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AN EMPIRICAL INVESTIGATION OF THE
HARVEST OPERATION USING SYSTEMS
SIMULATION

TIMOTHY J. RYAN*

Victorian Department of Agriculture

A simple model of the cereal harvest operation was constructed for the
Wimmera region of Victoria. The model was used to investigate factors
influential in determining the harvesting costs of a machinery system over
a period of years. An evaluation of alternative machinery systems was
also conducted using the model. The superiority of systems simulation
over static analysis was demonstrated by using the model to incorporate
stochastic variables and to handle the dynamic nature of the harvest
operation. In addition, the model output was shown to provide more
information for decision makers than had resulted from previous Aus-
tralian studies. It was concluded that systems simulation is an appro-
priate technique for investigating farm management machinery selection
problems.

Introduction

The potential of systems analysis in agricultural management problems
has been demonstrated by the investigations presented in Dent and
Anderson [4]. The procedure has gained ready acceptance in machinery
system studies, especially in grain harvesting systems. Investigations of
harvesting systems employing systems analysis have been conducted in
England by Donaldson [5] and [6] and by Dalton [3], in Canada by
Donaldson [7] and in the Netherlands by van Kampen [11].

Many diseconomies in agriculture arise from the untimeliness of
operations. The costs incurred by a given machinery system vary from
year to year depending in part on weather conditions. To add to the
complexity, the losses associated with untimeliness are often ill-defined
and researchers find them difficult to specify and incorporate into an
analysis. In many static analyses, researchers circumvent the penalty
costs of untimeliness, For example, Donaldson and McInerney [8] in
England and J. G. Ryan [13] in Australia, in their investigations of the
harvesting operation constrained the acreage associated with different
headers. They made the assumption that losses were negligible for the
different headers up to the respective acreage levels. The acreage levels
or ‘capacities’ were assigned to each header on the basis of average work
rate and number of hours available for harvesting during the set harvest
period. Weather variability is commonly incorporated into static analyses
by determining the ‘capacities’ in acres, of each header in ‘good’, ‘aver-
age’ and ‘poor’ harvesting periods. The short-run cost curves obtained

* This paper resulted from a research project carried out by the Agricultural
Economics Section, University of Melbourne, and financed by the Wheat Industry
Research Committee of Victoria with additional aid from the Rural Credits
Development Fund of the Reserve Bank. The author wishes to thank Mr P. J.
England and Professor A. G. Lloyd for their guidance and comments and agrono-
mists C. Tuohey and K. McSwain for their invaluable advice in constructing the
model. The data used are detailed in 'T. J. Ryan [14].
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are L-shaped and generally do not intersect over the acreage range
investigated. Consequently the long-run cost curve derived from the
short-run curves has a ‘saw-tooth’ appearance as the ‘jumps’ to the
next larger machines occur. Donaldson and Mclnerney [8, p.180] and
J. G. Ryan [13, p.149] provide examples of short-run and long-run
cost curves obtained without the inclusion of penalty costs.

In the United States, Heady and Krenz [10] included penalty costs
in their investigation of machinery combinations on Iowa farms. The
short-run cost curves they obtained were akin to the classical U-shape
curves of the text-books. Heady and Krenz [10, p. 461], allowed for
weather variability by categorizing an historical sequence into five
weather groups and then calculated the net returns for a machinery
combination at various acreage levels. By weighting the return in each
weather category by frequency, an expected value of net return at each
acreage level was obtained. This procedure provided more information
than the static analyses had done for selecting an acreage for a machinery
combination, however the computational load was greater and the
analysis was still based on simplistic assumptions.

A systems simulation approach can aid the researcher investigating
a complex operation such as harvesting, which depends on the inter-
action of biological, physical and environmental factors. A computer
model can be built to incorporate the dynamic aspects of harvesting and
the stochastic variables can be specified as density functions, instead
of as single valued, deterministic variables. A pseudo-random number
routine is used to sample from the density functions to provide values
for the variables in the harvest model. The model may be run over a
number of ‘years’ to investigate the performance of a given machinery
system. Each ‘year’ provides a new set of harvesting conditions. Para-
meters may be altered to determine their effect on the system with little
addition to the computational load of the researcher. The results obtained
are not limited to single values but may be presented as density functions.
To elucidate similar information from field experiments would be
infeasible,

