of the entire matrix is given and detailed schemata
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Chapter 3.

The third sub;objective was to verify the model.against
its application to a specific case farm. The details of»the
selection of the casé farm, the picture of the applied model
and results of using the model to simulate the case farm's
1974 farm plan as reéorded’in'the CANFARM records are all
given in the first part of Chapter 5.‘

The model was used to produce six different optimal
farm plans-based upon alternative constraints and yields which
are compared in C%apter 5. One of the plans was used to
produce detailed projections of income, costs and resource
utilization.which are given in Appendix G. This material is
presented to satisfy the fourth sub-objective.

Finally the thesis is summarized and conclusions drawn
in Chapter 6. Suggestions for further research are also

given in Chapter 6.



CHAPTER 2
THEORETICAL MODEL OF THE FIRM

In the previbuS'chapter it was stated that.the objectiVe
of the'thesiévwas’to“build a farm blanning model apblicable-A
to vegetable farmsvand that liﬁear programming would be the .
modeling technique“émployed. In this chapter an_at;emptvis
made to indicate the theoretical considerationé that underlie
the apprqach taken. The farm planning model willAMaXimize
income subjéct to specific resource, technological and |
alternafive goal constraints. The theory of theifirm is
summarized in Section 2.1 to poin£ out the relatiohships that
must hoid between rgsources, between resoﬁrces and products,
and between producﬁs at the point of maximuh profit. Thé
nature of the production process implied by‘the existence of
a maximum pfofit solution is also_indicéted.

" In Section 2.2, thexnain'potential alternative.quantita-
tive modeling techniques are briefly indicated. 3Modelihg
methods are divided into the three categories;,'lihear'pfo-
gramming, non-linear programming, and_simulation-, §omevmajof
advantages and di;advantages of each are'givén,inhtabig form
and the reasons givgn why linear p:Qgramming was ﬁséd for this
study.. | | |

In the finai,sgctibn, Sectionv2.3;_the férmulationtof the
linear p:ogrammihgnbroblembis explained. An atﬁémﬁt is madé
to relate the lineaf programming\fcrmulation fo théitheory:of

the firm as it is thought to apply tovvégetable farms by the
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author. It is shown that the linear programming model allows

an approximation of the_necessafy conditions for a solution

to the maxiﬁizing problem, that it implies a prod@ction

process not unlike that suggested by the theory of the firm as
it applies to vegetable_farms and that the conétraints on the
production process for the vegetable farm can be easily handled.
Formulation and theoretical justification of the dual linear
programming problem is indicated as well as 1its relationship to

the constraints imposed on the production process.



2.1 THE THEORY OF THE FIRM

The firm is thetbasic unit Qf'production in-neo-classicel
economics. For each firm a relationship is assumed toeexist r
between the resources or inputs that the firm uses and the
products which the firm sells. The relationship is_eai;ed
the production function and is expressed in exact'terme in
‘equation 2.1.

2.1 q = f(xl,xz,...,xh)

where q = maximum possible production,

and x, = i-th input with i = 1,2,...,n .
The production function is usually described as being
continueus, twice differentiable, and coneave. This description
follows from further‘assumptiops that are made_about the rela=-
tionships between resourcesvand between resourceseand_output.‘
Both inputs,ahd output are assumed continously divisable.
There are diminish;ng returns to the increasedVUSe of one input
with other inputs held constant. Disposability of resources
may or may not be assumed. ,The.market position of the firm ie
also assumed to apprdximate perfect competition in which case
four additional assumptions have to be mede.._The‘firm produces
a homogeneous product. Both firms and consumers are nuﬁerous
and smell relative to thelsize of the markets'in'which they
participate. Both firms and consumers possees perfeet.know-
ledge about price and product relationships ahd both are'
maximizers. More spec1f1ca11y, the flrm is considered to be

a profit max1mlzer._ Entry and exit from the. market is also

assumed free in the long run.,
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With this description of the firm the cohdiﬁiohs under
which a firm can achieve its objé;tive of prOfit maximization
can be specified. The firm will obtain the greatest profits
at the point where the marginal value products of.all inputs
are equal (input-input relationship) and where the marginal
value product equals tﬁe price of output (input-output
relationship) rather'than at the maximﬁm outpht.' For the
solution to exist the pboduction funcﬁion has to have constant
or decreésing returns to scale. If the firm produces several
products then the price ratio of any two prbducts must equal
the ratio of marginal products of the two productS'With all
inpufs. A
However, as pointed out by Heady (1971, .p 9):
"All farms have several limited.physical resources ....
In addition all farms have institutional or subjective
restraints.”
This may be considered to be the short or medium run position
of the firm as with a planning horizon of one year Qith a
- fixed capital étock”which_is the situation being addressed
by this study. The.profitAfunction for a single product firm ih
this_situation.may be represented as in equatioﬁ-2.2 with a

constraint imposed on one input.

* The description of the firm in long run competitive equi-
librium can be found in any standard text, e.g. Henderson
and Quandt (1958), Fergu_son (1972), etc. :
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2.2 W= pq - wyxq-wpXp-w3x3- b

subject to xyZ c or x; + s =c

"wherej Tl = profit,
P = the pricé of the final product,
' q = the production function-2.1 where h % 3,
wi = the price of the i-th input,
x; = the amount of the i-th input,
fixed coats,

]

c = an upper bound on the amount of x avai-
' lable : ' ‘ o

and s = a slack variable.

The constrained optimization problem in equation 2.2 can be
solved by forming the Lagrangian equation 2.3 and taking the
partial derivatives.
| 2.3 L=pq - wixi - wzxz'- WiX, = b+ Ale = x5 = s)
The partial derivatives for x1 and X, give the same input—
input and inputaoﬁtﬁuf relationships as the unconstrained case
but for the third input the partial derivative is:

2.4 . Lg=pfy - W3 =A.
The marginal value produ;t for the third input is equal to the
sum of its wage and the Lagrangian mulﬁiplier for the constraint.
The term w, +4A”may be called the shadow price for the input x,
for,thé solution is as though the price of the input were
w3-+A. . Another feature of this model is that it does not:
fequ;re an assumption about fhe returns tq scaleVOf the

production function.
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2.2 QUANTITATIVE MODELING METHODS

'An essential featufe of all three economic models.of the
firm is the maximizing behavinurpresumed. Cfiticisms of this
assumption usually propose anotherlobjective or combioation
. of objectives to be maximized or minimized. Boulding (1960)
points out that the first order merginel conditions‘follow as
mathematical tautologies from the fact that optimizing
behaviour that is assumed. The objective of de?eloping a
mathematical model of the vegetable farm should be restricted
to models that are capable of utilizing an optimizing routine
to simulate this‘behaviourial assumption. There ié a trade
off however between the flexibility and realism that can be
incorporated into the model and'the availability and reliabi-
lity of the ootimizing routinee for the model. In Table 2.1,
modeling methods that may be oonsidered for the firm are
divided into three main categories and some of the major
advantages and disadvantages given for each.

It was decided very early in thevundertaking of the
thesis to use the technique of 1inearvprog:amming. Simulation
wes not seriously considered because of the lack of an:
‘optimizing procedure. Non-linear programming was considered
as a technique necessary for taking account of risk. It was
felt howeQer that risk could be accommodated in a linear
programming framework and that there are other complex
problems in the modeling of the Qegetable farm that should be
solved first. | |

There are also a large number of variations on the
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MODELING METHODS COMPARED

Linear
Programming.

Non -~ linear
Programming

'Simulation

. Optimizing Method

Revised Simplex
Method readily
available in
various computer
packages )

Several methods.
Not normally avai-
lable in packages.

.:Algorithms longer

and more expensive

Various search
techniques employed
but there is no
Algorithm which
leads to a certain
optimum

Advantagés

Simplest model as
all equations

Equations may be
linear or non-

Most realistic in
that there are no

linear. Optimizing linear restrictions in the
Method best known formulation of the
because of long model '
history o

Disadvantages

Lack of realism

due to restriction
to linearity.
Impossible to have
even linear approx-
imations of increa-
sing functions:

Optimizing Method
limits number of
non-linear equa-
tions. Cost

Lack'of'gdaraﬁtee
that the solution
is optimal
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technique of linear programming such as integer programming,

pa:ametric programming, multiple goals programming, and
stochastic programming. None of these techniqﬁes are used in
the model. There is considerable room for making the model
more realistic by incorporating some of these téchniques but
thé basic problem of crop selection in a'framework that
accurately computes variable costs and field time constraints
is itself a complex lihear programming probiem that does not

require any of these extensions.
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2.3 PRACTICAL CONSIDERATIONS THAT MODIFY THE
' THEORETICAL MODEL

2.3.1 Relatlonshlp between the Theory of the Firm and S
Vegetable Farms

Although it is impossible to say a priori whether'there
is diminishing returns to any specific resource on a vegetabie
farm or whether the production'function for yegetablevfarhs is
continuous and twice differentiable somecﬁ?the other assumpé._
tions may be evaluated intuitively. 'Divisibility of inputs
and outputs is in most cases a reasonable approx1mat10n of
reality but there may be some varlables for whlch lnteger values
only may be relevant. Perhaps labour has to be hired for a full
day or a grower may only be able to get a specific size of
marketing contract from processors®. Aithough_returns to scale
are difficult to evaluate al; farms have both physical and
subjective restraints oh_several resources and the theory of
the firm implieS‘thet a unique solutioh,to the problem of
profit maximization.can erist_in_this case regardless of‘the'
returns to scale. A non-unique optimum with}eonstant returns
to scale may be assumed without contradictihg the theory.
Substitutability betweeh resources seems’intuitively orobable
as does the dlsposablllty of resources._ The vegetable firm
for the most part conforms to the descrlptlon of the firm in

the short run with a multlple product output.

* This type of 1nteger problem is assumed to be unlmportant.
If it were an important consideration then an integer pro-
gramming technique would be necessary.
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The assumption that the firm is in a perfecﬁly_tompetitive
position seems less valid. The assumption of perfect competi-
tion implies that the firm haslprofit maximization as its single
'goal. The single goal of profit ma*imizatioﬁ ighores thg»fact
that the owner-operator of a vegetable firm is also a consumer
and as a consumer must be making a preference decision between
work andléisure. The implication of perfect knowledge is also
not satisfied. Because of the time lag.between the formulation
of the farm plan and the completion of that plan there is bound
to be a degree of risk and uncertainty in the prices of inputs
and product. Because of the climatic and biological faCtofs
involved in crop production there is bound to be a degree of
uncertainty concerning yields. Future income has at least two
dimensions that should be evaluated: level and'variability.

‘The knowledge criteria is not met in another complete;y
different sense. As pointed out in the first chaptér a large
number of input-output relationships are unknown;_ For some
resources the grower may be able to point out different expected
yields for different levels of inputs. Thié is the case for
example for inputs like different QUalities of land. For a
great many other alternativés the marginal relationships will
remain undefined. It is only that part of the production‘
function that is perceived that can be built into.the model.
It will have to be assumed that the grower's usual practise
satisfies the marginal conditions for an optimﬁm for all other

inputs.
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2.3. 2 The Structure of the Linear Programming Problem and’ 1ts
Implications for the Theory of the Firm

Theory specifies a number of relationshipsvthat’are
supposed_to.hold for the vegetable firm and deduces‘from these
the conditions necessary for the fulfilment’of’the maximization
assumption. The quentitative model of the firm developed:to
satisfy the objectives of the thesis should simulate this
description of the firm. |

.The‘linear progrémming problem may be represented'as in_
equation 2. 4. | |

2.4 Max1mlze ctx subJect to Ax" b and x =0

where ct 1s a 1l x n vector of prices,
| X .is a h x 1 vector of activities;
b 'is a m x 1 vector of resource constrainte,

and A ie amx n matrix.
This system of equacions is.similar toithe'systemiin 2.2 The
objective function ctx may be a type of profit function with'
the constraint matrix giving the technical relationships of
the production function. The elements of the vector x are
the variables (or activities or columns) of the linear p:o—
gramming problem. Some of these variables may be ihputs Witﬁ
negative coefficients in the objective function which fepresent
levels of purchases‘ofvspecific resources. Some Qariabies_may
represent final products and have positive coefficieots in the
objective function.; chef variables may have:zeroslfo: co-
efficients and are called t:ansfer‘activities. The_function

of transfer activities is to transform one resource into
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another or change it into a final product‘..sT;ansfer

activities are a convenient method of making the technical
rélationships of the production function explicit.

A main advantage of linear programming is its ease of
use. FIn'd sense each different activity is defined by the
resources and'théir relative proportions that the activity
requires and produces. The solution of the linear programming
problem contains the optimal level of each activity and thus
simultaneously answérs_the questions of what to produce ahd
how to produce it. Each resource can be built into the model
as a row and subdivided into as many categories as is thought
necessary. In this way the timeliness of the use of each
resource can be bUllt into the model in a meanlngful way.
Divisibility and dlsposablllty of resources are automatlcally
assumed. Special restrictions may be placed on specific
resources and final products to take into consideration sub-
jective estimates of risk and the personal preferences of
the grower.

A final advantage of the linear programming model is that
each linear programming problem has an associated dual problem.

Equation 2.7 is the. dual formulation of equétion 2.6.

* This is not necessarlly the only approach that can be taken.
variables could be final products and their prices could be
the difference between revenue and variable costs per unit,
etc. :



30
2.7 Minimize bfy subject to Aty%3 cand y = 0

where bt is a 1 x m vector of reéource coﬁstfaints;_
c is a n x 1 vector of pri¢es;'
At ia a n x m matrix,
and y 'is aym X 1 vector of dual variables.

The dual variables in this case representbthe shédpw prices
of resoﬁrcés. A finiﬁe solution to tﬁe primal problem,
equation 2.6, implies a unique solution to the dual problem
and conversely. The shadow prices are the same ones encbunte-
red in the solution‘t¢ the constrained optimizing problem,
equation 2.4. :In_the caée of reSdurces whi;h arevnot' |
constrained, their shadow prices are the Samé'as_their_purchése
or rental price. Fdr constrained resources thé value of the
shadow price takesbinto’account the change in production that
would be possible with one more unit of the‘resbu;ce, _Ihey
vare, as indicated in Section 2.1, what the p:iées of the
resources should be if the resource wefe not éqnstrained bﬁt
the sqlutionvwas optimal.

vShade prices can be valuable in two ways. Very
improbable Shadow prices indicate possible_érrors‘in cé-
efficients,which is_useful in vélidating ﬁheﬁmodel. _Believable
but high shadqw prices indicate_directions in whichzﬁhe,farm
éperation may be profitably changed in a longer time horizon
than the model encomi:>a$ses. ‘. | |

As pointed out already the resﬁrictign_tollinear-'.
félationé affects the realism of.the model.. This canvmpst

easily be seen in comparing how linear programming alters the
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first order conditions for an optimum. Diminishing returns

to a specific resource, for example, has to be approximated
in discrete terms with separate activitiés for production
with each differentvratio of resources. Restraints have to
"be placed on eaqh‘activity with moré‘efficient resource
product ratios. The series of these>constréiﬁed activities-
approxihate-the theoretical marginal product curve'with a
discrete step funcfion (see Figure 1.2).

~Similarly separate activities are required to répresent
input substitution and product substitution. To portray the
théoretigal isoquant or produét substitution curve would
require an infinite number of activities although both méy be
approkimated by a finite number of points with a linear seg-
ment joining the points. Exact tangency between the price
'ratio and any point is impossibie. 'There.is no first
derivative at a point.‘ Tangency between the priée‘batiovand
the line ségment joining the points may be possible in which
case the tangency covers a whole range of solutions.

- A final consideration is thaﬁ a linear.p:ogramming modél
must, because of its linearity,.imply a production function
with constant returns to scale. Without this assumption one.
must,admitithaﬁ there is a systématic bias in the coefficients
used in the mode; depending on whether the optimal solution
contains an activity at a level gfeater or smaller than at the
level from which the coefficients were estimated and whether
the production function aétually has increasing or decreasing

returns in this area.
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Marginél Produce and Margihal Value Product

w, (wage of
input i)

'Linear Programming
Marglnal Produce and Marglnal Value Product

‘Marginal Product & Marginal Value Product

X (input i)

FIGURE 1.2

A COMPARISON OF THE THECRETICAL INPUT-OUTPUT RELATION
AND THE LINEAR PROGRAMMING APPROXIMATION '
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To summarize, the underlying economic theory on which the farm

planning model rests has been given in this chapter. The
structure 6f the quantitative method employed and its
relationship to economic theory have also been gi?en. In the
next two chapters, the specifics of how the method was used,

and the exact formulation of the empirical model are detailed.



CHAPTER 3
THE DEVELOPMENT OF THE EMPIRICAL MODEL

The purpose of thlS chapter is to present the method
adopted for programmlng the machinery and handllng the varlable
time constraints and to introduce the structure of the_entlre
model illustratlng_the flow of resources and the types of
activities implied by the machinery section.

In the.first section of the chapter a brief review is |
given of other empirical models. The structure of the Purdue
Crop Budgeting Models are explained in detail with special
referenCe.to the method used to handle time constraints.

In Section 3.2 three alternative methods of programming
the machinery are explained and illustrated wltn tne aid of -
schemata of the structure of a linear programmingdtableau.‘
Each of the methods_lnvolved the construction of machine
operating activities and in_one case a number of tractor
transfers; This section explains the relationships,between
resources andvmachinery in the theoreticallmodelband how the
variable machine time constraints on crop production are.
realized. | |

In the thlrd sectlon of the chapter the spec1a1 advantages
of the method eventually selected are 1nd1cated and related to
the.problems encountered in_prOgramming_the machlnery. The
method used allows greater flexibility £han,thé Purdue_models_

but will in the end require a substantially larger model.
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In the final éection of the chapter the entire farm
planning model including the maéhine operating activities and
tractor transfers is illustrated with a flow diag:am analogouS-
to Figure 1.1. In this-diagram the majof classifications of
resources used in the theoretical mddél.and the'number of
time periods used for each are given. The origin and use
resources by the major élaésifications of activities are
indicated together with units that are used for each resource

and activity.
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3.1 CROP BUDGETING: THE PURDUE MODELS ‘

Most farm planning models necessarily have to deal with
crop activities at least in part. tIn a model of a'beet‘farm
(Grahah and Lopez, 1975; IBM, 1965) for example, it mayrbe
that crop activities are looked‘on as an alternative demand for
labour and crops.msy'be selected in the model on the basis of
gross o;ﬁnet margins.f Alternatively, the various oossible
machinery and time constraints msy be brought into the model
(Kizer, 1974; McHardy, 1966; Donaldson, 1970; Barlow, 1974)
if the crop‘actitities are thought to be more importantvtottne
whole enterprise.. In a commercial vegetable farm_the,only |
important productive activities are the crops and the_treat;
ment of field operations becomes of major importance in the
model.

-Models have oeen,developed_in,the past on farms where
the crop decisions are critical to the successfuiAmanagement
of the farm. The Purdue Corn Enterprise'BudéethodeI'A
(Purdue Agriculturel Research Station, 1969) was a model
designed to select optimai planting‘and hervesting times for
mid-West American corn farms. _Fourteen separate,time periods
were used in theiﬁurdue model. - Four abstract'types“of field
operations are evident: those operations whicn.may‘oconr at
any time before a certain time period, thosevoperations'that
can only be done at%a specific time, those operations thch
‘ mey be done in a range of possible intermediate‘time oeriods;
end those operations which may be done at_any time,after'a‘
oertain date. Each'of_these‘types ofvoperations is_programmed

differently.
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-Land may be prepared in any one of the first 8 periods.
Land preparation requires labour and machinery time and one
acre of land to produce one acre of‘prepared iand. The pre-
pared land is used by various pe:mutations of all of the
succeeding operations to produce corn. This process is illu-
strated in Figure 3.1 | "

The plant-harvest activities require land from the land
preparation activities that occur in the preceding time
periods. The vectors of ones and minus ones control this trans-
fer of land. Land can be planted in six of the'spring periods
and harvested in three different periods in the fall. The
first three activities in the plant-harvest block‘consist of
planting iﬂ the first planting period and harvesting in the
three different harvest periodé. There are 18 of these plant;
Harvest activities needed to program éll the alternativés in
plaﬁting and harvgsting datés that are feasible, each witﬁ
the appropriate yield. The 18 plant-harvest activities illu-
strate the necesSity:of,building a separate activitynfor each
alternative that may be done in an‘intermediaté time range.

An operation that has to be done in é specific time frame
is programmed into each plant harvest activity ih that time
period and does not require any special control rows or extra
activities. Using equality constraints the model forces in
land preparatioh in any of the periods following the harvest
with a system of land accounting rows similar to those in the
control section iﬁ Figure 3.1 Fertilizer énd'available costs
associated with machine operation were added as necessary to

each of the plant-harvest activities. .
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~_ (period) M) (3 e (B 1 (D (2) (3) (&) (5) (6) ... a8
| Objective o
Land = - 1.0 1.0 1.0 1.0
Labour: (1) .98 '
(2) «98
(3) «98
< (14) ‘ .98
Machine: (1) .30
(2) .30
(3) : "« 30 -
_ (14) } ' .98
Plant-Harvest
Prepare : ,
Control: (1) }|-1.0 -1.0 1.0 1.0 1.0
(2) "’100 "1.0 -100 1.0 1.0 1.0 1.0 1.0 1.0
(3) “1.0 -1;0 -1.0 -1.0 : 1.0 1.0 100 1.0 1.0 1-0 oo @
(4) -100 -1.0 -1.0 o e e . 1.0 1.0 1.0 1.0 1.0 1.0 oo @
(5) "1.0"‘1.0 -100 oo e . 1.0 1.0 1-01.01.0 1-0 LI I .
(6) -1.0 "‘1.0 "1.0 s o0 —1.0 1.0 1.0 1.01.0 1.0 1.0 ‘oo @ 1.0

FIGURE 3.1

LAND PREPARATION IN THE PURDUE MODELS"
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The'main function of the Purdue Model is to select between
different planting and harvesting dates based on yield fesponse
and subject to macﬁinery and labour time constraints. There
are four Qell defined jobs each of which may’coﬁsist.of more
than oﬁe field operation with different tractors and imple- .
ments. This sequence of operations is the same for all.aiter-
natives since only oﬁe crop is considered. The model is thus
orientéd to very large'farms that are grqwing a‘single crop,*
about which detailed yield response data to various planting
and harvesting dates is known.

