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Introduction

Selection of optimally sized eropping gear is an mpormm financial deeision for
farmers, The cost of machinery relutive to other cropping costs is large and delayed
sowing of erop cen lead to large losses in yleld, In the eastern wheatbelt of Western
Australia depreciation on machinery, ownership costs and repairs and maintenance
are over 409 of total sropping costs (Panncll and Bathgma, 1990), Yield losses can
be as high as 15 kg/ha for every day sowing of ecreal is delayed (Perry, 1990),
Losses can be up to 30 kg/ha/day for erop legumes; lupins and field peas,

A number studies have been conducted which determined t}pzimz;! sets of muchinery,
Most have used mathematical programmi ng {(MP) to simultancously determing
optimal nmhimry complements and cmppmg strategies, For exumpl L., Lone atal
(1986) used mixed integer programming to model a number of farms in Southern
Dakota to 'determine optimal machinery complements for fatms of different size and
crap enterprise combinations', Earlier work by Danok et ol (1978) used a similar
approach for a State farm in Irax, Both studies developed i single perfod niodel,
with annualised machinery costs.

In many farming systems the uncertainty of weather is important factor in
influenging maehinery sclection, Danok cf al (1980) allowed for the uncertainty of
field time by using chance constrained programming and concluded that it was
important to consider the stochasiic nature of weather in machinery st regtion,
Wetzstein (1986) used simulation modelling and stochastic dominance to determine
the optimal machinery seleetion in a double eropping system and concluded that it
was necessary (o detail the ‘interactions between the environment’ and ‘procluction to
adeque ely model maehinery selection', Both studies emphasised the importance of
determining machinery selection and crop area simultancously.

This study uses a diserete stochastic programming model which allows for seasonal
uneertainty to determine the optimal size of machinery in the castern wheautbelt of
Western to Australia, Unlike other studies of the problem which have used MP, this
approach allows for uncertainty in many produetion varfables, the most impottant of
which, to this problem, s ¢rop yields und losses associnted with the timelingss of
sowing, The results are compared to those for a single period cquilibrivm model of
the same region, The effect of changing the input of easual labour from season to
season on the optimal size of seeding gear is also examined,



Model Description
MIDAS: Model of an Integrared Drylawd Agrienltural Syseem

A detailed deseription of MIDAS can be found in Kingwell and Pannell (1986),
Details of fusther developments of the model can be found in Pannell and Bathgate
(1990) and Mortison and Young (1991),

Itdeseribes 4 representative dryland farm In the castern wheatbelt region of Western
Australia; using 9 ME framework, It is o single year, equilibrium model which
represents an average season. ‘The model differs from other MP models by
deseribing the biology of the system in greater detail, Particular attention las been
paid to interactions between the ¢ropping and livestock enterprises,

Seven soil types are deseribed in the cussent version of the model with up to twenty
six rotation options on each soil elass, Factors considered in eneh rotation are: the
cffect of cropping on pasture growth, disease carryover, nitrogen fixation and weed
burden. Crop options inelusde; wheat, barley, oats, triticale, lupins and field peas.

Thirty classes of sheep represent different ages, selling times, sex and pregnaney
status, These combine to deseribe a self-replacing sheep flock,

Pasture growth during winter and spring, and deterioration of crop residues and
pusture over the dry months of the year are divided into twelve monthly perfods,
Stubbles are available for grazing from November onwards,

‘The machinery complement for seeding and harvesting Is fixed, Machinery work
rates and labour input combine to determine the rate of sowing, Deki vs in sowing of
cereals and grain legumes lead to o reduction in final crop yields,

Commaodity prices used are those expeeted in the medium term. For the most part
the model is used for exunte, static analyses of medium torny stratepies. The
objective is to maximise whole=farm profit before tax.

MUDAS: Model of an Uncertain Dryland dgricultural System
A detailed deseription o0 MUDAS can be found in Kingwell et al (1991).

MUDAS is a discrete stochastie programnring model (DSP) whieh deseribes the
same representative farm as MIDAS, The main difference is that nine different
season types are deseribied, along with assoeinted yields and pasture growth, Within
cach season tactienl adjustments ¢an be made to farmt plans in response to conditions
as the season upfolds, Devisions are made on the basls of the season to date, with
knowledge of the final outcome only of a probabilistic nature.

Adjustinents which may be made (o the Yarm strategy Inelude; inerensing or
deereasing the area of crop, altering the level of supplementary feeding, agistment of
sheep, pasture deferment, fertiliser rates and casual labour input.