This paper presents a model of the harvest operation for the Wim-
mera region of Victoria. The methodology employed was derived from
the work done by Donaldson in England [6] and from his more advanced
treatise in Canada [7], and applied to Australian conditions. Van Kam-
pen [11] constructed a model of a 20,000 hectare grain farm in the
Netherlands and included detailed relationships of weather and moisture
content for various grains. The model was used to study the chain of
operations involved in the organization of the harvesting, transportation,
drying and storage of the grains with a number of headers and ancillary
equipment. The model employed by Dalton in England {3], was con-
cerned with the relationship between harvesting moisture content, drier
capacity and header work rate. The Wimmera model is simpler than the
overseas models, in that grain driers are not included, therefore much
less meteorological data were required. The model is conceptually sim-
ilar to those used by Donaldson [6] and [7], but is operationally distinct.
The model was used in identifying the parameters influential in deter-
mining the costs of harvesting and in evaluating a contract (CON)
harvesting system, a power-take-off (PTQ) harvesting system and a
self-propelled (SP) harvesting system.
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The Problem

Harvesting equipment represents approximately one-third of the
depreciated total cropping plant value in the Wimmera {2, p.86].
Headers are the principal component of the harvesting equipment
investment figure, due to their high purchase prices. The farmer, when
selecting the harvesting system for his crop acreage, has to choose be-
tween the use of contract services, between the purchase of large
machines of high capacity and high overhead costs and the purchase
of less costly, lower capacity machines which would allow his crop to
remain exposed to the environment for a longer period of time. The
choice depends on the contract harvesting rate, on the overhead costs
of headers and on the variable costs, including the penalty costs of
untimeliness.

The weather is an important determinant of the time required for
completion of a given acreage and of the associated risks of grain loss and
damage. However, weather is not the only stochastic factor affecting the
harvesting process. Other factors such as crop yield, crop condition,
work rate, length of working day and holdup times all affect the har-
vesting operation to a different extent each year. The result is that
there is no unique cost of harvesting a particular acreage with a given
machinery system. Instead the cost varies with the physical and the yearly
environmental factors, to give a distribution of costs over time. Each
machinery system will have associated with its per-unit cost curve a
theoretical distribution of per-unit costs determined by all possible
interactions between the factors affecting the harvesting cost. Estimates
of these distributions for alternative machinery systems will place the
farmer in a better position to make his selection. In addition the esti-
mates will allow him to use decision criteria other than minimum
expected cost per acre.

Model Description

For each machinery system, the model calculates the costs of har-
vesting wheat crops over a range of acres'. The variables incorporated
in the model fell into the following categories:

(i) weather constraints—

(a) length of harvest period
(b) non-harvestable days
(c) grain weather damage

(ii) biological factors—

(a) crop yields
(b) grain losses from ripe heads

(iii) characteristics of the machinery system—

(a) fixed costs
(b) operating costs
(c) rate of work
(d) time allowed per day
1The model does not include any grain disposal system from paddock to

storage. It was assumed that the farmer could carry out this work outside of
the time allowed for harvesting each day.
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Rainfall data, which was available for 43 years was recorded in the
Wimmera at Longerenong Agricultural College (L.A.C.) and was used
in determining the annual harvesting weather patterns®. Estimates on
delays in harvesting time due to rainfall were provided by agronomists.
The days during the harvest period (23rd December to 6th February)
were coded as full, half or non-harvesting days for inclusion in the
model. In addition, if 6 consecutive days were classified as full days,
the 7th was declared an off-day irrespective of weather. Grain damage
resulting from rain, as distinct from shedding losses, was estimated by
agronomists and coded in sequence with the pattern of harvesting days.

Long-term rotation trials at L.A.C. were used as a basis for deriving
a cumulative density function of crop yicld. In the operation of the
model this function was randomly sampled each year to obtain the crop
yield®. Grain shedding losses from the mature, unharvested crop acres
were estimated by farmers and by agronomists. No empirical work in
Australia was available on the nature and extent of these losses*.

The details of the characteristics of the machinery systems were based
on information recorded daily for one harvesting season by 23 farmers
in the Wimmera in tractor and autoheader log books [14]. Operating
costs, repair histories and harvesting rates for three machinery systems
as well as time worked per day and a distribution of holdup frequencies
were derived from these log books and from farmers’ cash books. The
maximum time permitted for harvesting was 6.8 hours per day. An
additional hour was allowed for setting up etc. giving a total work day
of 7.8 hours. The day length corresponded almost exactly with the
average harvest day found over two scasons by Brown and Vasey [1,
p.48] in their investigation in the Victorian wheat areas.