It should be kept in mind when evaluating theimodel for a
vegetable farm that there are a large number of different
vegetables each w}th different sequences of machine operations
any combination of which may be grown on an individual vegetable
farm. There is also very limited information available on the
vield response of even the impértant vegetables to planting and
harvest dates. For this reason a system similar to the_Purdue'

approach is unsuitable for our purposes.'

* The Model has been extended to other similar crops (Bruck
et.al., forthcoming publication).
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3.2 ALTERNATIVE MACHINE SCHEDULING MODELS

' The most s1mp1e method proposed for machine scheduling
involves programming each machine operation with each tractor
and the rate at'which it can be performed as activities.

Each hour of machine operation'reoui:esvone hour:of mechine
time, one hour of_tractor time and sopplies machine capacity
in acres per hour. The sum of the repair and maintenance |
costs for tractor and 1mplement and the cost of fuel are the
coefficients for the objective function and cash rows.
Figure 3.2 1llustrates this method in the case where two
implements and two tractors are con51dered as possibly
limiting production and either tractor can be used w1th either
implement. Presence of positives in the const:aint rows
indicate the use of'resources and negatives represent the
-receipt of resources._ In the objective function”negatives
represent costs ‘and pOSitlves and receipt of 1ncome. In the
right hand side positives stand for llmited'owned resources
or resource endowments. Blank spaces are necessarily zero while
all other coefficients may be zero in particgler instances.
‘Using Method One as.in Eigufe,3.2‘the same machine
operating activities can‘be_used by any number‘of_oifferent
crops. This 1s because thelalternative:methods of doing the
same job feed into:the,same accounting row whichlconnects the
machine operating:activities_with_the crop growing‘activities.
The machine coefficients for the crop growing activities ere
integers,fo: the number of times an operation:is,done in the

same time period.
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METHOD ONE OF PROGRAMMING THE MACHINERY

FIGURE 3.2
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The most powerful feature of this approach relies on a
flexiblé definiﬁion.of the accounting rows. The time con-
straint for the job is defined by the combinatidh df £he tiﬁe
constraints on each'opefation'activity that is conhecﬁed to
the Same accountiﬁg row. The job defined by "MachinébA Acc."
in Figure 3.2, for example, shows that the operation may-bel
performed'in either time period I and time pefiod'II; The jobv
defined by "Machine B Acc." in Figure 3.2,‘onv£he other hand,
may be performed only in time pgr@pd I. This most imporfant
feature is maintained in the other two models that'are;pro— |
posed. The,othér models are proposed as possible methods of
improving upon the hanner.tractors are handled. | |

It is possible to_eliminate one of‘the causes of the
uplication of machine operating agtivities by_convertingAthé
resource tractor 1into the resource horsepower hours. - In
situations where the nature of the implement_or the job being
perfofmed limits the capaéity of the_tractdr'implément combina-
tion, larger tractors can substitute for smaller tractors
without any change ih any of tﬁe time coefficients.. The
assumption may be made tﬁat the t:actors.which could be used
depénds only on tractor horsepower.'.éy convérting ﬁractof
hours into horsepower hours, the humber of_tractprs available
to do a job can be réflected in the right hand sidé._ Figure
‘3.3 illustratésvthisvmethod of building théJmachine_transfers;
Analogously to the plant-harvest activities in the Purdue_
Model (Figgre 3.1) it is necessary in this approéch to haVe an
entry in the maXimumihorsepower that the implement uses,énd

all lower levels of horsepower.
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A disadvantage of this method is thatvrepair'and mainten;
ance.costs and fuel costs have to be an‘aVerage‘of’what they"
would be with each tractor implement combination. Another
disadvantage is that the method may not be applicable for some
“implements such as those limited to a specific tractor by |
hitch, wheel base or some other-feature of“the tractor. Imple-
ments that may be operated at more’than one capacity and are in
fact limited by the power of the tractor would still have to
.be duplicated.

It was thought that it might be possible to fdrther‘dis-
aggreoate machine operating activities o) that'tractor fuel
and repair and maintenance costs are separated and still have
the capacity to include the advantages of both the first and
second method by building a tractor selection block. In Figure
3.4 an hour of tractor time is transferred into an hour of_‘
tractor time at a certain horsepower which is used in the_
machine‘transfers as in Fioure 3.3. Tractor,time for'repair
and maintenance cost calculation and fuel consumption are also
built into the tractor transfers. ‘Implements Wthh reqUire
specific tractors can have machine transfers as in Figure 3.2,

This is in fact the procedure used in the farm planning
model that was built. All_machine operations for_all crops
were handled as in Figure 3.2 or,Figure 3.4. The crop.growing
activities consist of coefficients for land, manual labour,
purchased inputs andpintegers for the frequency of each

machine operation performed on an acre of the crop.
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3.3 SPECIAL FEATURES OF MACHINE SCHEDULING BLOCK SELECTED

The technique of programming each machine operatlon u51ng
either method one or method three was 1n1t1ally attempted to
reduce the confusmon of aggregatlon and to simplify the
scheduling of the'crops._-There are three aspects of the
technique’thatAcontribute to this desirable result:

1. Explicit use of the:basic parameters of machine

use, i.e. Capacity, Horsepower,'Fuel Consumption
and Repairland Maintenance Costs pef Hour.
2. Each crop is a Sequence of cfop«operationsdenoted
by integers which reflect the number of timesEeach,v‘
_operation 1s done in each time perlod.
3. The problem of the varlatlon in the length of
" feasible time perlods by operatlon can_be ea511y
handled for a large number cf different crops by
the appropriate cefinition of the machine operation
accounting rows. | |

The first cf these points is concerned with the problem
of aggregation. The fact that‘all‘the machine‘parameters are
explicit, facilitates changing them when applying_the-model
in a wide ;ange»of farms. The schedule of a,particular crep
on'the case:farm_can be used_and easily adaptedvto_another
farm with a diffetent.line of machinery.in a framework that
actually reflects the characterLstlcszMuicosts of that
different line of machinery. Slmllarly, changes in the
machinery available onva single farm can be evaluated in a

realistic manner; The explicit use of the parameters for
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machinery pérformante may also have some pbtential educational
* value.

The second point conéerns the simplification in
scheduling. The crop activities are fairiy easy to prograﬁ
because they now cOnsist-of a sequence of integers which
represent the frequency of performing the machine operations.
To a great extent the difficult aspects of programming the
crop activities have been transferred to the tractor selection
block and the'machinezoperating activities. Oncé established
though, the tractor selection block and the macﬁine activities
Imay be used in other crops. |

Finally there is the problem of the variable length of
feasible time periods between operations. The Purdue Corn
Budget model developed a'method of dealing with thié problem
directly for a specific érop. By properly defining the
accognting rows for each machine operation, the problem can
be effectively handled by the technique herein developedf
The smallest unit in which work done can be constrained is in
one of the basic work periods in the model. Larger units
consisting of combinations of one or more of the basic work
periods can be assembled by feeding the machine operating
activities into a sihgle_accqunting row for the longer pericd.
For_instaﬁce, an operation like plowing that may be done in
the first four of the work periods perhaps, would have the
first four hachine operations for this implemént supply in
single accounting row. Similarly an ¢peration that may be

done in two intermediate time pefiods would connect the two

/
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machine operating activities into a single accounting row. .

In the Purdue model the different planting harvest combina—-
tions are also di;tinguished by different yields. The model
that has been developéd_doesrhot presently have3thé'Capa¢i£y_
to accommodate different yields except.by‘separate crop .
activities. However, Crop scientiéts and'engineers have not
quantified the effect of the timeliness of the machine
operatiohs on any of the'vegetable créps.

The technique is, as far as knoﬁn by the éuthdr, a
completely new method fbr handling crop”programming. The
three aspects highlighted abovevshow,that_there are_séye:ai
advantageélto the technique. The main.disadvantage is the
thedretically huge size of the matrikland the substahtial size

of the matrix in practise.



49

3.4 SUMMARY OF THE COMPLETE FARM PLANNING MODEL
INCORPORATING THE MACHINE SELECTION BLOCK

The model is summarized in Figure 3.5. The diagram is a
further refinement of Figure 1;1 in which tﬁe téchndlogical
relationships and the resources used in crop pfodddtibn aré
more clearly identified. The first two columns of the diagram
represent resource acquisition. It can be seen that there are
five categories of 'owned resources' and five categories'of
‘hired resources'. Although tractors and impiements are hot
acquired directly, custom operations can be included as
purchésed inputs. It is assumed that stocks in_inventory of
purchased inputs énd fuel are zero. This may not be true
strictly speaking, in which case the rows for fuel and for
purchased inputs can be looked upon .as a valuation of the
change in inventory aé a result of the crop production
activities.

The time .period in which eaéh,resource may éonceivably be
considered constraining is also given here in parenthesis.

The decision on the number of time periods and their breakdown
is somewhat arbitrary. Land may be broken intd as many‘time
périods as consecutive crops that may be produced. The maximum
for B.C. fafms would, therefore, be fivealthoughonly one may be
needed for most vegetable farms. Only one time period is
needed for each purchased input. Fuel is divided into 12

time periods so that its use in each month can be predicted.

A distinction is made between fuel and the other puréhased

inputs because fuel is an input used by all crops in all times
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of the year whereas other inputs may only be purchased once or

twice during the year. 'Thirteeﬁ periods are needed for cash.
Twelve periods are néeded for the cash flow predictions throughout
the year and a 'thirteenth month' is required to'accounf for
cash that will be held at the end of the year. Labourvis
arbitrarily divided into 33 periods. 5 periods are uéed to
represent labour in the months January, February, March,
November and December. The rest of the months are divided
into 4 roughly equal periods chosen so as to make the number
of work days in each period as eQual as possible. More
specific work periods could be defined for a more narrow
range of cropsvbut it is felt that time may be critical in
any of these weeks‘for some vegétable farms. Tractor and
implement time is divided into the samevnumber of periods.
The production activities are separated into threebtypes
in the diagram: tractor transfers, méchine operating
activities, and crop producﬁion activities. The interaction
between the‘activities and inputs have already been i11u-
strated in Figure.3.4. ‘The arrows_in Figure 3.5 indicating
factor and product flow are another way of illustrating this
interaction. The units of each input that each_actiﬁity
requires are also given in Figure 3.5. 1In éddition; prices
for all products and hired inputs and possible conétraints
on resource purchases and crop production and sales have to be

specified.
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In the next chapter the sources of the dataaand the

relationships betweén differént sections of the model are given
in detail. A'picture of the complete farm planning médel in
matrix is given in Figure 4.1. Figﬁrev4;2 p:ovidesfa.keQ
illustrating where the machine operating aétivities.of'figu:e
3.4 or 3.2 fit into the structure ofvthe enfire matrix.- After
the presentation of the entire matrix-sghemata are given to

' illustrate.the purchasing activities and other sub—éections‘of

the entire model.



CHAPTER 4
DETAILED PRESENTATION OF THE MODEL

The method of scheduling machiné activities and the
structure‘of the entire model has been explained in Chapter 3.
~In Chapter 4,. these two themes will be enlafged upon in
detail Cdnsidering the practical problems of data_sburces and
the manner in which all the elements of the model can be
brought together in a single matrix.

The data required by the model has already been indicated
in Figure 3.5. Almostvall of this daté may be obtained
directly from the farmer or his CANFARM records. The data
required by the model is summarized in tables presented in
Section 4.1. The use of engineering formulae to provide a
data base for some machine operating parameters that may not
be known by the farmer is discussed in the Appendices.

A picture of the entire model in matrix form is given in
Figure 4.1»followedibyvan e#planation of the objective function
and the reéources and cqnst:aints in the model. The most
important activities in the model (the tractor transfers, the
machine operating activities, and crop production and selling
activities) have already been discussed in Chapter 3 and are
illustrated in Figure 3.4. .ThevlabQur hiring activities and
labour transfers, the resource pur;hasing activities and the
fixed cost.activities are explained in detail in Section 3.3
Perhaps the most.important part of the chapter is the tying

together of the disparate parts of the matrix in Figure 3.2
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which shows how the activities shown in detail in Figures 3.4
and 4.3 - 4.9 are all brought together to make the complete

matrix of the farm planning model in Figure 3.1.



55
4.1 SOURCES OF DATA

The information required by the model can be ¢1assified
intb three general categories: cost information, internal
and.eXternal constraints, and physical input-output'parameters.
By cost information is meant the prices that a férmer faces as
well as the overhead and fixed costs of his business. Some
cost information may be obtained from CANFARM or other
accounting records. The type of information most reliably
available from this source would be overheéd costs. For
variable costs it is necessary to know the unit prices of
inputs aﬁd outputs which may not be available at all f:om
CANFARM recérds. It is necessary therefbre to have all input
prices evaluated by farmer.

~Internal constraints are directly related to the farmer'é
goals so it is only he Who can specify these constraints. The
farmer himself,will.also'be the best source of information for
external constraints. Thus all resource and activity con-
straints hust be specified directly by the farmer.

For information about input-output coefficients such as
machine capacity, yields, fertilizer use and so on the farmer
himself is still the most important source. The CANFARM‘
records may provide some help but it will be the thsical
record system that will be most valuable here. “In‘some
instances the parameters may be too technical to be known by
the farmef, or they may be concerned with activities with
which he does not have any experience. This might apply in

situations where information such as'horsepower required to



56
operate his seeder' as required or when the farmerris\
considering growing a new crop. In this case standard
package data Wili have to.be supplied.
| It should be noted that in all situations the farmer
hlmself should evaluate the coefficients and as many of the
coeff1c1ents as possible should be specific to the farm.. The
‘data requlred according to type is summarlzed in Table 4.1.

In Table 4.2 it can be seen that all the parameters in the
resource renting, cropping and crop selling activities_are
farm specifiof Some of the parameters in the tractor trans-
fers and in the‘machine operating activities may require the.
use-of_various formulae in one of the following calculationsr

1. Repalr and malntenance costs for tractors and
implements.

‘2. Fuel required to operate the tractors.
3. Horsepower:required to operate the implements;
The use of these formulae and the 1nformatlon they requ1re is

dealt w1th in details in Appendlces B, c and D.

TABLE 4.1

SUMMARY OF DATA REQUIRED BY TYPE AND SOURCE

CANFARM|Physicall Package

Data Requ1red: ‘Earmert Records|Records| Data

Cost Information
a. Variable Costs, Prices
b. Fixed Costs -

Constraints
a. Internal
- b. External

X
X

KX < | XX

Physical Parameters
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SUMMARY OF DATA REQUIRED AND SOURCES
‘BY SECTION OF THE MODEL

Section of

Source

Model Date Required Units
Own Resources :
(Land, Labour,|Maximum Amount
Tractors, Available by units Farm Specific
Implements, |Time Period
and Cash)
Rented, Re- — ' .
sources (Land Limits on Renting units Farm Specific
Activities
Labour, Fuel,
Cash and Pur- . , . . e s
chased Inputs)Prlces $/unit Farm Specific
|Horsepower  |Fuel Required gal/hour |Hunt's Fuel Formulae
Transfers Repair Costs $/hour ASAE Repair Formulae
Machine Fuel Required gal/hour |Farm Specific
Operating s
Activities Repair Costs $/hour Implement Stan@ards_
Horsepower Reqg'd HP/hour Hunt's Power Formulae
Implements Req'd Farm Specific
Labour Required men/hour |Farm Specific
Capacity acres/hr |ASAE Capacity Formula
Cropping Limits on Crop- : _ s
Activities ping Activities acres Farm Specific
Land acres Farm Specific
Purchased Inputs |units/acrgFarm Specific
Labour hr/acre Farm Specific
Machine. Operations |Frequency|Farm Specific
, Yield tons/acre|Farm Specific
Crop Selling |[Limits on Selling ' e
Activities Activities tons/acre|Farm Specific
Prices Farm Specific

$/ton
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4.2 PRESENTATION OF THE MODEL

The complete model in matrix form is illustrated in
Figure 4.1. Figure 4.2 is a key showing how‘specific sub-
‘matrices'snown in Figure 4.1 and in Figures 4.3, 4.4, 4.5,
'4;6, 4.7, 4.8 and 4.9 fit into the entire picture. All
activities are discussed in the context of these sub-matrices.
vThe objective function and resources and constraints in the
model are discussed in detail below.
4.2.1 The Objective Function

The objective functionvconsists solely of the difference
between thenva;ue of purchases‘and tne value of sales.
Capital purchases or sales are not included in the model.
Beginning inventories and accounts due or receivable at the -
beginning of the planning period are elther assumed to be
zero or can be expressed in monetary value and used to 1ncrease
the orlglnal endowment of cash ;n January. Endlngllnyentorles
'and accounts due and accounts receivable are used to increése
the cash,receiVed in the 'thirteenth' month.

The objective function is similar'to 2.2:

Objective -._\_ 2_'lpq -

nM 3

1W.X.

3 iy

where TT = profit (income above variable
: “and fixed expenses)

p; = price of product i;'

q; = amount of produce i sold

w. = price of 1nput J,‘

~and Wy o= amount oflnput j purchased.
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PICTURE OF THE EMPIRICAL MATRIX
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The vériables in the objective function are the products sold
and inputs purchased. The prices are thebcoeffi;ients which
appeaf in the objective function. | |
The major.items pﬁrchased or sold can be readiiy identi-'
fied froh Figure 3.1. The items sold consists'of‘crop ;aies
and interest on unused cash. As the model is set up to
maximize these will have positive éoefficients. The items
purchased are interest on borrowed cash land rental, fuel and
other 'purchaséd inputs', hired labour, tractor. repair and
maintenance costs,'and implement :epair and maintenan;e,costs.
"The items:pﬁrchased all have negative coeffitients in the.
objective function. |
4.2.2 Resources and Constraints
- The major_resourcés.in the model are cash, fnel;‘bur-
chased inputs, labour, tractors and implements. Cash may be
constrainéd with upper'bounds and there is an interést'charge
for cash and an original endowment of_dash in the cash period
fo; January; Fue;,_purchased-inputs and Hired labpur are
similar to cash in that they are unconstrained but may oniy be
ééquired through purchasing activities. Labour is divided into
three classifications: own labour which is the labour supplied
by thé farmvoperato#»and his family without charge but with an
upper limit, the un;onstrained hired labour and a third
classification Which is'either own labour §r hired-laboﬁr.
There may be any number of tractors or_implements in fhe mbdel
each of which constitutés a separate reéoufcé measuréd in |

machine time per work period. Each piece of machinery is
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constrained and although'the farmer may define substitﬁtes
for a specific machine by assigning'its use in an adjacent
time period, by defining another crop production activity
ﬁhat does not use the machine but uses more labour or custom
work obtained as a purchased input as a substitute. The
level of any activity which supplies resources may be easily‘
constrained introducing bounds on these activi%ies although
this is not illuétrated in Figure 3.1 and was not done on the
applied model that is discussed in the sixth chapter. |

All other rows in the model are either accounting rows
or are rows introduced‘to control the level.of specific
activities or groups of activities. The most important
accounting rows are used for horsepower, machine jobs, and
yields. Control rows are introduced to fix the level of
fixed costs, and of thehours available per day for labour,
tractors and implements. Special control rows may be used on
cfops or groups of crops and crop sales to take account of

specific marketing, risk, and/or rotation constraints.
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4.3 MAJOR»ACTIVITIBS.IN THE MODEL

‘The most important activities in the model havé béen
explalned and illustrated in Chapter 3. ‘Oﬁher activitieS“are'
cla551f1ed 1nto major types and are 111ustrated in this -
section. These 1nclude the labour hiring act1v1t1es and
labour transfers and resource purchasing act1v1t1es and the
fixed costs activity. With this section the'biétube.of the
entire empirical model is complete.

4.3.1 Labour Hiring and Labour Transfers

There.are two aspects of the labour block which require
comment. The first aspect is the mahner_in which the own
labour constraints in the different time periods are made
(see Figure 4.3). A vector of work days per periéd is intro-
duced. This vector 1is bounded'by a constraiﬁt_for thé
number of hours per déy that the farm family is abie‘tp
provide. The'adVantage of using this approach is that only
one coefficient in the right hand side has to be altered to
change the amount of time available in all thirty three time
periods.' The same method is used to conét;ain al;‘implement'
and tractor tlme constraints.

The second notable feature is the three classxflcatlons
of labour 1ncluded in the‘modelz own labour, hired labour,
and a third classification for either owned labéur or hired
labour. To accomplish this, transfer columhé thch‘ﬁrénsfer
own énd hired 1abou§ into 'either' labour afe Qtilizea.

All three classificétions are felt to_be héeded;

Certain supervisory. jobs can only be performed by the farm
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operétor. The farm ppefator may also want to restrict_ﬁime
self to family labouf for certain jobs and time periods in
" the year; For other jobs, in harvesting for example, iﬁ may
be necessary. to hireilabour. In most cases the ciassification
of either léb0ur may be most useful so that‘labour'is not a
constraint;

The labour hifing activities simulate the hiring of
hdurlyAlabour. The cost per hour for the 1ébduf is entered
in the objectivé‘function and in the cash section in‘the
appropriate month. Eachvacﬁivityvsﬁpplies one hour of'labour'
in a specific wqu period in the hired labour rows.. A labour
hiring activity is built for each of the thirty three work
periqu.
4.3.2 Resource Purchasing and Hiring Activities

There are six qlassificatibns of resources in the model
that may be purcha;gd or hired: fuel, land, purchased_inputs;
cash, repairfand»maintenancg, and labour. Labour hiring:is
explained‘in.Section 4.3.1. The other fivé tjpes afe_
explained here. Eaéh fuellpurchasing éctivityvsupplies a
particular type 6f fuel in.a specific month that may be used
by the tractors in the tractor seléction bloéﬁ or by the(
machine tractor combinations invthe machinery.aétivities. The
fuei buying.activities_are illustrated in Figu:e 4.4. The
entries in the objeqtive function and cash ron are‘the cost
per gallon for the fuel. The entries_in the fuel rows would
normally be bpes but thesé entries are’adjusted‘tb é}low for

the difference of 1S%vbétw¢en theoretical fuel use and actual
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fuel use. The entries are therefore - 0.86.