Price tisk is represented by a sct of historical prices, In this study prices between
1986 and 1991 are used. Assumptions concerning risk attitudes of farnters can be
varied within the DSP framework, however risk neutrality is assumed for the
purposes of this analysis, As wilh MIDAS the objeetive is to maximise whole=farn
profit before tax,

Analysis of optimal machinery coniplements

This study concentrates on the analysis of optimal size of sceding gear. As the visk
of erop dumage during harvest in the eastem wheathelt is very low, the period of
harvest is not eritical,

On the other hand, results of trials conducted by the Department of Agrieulture in
Western Australia consistently show a strong relationship between erop yield and
time of sowing, Depending on the time of the break of season, it is assumed in
MUDAS that yield losses are between 7 and 30 kg for every day sowing Is
delayed beyond the opening rains. Size of seeding gear affects the rate of sowlisg
and henee the total yield loss resulting from delayed sowing,

Defining machinery sets

Complements of machinery defined for this analysis are deseribed by the width the
cultivator bar, Tractors nid seeding implements were matched aceording to the draft
requirement of the implement, as per Reithmuller (1988),

The draft requirement for an implement is dependent largely on the soil type being
worked, Given the soll type differences that exist between wrms dealt requirement
was determined for a heavy and a Jight soil for the same speed of working and
sowing depth, The greater draft requirement of the heavy soil meant a lurger tractor
was required, which has o higher total value. Henee depreciation and ownership
costs are higher,

The main factor affecting depreciation and ownership costs is machinery value (or
price). An examination of sale figures reveal that the value of second hand
machinery is extremely variable, so o sensitivity analysis of value was condueted for
machinery with the larger draft. This means thot the analysis was repeated three
times at different assumed values of seeding machinery,

Depreciation

Ancedotal evidence suggests depreciation is purtly dependent o the use of the
machinery, fe. it will depreciate faster the more it is used, Therefore deprecintion
was separated into fixed and usage components,

To the knowledge of the author there has been no analysis of farm machinery which
attempts Yo quantify the proportions of fixed und usuge depreciation, Consequently



the analysis was repeated for two zates of fived and usage deprectation, to examine
the importance of these factors on machinery sclection, ~

Hansen and Lee (1991) determined rates of depreciation of farny tractors in Canada
and showed that annual depreciution was not affected by new technology (tractor
vintages) and did not vary over time. However no attempt was made (o separate
fixed and usage depreciation. Given that larger machinery is usually associated with
a greater arca of erop it is reasonable fa suspeet that depreciation would be constant
aeross tractor models only when machinery size is matched to aren of erop, In other
words, depreciation would be lower when muchinery is underutilised in a technical
sense, ‘

In this study annual depreciation Is assumed constant across different sizes of
machinery, only when the area of erop and machinery size are appropriately
matehed, Results of o survey of farmers in the castern wheatbelt were used to
derermine the average erop trea associuted with differeit sizes of seeding gear,
Depreciation was ealeulated for each complement of seeding machinery and then
divided proportionally into fixed and usnge components, The per hectare cost of
depreciation was then ealeulated using the area of crop previously matehed to cach
size of seeding pear,

Optimal machinery complements were determined for both MUDAS (DSP) and
MIDAS models. The analysis was then repeated using MUDAS, altering
assumptions regarding the input of easual labour during seeding, Labour input was
altered so more Jabour was hired during seasons when yield losses from delayed
sowing were potentially highest. This alfows an inerease in the rate of sowing
without inereasing the capagity of machinery.

Initially it was assumed that usage and fixed depreeiation are 78% an ! 15%
respectively of totl depreelatio 1. The model was rerun assuming that nsage and
fised depreciation were 25% a i} 75% respectively of the total,

Sensitivity analyses were also condueted 1o examine the impact of different snnual \
depreciation rates and discount rates ot machinety selection by the two models :

The results of the analyses are presented below,

Results and discussion

Initial runs showed that the optimal area of crop and henee machinery size is smaller
when seasonal viriation in production parameters is not considered, These results
wre consistent with Kingwell at al (1990) who found that when tactical adjustmenty
are not made to fart strategy, the optimal crop urea Is more sensitive to ehanges in
commodity prices. The expected wool price over the period 1986-90was high
relative to expected wheat price, The much higher relative rofitability of wool fed
to un optimal arca of crop 13% less thun the oplimal area selectzd by MUDAS,




prices the optimal area of crop

‘ L by M he case if ality was taken into aceount,
Markedly different are:  that the optimal size of seeding machinery
would also be different for the two models, : ‘ : ,

Alsa, when wheat prices are high

selected by M

Beeause the optimal arcas of erop selected by the two models were different, a
eonstraint was included in MIDAS so that the area of crop was equal to the area
selected by MUDAS, for a given width of sceding gear,