A reasonably detailed flow chart of the model is presented in Figure
1. For a given machinery system the costs of harvesting at specified
acreage levels up to a maximum acreage level were calculated. At the
beginning of each year a crop yield was selected and paired with a
harvesting pattern. Computations were performed on a daily basis and
each day’s information, as coded in the harvesting pattern for that year,
was examined in sequence. If harvesting were possible on the day
considered, the work time, net of any delays, was determined and the
area harvested calculated. Machinery operating and labour costs were
computed and the costs of grain shedding losses on all acres remaining
unharvested were included. If harvesting were not possible on that day,
the cost of grain damage, if any, due to heavy rain, was calculated.

2Phillips [12) has criticized the use of historical data as an unnecessary restric-
tion on the generality of a model. However, historical weather patterns can be
viewed as a sample provided by nature compared with a sample generated by
a computer routine. The former does not have the computational and validation
problems of the latter. Harvesting costs for a given year are independent of the
preceding year’s weather, relying only on the intra-year weather pattern. There-
fore, the sequence of yearly weather is not important in this study and providing
sufficient observations are available to provide intra-year patterns, the historical
data should be sufficient.

31t was assumed that rainfall during the harvest period was independent of
factors influencing crop yield, i.e., principally rainfall during the crop growing
season.

4 Donaldson [6] reported grain shedding loss investigations in Sweden [9]. The
size of the Swedish losses fluctuated with days after maturity. The levels were
near the estimate used for the Wimmera of 0.36 per cent per day.



118

i

i

AUSTRALIAN JOURNAL OF AGRICULTURAL ECONOMICS

START

{

INPUT
DETAIL

e

ZERO
ACCUMULATORY

SET

YIELD
AND ACREAGE
LEVEL SET

HARVESTING
PATTERN
FOR ONE

DAY

POSSIBLE?

GRAIN
SHEDDING
LO3s

BUSHEL.
WEIGHT
LOSS

COST OF
UNHARVESTED
ACRES

FIGURE 1

DETERMINE
DELAY
LENGTH

AREA
HARVESTED
AND COST

AUG.

MOVE TO
NEXT
DAY

YES

MEAN ATC
AND
MC WITH
STD. DEVS.

PRIMNT
OUTPUT

‘ STOP ’

Flow Chart of the Harvest Model

SET 70
NEXT
YEAR




1973 HARVEST SIMULATION 119

These daily computations were continued up to the specified acreage
level, at which the overhead costs of the machinery system under con-
sideration were included. The average total cost (ATC) at that acreage
level and the marginal cost (MC) between that acreage level and the
level below it were calculated. The model was set to the next higher
acreage level and the process was repeated with the same year’s harvesting
pattern and crop yield. The calculation of ATC and MC at each acreage
level continued until the maximum acreage was reached. In some years,
due to unfavourable weather conditions, the harvest period expired
before the acreage level under consideration could be harvested. When
this occurred, a standard charge, ($3 per acre), approximating the
contract rate was levied on all unharvested acres. Once the maximum
acreage was obtained, the next year’s harvesting pattern was taken and
another crop yield selected. The calculations commenced once more at
the lowest acreage level. The computations continued until all the 43
yearly harvesting patterns were exhausted. The mean ATC and mean MC
were then calculated at each acreage level from the 43 values stored,
one from each year.

The output at each acreage level contained the mean ATC, the
standard deviation of the ATC, the mean MC and the frequency with
which the machinery system exceeded the set harvesting period over
the 43 years. In addition, frequency distributions of ATC’s were ob-
tained at a number of specified acreage levels.
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Figure 2
The Effect of the Different Components on the Mean MC Curve—PTO System

The Components of Harvesting Cost

Four main components of cost were considered in the model. They
were machinery and labour costs, grain weather damage, grain shedding
costs and the standard per acre charge if the specified harvesting period
were exceeded. The influence of the costs varied with acreage. Figure 2



120 AUSTRALIAN JOURNAL OF AGRICULTURAL ECONOMICS AUG.

12
10
8 2
{
i
| i
PERACRE 6 ? :
cosT [) ' CON
fs ——PTO
’ g
el P
/
//
{
2 - L\
] ] 1 | L | I I ! 1
() 2 4 6 8 10