Rented land reqﬁires a payment in one or two ménths
which are to be spetified.by the farher and~supp1y_iand in
each of the laﬁd'périods that are defined for.usej(see.Figure:
‘4.5). ?Be coefficients for ﬁhe ren#ed lana is’é Vector»of' |
- ones except for ﬁhe entries in the objective and éash'rbws.

A constraint is'provided to limit the amount of land that may
be rented. |

Except for labour and cash all other purchaSed'ihputs
are treatéd the same in the purchased inpgt section of thé
model. Purchased inpgts include such things as fertilizer,
s?rays, soil tests, custom work, twine and so‘pnf, Each of.
these inputs are included by the construction of a pufchasing'
actiVity;requiring cash in one or hore_months-similar to the
land rental éctivitieé and sﬁpply the input in a single row
(see Figure 4.6). The entries in the cash rows afe'propor—
tional to the amount of the input that is purchased in that
month. The’sum of the cash entries is thé puréhase price per
unit of the input and appears in the,objective function. The
~entries in the input rows are éither_negétive Onés or are é'
conversion factor to convert the input ffomvthe_units it is
normally pufchased‘into those that it is used.

The cash row for January has an.original endowment of
cash in the right hand side. More cash may be acquired
either through the cash borrowing.activitieé or throﬁgh_the
sale of crops. Théfmodel has to generafe enough cash'iﬁ.the

next month to repay'any cash borrowed in the.previqué month
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plus interest chargés. Any cash not used is collééted in the
transfer cash columns which add to the objective function the
interest that would be earned by the money in a savingé
account.. The money in the transfers are the cash endowments
for the succeeding months and at the end of the year (see
Figure 4.7).

For tractors the model calculates repair and maintenance
costs(asfoIbws.?%Kamddel selects é repair and maintenance cést
coefficient for each tractor based upon the tractor®s age in
accumulated hours of use. Three coefficients from Table B.4
in Appendix B are uéed for three 1,000 hour intervals of tractor
use for each tractor. These coefficients are ﬁsed in the row .
"Tractor Repair %' in Figure 4.8. The product of these co-
cfficients times the accumulated hours of use is multiplied
with the-list price of the tractor which appeérs in the
objective function to come up with the repair and maintenance
costs for a particular tracto: in a particular mohth.

| This cost accounting sYstem was thought to be too large

to use for each of the implements so it was decided to use
single coefficients for each implehent. These‘goefficients

are the hourly repair and maintenance costs in dollars per.
hour which can be determined by multiplying the appfopriate
coefficient from Table B.3 in Appendix B against the list price
for any particular implement. These coefficients are Qsed in
the ma;hine operating activities as entries in the objective

function and the relevant cash row.
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14.3;3 Fixed Costs .

Fixed Costs'have:to be forced into the model so thaﬁ cash
flow prediction is accurate and limitations on avaiiable cash -
are recognized reaiistically. Fixed costs;are'aggfegated by
month and a veétor of monthly fixed coéﬁs are fbrced'into the
model Qith an equality constraint, as in Figure 4.9.. The entry
in the objectiQe function is the sum of the fixed costs of the
twelve months. The ehﬁry for each month is_the sum of fixed |
- costs incurred from all sources_for'that month. The fixed
costs control row is an equality with ones in.fhe fixed cost

column and in the right hand side.

[7)]
Y
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0
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o .
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FIGURE 4.9

SCHEMATA OF THE METHOD USED FOR FIXED COSTS
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4.4 SUMMARY
In thié chapter the practical considerations of the
empirical model put forth in thé previbus chapter héve been
explained in detail.
The empirical model documented in this chapter is proposed’
as a model which satisfies the requirements of the second Sub-
objective ofthe thesis. The model may be examined 16 1ight of
the characteristics tpat were deemed desirabie in ﬁhe statement
of objectives. The data required by the model can nearly all
be determined directly from a farm manager so that the model
should be able to reflect the specific technological relation-
éhips and constraints of that farm. The model is completely
general with respect to input-output coefficients and time
periods. This means that the model is able to incorporate
flexible time constraints and.thus.overcgme £he critical pro-v
blem of the timeliness of the use of capital inputs. Neglec-
ting the problem of converting data supplied by a farmer into
a format usable by a;linear brogramming_solver, ﬁhe model is,
therefore, adaptgble to a_wide range of farms.v Furthermofe,
the model functions to select a crop plan and production
techniques'that can be defined by varyihg the schedule of crop
inputs in the crop production activities.
Logically the model is sound. This is shown in Appendix
F in which the production, sales, résource use, and costs shown
in the solution of‘a;pérticular farm plan for a spécific4farm'
are compared with the production, sales, resource use, and

costs calculated arithmetically from the crop plan selected by
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the-model and usiné thé-interrelationships propoéed in
'Chapter 3 and Chapter 4. The real evaluationiOf the model
comes in the application of the model to a real farm (third

' objective) which is the subject of the next chapter;



CHAPTER 5
APPLICATIONS OF THE EMPIRICAL MODEL TO A CASE FARM

The subject matter of this chapter is presented to satisfy
the third objective of the thesis which was to verify the model
through its application to a specific farm. The verification of
the ﬁodel should provide answers to at least the following three
questions: Can the model accurately simulate the.production of
vegetables on a real farm, Can the model be used to produce ah
~optimal farm plan that ié useful to the decision-maker on the.
farm? What sort of records can be projected with the model?

Before addressing these questions the special characteri-
stics of the case farm are discussed in the context of how
typical of vegetable farms is the casé farm. This is necessary
as the,special circumstances of the'case farm may provide |
different answers to the three questions than would normally be
obtained so an effort is made to relate the types of situations
that may be found and which it would be‘difficult to cope with
using the model as.it is applied to the case farm. 1In the
second section of the chapter the model as it was built for the
case farm is described.

In the third section an attempt is made to provide an
answer to the first question. The procedure used to simulate
the 1974 farm plan i§ given. The results of comparing the 1974
CANFARM records-with similar records produced froﬁ the solution
of the farm planning model used in simulation que is provided

although an evaluation of the comparison is necessarily subjective.
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In the finél.section of the chapter the reshits ofvusing_
‘the model to produée five optimal farm plan$ fob.Vérying,
market conditions and yields afe summarized énd_coﬁparéd'with.
thé plan selected without using the model. This ié an attempt
to Sth how the modellmay-be}dsed and the vaiﬁe;af‘fﬁe infof;'
matibnbavailable from the model. An appropriate'fbrm for the
farm report and the type of records that shodld_be given-is.
diséussed with a complete sét-qf records for one of the fafm

plans in Appehdix G. .
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5.1 SELECTION OF THE CASE FARM

The case farm was selected soon after work on the thesis
was initiated. The particular problems and structure of the
case farm has been kept in mind throughout the processes of
problem identification and the development of the empirical
model. Knowledge of the pfoblems of vegetable farms_was
acquired.through meetings with other farﬁers and persons
directly involved with yegetable production at seminars and
field trips. The problems of other farms have modified the
approach taken to the case farm but the case farm has béen
critical to the perception of many parts of the empirical
model. To a large extent this can be justified by the special
characteristics of the case farm. At the same time, an under-
sténding of the special featufes of the case farm is necessary
to appreciate difficulties that may be encountered in an attempt
to apply the modei to a second farm. The following is a dis-
cussion of the critical features of the case farm and how they
have influenced the empirical model. A detailed accounf of the
actual resources available, the activities considered and thé
technical coéfficients used in the empirical model is given in
a paper produced separately. |

The special characteristics*®* of the case farm that have
influenced the modellin a positive manner are associated with
the size and complex;ty of the case farm, the large number.of
crops of several types that are considered, the wide range of
machinery_ﬁsed; the detailed CANFARM records that have been

maintained over the years, and the experience and influence of

+ These are documented separately in "An Optimal Farm Plan for
a Vegetable Farm."
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of the farmvoperator within the vegetable industry as well as
on his own farm. | | |

The complexlty of the case farm is malnly due to the.
large number of dlfferent 'Crops grown. . At present “the farm
is producing both early and late.potatoes, the processing crops
of beans and early'and late peas, the biennial seed crops,
cabbage, turnips and sugar beets, barley'and two annual berry
crops. The large range of crops involve the model in the'most
important vegetable, potatoes, in annuals, biennialtand.
perennials, in marketing contracts, quotas and unrestrictedi
sales, in crops requiring.?astly different relative levels of
such important inputs_as laboUr, machinery, and»pprchased in-
puts_and in various degrees of complexity in the manner in
which each input is qtilized.v The usual vegetable farm
cbaracteristically produces only two or three different vege;
tables. There are some elements of otherifarms missing of
course. iny one planting'date is considered for each Crop.
The farm isVCOmpletely made up of a mineral soil“so cultural
practices nece551tated by muck soils are not. attempted.. The‘.
perennial crops are st111 at the experimental stage so they are
treated as annuals in many respects.‘ Flnally, desplte the
large number of crops produced, many 1mportant vegetables are
not produced on the case farm such as 1ettuce,‘onlons, carrots
and tomatoes. | |

The sizevof tnewcase farm and the numberrof crops that
are produced make it‘necessary for the operator to maintain

-and operate a large and varied complement of machinery. Seven
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tractors are operated which range in size from 30 HP to 140 HP
and in age from 28 years to 1 year. The farm operates several
trucks, two combines one of which is for potatoes the other
for seed crops, several cultivators and various other types of
tillage implements, éprayers,'fertilizer spreéders, seeders
and so on. Two of the implements are self powered and all
vary greatly in the demands they make on power, labour and
‘with respect to field efficiency, capacity and other machine
characteristics. |

A shortcoming of £he case farm in Ehis area is the
dearth of physical records maintained. The extensive use of
the_CANFARM records.perhaps has induced the‘operator to not
worry about a phySical record system. In the CANFARM records
much of_the information is given in the fo;m of cqst so prices
and units used are concealed making it difficult to make even
inter-year comparisoﬁs based solely on the records available.

The case farm does not have a cash constrainf althoughbit
would be easy to introduce such a constraint by bounding the
cash borrowing activities. The casé farmer does not do custom
operations so this typé of alternative activity has not been
built. The farm family is the source of most of the labour
required. Although temporary labour is a factor, permanent
hired labour is not, so a hiring activity for labour on é
weekly or monthly basis is not included. To some extent the
three classes of labéur included in the theoretical model are
not really needed on the case farm and the inclusion of the

three classes is a concession to the needs of other farms.
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The case féfm also does not have‘an‘animal'pronC£ioh enter-
prise competing for the resources used on thé crbps so this
type of operation has not been-built. 'Some vegétable pfoddcers
proauce only one Qegetablé and the special tradé-offs they‘

encounter has not been evaluated.
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5.2 PICTURE OF THE EMPIRICAL MODEL

In this section of the thesis an attempt is made to
summarize the salient parts of ﬁhe input data and show.hbw it
was used to make the empirical model.

MFamily and hifed labour 1is available in all periéds,With
additional family labour being available in ceftain periods of
the year. - Labour hiring activities were included for all work
periods. Labour utilized by the machine operating activities
and by the crop activities is the'labouf type 'either labour!'
in every case. This was done to ensure that labour would not
be a constraint.

Three types of land in two time periods for each were
included in the model. This was to keep track of the crops
.planted on two separate fields and a section of rented land,
although different yields are recognized only on the rented
land. Two time periods are needéd to accommodate the
, possibility of double cropping.

There are a total of 22 purchased inputs all of which
were paid for in one period only. Interest rates for the
opportunity cost of operating cash are approximatély 10% and
8.75%. annually for borrowed cash and'tpansferred cash réspec-
tively. It was presumed that borrowed cash would be withdrawn
from term deposits in banks and transferred cash would be.put
into a savings accéunt, Fixed costs for the model are calcﬁlated
directly from the 1974 CANFARM records.

| One of the most important sections of the modei is the

tractor selection bldck. There are seven tractors on the farm.
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The two largest.tractors are too heavy to do a lot of thé
operations done by the smaller tractors so tractor transférs
for these tractors are not built for the lower levels of
horsepower outpot.

A total of 294 separate machine operating activities’Were'
puilt for the ooeratioh'of 29 pieces of machinery. Many of
these activities are built for more than”one job timéiCOn-
straint and each jOb may require several columns. For three
operations SpelelC tractors are required so method one in
Figure 3.2 was used. . This was.necessitated by considerations
of wheel w1dth and the special operating c1rcumstances of the
potato combine and the rotovator. For all the other imple-
meots the tractor selection block (method three in Figure 3.4)
was used.

- Separaté activities_Ware made for thc growing ofzeach.croo
on each land ciassification except for seed cfops and the berry
crops which were produced on only one land classification,

" Separate sellingvactiyities were built forzthe sales of each
crop on_each market. . Constraints aré imposed,on selling
activities to rcpfésent market constraints. |

All the coefficiénts of the modei were elther sﬁpplied
qirectly by the‘fa:miOpetator from memory with thé aidoof'his.
QANFARvaecoros and bills of sale or they werevrevieWed by
him.v The parameters. for machine>costsAaﬁd power_requirements
which he disagteed withiwere altered to accord withaﬁis‘

experience. Parameters for fuel consumption and tractor repair
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costs were not altered.

Tﬁevtractor selection part of the model occupies'320 rows
and 351 columns. 162 rows and 287 columns are ﬁsed‘to calcu-
late tractor repair and méintenance costs. The entire size of
the matrix is 963 rowé by 1,150 columns. The maﬁrix was
solved wusing IBM's linear programming'package MP SX using the
‘macro' command 'primal'. Solving the problem required 678
pages of temporary files and 98 seconds of computer time. The
matrix was modified to run in simulation mode-so'that the farm's
1974 farm records could be used to verify the model. Solution
to the revised problem required essentially the same computer
| parameters.

Figure 5.1 gives a revised version of Figure 3.5. The
case farm is depicted as a flow diagram with numbers in brackets
to indicate the'numbér of rows and‘columns respectively required

to simulate each section of the farm.
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5.3 EMPIRICAL RESULTS OF MODEL VERIFICATION
5.3.1 Procedure for Simulstion 1974 Farm Plan

To verify the coefficients and reliability of the model
it was necesséry to attempt to simulate the actual farm
‘o@erations and results obtained in 1974’which are summarized
in Table 5.1 To do this several major modifications of the
model were made. Actual prices and yields achieved in 1974
were calculated from ﬁhe 1974 income statement. The yields :
obtained were altered for each crop grown. Crops not produced
were dropped as was the resource frented land'. Where market
and risk constraints were violated in 1974 due to the different
situation and markets, the constraints were dropped. A single
selling activity was constructed for each product at the
average price per unit of the crop thaf was reCeived in that
year. The price of the products were proportioned into the
months in which the cash for thevsales of those crops were
actually received with crops in inventory increasing the value
of the cash row for the 'thirteenth' month. Constraints were
introduced to bound each crop production activity .to the levél
of acres that were produced in 1974 with equality constraints.
In this way crop production, crop sales and invenﬁofy changes
should be almost exactly simulated. The difference between
actual results and the CANFARM records should be due entirely
to the opportunity cqst of cash that ﬁhe model calculates and
rounding érrors in tﬁe computer. The first of these sources
of difference was eliminated by reducing thé interest rate tb
zero for borrowed cash and eliminating the transfer cash columns

altogether.



TABLE 5.1

INCOME STATEMENT

ACTUAL 1974 FARM PLAN

Crop Sales
Barley
Field Beans
Field Pesas
Potatoes
Strawberries
Sugar Beet Seed
Leaf/Fruit Vegetable Seed (Turnlp)
Cabbage Seed ,
Pea Vines

Total

Expenses
Seed
Grain Corn
Field Beans
Roots & Tubers
Potatoes
Fruit Bushes
Herbicides ‘
Chemical Fertilizer
Lime
Gen.Crop S & S
‘Seed Treating
Baler Twine
Binder Twine
Purple Gasoline
*Car Gas :
Diesel Fuel
‘Oxygen
- Tractor R & M
*Truck R & M
*Automobile R & M.
Harvest Equip. R & M
Gen. Farm Equip. R & M
*Building R & M
*Yard R & M
*Structures R & M
*Tools
Part Time Labour
*Custom Work
*General Expenses
*Handling Charge

'Cash_

7,769
28,238
13,287
16,496

500

6,755

405
3,529

2,370
79,348

41
105
28
6,612
900
4,170

13,907

388

221
. 106
1,044

- 980
1,058
382
90
662
504
1,364

2,438
4,528
114

367

3,346
63
99

120

86

Accrual

,$v.
7,643
28,238
13,287
58,800

500

6,815
3,522
6,434

.. 2,370
127,735

~
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TABLE 5.1 continued

Cash Accrual

Expenses continued s : $ ‘
*Freight & Trucking 288 288
*Interest 111 : o 111

*Insurance 857 857
*Equip. & Machine Insurance 22 , 22
*Car Insurance _ 406 ' 406
*Truck Insurance 691 : 691
*Telephone : 118 118
*Hydro/Electricity : 692 692
*Property Tax ‘ ' 6,119 6,119
*Administration Costs : 45 45
" sFees & Subscriptions ' 45 45
*Legal Service 55 » 55
*Other Prof. Services 105 105
*Office Supplies 18 ' 18
*Miscellaneous Expense 78 - 78
Total 53,295 52,395

*Considered a Fixed Expense, i.e. independent of the
level of crop production for each crop.

Source: 1974 verSion 1 CANFARM records.
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5. 3 2 Results for Verification .

The model run in-’ s;mulatlon mode was fea51b1e, machinery
and tractor time was in slack in all time periods.  Labour was
only fully utilizedvin the fourth period in May and in the last
three periods in September in which hired labour'was'reQuired.
The feasibility of the farm plan does not imply that the time
coefficients.and'constraints‘are correct but it does impiy thet
matrix time coefficients are not exceptionally larger in"thee
model thah in fact and that time'constraints are not exception-
ally'smalle:. |

The income statement for the simulated 1974 farm plan is'
given in Table 5.2 Total variable costs were underestimated by
4.84% (see Table 5.3). This number is due in part te a great
manyvdifferences betWeen actual 1974 costs and predicted costs
by the model cancelling each other out. The e*tent to‘which'
the underestimetion is_aceeptab;e must be judged comparing how.
the value for total yabiable costs originates both ihrthe model
'and in the CANFARM records. o

Purchased inputs costs were overestlmated by 6.34%. There
are several sources Qf the difference. The model spends almost
$2,000 more on fertil#zer, $900 less on herbicide, $2,000 more
on other chemicals. Other chemicals is one of several items
fof which it 1s difficult to match the CANFARM'nameS»with those
used inlthe model. The CANFARM reeord system uses a large
number of package names. In enteringza purchased input in the
reeord system the user has to identify the items by the. CANFARM

names. It may‘be more convenient to enter most pesticides under
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TABLE 5.2

INCOME STATEMENT
1974 SIMULATED FARM PLAN

»Cash  ' Accrual

Crops Sales }
Barley o 7, 769 7,643
Field Beans 28, 238’ 28,238
Field Peas ~ 13,287 13,287
Potatoes : 16,496 58,800
Strawberries 500 500
Sugar Beet Seed 6,755 6,815
Leaf/Fruit Vegetable Seed (Turnip) - 3,522
Cabbage Seed 3,529 6,434
Pea Vines 2,370 2,370

Total - 78,944 127,609

Expenses

Purchased Inputs ‘
Twine 87 87
Premerge 1,021 : 1,021
Pea Fertilizer 675 : 675
Potash : 1,741 ' - 1,741
Eptam 2,216 2,216
Fertilizer 0-0-22 489 489
Fertilizer 11-55-0 3,315 3,315
Benlate 461 - 461
‘Beet Fertilizer 2,000 2,000
Turnip Fertilizer 459 459
" Bees 230 230"
Cabbage Fertilizer ' - 726 726
Raspberry Fertilizer - -
Strawberry Fertilizer 297 297
Barley Seed 266 266
Barley Fertilizer 570 - 570
Early Potato Seed - -
Potato Fertilizer 5,610 : 5,610
Late Potato Seed 6,500 6,500
Blight - 42 42
Sprout Inhibitor 1,050 1 050
Monitor Insecticide 556 556
Total Purchased Inputs 28,312 28,312
Purple Gasoline 504 504
Diesel Fuel 525 525
Tractor R & M 441 441
Gen. Farm Equip. R & M 1,185 : 1,185
Part Time Labour : 2,057 2,057

Interest on Operating Capital -
Total Variable Inputs 33,023 33,023



TABLE 5.2 continued

Cash

Fixed Expenses R
Car Gas 1,058
Oxygen : 90
Truck R & M 504
Automobile R & M! 1,364
Building R & M | 4,528

"Yard R & M , 114
Structures R & M. 367
Tools ; 1
Custom Work 63
General Expenses 99
Handling Charge . - 120
Freight & Trucklng 288
Interest 111
Insurance 857
Equip. & Machine Insurance 22
Car Insurance i 406
Truck Insurance . 691
Telephone .118
Hydro/Electricity 695
Property Tax 6,119
Administration Costs 45
Fees & Subscriptions 45
Legal Services 55
Other Prof. Services 105
Office Supplies 18
Miscellaneous Expense 78

Total Fixed Expenses 17,961
Total Expenses 50,984
Income less Expenses 27,960

90

~Accrual

1,058
90
504

1,364

4,528
114

367
1

63
99
120
288
111
857
22
406
691
118
695
6,119
45
45

- 55
105
18
78

17,961
50,984

76,625

Source: Solution to farm planning model in 51mulatlon mode and

CANFARM records.