Optimal size of seeding gear

Figures La, and Ib. show the inerease in profit resulting from a change in the width
of seeding gear for both niodels, assuming the valne of machinery is $19500 for euch
additional metre of sceding width above the standard width of 7.5 metres, In Figure
Lo the optinal width of seeding gesr according to MUDAS is 12 metres but this s
only is marginally more profitable than 10 metres ($100/annum) and 14 metres
($500/annunt). The opportunity cost of selecting these sub=optimal scis of
machinery s not significant,

Where no alfowanee g made for scasonal uncertainty, us in MIDAS, the optimal
width is 10 metres. This is $1500 less profitable than a seeding width of 12 metres,

Figure 1b shows the change in profit for different seeding widihs assuming fixed
depreciation is 75% of the total. Although smaller machinery is optimal in Figure 1b
the results are generally consistent with those in Figure 1o, That is, when scasonal
uneertainty is not taken into account the optimal width of seeding gear is
underestimated,

A narrower width of gear Is optimal in Figure 1 beeause higher fixed depreciation
effectively inereases the cost of machinery to the farmer, Wide seeding gear is not
utilised to capucity on farms of the size assumed in the models. This is reflected in
lower depreciation costs when the major component of depreciation is variable (le o
result of use), However under utilisation has Hitle impact on depreciation costs
when the major component is fixed beeause the cost is incurred vegardless of the
area cropped

Figure 1b differs to Figure Tain that the cost to the farmer of seleeting sub=optimal
machinery, 2 metres narrower, niay be significant. In this ease the loss in whole
farm profit Is greater than $600 per year, The opportunity cost of smaller machinery
may be much less however, depending upon the marginal tax rate of the furm
business, However at current commadity prices the murgina! tax rate would be very
fow for most businesses of the size assumed in the model,

w



Figure Ta, Change in wiml%fzgfmzpmm for differont widths of seeding gear
(Value of machincry, $19500/ additional matre, Fixed doprectation 25% of fot)
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Effect of increased machinery stz on farm steategy

Despite a doubling of the width of seeding gear there
optimal farm steategy, The expected area of ¢rop cha)
range of machinery sets defined in the analysis, ‘Th
heavier soil types was fncreased by shifting away |
apasture cereal rolation, and by altering the ares adjusted in and out of crop
aecording o season type,

marked changes in the
nly 6% over the

“This result js unexpeeted as an inerease in the work rate at seeding time provides the
ability to substantially fncrease the aren of erop without increasing the yield penalty
due to delayed sowing: Previous analysis using MIDAS (Bathgate, unpublished) led
tothe conclusion that the aren of erop was quite sensitive 1o changes di the work rate
at seeding time, as well a5 the mix of soil types on farm,

This indicates that the main benelit of inereasing size of seeding gear is o reduction
inthe yield penatty by the timely sowing of ¢rops,

Effect of mctival adjustments on machinery seleetion

The differences in the seleetion of optimal machinery is a consequence of the ability
within the DSI* framewaork ty make adjustments tothe strategic (or planned) aren of
erop according to the break of season. An fnerease fn the aren of ¢rop fn seusons
with a good start results in o higher potential loss in yicld. “This is because sowing
takes o longer peviod of time. The potential loss in vield in MIDAS is Jess than in
MUDAS, beenuse losses in an wverage year (as in MIDAS) are less than expected
Jnsses (s in MUDAS). Therefore the marginal revenue gained by reducing yield
losses in MIDAS 1s less than the marginal revenue gained in MUDAS, and not
suffivient to cover the marginal cost of 2 metres of additional whdth,

Yield losses from deluyed sowing are dependent on: 1) the rate of loss each day
sowing is defayed, 2) the aren of erop (and hence the time taken to sow the erop) and
3) the length of the period, after the break of season, which is not subjeet to o yield
penalty. These three factors, and the probability of u season oceurrence determing
the expected loss in yield from delayed sowing. The expeeted yield loss can be
comiputed by weighting the yield Josses in cach season type by the probability of the
scason oceurring and the area of erop in that season, The yield loss deseribed in
MIDAS is not weighted by the erop arcu because the adjustment to crop aren in eagh
season connot be determined,

The importanee of yield Insses from delayed soswing in calenlating the marginal
value of seeding gear and the marginal value of cropping mewns that it is neeessary
to determine maehinery size in conjunction with erop area and best rotations in cach
seasom. This is true even though the expeeted aren of crop s relatively insensitive to
width of seeding gear, 1f sowing i extended or reduced by just one day the marginal
retirns o crop are significantly altered,