ACRES OF WHEAT ('00)

FIGURE 3

Mean ATC Curves and ATC Density Functions for each System
shows the effect of the cost components on the mean MC curve for one
system, the PTO system (see Table 1). The ‘no grain losses’ curve
incorporated the cost for machinery and labour as well as the non-
completion charge. The curve was nearly linear up to 500 acres, fluc-
tuating slightly due to variations in work rates and delay times. Over
500 acres the standard charge for unharvested acres became increasingly
important as in more and more years the harvesting period was exceeded.
The frequency with which this charge occurred is given in Table 2
and rose from 10 per cent of years at 600 acres to 77 per cent at 1,000
acres,

The ‘no shedding losses’ curve included the penalty costs resulting
from grain weather damage, but included no daily shedding of grain
from the ripe heads. The losses from rain damage became evident after
100 acres, demonstrating that in some years inclement weather occurred
very early in the harvesting season. The weather damage represented
approximately 50 cents per acre at 150 acres and gradually rose to
$1 at 1,000 acres.

The losses incurred through the shedding of grain from mature, un-
harvested acres were the largest single cost component. These losses
were present at the lowest acreages and caused the mean MC curve to
rise immediately. Rates of daily loss less than the estimated 0.36 per cent
of the crop yield would Iower the mean MC curve. The 0.18 per cent
curve in Figure 2 illustrated the effect of halving the shedding rate loss.
The size of the shedding losses was therefore very important in deter-
mining the harvesting costs of a particular system. Yet, empirical
evidence on their nature and extent was not available in Australia®. The

5 All major wheat research centres in eastern Australia were approached in an
endeavour to elucidate the nature and extent of these losses. Replies were in very
general terms and revealed that no quantitative observations were available.
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validity of the loss assumption used in this study rests on the subjective
estimates obtained from agronomists and farmers. Farmers’ opinions on
losses in the Wimmera varied from practically zero loss to unspecified
large amounts, which some maintained would occur if harvesting were
not completed as quickly as possible after the crop ripened. A problem
associated with the farmers’ estimates was that with the large capacity
machines they have been using for a number of years, crops have not
been left standing long enough for them to know what losses occur
after a month or six weeks.

If the time permitted for harvesting were increased from 6.8 hours
to 8.8 hours per day and daily shedding losses remained at 0.36 per
cent of the crop yield, the 8.8 hours MC curve would fall between the
(.36 per cent and 0.18 per cent curves of Figure 2. (The 8.8 hour curve
has not been included in the figure). The 8.8 hour curve would be 30
cents below the 0.36 per cent curve at 250 acres, 60 cents below at 500
acres and $1.25 below at 750 acres. The two hour per day increase
in time allowed for harvesting would permit a larger acreage of crop
to be harvested in a shorter time period, with a consequent lowering
of the penalty costs. The use of a larger capacity system than the PTO
would also lower the penalty costs for a given acreage, but would have
higher overhead costs.

Alternative Harvesting Systems

Descriptions of the three machinery systems considered are contained
in Table 1. The machinery systems selected were based on the types
and sizes of headers encountered in the Wimmera machinery study [14].
The maximum daily harvesting time for the contract system, CON,
was two hours greater than for the other systems. This assumption was
based on two considerations. Firstly, the most common time spent
harvesting each day, as recorded in the log books after the 6.8 hour
figure was 8.8 hours per day. Secondly, contractors have an incentive
to work their plant as long as possible as they are paid on acres harvested
and a plant lying idle is non-productive for them. Owner operators, on
the other hand, may leave their plant idle whilst they cart their grain
to the silo.

A comparison of the ATC curves obtained for the three alternative
systems are shown in Figure 3. All curves are based on the assumption
that harvesting commences on the day of maturity. The two systems
involving ownership of the headers display a shape similar to the theoreti-
cal U-shape of the ATC curves. Initially overheads are spread over more
and more acres causing a decline in ATC. However, the rising untime-
liness costs counter this effect and cause the ATC curve to pass through
a minimum and then to slowly rise.