Item

Total Variable Costs

Purchased Inputs
Chemical Fertilizer
Herbicide

*Other Pesticide

Seed

*Bees

Baler Twine
**[,ime
**Gen. Crop S & S
**Seed Treating

Fuel
Purple Gasoline
Diesel Fuel

Repair & Maintenance Costs

Tractors
Gen. Equip. R & M

Part Time Labour
Potato Harvest
Other

TABLE 5.3
A COMPARISON OF ACTUAL 1974 COSTS WITH MAJOR ITEMS OF VARIABLE COSTS

IN THE SIMULATED FARM PLAN

Model

33,023
28,312

-- 15,883 .

3,237
2,109
6,766
230
87

1,029
504
525

441
. 1,185

2,057

CANFARM
Records
$

34,439

26,624
13,907
4,170

6,786

1,046
388
221
106

1,362
980
382

662
2,445

2,027
1,319

Difference as %

Differ- of CANFARM
ence Records
$ %
1,415 - 4.10
1,688 6.34
1,976 14.21
-~ 933 - 22.37
. 2,109
- 20 - 0.29
230
- 959 - 91.68
-~ 388
- 221
- 106
- 221 - 33.38
-1,250 - 51.49
- 30 1.48
-1,319 -100.00

*Items which are in the model but do not obviously correspond to items in CANFARM

records.

**Items which are in the CANFARM records but do not obviously correspond to elements in the

model

Source: CANFARM records (Appendix G) and farm records_created,from solution to the

matrix (Appendix I).

16
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the name 'herbicidef for example. Some of the names used are
also simply different'from'thoseethat the farher wouid"‘ |
normally use to dlscuss the input. For example, it'appears'to
probably be the case that bees are entered under the heading
'Gen. Crop S & S'. Inventories also account for some of the
difference as the CANFARM records are recorded on a cash basis.
The farm operator reported that he did in fact carry an inven-
tory of fertilizer and chemicals over from 1973 worth around
$2,000 but did not carry any inventory into 1975. Lime, on the
other hand, is a purchased input that was left out through‘an'
oversight. 1In geheral then althoughvthere are‘several |
differences the most major differences can be accounted for and
it is felt that the models input purchases are.probably oore
accurate on an accruai basis_than those reflected ih.the farm
records. |

Fuel oonsumption was_underestimated'by 24%. There are
several reasons to expect that the model may underestimate the
total fuel billt The tractor selectioh‘hIOCk of the model was
working so that the tractors are scheduied to mihihiie.fuel‘
and repair and maintenance costs giveh_the level of crops
selected..'The model was able to perform almost all‘operations
with only three of the seven tractors. The farm pian repre-~-
sents the usual utlllzatlon of machlnery prov1d1ng events
follow their normal course. It is to be expected however that
over the course of the year something is bound to happen to
cause a deviation from the normal course of events in some,part

of the farm.operation. It seems likely‘that.such a situation
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would likely cause more fuel to be used rather than less.
Fuel consumed during transporting implements.to the fiéld and
in the trucks on farm business is also not accounted for.

The results for tractor repair and maintenance costs are
. quite similar. ' The model underestimates tractor répair and
maintenance costs by 33%. Part of the reason for the differ-
ence must lie in the fact that the tractor selection part of
the model was operatiﬁg and part of the answer must be that it
is not possible to follow the farm plan at least part of the
year. The lumpiness pf.repair and maintenance costs must also
be kept in mind. 1974 was in fact an exceptionally high year
for repair and maintenance costs. Tractors and implements
together in 1974 required $3,000 to repair and maintain but
only $1,428 in the preceding year. In 1974 implement repair:
and-maintenance costs were $2,445 but they only amounted to
$1,853 in 1975. The estimate made 1s therefore probably an
undereétimate over the long term for implements and.tractors
'but not of the magnitude 33%. The estimate for implements is
probably more of an underestimate than the estimate for‘tractors
because the age of the operator's equipment has not been taken
into account. The c¢mparison with the CANFARM results
probébly overétates the difference in the long term between
the actual repair and maintenance costs and predicted costs.

The final variable cost is pabt time labour and reéults
for part time labour are the most interesting. In the actual
farm plan part time'labour was used.in.the potato, peas,

beans, berry and barley crops as well as in general farm
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maintenance. In the model on the other hand hired laﬂour'was
only required for the potéto harvest. The difference between
ﬁhe predicted and the actual amount for the potato hafvgst.
The difference between the predi;ted and the'actﬁai_éhount for -
£he potato enterprise is less than 1%%. This res@lt_suggeSts»
“very strongly that not only is the‘lébodf hifibg“actiQitiés
accurate but the time coefficients for labour and maéhinéry
and the'constraints on these resources are very accurate at
least in the month of September. The fact that pért time
labour was‘aiso required on several other crops ié also
interesting. When asked about this labour the farm operator.
stated.that it Was necessary to hire part time labour for
harvest pperations on these crops'in 1974 although this would
not normally be the cése, Part:of the feason the fuel and
repair and maintenance bill was underésﬁimated might be due to
the‘unusual,harvest circumstances.

Byvthe'nature of the validation the results could not in
any circumstances be‘described as final but they: are very
positive on the wholé,v Several ahomolies’appeared in the
purchésed inputs which could, fqr,the most part, be_explained
in terms of inventories and the problem of identifying‘items
recorded in the CANFARM records with those used by the farm
operator. Labour costs were predicted within 1%% in the month
of September which tbgeﬁher witﬁ the feaéibility ofvthe farm |
plan suggests that t;me coefficients are reasonably‘aécurate;
Fuel and repair and maintenance ;osts were uhderestimated‘by up

~ to 50% but there are several reasons for thinking the mbdel
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would underestimate these costs. It is probably the.case,that
these cost estihates are systématically 1ower than should be
but not by an amount sufficiently large to influence crop
selection. Based on the results it is felt that the model is
sufficiently accurate to use it to suggest an optimal farm

plan which is the subject of the next section of this chapter.
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5.4 RESULTS OF USING THB MODEL TO SERVE THE OPTIMAL
. FARM PLAN ‘

Because of the‘ctanoing market conditions some'crop plans‘
that were feasible in;1974 are no longer possible;. The S
farm operator feels that he may wish to reduce the amonnt of
land in potatoes and peas because of the possibility of lower
prices for those crops; In effect he feels the demand and/or
supply curves for these crops may have shifted. At‘theISame
time he feels that he may be able to obtain higher yields for
beans, barley and sugar beets. The farm operator is also
considering the renting of 100 acres for the productionvof
barley. It was thought initially that three different optimal.
plans might be prepared with increasing yields for beans, sugar
beet seed and barley. This course of action was changed after
'seeing the first optimal farm plan (see Table 5.4 and Appendix
G). 1In the optimal plan 86 acres of land was rented. All
crops‘with exception}of barley came in at the_upper limit of .
their respective martet, risk or rotationlconstraint. ,Barley,
the only crop without.an upper limit:because,of,the market
risk or rotation constraint, was selected at a level of 108
acres where a machine'constraint came_into‘effect. |

For all other-inplements machine time was not an important
constraint. ‘Several’implements were fully utilized in}some
time periods but possibilities ekisted‘to sﬁbStitnte implement
time in an adjacent time period so the-hodel was not forced to

alter the farm plan. The implements which were fully utilized



TABLE 5.4

INCOME STATEMENT
1976 OPTIMAL 'PLAN A'

Accrual
Crop Sales $
Straw 10,800
Barley ' 23,760
Field Beans 16,200
Field Peas 25,920
- Potatoes 110,380
Strawberries 6,000
Sugar Beet Seed 18,240
Leaf/Fruit Vegetable Seed (Turnip) 4,500
Cabbage Seed 34,000
Pea Vines _ 2,925
Raspberries 2,800
Total : : 255,525
Expenses , :
Rent 7,740
Purchased Inputs ‘
. Twine 87
Premerge 747
Pea Fertilizer 675
Potash ' 2,348
Eptam 2,274
Fertilizer 0-0-22 463
Fertilizer 11-55-0 . 1,912
Benlate 266
Beet Fertilizer 2,000
Turnip Fertilizer 573
Bees 400
Cabbage Fertilizer 1,453
Raspberry Fertilizer 124
Strawberry Fertilizer . 297
Barley Seed ' : 756
Barley Fertilizer 1,620
Early Potato Seed 2,240
Potato Fertilizer - 9,312
Late Potato Seed : 8,190
Blight 53
Sprout Inhibitor 1,323
Monitor Insecticide 700

Total Purchased Inputs 37;814



TABLE 5.4 continued

Accrual

Expenses continued -_‘$
Purple Gasoline _ : _ o 977
Diesel Fuel ' : 934
Tractor R & M ; .678
Gen. Farm Equip. R & M _ - 1,906
Part Time Labour ' 4,478
Interest on Operating Capltal . - 662

Total Variable Inputs 53,864
Fixed Expenses '
Car Gas : ’ 1,058
Oxygen: - 90
Truck R & M S 504
" Automobile R & M : : 1,364
Building R & M ‘ 4,528
Yard R & M : 114
Structures R & M g 367
Tools ' o 1
Custom Work - 637
General Expenses , 99
Handling Charge - 120
Freight & Trucking . 288
Interest . ' 111
Insurance ‘ 857
Equip. & Machine Insurance o 22
- Car Insurance 406
Truck Insurance . 691
Telephone ' ‘ o 118
Hydro.Electricity _ h 695
Property Tax 6,119
Administration Costs - 45
Fees & Subscription _ ’ - 45
Legal Services : - 55
Other Prof. Services .~ 105
Office Supplies ‘ , - 18
Miscellaneous Expense 78
Total Fixed Expenses - 17,761
Total Expenses : : 71,825
Income less Expenses . 183,700

Source: Solution’ to farm plannlng model in optlmlzatlon
mode and CANFARM records.
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in some time périods were the pulvi—mulcher'throuéhout April,
the poWer mulcher in March, the plow in the third week of
April, the potato combine in two weeks in September, and tbe
disc in two weeks in April. | N

Tractor time was not a limiting factor at sny power level
because of the possibilities for substitution. Tractor time
was fully utilized for the 1370 Case throughout April and for
the smaller tractors st odd periods in the year. The shadow
price‘oh these resources remained very low.

Labour was not critical in any time period because_of the
possibility of substituting hired labour. Hired .labour was
required in May, the first week in August, and with potato
harvest in September.

Consideration was next given to which crops it‘would be
most pfofitable to expand above the risk ahd/or market con-
straint, This was really an attempt to deal with the question
brought up by the farmer about which crops it would‘be most
profitable to substitute for peas and potatoes for which
market conditions were becoming more uncertain. Tbe'markét
and/or risk constraint for beans and sugar beets was essed so
the effect of incorporating more of these crops could be
evaluated. The results are summarized in Table 5.7 in Plans
B, C and D. Plan A, or the 'base plan', is the first optimal
plan prepared without easing risk and/or market constraints

The éffsct of the’easing of the risk and/or marketing‘
constfaint was to substitute these crops forlbarley. There

was no effect on the.aqreages of peas and potatoes. An upper
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bound on.the leVelbof the sugar beet crop.also appears.as this

crop . competes for land with potatoes. It is 1nterest1ng to
note that with reduction of the level of barley productlon

none of the resources for tractor or implement tlme.ls crltical;

machinery is not a constraint. The five acres of turnips_are

dropped from the farm plan however.

To finally get at the question of whether 1ncreased.
vylelds might lead to a substltutlon for potatoes or peas, two -
more plans were prepared with the yields 1ncreased by 12.5% and
25% for barley, beans and sugar beet seed. Risk and market
constralnts were set at the level of those in Plan C to give
the computer con51derable space to brlng in more barley and
possibly sugar beets at the expense of pease and/or potatoes.
The results of these changes are Plan E and Plan F in Table
5.5.

It can_be‘seen thatfeven-in_this case no'substitution
is.made for‘potatoes or peas. The conclusion is, therefore,
that in the circumstances considered no spbstitoion should |
take place involving either barley, beans or sugar beetfseed
for either potatoes or peas. There is some conflict betWeen
the seed crops and late potatoes when both of these‘are at
thelr upper’ llmlts 1mposed by the marketlng, rlsk and rotatlon
constralnts on 'Land A' but this is resolved in favour of -
potatoes even at 25% higher yields for sugarvbeet seed'or any.
equivalent Change in prices and yields for-sugar beets_and l
potatoes. If it is possible to increase the-acreage‘of any of

the crops above the levels in Plan A in Table 5.5 then conflicts



TABLE 5.5

A COMPARISON OF ALTERNATIVE ‘'OPTIMAL'PLANS

Simulation
of Plan
‘ : Selected
A - Base . Relaxed Risk and Increased (Without
Crop Plan - Market Constraints Yields Model)
A - B C D E F G :
. acres acres acres acres acres acres acres
Bean Constraint 30 : 45 60 75 60 60 - N.A.
Sugar Beet : : . ’ T i ,
Constraint 20 30 40 50 40 40 N.A,.
Yield Index 100% 100%  100% 100% 112.5% 125% 100%
" Late Potatoes 63 63 63 63 63 63 50
Early Potatoes 20 20 . 20 20 20 20 15
Late Peas - 15 15 15 15 15 15 30
Early Peas 30 30 30 30 30 30
Beans 30 45 60 75 60 60 30
Barley 108 97 78 63 78 78 40
Sugar Beets 20 ‘ 30 39 39 39 39 30
Turnip 5 5 0 0 0 ' 0 4
Cabbage 20 20 20 20 20 20 20
Raspberries 2 : 2 2 : -2 2 2 2
Strawberries 5 5 -5 5 5 5 5
Total Harvested 318 332 332 332 - 332 332 226
Net Income ' $ 183,700 189,184 192,025 193,072 203,058 214,524 157,788
Net Income as % ' ' ' ’ o

Source: . Solutions to the farm planning model in optimal mode.
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should be resolved in the direction of a decrease in the.pro-
duction of barley. | |

Some conclusioﬁs cah also bebmade in Cdmparing the '
opéimal farm plans with the plan that the'operator.sélected
for 1976 without the use of the model (Plan G in Table 5.5).
The level of income in Plan G is 86% the level of incoﬁe in
Plan A. Some discretion is required in comparing these ﬁwo'.
plans as‘bdth involQe the use of the farm planning model; The
question arises whether the differencé between the optimal l.i
1976 farm‘plan and the_1976 farm plan selected with§ut thén@del
afe significant endugh to_justify the constructioh and_usé of -
.a.linear programmihg model. Providing the reliability of the
model is acceptable i.believe the answer is Yés, The differ-
ence in net income between Plan A and Plan G is_$?5,712.
Furthermore, the model definitely shows a course of.éctioh on
two alternatives thlearm opérator is conside;ing: it would
be profitable to rent the land available and produée barléy
but it would not be profitable to reduce His.production of

potatoes or peas.



CHAPTER 6

SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS FOR FURTHER STUDY

6.1 SUMMARY OF THE THESIS

The overall objective bf the thesis was to construct a
farm planﬁing modelbtﬁat would be of value to vegetable pro-
. ducers in making planning decisions. More specifically, the
objective was to builld a model that would indicate the most
appropriate selection of crops and production methods. This
objective was subdivided into four sections: identify the
special problems of végetable prbducers that have.to be incor-
porated into the model, construct the model, validafe the model
through its application to a case farm, and use the model to
produce an optimal fgrm plan. |

It was pointed out that the vegetable industry is
extremely diverse. The large variety of vegetables produced,
methods of'production and regions in Canada meant that the
model had to be a very general crop budgeting model. The
diversity of the industry also is probably responsible for the
lack of basic 'testing"to demonstrate the affect of changes
in the use of various inputs on yields.. A further result of
the diversity of the;industry is that a great many vegetable
producers become specialists part of whose income derives from
their very specific experien;e, ability and resource base.

These aspects of the industry have influenced,the model;

It was felt that it would be impossible to develop generai
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principles for varying'yields_with inputs but that it,is;
necessary to have the capabiiity to eesily include Various
alternatives in the use of varlable 1nputs and thelr effect
on yields in so far as they can be quantlfled by the 1nd1v1dual
farmer. To select crops on a particular farmvthe spec;flc
resource base and production relations of that farm have to be
included in the model so that variable costs and fesou:ce
conStraints accurately reflect the real marginal relationships
in the farms oroduction function.

The variable inputs, purchased inputs such as fe:tilizer‘
and other chemicals were seen as fairly streightforward given
tne degree of 'testing' that nas been done; to achieve an
expected vield a preScribed amount of each chemical has to be
purchased."In_all cases there would not be constraints.on'the
amount that can be acQUired at a constant price and for most
cases the affect_of_nérginalbchanges in the amount used would
not be known. Tne schedulingvof machine operations on the
other hand was seen as tne'mein_difficulty; Each machine
operatlon uses labour, tractor and 1mplement time. The con-
_stralnts on the amount of time avallable of each of these
resources in the sectlon of the total year in whlch a JOb has
to be completed and the ‘amount of time required to complete -
the job was seen as e very complicated and possib1y<vefy».
critical cOnsideration if the farm plen that is :econmended is
to be truly fea51b1e. |

_Consequently, the characterlstlcs of machine operatlon

were studied in detall for the_dgal purpose of.developing_a



105
method of machine scheduling and of predicting costs of use
specific to the farm. Although the specific farm was envisaged
as the final source of all data engineering principles were
used as a source of 'standard' data for repair and maintenance
cost ratios and fuel consumption. ASAE repair and maintenance
formulae and Donnell Hunt's fuel formulae are used for
data that may not be known by the farmer. These include ASAE
field capacity formulae and Hunt's power formula. Engineering
principles were incorporated into the structure of the matrix
to specify the interrelationships between resources.

The core of the theoretical model developed involved the
construction of machine operating activities for each job that
has to be performed on each crop. The advantage of this method
was that the time constraints for each job could be specified
in a flexible manner and the particular parameters of each job
could be used explicitly in the model. A tractor selection
block was built to explicitly incorporate the tractors actually
available for a particular operation in terms of power. The
schedule of machine activities for each crop becomes a column
of integers in the crop activities.

The complete theoretical model also included various
resource purchasing activities. A slightly different method
was used to include each class of resources: land, labour,
fuel, purchased inputs, borrowed cash, tractor repair and
maintenance, and implement repair and maintenance. A vector
of fixed costs was forced into the model to accurately reflect

the farm's cash flow position. Rotation and marketing con-
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 straints were to be added as required to crop and crop
selling activities. l_ o |

' The model was applied to a large commercial vegetable
| farh in'British Colu@bia;- Eleven crops were evaluated on
three different classes of land. The prices, yields and acre-
ages of each crop uere fixed at levels actuallyvobtained in 1974.
The logic of the model uas validated by calculating by hand the
resources and_costs required by the solution'and cohparing these |
with those_obtained by solving the model oh the computer. fhe_
results were exactly the same invall cases except_for difference
readily attributableito rounding errors.

The cost predictions of the computer solution were also
compared with CANFARM records for 1974 to evaluate the para-
meters of the empirical model and the methods proposed to pre-
dict variable costs in the theoretical model. ~Although these
results were more ambiguous they were for the most part very
positive. Several significant differencesvdid appear between o
actualvcosts and.predicted costs but they_could'be'attributed_'b
~to peculiarities of the farm operation inu1974 and to the
.optimizatiOn routine in the tractor selection block of the

model.



