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INTRODUCTION

Prairie grain producers have expanded
and intensified production to such an
extent over the years that accurate man-
agement decision making is now critical
to their success. Although farmers have
been confronted with complex decisions
for some time, most attempts at formal
analysis were limited to specific situations
or generalized to such an extent that the
answers were not fully acceptable to the
farmers.

In many field machine operating situa-
tions, the farmer must do a mental
balancing or trade-off of operating
characteristics within alternative systems
in order to pick what he considers to be
his best choice. This is especially common
in harvesting operations where high
capital cost, risk of completion, oppor-
tunity cost of other fall work, operating
cost, labor resources and personal prefer-
ence can effectively cloud the correct
choice. Since most of these considera-
tions vary between individual operations,
answers from general case situations have
not been readily accepted by the farmer.
There is obvious merit in presenting basic
information in such a manner that
individuals could readily assess their
particular situation and, with the aid of
this information, arrive at a system best
suited to their specific needs.

In recent years, new techniques utiliz-
ing computer facilities have been
developed and demonstrated by various
researchers (5, 8, 10). System simulation
using computer models of real situations
is a relatively new analytical technique
that has been developed to handle the
component variables of a system that are
stochastic in nature (3, 5, 6). Variable
components such as weather effects, grain
yields, combine output, hours of work
and number of available days in a harvest
system model can be recognized as
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stochastic and be represented by prob-
ability distributions.

Development of accurate simulation
models is the first step in using simulation
techniques to supply information for
further studies as well as for on-the-farm
decision making. The results of simula-
tion can establish which components of
the system are critical to its function and
which do not contribute significantly to
the overall results. The results of simula-
tion are usually given in the form of
distributions which tend to give more
meaningful results than single observa-
tions. The material presented in this
paper is the result of further study of the
harvesting simulation models presented
by Campbell and McQuitty (1).

HARVEST SIMULATION

A farmer, when assessing his harvest
machinery needs, recognizes that reli-
ability of harvest success is a necessary
requirement; that is, will there be suffi-
cient machine capacity to finish harvest-
ing each year? This question is difficult
to answer because of the year-to-year
variation in factors affecting harvesting
operations (1). The quality of the grow-
ing season is reflected in the expected
grain yield, grain/straw weight ratio and
date of grain maturity. Harvest operations
are halted by unfavorable combining
conditions in the fall. The two harvesting
models considered for illustrative pur-
poses in this evaluation study were (a)
combining windrowed or swathed grain
moist and (b) combining windrowed or
swathed grain dry. By simulating the
effects of various combine capacities on a
given acreage in a particular location,
some idea of adequate machine size and
of system performance can be gained
(Figure 1). Percentage completion is the
number of years out of 100 when the
total acreage to be harvested could be
expected to be completed.
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Figure 1. Computed harvest completion of
1,000 acres in two areas of Alberta.

Bushels of grain left unthreshed
because of non-completion of harvest in
the simulation models varied from zero to
approximately 75% of maximum total
grain yield for that year. Distributions
could not be drawn because of the rela-
tively small number of years of incom-
plete harvesting. This penalty may
become severe (Table I) as a consequence
of an unfavourable combination of
weather conditions, combine size and
system used. The individual farmer is in
the best position to assess his operation
and make the decision as to what level of
completion he is prepared to accept.
Because of the chance of severe loss from
non-completion, an acceptable figure will
likely be from 85-100%.

The success of spring harvesting will
determine the penalty for incomplete fall
harvest. The additional cost of spring
harvest and the percentage grain re-
covery should be included when assess-
ing this penalty cost.