The CON system was the least cost alternative up to 400 acres, after
which the SP system became the least cost choice. However, a farmer
may not want to use a contract system. The PTO system would then
become the choice up to 400 acres. Perhaps the least cost criteria is not
the relevant decision guide. A farmer may desire a system which gives
him the lowest maximum ATC at his acreage level, the least variability
of ATC or a system which will finish his harvest within a specified time
period in a set proportion of years. Table 2 contains a summary of the
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TABLE 1
Alternative Machinery Systems
System PTO SP CON
Description 12’ or 14 15 Self- Contractor
Power-Take-Off  Propelled using a 15°
header header SP header
Overhead
cOsts per yr. $709 $1077 -
Labour $1.20 per $1.20 per -
hour hour
Operating 70.5 cents/hr. 49.4 cents/hr. $3/acre plus
costs 10 cents per bag
above the first
Av. work 10 bags [15, p. 10]
rate per
hour 3.7 acs/hr. 5.3 acs/hr. 5.3 acs/hr.
Maximum 6.8 hrs. 6.8 hrs. 8.8 hrs.
harvest
time
per day

Source: T. J. Ryan [14]

output for each system and provides information relevant for decisions
based on criteria other than least cost per acre.

At the 400-acre level, the three systems have an almost identical
mean ATC. However, the standard deviations differ, with the PTO
system having a much larger standard deviation. The PTO system is
also approaching the acreage level above which it fails to complete the
harvest within the set period in all years. The other systems are operating
well below this limit. The SP system has a much lower mean MC at the
400 acre level than the other two. If future expansions of crop acreage
are planned this would be an important consideration, since extra acres
could be harvested at a lower cost than with the other two systems. At
the 400 acre level the SP system would be a logical choice since it
would finish the harvest more quickly than the PTO, it has less variability
in ATC over time, and economies of utilization can be achieved when
and if acreage were expanded.

The density functions of ATC’s obtained over the 43 years for the
three systems are shown in Figure 3 at right angles to the mean ATC
curves. As each system is extended over more and more acres, the dis-
tributions become more dispersed. The occurrence of a small number
of ‘bad’ harvesting years (high cost years) is clearly demonstrated by
the long tails formed by the distributions. The selection of a system on
lowest maximum ATC basis may be unnecessarily conservative as that
basis or decision criterion is dependent on the few observations at one
extreme of the density function and disregards other information. Con-
sider Table 3. If a farmer were choosing between the PTO and the CON
systems at 600 acres and using the lower maximum ATC criterion he
would select the CON system, with a maximum ATC of $7.25 compared
with $9.75. However, it can be seen that while the farmer would avoid
the excessive harvesting costs incurred by the PTO system in the few
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‘bad’ harvesting years, by employing the CON system, he would also
miss out in a high proportion of ‘low’ cost harvesting years offered by
the PTO system. In 13 of the 43 years (30 per cent), the ATC of the
PTO system was less than the minimum ATC of the CON system. Only
in 3 years did the ATC of the PTO system exceed the maximum ATC of
the CON system. The mean ATC and the mean MC of the PTO system
are both lower than the mean ATC and mean MC for the CON system
(see Table 2.). The lower mean MC of the PTO system would be ad-
vantageous if an extension of wheat acreage were planned in the future.
When deciding between alternative machinery systems all available
information should be incorporated into the decision analysis.

TABLE 3
Frequency of Occurrence of Harvest Costs
at 600 Acres
(a)
COST PER ACRE PTO CON
$ No. of years No. of years

1.75 3

225 4

2.75 6

3.25 8 8
375 8 11
4.25 4 14
4.75 2 5
5.25 3

5.75

6.25

6.75 1 3
7.25 1 2
7.75

8.25

8.75 2

9.25

9.75 1

(a) Mid-point of 50 cent interval.

Discussion and Conclusions

The model considered in this paper encountered two of the major
problems which confront systems simulation. The first problem was
scarcity of data. The second problem was that of validating the model.
The output from the model highlighted the sensitivity of the analysis
to the daily grain loss estimate. Until some empirical data relevant to
Australian conditions becomes available, the only alternative is to seek
the subjective estimates of agronomists and of the farmers concerned.
Since it is the farmers who have to make the final decision, they must
make some estimate of their own as to the probabilities and the extent
of grain losses associated with untimeliness of harvesting. If necessary,
the researcher can provide results incorporating different estimates of
losses for different farmers, or groups of farmers.

One advantage claimed for systems simulation is that it focuses
attention on areas of inadequate data and can influence research projects
to investigate these areas. In the case of the present study, this claim is
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being fulfilled. The Victorian Department of Agriculture agreed to an
investigation of grain shedding losses at Rutherglen Research Station.
The results are not yet available.