107

6.2 CONCLUSIONS |

The hypothesis implied by the objectives of the thesis
was that it was pqssibie to build a farm planning model that
would be useful té végetable producers in méking planning
decisions. The testing of this hypothesis isvnecessarily.a'
subjective valuation of the usefulness 6f the model. Thevmodel
built is essentially a crop budgeting model whose main fun¢tion
is to select crops based on gross margins and constraints on.
labour, machinery, land, operating cash; and considerafions for
risk and rotations. The usefulness of such a model
that can successfully make an efficient selection iS obvious.
By making a modification in his farm plan based on the results
of the model the grower should be able to receive a higher farm
income_thén‘he would otherwise using a very similar combination
of resources. The model also provides information on which
tractors are the most eéqnomical to operate although,this:info_
mation is available through arithmetic calculations outside the
framework of the model. Thié last point is illustrativevof the
educational value of the model. By working out the inpﬁf data
that the model requi;es for a solution the farm operator is
made aware of the great deal of information that he has to deal
with in making efficient decisions. The shadow prices of.the.
" resources 6f the modél also indicate directions in which‘the
férm‘business‘may be}altered in the future to improve the
profitability of the operation. The'model also gives the
farmer a véluation of the cost to him in following a slightly

different plan.
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Whether the model successfully-performs_all thesé functions
depends upon its reliability. The logic of the mddel.has proven
to be sound. Given that the logic is sound,.the reliability.
depends upon the Validity and completeness of the inpuﬁ data.
For the ca;é farm'it_has been possible toivéfy closely Simulate.
1974 césts using the model. Although some reservations about
the reliabiliﬁy of the predictions for sohe parts'of‘the‘hodel
must be held, most especially concerning ﬁﬁe estimate of imple-~ -
ment repair and maintenance costs, the predictionsvaré for the
most part quite accurate. The conclusion is that for the cése
farm atjlgast thelmbdel-does achieve its objectives. |

It is also apparent that the model‘isﬁreadily'applicable to
any similaﬁ vegetable‘fann,i.e. large commercial vegetable farms
that pfoduce a range of crops. Indeed the moqe;~wouldvbe useful
in making crop sélections on ‘any type of farm althqugh.ﬁhe41arge
number.of_time'periods is more directiy related tovthé vegetable
industry. It is not vaiqus how the,model would‘be used on |
farmé which are organized in a very different,mannef;v One
sitpation in which it woﬁld be most difficult to adapt the model
is‘the_case Where there is ohly one crop cohsideﬁed unless a
great deal more_infq:mation can,be_sgppiied abgut a1t¢fnative.
production methods than'waélayailable on_the_casé farﬁ;' The
reason why the quel is-of little value in this’Situétion is
that with one érop'and one productibn.methdd,the fé:mvpian'iﬁ
pretty.well‘predeferTihed, ‘Thehother_¢asé is Qhere tﬁereAis
an alternativevanimai enterprise for which the model has qqt.‘

really means to evalﬁate. Other than_these,two;situations if‘
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would not be difficult to adapt the model to any farm where

crop selection is'an;iﬁportant problem.» Whether the model can
be :eiiably used 6h thése other farms is still an openvquestion..
The reliability of the model can only feally be evaluated

through extensive testing of the model on a large number of

farms.
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6.3 SUGGESTIONS FOR FURTHER STUDY

As with any study the flnal result 1s to 1nd1cate the‘
wide range of exten51ons and assoc1ated problems that may be
profltably ;nvestlgated. ‘To fac111tate the presentatlon of
topics for further research the_topics have been diyided into
three classifications:_ further developments of_the'present
model, technical subjects, and extensions of.the preSent.model
to 1nclude more complex farm planning problems. | |
- 6.3.1 Further Developments of the Present Model

The original plan as conceived by CANFARM called‘for thev.
. development of software packages to aid in the application of
the model. It is reasonable to_ask‘at thls stage whether the
model should be applied to several more farms'or whether the
software packages should,be bullt now. I feel the SoftWare'
packages should wait until further.eualuation oflthetmodel has
been made. Questions should first be asked about the,suitabi-
lity of the time perlods and the rellablllty of the cost pre-
dictions that are in, the model. Work should be done to develop
an adequate and complete_set of input and output,forms. The
,usefulness of these formsvin extension should be a'major con-
sideration. The farm plans (see Appendlx G) for the case farm
with the model in optlmlzatlon mode are an attempt to prov1de
the output forms. The experlence w1th the Purdue crop budgeting
‘models would be extremely useful as a reference here. Flnally,
it may be useful to make minor adJustments ‘in the llnear pro-
gramming problem to prov1de the software packages'with useful

information and vice versa. To summarize, the software
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packages should be C6nstructed in conjunction with a thorough
review of the linear programming model and with a greét deal
of thought going into the input and output forms.

Concurrent with the development of the software package
a decision has to be made on the manner in which CANFARM is to
service the large number of vegetable farms in the country.
The direction of development can take the form ofjusihg a
large number of very specific models for specific producers in
specific regions or a single more complex and general model.
The problems of other vegetable farms that have not beén.incor-
pofated into the model may have to be dealt with in this context.
For examplé, should the possibility of custom hiring in and out
of the farm operation be built into the theoretical model or
should there be two models one of which includes custom hiring
and one which does nét? The model may have to be adapted one
way or the other to farms which produce only one crop and farms
with an animal enterp:ise making demands on resources. When
these type policy decisions have been made it will be possible
to go on to the next stage of model development.
6.3.2 Technoldgical Studies Needed

The type of technical information that it would be worth-
whilevto investigate more thoroughly falls into several classi-‘
fications. There is a great deal of work that can be done on
machinery repair and ﬁaintenance costs. The coefficients used
fb; the tractors in the model could be re-estimated at smaller
intervals. Four or fiQé hundred hour intervals might be more
accurate than the present thogsand hour intervals. The repair

and maintenance»coefficients used for the other implements
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could be revised to take accountlof age of the implément.
_This may be déne by using the other ASAE.fofmplae for repair
and maintenancé costs and developing tables of coefficieﬁts
for each claés of mathinery. A single‘coefficientishould'still'
be used for each implémént however. It may be that.thé
formulae should be revised upwardslaltbgether to take account
of Canadian conditions and inflation. This cah on1y reéily be
determined by the fu:ther‘applicaﬁion of the model to several
farhs.

Hunt's fuel formulae may also be revised. It would not
.bé difficult to re-estimate the formulaé based on the Nebraska
tests using either the same or a different functional form froh
that developed by Hunt. A fofmula that used_one‘of the summary
statistics of the Nebraska Tests might be espécially valuable
in providing a tractor specific estimation of fuel consumption
at various loads. Sghé evaluation of the formula may also be
made in actual farm use. If this coursé were taken then it
might be possible to include the use of fuel for reasons other
than directly in'field operations so that the estimate may be
'rationaily revised upwards. | |

Perﬁaps £he most impo:tant technical.inforhation‘that ié
required ié some metpodvto relate yields and production méthods
in a Syétematic fashion with formulae similaf»to the.engineering
formulae. It is already pointed out in several pladés}thﬁtvit
is left to the grower to define a se£ of best prbduétidn |
practises. However, it is necessary td be able to deal with

the effect of a deviation from these best practises in a quanti-
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tative manner. An example of the type of information needed
can be seen in the Purdue Crop Budgeting Model B-9. 1In the
model corn yields are reduced by 1/Bu./day for alternative
planting periods between May 10 and May 23 and by 2/Bu./day
for planting periods between Ma? 24 and June 10. Data ex-
"pressed in this manner or perhaps in percentége yield reduc-
tions are needed for the timeliness of operations w.r.t.
planting dates, harvesting'dates and on weed control. Similar
data is also needed for such factors as fertilizer use,
pesticidés and water. Ideally the information wonld.beibased
on actual farm resuits rather than crop tests but whatever the
" source syétematic relationships are needed for each vegetable
or class of vegetable. |

A final area for technical investiéation is in the effect
of weather. Weather is a subject area which really.cuts across
all three classifications of areas for further study. The
effect of weather on.machine time is implicitly incorporated
‘into the data as it is collected on machine constraints and on
crop production activities in the schedule of machine activities
for each crop. It may be that it would be useful to make the
effect of weather explicit. This would necessitate the investi-
- gation of.how weather variable can be used explicitly in the
model. Weather may proVide for a systematic methqd for déaling
with alternative planing and harvesting dates for example. |

6.3.3 Expanding the Model to More Complex Farm Planning
Problems :

The third classification bf areas for furthef research in
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extendlng the complexity of the present model. At present the
model is a single year linear programming medel assuming a
fixed capital stock and certainty. The assumptions of fixed
capital stock and certalnty is a strict description of the
model and is not to say that risk is ignored completely and
‘the model has nothing to say about capital purchases. Both of
these toplcs are handled indirectly. Risk 1is evaluated sub-
jectively by the farmer when he specifies upper and lower
bounds he will consider on the crops in his farm plan.
Similarly although capital budgeting is not handled explicitly,
the shadow prices on resources in the final farm plan give an .
indication of the machinery that may be profitably replaced.
The subjects of risk.and capital budgeting are both.very
important topics of farm management and a reformulation of the
crop budgeting problem from the_point of view'of the economist
should probably be in this direction.

CANFARM already has a few small farm planning packages
used to make capitalzbudgeting decisions. These packages work
outside the context of the whole farm plan in a manner analogous
to a partial budget and thus do not really.take into considera-
tion the effect of machine purchases on constraints and the
resultant change in crop plan that may become feasible.
Programs are also being developed to exp11c1t1y incorporate
rlsk 1nto farm plannlng models in other sectors of agrlculture.

The question arises, however, in the context of the
present model as to which of these subjects it would be the

most profitable to investigate next. The question may be
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divided into three aspects: the relative importance of risk
and capital budgeting to the farher, the imprévement over the
present capability of the model, and the ease with which the
model can bé revised.

The importance to the farmer of having mQrevinfofmatiOn
about risk or more information for hié capital purchases is
really impossible to evaluate. For eaéh farmer the relative
importance of the two types of information may change from
time to time. The solution to the optimization problem in
Chapter 5.5 illustrates how the model may be used to take
~account of risk and uncertainty. The farmer specified risk
constraints on his crop plan and five different plans were
prepared based on different possible outcomes based on yield.
The farmer is left to select a farm plan for himself based on
the additional information provided by the model. Thé real
value of incorporating risk in a more explicit fashion must
either be in the ability of the model to include more informa-
tion in the evaluation of risk or to be able to express the
farmer's valuation of risk in more precise mathematical terms
so that the exact trade-off between risk and other féctors may
be more exactly calculated. I doubt if moré-inform#tion can
bé inéorporated. .Iflthe farm management specialist had special
information on future prices and yields he would not have to
work for a living. Most risk models rely heavily on past prices
and yields. There are suéh a great many dimensions to risk,
however, that it is difficult to incorporate all of them in a

simple prediction model. Growers may sometimes have fairly
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strong reasons to suspect the prices of a crop w111 be good or
bad based on a complex perception of changes in supply or
demand which it is really impossible to incorporate in a pre-
diction model. This being the case, it is really questionable
whether there is a great deal to be gained in trying to build
~in risk. _ | -

I feel on the other.hand that including capital budgeting
would dramatically increase the scope of the problem. The

shadow prlces of machinery is only an indication of where

machinery might be a problem. The inclusion of capital budgeting
would enable the model to aid in these type‘of decisions in a
mucn more realistic fashion. New pieces of machinery are
acquired nearly every year on the case farm. Capital_budgeting
would be a useful_guide as to which machines should be replaced.
MoHardy's model demonstrates relationships that ma? be used in
a machine budgeting section of the model that not only give a
yes or no decision on machine purchases but'Can be used to
select appropriate size of machinery. lThe inclﬁsion of'capitalv
budgetlng would also allow the expansion of the plan to'incluoe_
several years and the growth rate of the firm, |

Finally, con51deratlon must be given to tne formulation
of the objective function. The farm planning model maximizes
income above variable costs but it ignoresvinventories and the
effect of taxes. Some consideration snould be given to these -
variables so that it is really net farm income after»taxes'

that is maximized.
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THE IMPORTANCE AND PERFORMANCE OF THE VEGETABLE INDUSTRY
IN BRITISH COLUMBIA AND CANADA
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TABLE A.1

IMPORTANCE OF THE VEGETABLE INDUSTRY IN
CANADA AND BRITISH COLUMBIA: AREA 1970-74

, Area Vegetable Acres as Per Cent
under Vegetables of Total 1971 Cropped Acres
B.C. Can. B.C. Can.
(acres) (acres) - TE T %
22,900 554,610 : ' 2.10 - 0.81
22,610 470,580 - 2.07 0.68
22,740 467,360 : 2.45 - 0.68
27,550 511,790 2.52 0.74
25,270 536,810 2.31 0.78 -

Source: "Quarterly Bulletin of Agricultural Statistics",

1970
1971
1972
1973
1974

Statistics Canada, 21-003, Agricultural Division,
Ottawa, July-September, 1975, 1973, 1971.

1971 Census of Agriculture Canada", Statistics
Canada, 96-701, Vol. 4, Part 1, Census Branch,
Ottawa, July, 1973. : '

TABLE A.2

IMPORTANCE OF THE VEGETABLE INDUSTRY IN
CANADA AND BRITISH COLUMBIA: FARM VALUE
.OF PRODUCTION 1970-74

Farm Value of | Per Cent of Total
Vegetable Production Value of Production
B.C. Can. B.Ca Can.
$000's $000's % %
14,481 144,021 6.48 - 4.63
13,412 168,779 5.98 . 3.71
17,468~ 243,480 - 7.03 - 4.48
29,977 355,282 8.99 5.20

Nea. n.a. ' . Nede n.a.

Source: "Quarterly Bulletin of Agricultural Statistics",

Statistics Canada, 21-003, Agricultural DlVlSlon,
Ottawa, July-September, 1975 1973, 1971.

11971 Census of Agriculture Canada", Statistics

Canada, 96-701, Table 1, Vol. 4, Part 1, Census

Branch, Ottawa, July, 1973.
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TABLE A.3
IMPORTANCE OF THE VEGETABLE INDUSTRY iN

CANADA AND BRITISH COLUMBIA: THE NUMBER OF FARMS
REPORTING VEGETABLE PRODUCTION 1961, 1966 AND 1971

The Number of Farms Per Cent of Total
Reporting Vegetable Production ' Number
(Potatoes in Parenthesis) _ of Farms
. B.C. Can. ) B.C. Can.
No. No. % : %
1961 1,191 22,874 5.97 4.76
1966 1,146 17,420 6.00 4.04
1971 _ 1,144 16,120 6.22 ' 4.40
( 707) (23,311)

Source: "1971 Census of Canada Agriculture Canada", Statistics
Canada, 21-701, Census Branch, Vol. 4, Part 1, Ottawa,
July, 1971, 1966, 1961. -

TABLE A.4

RELATIVE IMPORTANCE OF SELECTED VEGETABLES IN . THE
BRITISH COLUMBIA AGRICULTURE INDUSTRY: AVERAGE 1970-74

Per cent of Per cent of

Farm ‘Acres
Vegetable Total Vegetable Total Vegetable
' Income Farm Income Haryested. Acres Harvested
$000's : % acres %
Potatoes 10,736* = 54.5 11,920 - 47.3
Cucumbers = 324 2.0 356 1.5
Lettuce 1,165 6.1 614 2.5
Onions 1,036 . 5.5 644 2.6
Tomatoes** 439 3.0 240 1.0
Cabbage 818 4.2 802 3.2
Carrots 695 3.6 460 1.8
Processed ‘ '
Peas 1,281 - 6.0 4,648 18.5
Processed : ‘ o
Beans 562 2.8 1,660 . - 6.9
Residual 1,779 12.3 3,730 14,7
Total 18,835 100.0 25,074 100.0

* Average for the years 1970-73 oniy.‘
**¢ Average for the years 1971-72 only. .

Source: "Quarterly Bulletin of Agricultural Statistics."
Statistics Canada, 21-003, Agricultural Division,
Ottawa: Sept.-Dec., 1972, 1973, 1974, 1975.



Vegetable

Potatoes
Carrots
Onions

Peas
Beans

Corn

Lettuce
Cabbage

Cucumbers

Source: "Quarterly Bulletin of Agricultural Statistics."

Statistics Canada, 21-003, Agriculture Division,

TABLE A.S5

YIELD PER ACRE COMPARED FOR SELECTED CROPS
IN BRITISH COLUMBIA, CANADA, UNITED STATES,
AND WASHINGTON STATE: AVERAGES 1970-74

British . ,
Columbia Canada Washington

e o+ o =+ tons per acre . . .

11.18 ' 9.1 - 19.10

11.57 11.57 . 21.47
12.52 11.78 18.92
2.05 1.29 . 1.66
3.05 2.00" 3.21
'5.60 4.01 . 5.80
7.42 . 9.84 10.88
6.28 ’ ‘ 6.63 . n.a.o

126

- United
States

'11.65
12.64
14.80

1.29
2.48
4.78

10.80
10.70
© Nede

Ottawa: July-Sept., 1971, 1973, 1975 and 1971, 1973,
- 1975. '

"Agricultural Statistics 1974." United States Depart-
ment of Agriculture, Chapter IV, pages 149-203,
Washington. : ‘ ‘
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TABLE A.6

A COMPARISON* OF FARM SIZE IN CANADA, BRITISH COLUMBIA
AND WASHINGTON STATE MEASURED IN ACRES AND
VALUE OF PRODUCTS SOLD

Average Size Value of Sales
(acres) ($/year)
Year 1971 1966 1961 1971 .1966 1961
Canada _
All Farms _ 463 404 359 11,328 7,752 4,880

Vegetable Enterprise 15.8 13.7 9.5 5,749 3,791 2,390
Potato Enterprise 21.7 1.9 1.4 10,090 5,056 - 3,560

Year 1971 1966 1961 1971 1966 1961

B.C. :

" All Farms 316 277 226 11,386 7,326 5,222
Vegetable Enterprise 15.7 13.8 8.3 8,432. 5,481 2,951
Potato Enterprise 16.1 2.5 2.6 7,478 4,748 3,481
Year 1959 1964 1969 1959 1964 1969

Washington : . : -

All Farms 516 418 363 22,661 13,979 11,042
Vegetable Enterprise 70. 58 39 18,211 9,887 6,732
Potato Enterprise. 779 n.a. n.a. 43,857 n.a. Nede.

* Numbers are not really comparable as they were collected
from many diverse sources with different definitions of
what is here called 'potato enterprise'. This is especially
evident if you use the numbers to calculate the revenue per
‘acre for potato farms in Canada and British Columbia. The
terms 'potato enterprise' and 'vegetable enterprise' are
used here as there was no way of assuring that a farm not be
counted twice. S

Source: "Census of "“Canada Agriculture Canada" Statistics
Canada, Ottawa, Canada; Queens Prlnter, 1971, 1966
1961. :

"1969 Census of Agriculture Washington", U.S. Dept. of
Commerce, Bureau of Census, Vol. 1, Part 46, Washing-
ton, D.C.; U.S. Government Prlnter, 1972.
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TABLE A.7

FARM VALUE PER ACRE
: A COMPARISON OF FIVE YEAR AVERAGES FOR
BRITISH COLUMBIA, CANADA, WASHINGTON AND UNITED STATES
AVERAGES 1970-74

B.C.1 ‘Can.1 Wash. .. Ue.S,
Potatoes® 900+ 342 665 653
Carrots . 1,510+ 619 868 1,212
Onions 1,687 1,056 1,926* = 1,571
Peas | 213 150 - 186 144
Beans 271 173 . 326+ 243
Corn 170 141 171* 123
Lettuce 1,889+ 837 C 962 - 1,300
Cabbage 1,004+ 1,706 : 850 . 827
Cucumbers 240+ _ 649 N.ae. ‘Ne.a.

"Quarterly Bulletin of Agricultural Statlstlcs" July-
September, 1971, 1973, 1975.

"Quarterly Bulletin of Agricultufal'Statistics",'duly-
September, 1971, 1973, 1975, Average 1970-73 only.

"Agricultural Statics 1974", U.S. Department of Agriéulture,
Chapter IV, Statistics for Vegetables & Mellons, Average
1970-73 only. ‘



APPENDIX B

THE CALCULATION OF REPAIR AND MAINTENANCE COSTS
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B.1 REPAIR AND MAINTENANCE COSTS

Repalr and maintenance costs may be predicted using
'formulae developed by the ASAE and reproduced annually in their
yearbook. There are seven Fa51c formulae which all have the
same structufe although‘they differ in the value of the para-
meters used. The formulae ;pplicable depends upon the type of
machine being used. For instance, for a two wheel drive
tractor formula number two'in TablevB.i should.be used. The
formulae gives the total accumulated repair'cost in per cent
of the purchase price as a function of the hours of use.of the
machine. A g:apheof,fermulae 2 is shown-in,Figure‘B.i. It
can be seen that repair and maintenance costs are an increasing
function of age.

To calculate the averége hourly tepair costs in the next

time period the formulae have to be modified as in B.1.

B.1 R = TAR% _, = TAR®
H
where R = repair and maintenance costs per hour,
TAR% = total accumulated repair costs at the

end of period n,

and H = total hours of use in the time period.
CANFARM (1975) use these formulae in thelr various mechine
bagkages in this ferm as does Hunt (1966). However, CANFARM
has divided all fhe A,coefficients by-tWo. (CANFARM coeffic-
ients are also givea in Table B.1). |

Abproximatiohsfof these formulae have often been

sgggested.‘ Fof example, United Grain Growers determine repair

and maintenance costs as a per cent of purchase price for four
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TABLE B.1

ASAE FORMULAE FOR REPAIR AND MAINTENANCE COSTS

Coefficients
Formulae ASAE CANFARM Machinery Applicable
a b a b :

1. TAR%
2. TAR%

3. TAR%
4, TAR%
5. TAR%

6. TAR%
7. TAR%

Source:

a(x/¥)® 0.100 1.5 0.0500 1.5 4 wheel drive tractors,
' . tractor crawlers.

a(x/Y)? 0.120 1.4 0.0600 1.4 2 wheel drive tractors,

statinary power units.

a(X/Y)b 0.096 1.4 0.0480 1.4 s.p. combines and forage
harvestors, front end
loader, pick-up truck,
manure spreader, baler
with engine floats,
rotary cutters.

a(X/Y)b 0.1227 1.4 0.0635 1.4 Sprayer, pull type
~ harvestor, baler, potato
harvestor, truck, corn
picker, beet harvestor.

a(x/Y)® 0.159 1.4 0.0795 1.4 PTO combine, S.p.

: : swather, wagon, hay con-
ditioner, rake, seeding
equipment, mounted
sprayers.

a(x/¥)® 0.191 1.4 0.0955 1.4 Fertilizer equipment..

a(X/Y)b 0.301 1.3 0.1500 1.3 Mower, tillage equip-

' ' ment such as plows,
planters, cultivators,
harrows, etc.

1974 Agricultural Engineers' Yearbook, section 0230.2,
page 299 and page 303 Table 2.

"Machinery Planning Replacement." CANFARM publication.
According to correspondence with CANFARM the 'a' co-
efficients were simply divided by two as engineers
working on the CANFARM package thought the formulae
gave results that were too high.