Different values of seeding gear

Figures 2a and 2b show ehanges fn profit frony ine
assuming o lower purchase price of machinery, The value of secding machinery per
additional metre in this case was $16000. This led o an Increase in the profitability
of larger secding machinery, but not sufficiently 10 alier the optimal width,

v inereasing the width of sceding gear,

Decreasing the draft requirement, and henee further reducing the value ($14150/
additional metre) and depreciation costs of machinery, the optimal width fnercased
to 14 metres (Figure 3a)., When higher fixed depreciation was assumed the optinial
width was 12 mietres but the opportunity cost of sdopting 190 metres (thie MIDAS
optimum swidth) was not significant (Figure 3b). The reduction in depreciation costs
was not enough to alter the optimal size gear selected by MIDAS

ot

Whet considering the often suggested notion that farmers are over=gapitalised with
eropping machinery, it s interesting to note that the opportunity cost of sceding gear
2 metres wider than the optimum is not significant n Figures 20 and 3. Tn botly
cases the opportunity eostis less than $300 annually, pre=tox.

In Figures 2b and 3b the opportunity cost of over=capitalisation is higher but s stilt
luss than §600 per annum, pre=tux.

Effect of varying the input of caswal labour between seasony

Results discussed above were based on the assumption that the input of labour, and
henee the daily work rates, were constant across all season types, Figures 1103 (a
mnd b) show the optimal width of seeding gear when daily work rates are mljusted by
changing the input of easual labour,

In seasons whete there is likely to be more aren sown to erop the number of seeding
hours per day was increased by hiring more casual labour. More fabour s also hired
in seasons where yield penalties associated with late sowing are potentially lirge,

Not surprisingty, it was found that varying the labour Input between seasons
generally resulted in smaller width of seeding gear, coineidently the sume width as
wass selected by MIDAS.

Inereasing the Input of labour in some seasons inereases the efficiency of the
seeding machinery so the same daily work rate ean be achieved with smaller gear,
Consistent with results above, the opportunity cost of seleeting o sub=optimal set of
maehinery, 2 metres larger or smaller than the optimum, are insignificant in most
cases. Another fmportant feature is that varying the input of labour between seasons
inereased whole farm profit by between 2 and 3%,
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Figure 30, Change in whole=farm profit for different width of seeding gear

(Value of machinery, $145007 additlonal mietre. Fixed deprectation 25% of total)
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Whilst increasing the labour Input reduces to . for wider gear, and Increases
farm profit, itis often argued by furmess I the enstorn wheatbelt that it con be
difficult to hire competent Iabour at seedin - ae, Mistakes often degrense erop
yield potential o further detay sowing, ‘tic.s could lead to costs greater than the
savings assoclated with smaller maenlnery,

Conelugions

A comparison of the optimal size of seeding gear selected by the two different
models showed that analyses based on 'average' production assumptions could lead
to the optinial size being underastimated,

Muchinery seleetion needs to be done in conjunetion with the seleetion of optimal
erop plans, This includes adjustments to eropping oreas from year fo year, according
to seasonal conditions. "This means seasonality is an important consideration in
machinery selection, This conelusion is consistent with other studies of the problem.

The maln benelit of larger machinery is the timeliness of sowing, avolding costly
yleld penaltics nssocinted with a delay in sowing, This Is evident as mackinery size
had very little impuct on the optimal farm strategy,

However, while seasonality does affeet the seleetion of optimal eropping gear, in
many instanees the opportunity cost of selecting sub=optimal gear is not signifieant.
On the other hand, unalysis using MIDAS is unlikely to 1. ad to the adoption of
machinery larger than its optimum due to the spparently inrge opportunity eost of
selecting wider gear,

Anajyses not including seasonality aspeets of production could leag o the
conelusion that faxmers are over-eapitalised in seeding machinery, Results in this
stucly incliente that this may not be the case, however, Also, where there is over-
capitalisation that the opportunity cost may be small, depending on the marginal tax
tate faced by the farmer,

Arguments regarding aver-capitalisation appear to be supported however, where the
quantity of labour ean be altered nceording to scasons, to Inerease daily work rates
without increasing the width of seeding peur, Seleeting gear up to 2 metres wider
than the optimum has a low opportunity cost, consistent with results derived under
the sssumptions of fixed labour between scasons, Therefore objeetives other thun
profit maximisation can often be met ot Hitle cost to the farmer,

A better understanding of liow use of machinery affects the deeline in value through
time Is Important to the determination of optimal machinery size. If fixed
depreciation is the major component of the decline In value, optimal machinery size
will be smaller compared to the optimum where usage depreciation Is the major
component, An econometrie analysis of machinery sales data to determine the
fuetors affecting depreciation rate may be useful in the resolution of this fssue,
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