SYSTEM REQUIREMENTS

Several systems present the same
opportunity for completion so further
system requirements must be considered
(Figure 1). Other factors influencing
choice of machine capacity are the
number of days required to harvest and
the time available after harvest to carry
out other fall work. These factors will
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TABLE I MAXIMUM FALL HARVEST NON-COMPLETION PENALTIES FOR
SEVERAL SIZED FARMS IN ALBERTA — TOTAL UNTHRESHED

GRAN (BUSHELS)
Acreage
Location 1,000 450 280
Beaverlodge 27,000 12,000 7,600
Lacombe 34,000 15,000 9,500
Lethbridge 24,000 10,500 6,500

vary for each harvest season and can be
presented by probability distributions
generated from the simulation models
(Figure 2). Each system that does not
satisfy the farmer’s harvesting or fall
work requirement can be eliminated.
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Figure 2. Probability distributions for comple-
tion of harvest and available fall work
days for the Beaverlodge area of
Alberta,

For example, suppose Farmer A from
Beaverlodge, Alberta, wishes to complete
all harvesting of his 1,000 acre (404.7
hectare) grain crop in the fall 8 years out
of 10. According to the simulation model
results (Figure 1), all combine capacities
of the combine swath moist system and
the two larger combines of the combine
swath dry system will meet this require-
ment. As a further requirement, suppose
he wishes to complete harvest in less than
40 calendar days and have more than 10
such days for fall work. Results shown in
Figure 2 give him a choice of a large,
medium, or small combine if the moist
swath system is used and a choice of a
large or medium size combine if the dry
swath system is used. However, his fall
work requirement has reduced his choice
to the two larger combines of the moist
swath system (Figure 2). Even the largest
combine of the dry swath system will not
meet the fall work requirement 8 years

out of 10. By increasing or decreasing his
personal requirement, fewer or more
alternative combinations become accep-
table. A 90% completion percentage, less
than 30 days of harvest and more than 5
days for fall work, results in a “choice”
of the largest combine in conjunction
with the moist system. Greatly increased
combine capacity would be needed to
meet this requirement for a dry harvest-
ing system. If Farmer A farmed in the
Lacombe area, his choice of harvest alter-
natives in the same circumstances would
be either the large or medium combine
for the moist system or the large combine
for the dry system (Figure 3).
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Figure 3. Probability distributions for comple-
tion of harvest and available fall work
days for the Lacombe area of Al-

berta.

ECONOMIC EVALUATION

By using the two methods mentioned,
the objective exercise or assessment of
penalty cost for noncompleted harvest
and the opportunity cost of fall work can
be left to the farmer. However, any fur-
ther assessment of alternative machine
capacity or harvesting method must
include dollar costs. The combine group-
ings used by Donaldson (4) were very
similar to those of this study. Con-
sequently, the combine operating and
fixed costs reported by Donaldson were
used for this purpose (Table II, III).
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Moist grain harvesting systems require
the additional expense of treating the
grain before it can be safely stored. The
most common method is that of drying.
Grain drying costs were incorporated into
the simulation models at a rate of 2¢ per
bushel (5.5¢ per hectolitre) per 1%
moisture drop. This rate provides a drying
charge from 20¢-2¢ per bushel, (55¢-5.5¢
per hectolitre) depending on moisture
content. Yearly drying costs were tabulat-
ed in frequency distributions (Figure 4).
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Figure 4. Examples of frequency distributions
of yearly costs of chemical and
drying grain treatments.

Chemical treatment is another alter-
native for preserving moist grain. Yearly
chemical costs (Figure 4) of 11¢-5¢ per
bushel (30¢-14¢ per hectolitre) were cal-
culated from suggested rates of applica-
tion of one commercially available pro-
duct.a The models were programmed to
start harvesting operations as soon as
grain moisture dropped below 25%. This
decision resulted in more expense for moist
grain treatment when using the large com-
bines because of the greater quantity of
grain harvested while it was in the moist
condition. Other methods of moist grain
storage at present in use include chilling
and sealed storage systems. While these
methods have not been included in this
discussion, they should obviously be
taken into consideration in an actual case.

It has been suggested that grain losses
might be an important factor in evalua-
tion of alternative harvest systems. Re-
sults from the harvest models indicated
that mechanical and natural losses, as set
out by Dodds (2) and Johnson (9) are not
large enough to be significant. The aver-
age differences in the total grain losses

8 Chemstor, manufactured by Chemcell, Ltd.,
Edmonton, Alberta.
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