Note: TAR% is total accumulated repair and maintenance costs to
‘date as a per cent of purchase price. X is 100 times ‘
accumulated hours of use, and Y is the wearout life of
the machine. See Table B.3 for typical values for wear-
out life. - C
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FIGURE B.1

TOTAL ACCUMULATED REPAIR AND MAINTENANCE COSTS
IN PER CENT OF PURCHASE PRICE AS A FUNCTION OF
AGE FOR A TWO WHEEL DRIVE TRACTOR

132



133

broad classifications of machinery regardless of age (see
‘Table B.2). Lubrieants ere in this case considered separately
at 15% of fuel costs. Kepner, Bauer and Barger (1972) use- a
similar approach but give their results for more specific-
classifications of machinery (see Table B.3). Such systems
are necessarily an average over the life of the machine and
overestimate when the machine is relatively new and under-
estimate when the machine is older.. This can easily be seen
in ?igure B.2 in which average hourly repailr costs for a two
wheel drive tractor is determined by using equation B.1 with
fAR% calculated with formulae two in Table B.1. The average
repair costs over the life of the tractor is .01%/hour as re-
ported in Kepner, Bauer and Barger (Table B.3) and this figure
is represented by the_horizontal 1ine.' wWhen comparing the two
methods however it Should be kept‘in mind that there is a
large stochastic element in estimating repair and maintenance
coste and they tend to be lumpy so that any(estimate may well

be quite wide of the mark.

TABLE B.2

REPAIR AND MAINTENANCE COSTS PER HOUR_AS A PER CENT OF
LIST PRICE ACCORDING TO BROAD IMPLEMENT CLASSIFICATION

Machine Type - Cost/Hour
Tractor | - 0.012
Tillage _ : 0.060
Harvesting 0.030
Planting 0.075

Source: United Grain Growers, " How to Pin Down Your Machin-
ery Operating Costs".
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TABLE B.3

lREPAIR AND MAINTENANCE COSTS PER HOUR AS A PER CENT OF
LIST PRICE ACCORDING TO MACHINE TYPE

‘ Hrs per Year Repair Costs,
Years|Wear-[for Wear-outPer cent of New Cost
Untill out [Life to EqualjveragegTotal During
|Obso-{Life Pbsolescence| per Wear-out
Machine : | lete|Hours|  Life Hour Life
Tractors , _
Wheel-type - 12+ (12,000 1,000 0.010 120
Track-type .12+ [212,000} 1,000 0.0065 78
Tillage implements ‘ ' '
Cultivator ' Sl 12 2,500 .208 0.060 150
Disk harrow 15 | 2,500 167 0.048 120+
Disk plow 15 2,500 167 0.045 | 113
Moldboard plow 15 2,500 167 . [0.080 200+
Spike-tooth harrow 15+ | 2,500 167 0.040 100
Spring-tooth harrow | 15* [ 2,000 133 0.060 120
Seeder o : : .
Grain drill o - | 15+ | 1,200 ‘80 [0.080 : 96
Row-crop planter 15 1,200 80 0.070 84
Harvesting equipment . ' B
.Combine, self-propelled| 10 2,000 200 0.027 " 54
Corn picker 10 2,000 - 200 0.0324# 64
Cotton picker .| 10* | 2,000 . 200 0.026#4# = 52
Cotton stripper 10 2,000 - 200 0. 020## 40
Field chopper, pull-type 10 2,000 200 0.040 80s+
Hay baler, aux. eng. 10 2,000%= 200 0.022 | 55
Hay baler, PTO 10 2,000** 200 0.031 78
Hay conditioner 10 2,500 250 0.040 100
Mower - ' 10+ |} 2,000 200 0.120 - 240
Rake, side delivery 10* { 2,500] . 250 0.070 175
Sugar beet harvester - | 10 2,500 250 [0.0254# 63
Windrower, self-propelled10* | 2,500 250 0.040 100
Miscellaneous , :
Forage blower 112 | 2,000 - 167 |0.025 - 50
Wagon (rubber tired) | 15 5,000 333 0.018 90

From 1963 Agrlcultural‘Engineers Yearbook, p.232. ASAE, St.
Joseph ‘Mich. : _ : '
Changed by authors. ‘
** Changed by authors, based on references 4 and 7.
# When average annual use exceeds this number of hours, machine
will wear out before it becomes obsolete.
## If machine is mounted type, add total of 1% of new cost for
each)tlme machine is mounted and dismounted (normally once a
year).

Source: R.A. Kepner, Roy Bauer, and E.L. Barger in Prlnc;ples of
Farm Machinery, 2nd Ed., 1972.




.014

.012

t of new price)
L] L[] [

o o o
o o r
o & o

.
(e IS
O
=Y

and Maintenance Costs per Hour
(per cen

Repair
L J
o
o
N

ASAE Formula -

Lifetime Average

1 1 1 | 1 1

2000 4000 6000 8000 10000 12000
Age (hours) '

FIGURE B.Z2
REPAIR AND MAINTENANCE COSTS PER HOUR IN PER CENT

OF LIST PRICE AS A FUNCTION OF AGE: ASAE FORMULA
COMPARED WITH LIFETIME AVERAGE AS AN APPROXIMATION

135



| 136
B.2 REPAIR AND MAINTENANCE COST COEFFICIENTS IN.THE>MODEL-

Two different approacheé are used for repair and mainten—
ance costs in the model. For tractors, repair and maintenance.
costs'coéfficients are estimated usihg linear approximatiohs_of
Formula B.1. Average'repair and maintenance costs per hour as
a per cent of‘list price fof each iOOQ hour period from whén a
tractor is new until‘it is worn out at 12000 hours were caléu-
lated. Formﬁla 2 in Table B.1 was used to calculate TAR%. The
results are given in Table B.4. The coefficients in Table B.4
are utilized in the model to calculate repair and maintenance
costs for tractors. It can be seen in Figure B.3 that the cé-
efficients'bverestimatevrepair and maintenance costslin the
first part of the 1000 hour interval and underestimate in thé
rest of the intérval;' However, the coefficieqts do foliow the.
curve much more closely thah the single coefficient method,

illustrated in Figure B.2

- TABLE B.4

AVERAGE REPAIR AND MAINTENANCE COSTS PER HOUR AS A
PER CENT OF LIST PRICE FOR TWO WHEEL DRIVE TRACTORS

0- 1000~ | 2000~ 3000-] 4000- | 5000~
Hours of Use 1000 | 2000 | 3000 | 4000 | 5000 | 6000
Repair Costs : ' : , ’ :
as a per cent
of New. Price

(thousandths) , , .
SR v 6000- | 7000-.] 8000=<] 9000~ [ 10000- | 11000~
Hours of Use 7000 | 8000 | 9000 | 10000 | 11000 | 12000

2.89 5.28 6.84 8.09 9.18 | 10.15

Repair Costs

as a per cent ’ ' o '
2% New Price | 11.04| 11.86| 12.61| 13.34| 14.03 | 14.68

~ (thousandths)
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FIGURE B.3

REPAIR AND MAINTENANCE COSTS PER HOUR IN PER CENT OF

LIST PRICE AS A FUNCTION OF AGE: ASAE FORMULA FOR TWO

WHEEL DRIVE TRACTORS COMPARED WITH APPROXIMATIONS OF
THE FORMULA USED IN THE MODEL
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The model computes the total hours of use of each tractor

in each month and then calculate repair and maintenance costs

as theAproduct of the coefficients in Table B.3, accumulated

hours of use, and new price. ‘The data
by the‘farmer are new price and the age
cumulated hours of use at the start of

The coefficients required for the

that has to be supplied
of the tractor in ac-
the planning period.

implements will be

obtained from Table B.3. The only information required from

the farmer for repair and maintenance costs for implements

will be the list price of his implements and the implement

type so the proper coefficient can be selected. The matrix

parameter will be the‘pfoduct of these

two numbers.



APPENDIX C

FUEL CONSUMPTION COBFFICIENTS
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Some authors have suggested using avérage fuel'consumption
in gallons per hour at 75% of maximum load as determined by
the Nebraska tests for each specific tractor. This method
does take into account the size and peculiarities of the,parti-
cular tractor being used but completely ignores theiamount of
horsepower required Ey the specific job.* Figure C.1 illu-
strates the variation in fuel consumed according to the variable
load fuel‘consumption tests for two specific tréctors.tested at
the Nebraska Tests.

Another method proposed has been to use an average figure
for horsepower hours per gallon and multiply this by the horse-
power required tovdoﬁthe specific job. 1In this method an
average figure for all tractors is usually.used in which case
the size of the traétor beingvused is ignored. Tractors ére_
made in a cdmplete range of sizes measured in maximum PTO HP
within limits which depend on the type-of fuel the t:actor:
uses (see Table C.1). Even if a specific figure for horse-

- power hours per gallon is used for each specific tractor, there
is a systematic biasiin the estimate as the origin is imblied
as a point on thé curves in Figure C.1

Hung (1966) developed formulae to predict fuel consump-

tion as a function of per cent load on the'tractorland so'take

into account the size cf the traqtor and_the load. ‘Wheﬁ the

* Hunt (1973, p. 41) reports that only 16.8% of time 1s spent
in the top range in actual farm conditlons.
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Deutz D10006
(Maximum PTO HP is 105)

Deutz D5506
(maximum PTO HP is 56)

1 i 1 | |

25 50 75 100 125
PTO Horsepower Supplied

FIGURE C.1

FUEL EFFICIENCY OF A DEUTZ D10006 AND
A DEUTZ D5506 TRACTOR FROM NEBRASKA TESTS REPORTS



TABLE C.1

FREQUENCY DISTRIBUTION OF TRACTOR SIZE IN MAXIMUM
PTO HORSEPOWER AT RATED ENGINE SPEED OF TRACTORS
TESTED IN THE NEBRASKA TESTS
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Maximum PTO HP at

Rated Engine RPM 1958 -~ 1968 2964 ~ 1973
more not more | gaso~ . LP gaso- . Lp
than than line diesel gas line diesel gas

15 20 1 _

20 25 1 3 1

25 30 2 1 2

30 35 14 15 1 4 4

35 40 16 24 1 12 13

40 45 4 5 3 1 9

45 50 .10 12 1 7 -5

50 55 9 15 1 11 16

55 60 7 7 5 5 8 1
60 65 7 10 5 7 11 1
65 70 9 11 2 9 11 _
70 75 4 4 6 5 7 2
75 80 S 2 6 3. 3 4 1
80 85 5 3 3 1 8

85 - 90 3 1 2 5 6 2
90 95 4 7 3 3 9 1
95 . 100 2 2 1 4 7 1
100 - 105 8 4 : 9

105 110 - 5 10

110 115 3 2 6 . 2
115 120 3 6

120 125 2 6
125 130 1 7

130 135 2 5

135 140 5 -

140 145 9
145 150 5
150 155 3
155 . 160 2
160 165
165 170 2
170 175 1
175 180 3
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horsepower to operate an implement is known the fuel required
to power that implement can be calculated for a specific trac-

tor using one of the formulae developed by Hunt:

C.l Y = 0.54A + 0.62 - 0.04 697.0A

C.2 Y = 0.52A + 0.768 - 0.04 738.5A + 173.0

C.3 Y = 0.289A + 0.386 - 0.04 213.9A - 25.7
- where A = HP required/maximum PTO HP.

Y gal./hr. of fuel consumption.

The formulae are parabolic curves fitted to the results for

the variable fuel efficiency tests of 118 tractors in ﬁhe
Nebraska tests. The formulae are for gasoline, diesel and LP
gas tractors respectively. In practice at lease a 15% increase
should be made to allow for differences between field conditions
as opposed to the ideal‘conditiqns during theNebraska tests
according to Hunt (1973, p. 37).

These formulae have been used to calculate fuel consump-
tion for fourteen horsepower levels for the tractor transfer
section of'thevmodel. Fuel consumption has been caléulated
using Hunt's formulag for the entire range.of tractor sizé for
gasbline and diesel fuel tractors with maximum PTO HP incréa-
sing in 5 HP increﬁeﬁts. Loads are set at‘thé médian levels
for the fourteen intervals 0-10 HP, 10-20 HP, ..., 130-140 HP.
Results are given in Tables C.2 and C.3 for gasoline5and
diesel tractors respectively. The coefficients in these tables
are used for the fuel entries in the tractor transfer activities

in the model (see Figure 3.4).
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A fortran program was used to produce the fuel para-
meters in Table C.2 as‘given in Figure C.2. Therutput from .
this program is deposited in a file named 'FUEL"starting at
line 190. A header for the table can then be inserted in the
file just before the output. Table C.3 was creatéd‘by repla-
cing line 0013 the fortran program with:. |

| Z = 0.289'R‘O.386-0.04‘(213.9*R-25.7)“O.S

The formula on line 0013 estimates the solution for gasoline
tractors. The other two formulae are for liquid propane and
diesel tractors respectively.

‘The variables in the fortran program are:

X = maximum PTO HP,

Y = load in HP, .

Z = fuel consumption in gal. per HP per hour,

and GAL = fuel consumption in gallons per hour.



TABLE C.2

FUEL CONSUMPTION FOR GASOLINE TRACTORS
ACCORDING TO TRACTOR SIZE AND LOAD

LOAD (PTO Horsepower)

15 25 35 45 55 65 75 85 95 105 115 125 135

5
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TABLE C.3

FUEL CONSUMPTION BY DIESEL TRACTORS

ACCORDING TO TRACTOR SIZE AND LOAD

LOAD (PTO Horsepower)
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0001
0002
0003
0004
0005
0006

0007

0008
0009
0010
0011
0012
0013
0014
-0015
0016
0017
0018
0019
0020
0021
0022
0023

0024

0025
Exec

$ ru
Exec
Exec

DIMENSION A(14,25)
X=20.0
DO 2 1=1,25
DO 2 J=1,14

2 A(J,1)=0.0
CALL FTNCMD('SET ZEROSUPPRESS=ON',19)
DO 21 I=1,25
Y=5.0
DO 22 J=1,14
1F(X.EQ.20.0) GOTO 10
R=Y/X
1F(R.GT.1.0) GOTO 30
Z=0.540%r+0.620-0.04*(697.0*R-00.0)**0.5
GAL=Z*Y*231/277.42
GOTO 12

10 GAL=Y

12 A(J,I)=GAL
Y=Y+10.0

22 : CONTINUE

30 X=X+5.0

21 CONTINUE
WRITE (6,1)(L{AJ,1),J=1,14),I=1,25)

1 FORMAT (8X,14F5.1)

' STOP
END

ution terminated

n - load 6 = fuel (190)
ution begins
ution_terminated

FIGURE C.2

FORTRAN PROGRAM USED TO PRODUCE TABLE C.2 AND TABLE C.3

LVT
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FIELD CAPACITY AND POWER REQUIREMENTS
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Field capacity can normally expect to be known by the
farmer. In cases where it is not known, field capacity can be

estimated using D.1.

D.1 Field Capacity =Width Speed Efficiency
: 8.25 ‘

where Field Capacity = the acres per hour of work
done,. :

Width = the width of the implement's
' operating edge,

Speed = the speed in miles per hour,-
and Efficiency = the per cent of the theoretical
capacity for the specific
operating condition.
Typical values for speed and efficiency are given in Table.D.l.
The particular conditions under which an implement is operated
will normally determine capacity through setting limits on
speed and efficiency.

The ambunt of fuel required to operate an implement is a
function of the power required to opgrate the implement and
thus indirectly on field capacity and the characteristics of
the implement and field conditions as well as the fuel economy
of the power source being used.’ The power required by an |
implement also determines which traqtors of those available
are capable of operating the implement although there are
several other factors that have to be considered. It qould
normally be expected that the farmer will be able to estimate
the power required in the field operations he performs; Where:
this is not the casé, engineering formulae have been developed

by Hunt (1963 and 1966) and refined by Schmeidler et al (1973)



TABLE D.1

MACHINERY PERFORMANCE DATA
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cultivator

Typical Speed | Typical
Energy, or Range for
Machine . Power or Perform- Field
Require- - ance: Efficiency
ment Rate Per Cent
Tillage
Moldboard or disk plow See Fig. 2 3.5-6 mph 70~-90
Chisel plow 200-800 1b per|4-6.5 mph 70-90
ft '
Lister 400-800 1b per| 3-5.5 mph 70-90
_ bottom :
One-way disk, 3-5 in. 180-400. 1b per|4-7 mph 70-90
depth : ft _
Subsoiler 70-110, 100- 3=5 mph| - 70-90
160 1b per in.
depth®*
Land plane 300-800 1b per - -
Powered rotary tiller, ft
.3-4 in. increment of cut |5-10 PTO HP 1-5 mph 70-90
per ft
Harrow L _ ‘ :
" Single disk 50-100 1b per |3-6 mph 70-90
£t T
Tandem disk 100-280 1b per|3-6 mph 70-90
‘ . ft
Offset or heavy tandem 250-400 1b per|3-6 mph 70-90
disk ft y :
Spring tooth 75-310 1b per |3-6 mph 70-90
Spike tooth 20-60 1b per ft|3-6 mph 70-90
Roller or packer 20-150 lbper " |4.5-7.5 - 70-90
(cultipacker) v ft mph
Rotary hoe 30-100 1b per |5-10 mph 70-85
ft
Rod weeder 60-120 1b per [4-6 mph 70-90
- ft :
Field cultivator 150-500, 340~ |3-8 mph 70-90
. 650 lb per ft#
Row crop cultivator
Shallow '40-80 lbper £t |2.5=5 mphj - 70-90
Deep 20-40 lbper ft |1.5-3 mph 70-90
: - {per in. depth ‘ . o ‘
Bed sled or shaper 15 HP per row |2-4 mph 70-90
Unpowered rotary - 3-7 mph 70-90




TABLE D.1 continued

Fertilizer and Chemical
Application
Fertilizer spreader,
pull-type
Anhydrous ammonia
applicator '
Sprayer

Planting
Corn, soybeans, or cot-
ton, drilling seed only
Corn, soybeans, or cot-
ton, drilling, all
attach.
Grain drill

Harvesting#
Mower only

Mower-conditioner,
cutterbar-type

Mower-conditioner,
flail type
Self-propelled mower-
conditioner-windrower

Conditioner iny
Rake
Baler

Hay cuber
Loose hay sweep
Hay stéCker, separate
bucking operation
Bale loader-stacker,
loading only ‘
Forage harvester, fly-
wheel or cylinder knife
Green forage
Wilted forage
Day hay or straw

Corn silage

420 1b per
- knife

100-180 1b per
row
250-450 1lb per
row

30-100 1b per
£t

1 DB HP per ft,
0.5 PTO HP per
ft :
1-1.5 DB HP
per ft, 2-2.5
PTO HP per ft
10-17 PTO HP

2-2.5 DB HP

per ft, 2-2.5
PTO HP per ft
2 PTOHP per-ft

1.5~2.5 HP hr
per ton

15-20 HP hr
per ton

1-2.5 HP hr
per ton
1.5-5 HP hr .
per ton
2-5 HP hr per
ton
1-2.5 HP hr

per ton

3=5 mph
3-5 mph
3-6 mph
3-6 mph
2.5-6 mph
5-7 mph
4-6 mph
4-6 mph
3-6 mph
5-7 mph
4-5 mph
3-10 tons
per hr
3-5 tons
per hr
7-24 tons
per hr
24-38 tons|
per hr
9-15 tons
per hr
Perform-

ance rate
is generally
a direct
function of
the PTO
horsepower
available'
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60-75
60-75

50-80

50-85

50-85
65—85
75-85
60-85

60-85
55-85
75-85
60-85
60-85

60~85



TABLE D.1 concluded

Harvesting (contd)

Forage harvester, fly-
wheel or cylinder knife

Corn silage recutter
attachment

Windrower, small grain

Combine
Small grain

Corn
Corn picker-
1 row, trailed
2 row, trailed
2 row, mounted
Cotton picker
1 row, mounted

2 row, self-propelled

Cotton stripper, 2 row

Beet topper
Beet harvester

Rotary mower, hori-
zontal blade
Open field

- Row crop
Forage blower
Wilted forage

Corn or grass silage

10-100 per cent

increase in

above figures

1.5-2 HP per
ft cut

1 PTO HP per
in. cylinder
width

8-~10 HP
12-20 HP
12-18 HP

6-8 HP per
row
30-45 HP per
row

3-8 HP per ft
cut

9-18 HP per ft
cut '

|1-2 HP hr per

ton
1-1.5 HP hr
per ton
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from the
power source.
Usual travel
speeds are.
1.5 to 4 mph.

5=-7 mph 75-85
5.4 mph| 65-80
2-4 mph 65-80
12-4 mph 60-80
2-4 mph 60~80
2-4 mph 60-80
0.6-0.8 60-75
acres

per hour

0.9-1.2 60-75
acres :
per hour _

1-2 acres 60-75
per hour

2-3 mph 60-80
3-5 _mph 60-80
3-8 mph| 75-85
3-6 mph| 75-85
120-30 tons| = =
per hour

20-50 tons| - -
per hour

* Ranges shown are for sandy loam and medlum or clay loam,

respectively.

# Second range shown is for heavy clay 50115.

# For trailed harvesting equipment,

add power required to

overcome rolling resistance to the listed soil or crop

‘power requirements.

g Energy requirements per ton are lowest with high feed rates,

low cutterhead speeds,

and long cuts.
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may be used to predict power requiréments.'

Hunt's calculation of the power required to dperate an
'*implement' is based on what he terms 'force_factoré'. A
force factor is the pdunds of fbrce needed to power a foot of
width of an implemént."Typical ranges for the force factors
of various implements are given in Table D.l1l. When the fofce
factor is known or can be estimated from engineering tables,
the drawbar hofsepower required to operate the implement can
be calculated as in 3.4.

D.2 Drawbar Horsepower =.force factor x width x speed
375 '

where width is in feet,

speed in miles per hour,
force factor in lbs./feet,

and 1/375 is a conversion factor.

Scﬁmeidler et al noted that tractor horsepower is
normally rated in PTO horsepower rather than Drawbar horse-
power so they providéd a method to convert drawbar into an
equivalent PTO HP usiné formula D.3

D.3 Drawbar Horsepower = Drawbar Horsepower

(PTO equivalent) 0.96 x TER
Where TER = the "tractive efficiency ratio" or ratio
of drawbar horsepower to axle horsepower.
and 0.96 = the ratio of axle horsepower to PTO

horsepower. '
The rétio 0.96 is taﬁen as a constant. The value of TER is a
function of Soil type and per cent slip of the drive wheels
which in turn depends on rear tractor‘weighf, methodlof imple-

ment attachment and tire characteristics. Schmeidler et al
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takes the optimum value of TER for each soil type.