Validation of the model rests primarily on the veracity of the esti-
mates of delays due to rain and to the grain loss estimates. Empirical
information on delays after rain was lacking and the estimates of agrono-
mists were used. Similarly, quantitative data on grain losses were lacking
and estimates of farmers and agronomists were used. The model was
constructed in a logical manner, empirical data were used wherever
available, otherwise guestimates from experienced personnel were em-
ployed. The model itself is relatively simple and as more information
becomes available the model can be further refined. The model has prac-
tical application and could be applied with immediate benefits to an
evaluation of syndicated ownership of headers and to other types of
harvesting systems. With adjustment, a grain drier could be included
and the model used to assess the feasibility of driers, perhaps in the, at
present, marginal cropping arcas. In this paper only one crop, wheat,
was considered. But, providing loss functions can be specified, the
model could be applied to other crops, such as barley, oats or to com-
binations of crops.

It is concluded that a systems simulation approach is ideally suited
for the examination of harvesting machinery costs. The model specifi-
cation demands inclusion of relevant variables which may not have been
considered adequately in previous Australian studies. The data require-
ments demand careful attention to the relationship between variables
and highlight deficiencies of important parameters or relationships.
Stochastic variables, which are the ‘real world’ in agriculture can be
incorporated. The information available from the model, particularly
the density functions, gives more details of a systems performance and
behaviour under differing environmental conditions than available from
a static cost analysis. The acceptance and use of systems simulation in
farm management problems will help counter the oft heard farmer
criticism *“ . . . that’s all right for an average year, but every year’s
different.”

References

(1] Brown, W. T. and Vasey, G. H., Whear Harvester Survey, Dept. of Agric.
Eng., University of Melbourne, 1967.

[2] B. A. E., The Australian Wheatgrowing Indusiry: An Economic Survey
1964/65—1966/67, Canberra, 1969,

{3] Dalton, G. E., “Simulation Models for the Specification of Farm Investment
Plans”, J. of Agric. Econ. XXII (2): 131-142, 1971,

[4] Dent, J. B, and Anderson, J. R., ed., Systems Analysis in Agricultural
Management, Wiley, Sydney, 1971.

[5]1 Donaldson, G. F., “Allowing for Weather Risk in Assessing Harvest Mach-
inery Capacity,” Amer. J. of Agric. Econ. 50 (1): 24-40, 1968.

[6] —————, Optimum Harvesting Systems for Cereals: An Assessment for
South-East England, Wye College, Kent, 1970.
[7] —————, Farm Machinery Capacity: Royal Commission on Farm Machinery.

Study No. 10. Queen’s Printer, Ottawa, 1970.
] ————, and MclInerney, J. P., “Combine Capacity and Harvest Un-
certainty,” The Farm Ecoromist, XI (4): 172-183, 1967.
[9] Fajersson, F., and Krantz, M., “Studies on Resistance to Shattering in
Varieties of Winter and Spring Wheat at Weibullsholm During the Period
1952-1965”. Agric. Hortique Genetica, Landskrona, 23 (3-4): 101-171, 1965.

C1



126 AUSTRALIAN JOURNAL OF AGRICULTURAL ECONOMICS AUG,

[10]1 Heady, E. O. and Krenz, R. D., Farm Size and Cost Relationships in Relation
to Recent Machine Technology, Agric. and Home Econ. Exp. Sta. Res. Bull.
504, Iowa State Univ., May, 1962.

[11] Kampen, J. H. van, “Farm Machinery Selection and Weather Uncertainty”,
Systems Analysis in Agricultural Management, ed., J. B. Dent and J. R.
Anderson, Wiley, Sydney, 1971.

{12] Phillips, J. B., “Statistical Methods in Systems Analysis”, Systems Analysis
in Agricultural Management, ed., J. B. Dent and J. R. Anderson, Wiley,
Sydney, 1971.

[13] Ryan, J. G., “Economic Aspects of Header Ownership in the Murrumbidgee
Irrigation Area of New South Wales,” Rev. Mkig. and Ag. Econ., 34 (3):
136-173, 1966.

[14] Ryan, T. J., “Machinery Costs on Cereal Farms in the Wimmera Region of

4 Victoria”, Melbourne University, School of Agriculture: Unpublished M.Agr.
- Sc. thesis, 1972.

[15] Vic. Dept. of Agriculture, Contract Rates; 1971, Agric. Econ. Branch, Mel-

bourne, 1971.