A certain percentage (optimum) slip of the drive wheels
give the maximum (or thimum) TER for each soil type. Vafia-
tion from the optimum wheel slip does'hot bring about a great
- change in the TER though the value of TER varies cbnsiderably
from one soil type to another (see Table D.2). The main
vchange in the TER comes when the wheel slip declines from the

optimum.

TABLE D.2

EFFECT OF SOIL TYPE ON TRACTIVE EFFICIENCY RATIO

| Optimum Non-Optimal Per Cent Wheel Slip
S1lip % Wheel Slip | TER | % Wheel Slip | TER
Concrete 6.0 | .92 11.0 ,"90 . 1.0 .80
Firm Soil 9.0 | .78 14.0 .75 4.0 .68
Tilled Soil | 11.5 | .64 116.5 62| - 6.5 | .60
Soft or-Sandy] 12.5 | .53 17.5 | .51 7.5 1 .49

This method is suitable for machines whose main dehénd on
the tractor is drawbar horsepower. For machines whose main
demand is for'PTO horsepower (called processing machines), the
calculation of HP réquired is somewhat different. Examples of
this type of machine:are balers, combines, and othef'harfesting
machines. The HPvrequired'to'operate theée’machines is rated
in HP per ton and their capacity is measured in tons/hour.

The HP required'tb.operate this type .of machine is given by

D.4.
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D.4 PTO HP = Processing Capacity x PTO Energy,

where PTO Energy = coefficient in HP/ton from stan-
dard tables,

and Processing Capacity = Field Capacity x Yield.



APPENDIX E

GLOSSARY OF ENGINEERING TERMS
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Axel Horsepowerf The amount of horsepower a tractor delivers

ASAE:

Capacity:

at the rear wheel axels.

The American Society of Agricultural Engineers.
Organization which sets standards for agricul-
tural machinery and publishes many engineering

~research papers.

The rate of work done for field operations
measured in acres per hour. Capacity is a ,
function of the width of the implement, field
speed and field efficiency.

Drawbar Horsepower: The amount of horsepower the tractor makes

Efficiency:

Force Factor:

Horsepower:

Implement:

available to pull an implement at the drawbar.
For operations that do not require the power
take off this is the total amount of power which
is being used by the implement. The amount of
drawbar horsepower a tractor can develop depends
on the weight on the rear wheels, wheel charac--
teristics, the surface and the design of the
tractor.

Efficiency is a measure of the amount of time
lost due to the characteristics of the implement
being used and the shape of the field in per
cent. 100% is defined as the capacity of the
implement operating on an ideal field the width
of the implement (so turning is unnecessary)

and without having to deviate from normal
operating speed to adjust the implement, etc.
Typical values range from 50% to nearly 100%.

Termiinvented by Donnell Hunt to represent the
amount of force required to operate one foot of
an implement measured in lbs. per foot.

Unit used to measure power. Power is the rate
of doing work. Work is merely the use of
energy to accomplish certain goals. For trac-
tors energy in the form of fuel is converted
into the physical motion of an implement.

Three terms are used to describe the machinery
in this thesis. Implements are used to des-
cribeé machinery other than tractors. Machine
is a general term which includes both imple-
ments and tractors. Implement is used inter-
changeably with equipment.
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Job: Two terms are used to describe the use of
machinery in this thesis: job, and operations.
Jobs are the task which machinery is used to
accomplish. Plow an acre in a certain time of
the year for example. An operation on the
other hand is the use of specific implements
in a specified manner (power, speed, etc.) to
perform a job. '

Machine: : See implement.
Operatioh: See job.

Power Take Off: Also called PTO. Some implements operate
through the action of being pulled across the
surface of a field. Others require a source
of rotary power from the tractor, mowers and
balers for example. This rotary power is
delivered by the PTO. An archaic term is belt
power. Tractor size is usually rated in terms
of the maximum PTO power the tractor can
produce. The maximum PTO power of a tractor
is usually more than the maximum drawbar because
less power is lost in operating the PTO than in
moving the tractor.

Tractor Efficiency Ratlo° The ratio of drawbar horsepower to

‘ axel horsepower which would be equal to one in
the ideal world. Some power is loss because of
wheel. slip so this figure is less than one in
real life.

Tractor Size: Usually measured in maximum PTO horsepower.
See power take off.

Speed: Speed at which an implement or tractor moves is
' measured in miles per hour relative to the
ground when the'machine is operating normally and
travelling in a straight line.

Wheel Slip The slight spinning of the drive wheels of a

: tractor that normally takes place. Wheel slip
is measured in the percentage reduction in
travel speed from what the speed would be were
there: no wheel slip. A certain amount of wheel
'slip is best (optimal) for converting the energy
expanded in the drive wheels into forward
motion.



width:
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The width of an implement is usually the theo-
retical width which can be determined by a
simple measurement with a yardstick. The
actual width in use is typically less than the
theoretical width because of the slight over-
lap of the machine's operations which will be

reflected in the efficiency figure for the
implement.
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VALIDATION OF THE LOGIC OF THE MODEL
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The central section of the model is the machine operating
activities. Consequently the level of machine operations was
takenaseastartingpointfromwhichthearithmatic of a solution
of the model could be worked through by hand to validate the
logic of the model. The level of machine activity was com-
pared with that required by the crop plan in the solution to
see 1f exactly thé right amount was available (see Table I.i).k‘
The crop plan was used to calculate the land and purchased in-
puts used which in turn was compared with the amount of these
resources sélected by the model. Theresulhﬁofthiscalculation
are given in Tables F.2 and F.3. The crop plan and the record
of machine operating activity together were used to calculate
the labour required by the plan. The results of this calcula-
tion are‘given in Table F.4. The record of machine operéting
activity only was used to calculate the amount of tractor time
required at various loads. The calculated time is comparedf
with the time selected by the model in Table F.5. Repailr and
maintenance costs were calculated based on tractor time while
fuel costs were calculated based on hours of tractor use at
each horsepower levei. These results aré given in Tables F.5
and F.3 respectively together with model results for éomparison.

Errors of differenée between calculated résults and model
resﬁlts are very small in all cases. Usually differences can
be found in conjunction with a point where it is necessary to
divide by a three or a seven or some such similar number. Differ—' ’
ences are slightly larger for production and value of production

because yields were only put in correct to one decimal place.
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VERIFICATION OF FEASIBILITY OF FARM PLAN

Model Calc. .
Operation Hours Acres of Acres in Mgggt:e
: : Work Farm Plan
OA 46.5 372. 372. 31.6665
OB 73.125 585. 585.
oC : 0. 0.
oD 16.14286 113. 113. '5.9728582
OE 0. - 0.
OF 17.0 34. 34. 10.2
0G 35.83333 214.99998 215. 22.933312
OH 0. 0.
oI - 0. 0.
0J 2.0 14. 14. 0.6
OK 20.0 10. 10. 28.0
OL 16.0 24. 24. 22.4
oM 7.6 38. 38. 10.64
ON 39.0 34. 34. 153.306
00 12.66667 | 38.00001 38. - 57.114015
op 61.66667 185.00001 185. 123.33333
0oQ ’
OR ‘
0s- 41.5 83. 83. 13.28 -
oT 27.66667 . 83.00001 3. 25.0106696
ou 50.0 50. 50. 32.4
ov 16 .66667 50.00001 50. - 11.6
ow 10.0 50. ‘ 50. 0.24
OX 33.33333 49.999995 50. 1.199999
oY 33.33333 49.999995 50. 1.199999
0z 100.0 50. 50. 320.0
QA 26.4 132. 132. 10.1376
QB 5.0 10. 10. 2.88
QC ' ‘ S
QD 17.0 34. 34. 5.1
QE 29.0 -116. 116. 4.35
QF 10.4 52. 52. 1.248
QG 10.000002 30.00006 30. 3.0
QH 6.0 24. 24. 1.62
QI 25.5 102. 102. - 24.99
QJ 62.5 375. | 375. 30.0
QK 2.14286 15.000002 15. 0.642858
QL : ‘
QM 92.4 . 462. 462, 55.44
QN 46.5 279. 279. 22.785
QO 52.00001 156.00003 156. 48,.308000
QP 12.4994 12.49940 12.49940 12.49940

Source' Solution to linear programming problem and calculated
from crop plan and 1nput data.

1




VERIFICATION OF THE

TABLE F.2

PRODUCTION AND SALES IN THE MODEL

R Value of
Crop 'Haéﬁggled Product e ’ Producéiggu_
Model Calculated Model lated
Late_?otatoes 50 Potatoes 735.0 ton 735.0 ton [58800.0 [58800.0
Early Potatoes 0 B ‘
Beans 52 Beans 267.4987 267.5 28237.13]28238.0
Early Peas 15 Peas 31.533 31.533 4428.81 4429.0
' ' Pea Vines 15.0 15.0 789.9 | 790.0
Late Peas 30 Peas 63.066 63.066 8857.62 8858.0
Pea Vines 30.0 30.0 1577.8 | 1580.0
Strawberries 5 Strawberries 1515.1515 1b|1515.1515 1b 500.0 500.0
Raspberries 0
Barley 38 Barley 2572.5 bu 2572.5 bu 7768.95| 7769.0
Cabbage 10 Cabbage Seed 10763 1b 10763 1b 6434,.12| 6434.0
Turnip 4 Turnip Seed 5870 1b 5870 1b 3522.0 | 3522.0
Sugar Beet Seed 20 Sugar Beet Seed | 37866 1lb 37866 1b 6815.88| 6815.0

Source: Solution to the linear programming problem and calculated from crop plan
and input data.
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VERIFICATION OF PURCHASED INPUTS

TABLE F.3
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Purchased Quantity. Value

Input Modei ‘Calculated Model ~Calculated
— 3 3

PIO1 86.85 86.85 in. 86.85 " 86.85
PIO2 123.0. | 123 gal. 1020.90 1020.90
PIO3 3.325 3.375 T 675.00 675.00
PI04 16.9 16.9 T 1740.70 1740.70
PIOS 76.0 76.0 gal 2216.16 2216.16
PIOG 5.15 5.15 T 489.25 489.08
PIO7 13.0 13.0 T 3315.00 3315.00
PIOS 60.6666760.66617 pkg 466.67 460.72
PIO09 20000.0 20000.0 1 2000.00  2000.00
PI10 4.0 4 u 80.00 80.00
PI11 4792.0 4792.0 1 - 458.54 458.60
PI12 10.0 10 u 150.00 © 150.50
PI13 7770.0 7770 1 726.50 726.50
PI14 | - . : '
PI15 1.755 1.755 T 296.625 296,625
- PI16 38.0 38 cwt 266.00 276.00
PI17 2.85 2.85 T 570.00 570.00
PI18 - - )
PI19 30.0 30 T 5610.00 5610.00
PI20 50.0 50 T 6500.00 6500.00
PI21 1.5 1.5 cwt 42,00 42,00
PI22 50.0 ‘50 gal 11050.00 1050.00
PI23 10.0 10 gal 555.52 555.52

Purple 1987.17 1984.17 615.09 615.09

Gasoline - ~ ,

Diesel Fuel| 1859.13 1857.13 409.00 409.00

Source: Solution to llnear programmlng problems and calculated

from crop plan and farm input data.




TABLE F.4

VERIFICATION OF LABOUR

IN THE MODEL

Time Labour Hours Labour in Slack Hired Labour
Period| Calculated Actual Calculated | Actual Calculated Actual
0 Jr - 820.0 810.0

0 Fb - 720.0 720.0

0 Mr 82.10824 697.89176 697.89180 .

1 Ap 27.97077 198.02923 198.02923

2 35.32665 144.67335 144.67335

3 61.16542 143.83458 143.83459

4 40.,95810 -40.95811

1 My {-- 82.953 82.953

2 188.49940 188.50000

3 195.0 195.0 0.0 0.0

4 95.23334 114.76666 114 .76667

1 Jn 10.28571 169.71429 169.71429

2 1.0 179.0 179.0

3 55.0 55.0

4 55.0 55.0

1 Jl 145.0 145.0

2 183.1 183.1

3 47.97651 47.97650

4 41.63112 41.63112

1 Ag 163.61334 16.38666

2 45,92667 45,92667

3 26.66667 26 .66667

4 140.43333 51.66667 51.66667

1 Sp 27.0 183.0 183.0

2 436.51899 0.0 0.0 160.51899 160.51899

3 481.96202 0.0 0.0 159.96202 159.96203
4 1 469.85232 0.0 0.0 193.85232 193.85232

1 Oc 49,53256 160.46744 160.46744

2 13.96774 166.03256 166.03256

3 15.4 194.6 194.6

4 18.5 161.5 161.5

0 Nv L - 750.0 750.0

0 Dc - 810.0 810.0

Source: Solution to linear programming problem and calculated from crop plan and input

data.
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TABLE F.5

VERIFICATION OF THE TRACTOR SELECTION BLOCK

Horswpower . _ Tractor Hours Calec.
Level TA TB TC TD TE TF Total Total
14
13 .
12 . 134.6 134.6 134.6
11 73.1 - 73.1 73.1
10 52.0 52.0 52.0
09
08
07
06 88.0 88.0 88.0
05 43.8 43.8 43.8
04
03 - 120.8 120.8 120.8
02 32.1 32.1 32.1
01 277.2 A 277.2 277.2
Other 100.0 2.0 10.0 112.0 112.0
Total Hours 259.7 231.8 430.1 2.0 “10.,0
Model Rep. Costs | 147.73 91.53 43.84 0.56 2.20
Calculated
R & M Costs 147.73. 91.53 43,84 0.56 2.20

Source: Solution to linear programming problem and calculated from crop plan and

input data.
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THE OPTIMAL FARM PLAN
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G.1 THE NATURE OF THE FARM REPORT

From a range of alternatives as in Table S.S.the'farm.
operator may be able to select a farm plan‘that best suité his
subjective evaluation of risk and personal{p:eferéntes with
the knowledge of the effect of his decision on his incbme. It
is conceivable that if a’workshop approach is used to utilize
the model in its final form by CANFARM that the farﬁ operator
could specify levels of crops in some intermediate range and
the model could be run in simulation mode to provide a
detailed projection of the most important physiéal and
financial records of the farm. For‘the purposes of the thesis
the base plan was selected and a farm report prepared. |

_The nature and scope of the farm report is of great
importance to the usefulness of thé planhing model. The.
record system_of theifarm may be cbnceptuélly divided into
- four categories. There is the main division between physical
records and financial records; - Both of these categories may
be subdivided according to whether the records are indeﬁendent
of the farm plan or not. This is most obvious in the case of
the physical records where the input-input, input-output, and
the output—output fe}ationships of the production function and
the constraints are independent of the farm plan. It is this
type of records that have been used to éreate,thebdocumenta-
tion of.tbé case farm. Another series of. records
can be predicted and/or maintéined which relate directly to
il;ustrating.the efféct of the choice of a particﬁlar farm

plan (point on the produttion.functiOn).- This second set'df
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records constitute the Farm Report.and constitutes the output
of the planning model from the perspective of the farm
operator.

In Table G.1 this division of the record system for_a
farm is illustrated. The types of records that should be
included in eaéh section are also illustrated. The term
'Static Records' used to describe records that are independent
of the farm plan is somewhat misleading in that it is to be
expected that the Static Recofds may be continually revised
based on the results of the farm plan but this is a result of
more information and experience becoming available to the farm
operator rather than the particular plan selected.

A suitable farm report consisting of the "flow records"
for the case farm is given.in_Appendix G.2. The CANFARM records
were followed as closely as possible in formulating the finan-
cial records in the report. Several major differences do
appear however. A detailed Cash Flow Statement_was prepared.
The Income Statement is on accrual basis rather than a cash
basis. The Enterprise Statements have been abbreviated and an
extra column incorporated to illustrate per acre costs.

Alfhough the CANFARM system does not include any physical
records, theirlimportance for management purposes should not
be underestimated. The Farm Report in Appendix G.3 therefore
‘incorporates Utilization Repérts for the resources labour,
tractors, implements, and purchased inpﬁts. A crop plan,
marketing plan, and a production record are also included.

'As rotation, risk and marketing constraints were so important
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in limiting the final'plan a report on the shadow prices of

these constraints is also given.



TABLE G.1

THE MAIN CATEGORIES OF THE FARM RECORD SYSTEM

Static
Records

Flow
Records

Physical Records

Constraints on
Resources

Prices

Machine Operation
Coefficients

Cultural Practises and
Associated Yields

Utilization of
Resources

Crop Plan

Actual Production,
Yields and Sales

Shadow Prices

Financial Records

Purchase Records

Net Worth Statements

Capital Cost Allowance
Schedules

Depreciation Schedules

Income Statement

Cash Flow Statement
Enterprise Statements
Cost Accounts

Tax Records
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G.2 THE FINANCIAL RECORDS
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TABLE G.2

INCOME STATEMENT
1976 OPTIMAL 'PLANA'

Accrual
Crop Sales $
Straw 10,800
Barley ' 23,760
Field Beans 16,200
Field Peas ' 25,920
Potatoes 110,380
Strawberries 6,000
Sugar Beet Seed 18,240
Leaf/Fruit Seed (Turnip) 4,500
Cabbage Seed 34,000
Pea Vines 2,925
Raspberries 2,800
Total ‘ 255,525
Expenses . '
Rent . - 7,740
Purchased Inputs
Twine ' 87
Premerge 747
Pea Fertilizer 675
Potash : 2,348
Eptam ‘ 2,274
Fertilizer 0-0-22 . 463
Fertilizer 11-55-0 : 1,912
Benlate 266
Beet Fertilizer : 2,000
Turnip Fertilizer ‘ 573
Bees 400
Cabbage Fertilizer ' 1,453
Raspberry Fertilizer 124
Strawberry Fertilizer ' _ 297
Barley Seed 756
Barley Fertilizer , 1,620
Early Potato Seed ' : 2,240
Potato Fertilizer ' 9,312
Late Potato Seed 8,190
Blight 53
Sprout Inhibitor 1,323
Monitor Insecticide 700
Total Purchased Inputs 37,814
Purple Gasoline : ' 977
Diesel Fuel ‘ : 934
Tractor R & M 678
General Farm Equip. R & M 1,906
Part Time Labour 4,478
Interest on Operating Capital - 662

Total Variable Inputs 53,864
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TABLE G.2 continued

Accrual

Fixed Expenses - : $
Car Gas ' 1,058
Oxygen : 90
Truck R & M : . o 504
Automobile R & M , 1,364
Building R & M o : 4,528
Yard R & M - 114
Structures R & M 367
Tools ' 1
Custom Work , 63
General Expenses 99
Handling Charge . _ : 120
Freight and Trucking 288
Interest _ 111
Insurance . 857
Equipment & Machine Insurance 22
Car Insurance 406
Truck Insurance 691
Telephone : - 118
Hydro/Electricity - 695
Property Tax 6,119
Administration Costs - : _ - 45
Fees & Subscriptions - 45
Legal Services : ' o ' 55
Other Professional Services ' 105
Office Supplies : . . 18
Miscellaneous Expense _ _ 78

Total Fixed Expenses 17,961

Total Expenses ' ‘ 71,825

Income less Expenses 183,700

Source: Solution to farm planning model in optlmlzatlon mode
and CANFARM records.



TABLE G.3

" CASH FLOW STATEMENT : 1976 OPTIMAL ‘'PLAN A'

Jan. Feb. Mar. Apr. ‘May June July Aug. Sep. Oct. Nov. Dec.
$ % $ $ $ $ $ 3 $ $ $ $

Crop Sales

Barley 23760

Straw , 5400 5400

Field Beans ’ 8400 7800

Fiels Peas 12960 12960

Potatoes 19200 10080 13602 13603 31215

Strawberries . © 3000 3000

Sugar Beet Sd 18240

Leaf/Fruit Sd 4500

Cabbage Seed 34000

Pea Vines 1462 1462

Raspberries . _ 2800 146
Crop Expenses ' 3000 5800 24600 62062 35825 13603 87955
Purchased Inputs ‘ o ~ '

Twine 87

Premerge 747

Pea Fert. 675

Potash : 2348

Eptam 2274

Fert. 0-0-22 ' 463

Fert. 11-55-0 1912

Ben_late . 266

Beet Fert. 2000 -

Turnip Fert. 573

Bees ' 400

Cabbage Fert. . 1453

Rasp. Fert. ' 124

Straw. Fert. : ' 297

Barley Seed _ 756

Barley Fert. : 1620

E. Pot. Seed 2240

Potato Fert. 9312

SL1



Crop Exes cont.

L. Pot.
Blight

Seed

Sprout Inhibitor
Monitor Insect.

Total Purch. Inputs

Purple Gasoline

Diesel Fuel
Rent

Tractor R & M

Gen.Farm Equip

R &M
Part Time Lab.

Int. onOp.

Capital

Tbtal var. Exes___3

Total Exes
Car Gas
Oxygen
Truck R &M
‘Auto. R &M -
Build. R& M
Yard R&M
Struc. R&M
Tools
Custom Work
Gen. Exes
Handling Ch.
Freight & Tr.
Interest
Insurance
Equip. &

N
=

TABLE G.3 continued

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
$ $ $ $ $ $ $ $ $ $ $ $
8190
53 :
1323
700
23 293 39 3 91 305 153
130 337 204 5 133 32 22 71
: SRR S . 7740
67 189 95 4 -113 73 112 25
80 369 223 7 221 559 427 20
215 762 3501
3 7 183 230 348 359 333 201 =225 -474 =508 -1119
7 3179 4414 30892 2801 891 1932 3990 -358 7232 -1119
70 80 80 63 63 63 283 15 110 113 118
. 42 37 11
7 80 80 76 31 121 9 100
26 30 30 121 121 121 66. - 58 677 114 .
1150 1150 1214 : 90 924
76 10 29
30 31 31 275
1
63
33 33 33
40 40 40
160 128
103 8
857
7 7 8

Mach. Insur .

" 9LT



TABLE G.3 concluded

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. ' Dec.
Total Exes contF $ $ $ 3 $ $ $ $ $ $ $
Car Insur. 406
Truck Insur. 691
Telephone 9 10 10 8 9 10 11 9 8 15 19
Hydro/Elec. 150 151 151 43 43 43 32 29 25 28
Property Tax 51 51 51 5966
Admin. Costs 15 15 15
Fees & Subs 15 15 15
Legal Serv. 15 20 20
Other Prof.
Services 105
Office Sup. 2 8 8
Misc. Exes 78
Total Fixed »
Expenses_421 _445 _1547 ___1505 1514 1568 1534 6027 379 455 1428 1138
Total Expenses 424 452 4726 = 5919 32406 4369 2425 7959 4369 97 8660 19
Cash Surplus 424 -452 -4726 <5919 -32406 -1369 3375 16641 57693 35728 4943 87936
Accum. Cash
Surplus -424 -876 -5602 -11521 161020

-43927 -45296 -41921 -25280 32413 68141 73084

Source: Solution to farm planning model in optimization mode and CANFARM records.
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TABLE G.4

" ENTERPRISE STATEMENT :
63 ACRES OF LATE POTATOES : 1976 OPTIMAL 'PLAN A'

Units Per Costs Per " Total

Acre - _Acre Costs
$ $
Revenue : ' _ '
Crop Sales 15.59 ton 1,447 91,180
Bi-product Sales :
Total Sales
Expenses
Purchased Inputs
Chemical Fertilizer _ o
Potato Fertilizer 1,200 1b. - 112 7,056
Herbicide : ' . :
Eptam 1 gal. 29 . 1,827
Sprout Inhlbltor 1 gal. - 21 1,323
Other Chemical ‘
' Blight Control 3 1b. 1 - 53
Monitor Insecticide .2 gal. 11 : 700
Seed 1 ton : 130 8,190
-Other ’
Total Purchased Inputs , A
Purple Gasoline ) _
Diesel Fuel ) : 7.4 466
Repair & Maintenance Costs : '
Tractors : 3.8 239
General Farm Equ1pment 10.9 , 674
Part Time Labour - 59 3,716
Total Variable Expenses _ 385 : 24,244
Allocated Overheads | 56 3,528
Total Costs f 441 27,772
Revenue less Expensés‘ 1,006 633408

Source: Solution to farm planning'model'in opfimization mode.



TABLE G.5

" ENTERPRISE STATEMENT

!

20 ACRES OF EARLY'POTATOBS ¢ 1976 OPTIMAL

179

'PLAN A!

Units Per . Costs Per " Total
Acre Acre Costs
'3
Revenue
Crop Sales 6 ton 960.00 19,200.00
Bi-product Sales :
Total Sales
Expenses
Purchased Inputs
Chemical Fertilizer .
Potatoe Fertilizer 1,200 1lb. '96.00 1,920.00
Herbicide
Other Chemical
Seed 1,400 1b. 112.00 2,240.00
Other ‘
Total Purchased Ihputs
Purple Gasoline ) ' :
Diesel Fuel ) 18.33 366.60
Repair & Maintenance Costs
Tractors 7.28 145.60
General Farm Equipment 12.47 249.40
Part Time Labour
Total Variable Expenses 246,08 4,921.60
Allocated Overheads 59.00 1,180.00
Total Costs 305.08 6,101.60
Revenue less Expenses 654.92 13,098.40

Source: Solution to farm planning model in optimization mode.



TABLE G.6

" ENTERPRISE STATEMENT

30 ACRES OF BEANS

: 1976§OPTIMAL '*PLAN A'

180

" Total

Units Per Costs Per
Acre Acre Costs
3 $
Revenue - f
Crop Sales 4 ton. 540.00 16,200
Bi-product Sales .
Total Sales
Expénses
Purchased Inputs
Chemical Fertilizer
Potash 200 1b. 10.30 309
0-0-22 100 1b. , 4,75 143
Bean Fertilizer 500 1b. '63.75 1,913
Herbicide o _ '
Eptam 0.5 gal. 14.58 437
Premerge 1.5 gal. 12.45 374
Other Chemical ' _
- Benelate . © 3.5 units 8.86 266
Seed
Other
Total Purchased Inputs - 114.69 3,442
Purple Gasoline ., )
Diesel Fuel ) 3.35 - 100.5
Repair & Maintenance Costs
Tractors 1.57 47
General Farm Equipment 2.24 67
Part Time Labour
Total Variable Expenses 121.85 3,656
Allocated Overheads 59.00 - 1,770
Total Costs 181.00 5,430
Revenue less Expenées 359.00 10,770

l

Source: Solution to farm planning

model in optimization mode.
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TABLE G.7

" ENTERPRISE STATEMENT
15 ACRES OF LATE PEAS : 1976 OPTIMAL 'PLAN A'

Units Per Costs Per " Total

Acre Acr ggégé
$ $
Revenue o -
Crop Sales 2.4 ton '576.00 8,640.00
Bi-product Sales 1.0 ton 65.00 - 975.00
. Total Sales _ 641.00 9,615.00
Expenses
Purchased Inputs
Chemical Fertilizer
Fertilizer 150 1b. 15.00 - 225.00
Potash 200 1b. 10.30 155.00
Herbicide | » - |
Premerge ‘ 1 gal. 8.30 124.5
Other Chemical
Seed
Other :
Twine . 1.93 units 1.93 28.9
Total Purchased Inpgts A - 35.53 532.95
Purple Gasoline
Diesel Fuel ) ' 3.27 49.05

Repair & Maintenance Costs
Tracto_rs 1.83 27.45
General Farm Equipment 3.33 49.95
Part Time Labour

Totai»Variable Expenses _ _ 43.96 659.40
Allocated Overheads o 59.00 | 885.00
Total Costs 112.96 1,544.40

Revenue less Expenses 528.00 7,071.00

Source: Solution to farm planning model in optimization mode.



TABLE G. 8

 ENTERPRISE STATEMENT

30 ACRES OF EARLY PEAS : 1976 OPTIMAL

'PLAN A'

Units Per Costs Per " Total
Acre Acre Costs
' $ $
Revenue : ' -

Crop Sales - 2.4 ton 576.00 17,280.0

Bi-product Sales 1.0 ton 65.00 1,950.0
Total Sales 1 641.00 19,230.0

Expenses
Purchased Inputs

Chemical Fertilizer _

Fertilizer - 150 1b. 15.00 450.0

Potash _ 200 1b. 10.30 309.0
Herbicide |

Premerge ' 1 gal. 8.30 249.0

Other Chemical

Seed

Other

Twine : 1.93 units 1.93 58.0
Total Purchased Ihputs 35.53 1,066.0
Purple Gasoline ). .

‘Diesel Fuel ) 3.00 20.0
Repair & Maintenance Costs

Tractors -

General Farm Equipment 1.60 48.0
Part Time Labour 2.29 68.7
Total Variable Expenses 42.42 1,272.6
Allocated Overheads 59.00 1,770.0
Total Costs 101.42 3,042.6

Revenue less Expenses 540.00 16,200.0

182

Source: Solution to farm planning model in optimizatibn mode.



TABLE G.°9

: " ENTERPRISE STATEMENT
108 ACRES OF BARLEY : 1976 OPTIMAL 'PLAN A’

183

Units Per Costs Per " Total
Acre Acre Costs
' $ $
Revenue '
Crop Sales - 2 ton 220.00 23,760
Bi-product Sales 80 bales 100.00 10,800
Total Sales - 320,00 34,560
Expenses
Purchased Inputs
Chemical Fertilizer '
Fertilizer 4 150 1b. 15.00 1,620
Potash . 200 1b. 10.30 1,112
Herbicide
Other Chemical .
Seed | 1 cwt - 7.00 756
Other
Total Purchased Inputs _ 32.30 3,488
Purple Gasoline )
Diesel Fuel ) 3.43 370
Repair & Maintenance Costs
Tractors , 1.27 137
General Farm Equipment . 3.47 375
Part Time Labour - 7.06 762
Total Variable Expenses 47.53 5,133
Allocated Overheads 59.00 6,372
Total Costs b 107.00 11,505
Revenue less Expenses 213.00 23.004

Source: Solution to farm planning model in optimization mode.



TABLE G. 10

" ENTERPRISE STATEMENT _
20 ACRES OF SUGAR BEETS : 1976 OPTIMAL ‘'PLAN A’

Source: Solution to farm planning model

184

Units Per Costs Per Total
Acre Acre Costs
$ 3
Revenue T '
Crop Sales _ 2,400 1b. 912.00 18,240.00
Bi-product Sales
Total Sales
Expenses
Purchased Inputs
Chemical Fertilizer ,
Beet Fertilizer - 1,000 1b. 100.00 2,000.00
0-0-22 _ : 150 1b. 7.12 142.40
Potash 200 1b. 10.30 +.206.00
Herbicide
Other Chemical
Seed
Other
Total Purchased Inputs 117.42 2,348.4
Purple Gasoline . )
Diesel Fuel _ ) 4.96 99.20
Repair & Maintenance Costs )
- Tractors ' 1.51 30.20
General Farm Equipment 7.13 142.60 -
Part Time Labour
Total Variable Expenses 131.02 2,620.4
Allocated Overheads 59.00 1,180.0
Total Costs 290.00 5,800.00
Revenue less Expenses 622.00

12,440.00

in optimization mode.
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TABLE G.11

" ENTERPRISE STATEMENT o
S ACRES OF TURNIP.: 1976 OPTIMAL 'PLAN A’

Units Per Costs Per " Total
Acre Acre Costs
3 ' $
Revenue S ‘ '

Crop Sales 2,000 1b. 900.00 4,500

Bi-product Sales
Total Sales

Expenses
Purchased Inputs
Chemical Fertilizer : ‘
Turnip Fertilizer 1,198 1b. 114.65 573
0-0-22 ' 150 1b. 7.12 36
Potash 200 1b. 10.30 52

Herbicide

Other Chemical

Seed

Other -

" Bees ' ’ 1.0 unit 20.00 100
Total Purchased Iﬁputs _ 152.07 - 760
Purple Gasoline )

Diesel Fuel ) o 4.73 24

Repair & Maintenance Costs :
Tractors . , 1.39 7
General Farm Equipment 7.07 35
Part Time Labour ' :

Total Variable Expenses - 165.26 826
~ Allocated Overheads 59.00 295
Total Costs ; 224.00 1,121
Revenue less Expenses ' 676.00 3,379

Source: Solution to farm planning model in optimizationkmode.



186
TABLE G. 12

" ENTERPRISE STATEMENT
20 ACRES OF CABBAGE : 1976 OPTIMAL 'PLAN A'

Units Per Costs Per -‘Total

‘ Acre Acre Costs
b $ $
Revenue ' ‘ ' : B ' '
Crop Sales 2,000 1b. 1,700.00 34,000
~ Bi-product Sales :
Total Sales
Expenses
Purchased Inputs
Chemical Fertilizer ,
Cabbage Fertilizer . 777 1lb. 72.65 1,453
0-0-22 150 1b. 7.2 142
Potash ) 200 1b. - 10.30 206
Herbicide B
Other Chemical
Seed
Other ' :
Bees 1 1.0 unit 15.00 300
Total Purchased Inputs , 105.07  .2,101
Purple Gasoline ) ‘ : .
Diesel Fuel ) . 4 99

Repair & Maintenance Costs - : :
Tractors - 1.18 24

General Farm Equibment ‘8.79 - 176

Part Time Labour

Total Variable Expenses - 119.99 2,400

Allocated Overheads 59.00 1,180 -
Total Costs 3 179.00 3,580
ReVenue less Ekpenées .- 1,521.00 30,420

Sburce:.Solhtion to farm planning model in optimization mode.
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TABLE G.13

" ENTERPRISE STATEMENT
5 ACRES OF STRAWBERRIES : 1976 OPTIMAL 'PLAN A'

Units Per Costs Per " Total
Acre Acre - Costs
‘ $ - 3
Revenue ' ' : -
Crop Sales 4,000 1b. 1,200.00 6,000.00
Bi-product Sales , :
Total Sales '
Expenses
Purchased Inputs
Chemical Fertilizer _
Strawberry Fert. _ 702 1b. 59.50 - 297,50
Herbicide
Other Chemical
Seed
Other
Total Purchased Inputs , 59.50 297,50
Purple Gasoline ) - o A
Diesel Fuel ) 0.90 - - 4.50
Repair & Maintenance Costs _ ‘
Tractors ' 1.01 5.05
General Farm Equipment 1.42 7.10
Part Time Labour :
Total Variable Expenses B 62.83 314,00
Allocated Overheads 59.00 295.00
Total Costs 5 122.00 609.00
Revenue less Expenses '1;078.00 ' 5,391.00

Source: Solution to farm planning model in optimization mode.
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TABLE G. 14

ENTERPRISE STATEMENT
2 ACRES OF RASPBERRIES : 1976 OPTIMAL 'PLAN A’

Units Per Costs Per " Total

Acre Acre Costs
‘ B3 $
Revenue '
Crop Sales 3,500 1lb. 1,400.00 2,800.00
Bi-product Sales .
- Total Sales
Expenses
Purchased Inputs
Chemical Fertilizer
Raspberry Fert. 750 1b. ’ 61.88 123.76
Herbicide
Other Chemical
Seed
Other
Total Purchased Inputs
Purple Gasoline )
Diesel Fuel: ) ‘ "1’75' 3.50

Repair & Maintenance Costs .
Tractors , _ 1.96 2.92
General Farm Equipment 3.34 6.68

Part Time Labour : R

Total Variable Expenses ' ' 68.93 137.86

Allocated Overheads ' 59.00 118.00
Total Costs _ : 128.83 255.86
Revenue less Expenses | 1,271.17 2,542.34

Source: Solution to farm planning model in'optimization'mode.‘



G.3 THE PHYSICAL RECORDS



~TABLE G.15

UTILIZATION REPORT FOR LAND : 1976 OPTIMAL 'PLAN A’

! o | 1
Cro Amount Early Summer Amount Late Summer Opportunity Cost
P Land A Land B Rented |Land A Land B Rented |Land A Land B Rented
Late Potatoes 35 23 5 35 23 5 0.0 0.0 0.0
Early Potatoes 0 0 20 0 0 - 0 161.5 161.5 0.0
Late Peas 6 9 0 6 9 0| - 0.0 0.0 65.4
Early Peas 0 30 0 0 0 0 0.0 0.0 65.4
Beans : -0 30 0 0 30 20 0.0 0.0 65.4
Barley 47 0 61 0 0 0 0.0 0.0 0.0
Strawberries ' 5 - - 5 - - 0.0 - -
Raspberries 2 - - 2 - - 0.0 - -
Sugar Beet Seed 20 - - - 40 - - 0.0 - -
~Cabbage Seed . . 20 - - 40 - - 0.0 - -
Turnip Seed - ‘ 5 L - - 10 - - 0.0 - -
Total Cropped 140 92 86 138 62 5
_Total Unused . 0 0 14 2 30 95
- Shadow Price ’ _ | .

Source: Solution to farm planning model in optimization mode.
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TABLE G.16

CROP FEASIBILITY : 1976 OPTIMAL 'PLAN A’

Crops Bound (acres) Shadow Price
" m : of Constraint $
n o [}
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o -0 own o] T
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oo oo m v O N o c
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_ - — N >N 0 4wHd @ 2O 0 (d} S ] w3
O CO0~ A ©EO ©Q W0 o) o ) o] o] +
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Constraint to Omm @& 33O PO O - © ] 4 ] @ ] —
N M M NEHY B D - 1 (04 < . 3 o <
A XX oo o o eee os o| €35 €23 &25 - 678 678 516 -
w e X * o - . e & o o o . b - had mNo - - - \._.NO
n e e X e - . e o - s o [ - - - .mwo - hand l wwN
U e o « X X . e ® o e e o hand - - bpm - - el mﬁp
m e e e o X . e & e e o [ - - - wwo - - b H
m; e o o o o X o ® e e e o - - - mNm . - - - O
Q e o o Py Y X e o e e - bNo - - - mmm - - -
I * e e e 'Y L] .Vh Y L) ® - h m - - ) I! i mwm — - . -
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*A e o e o S ° o ®. e o X o = N - d - Q.Nwm I. Ld -
Key: ¥ = Constrained . = Unconstrained

Source: Solution to farm planning model in optimization mode.

161



LABOUR UTILIZATION :

TABLE G.17

1976 OPTIMAL

'PLAN A’

192

Date

Hours Available
Own Family Total

Hours Utilized

Unused Used Hired

1 - January 31

January 810 0 810 810 0
February 1 - February 28| 720 0 720 720 0
March 1 - March 31 780 0 780 589 191
April 1 -April 8 210 26 226 98 128
April 9 -April 15 | 180 0 180 14 166
April 16 - April 23 210 0 - 210 93 117
April 24 - April 30 180 48 228 174 54
May 1-May 8 210 48 258 130 128
May 9 -May 15 180 48 228 0 228 11
May 16 - May 23 195 0 195 -0 195 43
May 24 - May 31 210 0 210 127 83 ‘
June 1 - June 8 180 0 180 167 13
June 9 - June 15 180 0 180 175 5
June 16 - June 23 210 54 264 210 54
June 24 - June 30 180 54 234 180 54
July 1-July 8 210 54 264 0 264
July 9 -July 16 210 54 264 0 264
July 17 - July 23- 180 54 234 0 234
July 24 - July 31 210 54 264 33 231
August 1 - August 7 180 0 180 .0 180 190
August 8 - August 15 210 0 210 114 96
August 16 - August 23 210 0 210 190 20
‘August 24 - August 31 180 0 180 96 84
- Sept. 1 -Sept. 8 210 0 210 175 .35
Sept. 9 - Sept. 15 180 96 276 -0 276 310
Sept. 16 - Sept. 23 210 112 322 0 322 214
Sept. 24 - Sept. 30 180 96 276 0] 276 352
October 1 -October 8 | 210 0 210 156 54
October 9 -October 16 | 180 0 180 180 0]
October 17 - October 24 | 210 0 210 210 0]
- October 25 - October 31| 180 0 180 164 16
~ Nov. 1-Nov. 30 750 0 750 750 0
Dec. 1 -Dec. 31 810 0 810 810 0
Source: Solution to farm planning model in optimization mode..



TABLE G.18

UTILIZATION REPORT FOR TRACTORS : 1976 OPTIMAL 'PLAN A'

Tractor Hours -
: Maximum
Power égzg D19 D17 D16 Massy JBB& ggﬁii Shadow
TA TB TC TD TE T Price
130 - 140 0 - - - - - 0 0
120 -~ 130 0 - - - - - 0 0
110 - 120 166 - - - - - 166 $7.55
100 -~ 110 0 - - - - - 0 0
90 - 100 118 - - - - - 118 $7.18
80 - 90 -0 - - - - - 0 0
70 - 80 0 0 - - - - 0 0
60 - 70 0 0 - - - - 0] . 0
50 - 60 - 46 189 - - - 235 $3.09
40 -~ 50 - 0 70 - - - 70 $2.31
30 - 40 - - 0 - - 0 0 0
20 ~ 30 - - 14 0 158 0 172 $0.91
10 - 20 - - 0 0 55 0 55 $0.96
0 - 10. : - - 0 60 391 13 464 $0.57
Unspecified 0 0 152 0 5 10 167 -
Total‘Hours
per Tractor 284 46 425 - 60 609 23 1447 -
Total R & M -
| Costs $169 $35 $295 ‘$6 $171 7 $5 .$681 -
Average R & M
Costs 59¢ 76¢ 69¢ 10¢ 28¢ 22¢ 47¢ -
Maximum _

Source:

Solution

to farm planning model in optimization mode.
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TABLE G.19

UTILIZATION REPORT FOR IMPLEMENTS

: 1976 OPTIMAL 'PLAN A'

[~ Implement Name Hours Cost/ Total Maximum
Code : of Use Hour Costs Shadow Price
IA 17 ft. Cultivator 55.75 .681 37.97 0.0
1B Packer Mulch 143.62 .9768 140.29 2.66
IC "Harrow 25.52 .12 3.06 0.0
ID Packer 119,27 .30 5.73 0.0
IG Stan H Seeder 22.5 .60 13.50 0.0
IH Seed Drill 52.25 .64 33.44 0.0
IT Fertilizer Spreader -10.70 .30 3.21 0.0
I1J ~ Swather : 78.27 - 1.40 109.58 0.0
IK Seed Combine 81.00 4,509 365.23 0.0
IL Plow 88.67 2.00 177.33 0.0
IN Sprayer 126.78 .60 76.07 0.0
I0 Tedder 76.5 <32 24.48 347.0
IP - Baler . 51.0 .868 44.27 0.0
IQ Potato Planter 83.0 .648 53.78 0.0
IR Ridger 27.67 .096 2.66 0.0
IS Float 16.6 .024 . 0.40 0.0
IT Wagons 161.67 .036 5.82 0.0
Iu Potato Combine 166.0 3.20 531.20 0.0
Iv Subsoiler 21.6 «387 8.24 0.0
IwW Rotovator ‘5.0 «576 - 2.88 0.0
IX Rototiller 16.0 .384 6.30 0.0
Iz Disc Cultivator 22.5 .30 6.75 0.0
JA DT Cultivator 35.0 .15 5.26 0.0
JB Row Cultivator 6.0 «12 0.72 0.0
JC. J Deer Row Cultivator 10.0 .30 - 3.00 7 0.0
JD Disc 106.91 .48 51.37 0.0
IE Rake 79.0 .49 38.71 0.0
IF Power Mulch 71.36 .929 66.34 0.0
. JG Truck 20.75 3.20 66.40 0.0
' ' 1889.09
Source: Solution to farm planning model in optimization mode.
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