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ABSTRACT

The research undertook to study the utilization, management
i n thecosts of agricultural usedand operating tractors

Chemelil sugar belt in Western Kenya. Historical cost data

operated by three different owners in the belt. The data was

and to test mathematical models for predicting tractor resale

as well as establishing the factors that influence them.

It was found that tillage tractors in the belt had an average
use of 1040 hours and transport tractors 1230 hoursannual

and that both category of tractors had restricted utilization
imposed maximum hectarage for tillagelimits bydue to

tractors and queuing discipline at the sugar factory and in
the fields for cane transport tractors.

Mathematical models were formulated and tested for relation
between ratio of tractor resale value to its current purchase

relation between cumulativeand depreciation age,
expressedcosts percent ofmai ntenance as arepai r and

and tractor cumulativeprice age,initial purchase

values, repair and maintenance costs, annual operating costs

spread over a span of 16 years were obtained for 141 tractors

used to assess the level of utilization and operating costs



(i i i)
the ratio of tractordepreciation against tractor age and

its annual operating cost against tractorresale value to
age.

versionMultiple regression facility in 1 .41the MSTATC
models.theusedsoftware package to testcomputer was

Important empirical relations were derived from the results
influenceQualitative factors were shown toof the tests.

investigated quantities quantitatively and thethe that
of the qualitative factors could operatingcontrol reduce

costs.

A relation for predicting annual operating costs of a tractor
basing on its replacement value was found. The relation could

to predict the tractor’s optimalalso be used replacement

point given future prices similarthe purchase of or

The trend of actual depreciation wassubstitutive models.
basic assumptions accountingofdefyfound theto

It was demonstrated that due to highdepreciation models.
inflation rates it is not possible to assign terminal salvage

running order, theirgoodinvalues tractorsto age
notwi thstandi ng.
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1 INTRODUCTION

Due to the twin effect of escalating production costs and
that of falling or static commodity prices,
performance of agricultural production is facing enormous
pressure to consider other farm power management strategies.
Farm power being the highest and the most expensive single

production system ;input in any mechanised agricultural
agricultural tractor managers are challenged to find better
methods of costing farm power. Agricultural tractors play a

in provision of inthe farm moderncentral role power
This places agriculturalagricultural production systems.

tractor investment and replacement decisions among the most
in agriculturalhaveimportant producers to makethat

production systems.

Hetz and May (1986) noted that such decisions were critical
because they involve a high proportion of total production
cost attributable to farm power and due to their infrequency
and irrevocability. In order to make a sound decision as to
when to replace an old tractor or which new tractor to select
requi res thorough knowledge of ownershipcosts ofona
tractor. Information on tractor costs can only be obtained if
day-to-day records on the tractor costs are kept both by

and As Singhoperators. (1987) correct!y 
observed in India most farmers in developing countries have
tractor owners

the economic
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low education thei rand do not keep records of tractor

in KenyaIt has been observed that most farmersexpenses.
even those with good education considerlevels of record
keeping as an additional expense and a waste of stationery.
Some private companies involved in contracting agricultural
tractors either for tillage or transport in the sugar belt
also prefer not to keep cost records and when they do the
records are generally incomplete rendering the whole exercise
futile. The problem of paucity of information has also been
observed to affect public companies where the infrastructure
and facilities including personnel are already on the ground
to facilitate the exercise. The lack of a standard format for

seriousrecording tractor costs has been observed to be a
problem in accounting for the profitability of the use of
tractor.

agriculturaloperation of levelThe costs tractors, of
utilization and hence productivity can only be accurately
determined complete and properlyfrom kept records. As
suggested by Hunt (1986) cost records of machinery operations
should be kept to provide the following information:

Deductible expenses of the machinery1 . operations.
Cost of production data.2.
Information on which to base equipment3.
replacement or investment decisions.
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The is indispensable oftractor operator partan a
tractorised production system. of training andThe level
personal disposition to work or the machine can significantly
influence the operating costs of tractor and its usefula
life. (1972) implementKolawole observed frequentthat
breakdown was due to improper handling by operators. Although
an important factor influencing machinery costs; it would be

training,difficult effectobserve the ofto operator
motivation or disposition to work or tractor in a situation

most companies or farmers operating a fleet of tractors. In
certain cases the operators are hired on a casual basis and
can not therefore be assigned to a particular machine for a
length of time that would render the effects observable.

The level of utilization of a tractorised system can be used
as indicator as to whether the right investment decision was
made right from the beginning. The utilization of a tractor
is indicated by the annual hours worked. This study undertook

of operating agricultural i n the Chemeliltractors sugar
belt. The main agricultural activities identified in the belt

land preparation, including secondary tillage,were crop
maintenance and cane haulage to the sugar factory.

to assess the level of utilization, management and economics

where a tractor has multiple operators, as is the case with



The main objective of the study was to assess the level of
utilization, management and costs of operating agricultural
tractors in the Kenyan sugar cane growing industry.
The specific objectives were:

(a) different categories of
agricultural tractors being used at the Chemelil sugar

uti1ization,thei rbelt and evaluate levels ofto
management and operating costs.

(b) To identify factors that affect these levels.

empirical mathematical(c) develop models forTo
estimating operating costs of agricultural tractors and
determining their optimal replacement time.

survey onTo conduct a
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2 LITERATURE REVIEW

2.1 Utilization of Agricultural Tractors

The utilization of an agricultural tractor may be defined in
terms of the number of hours spent by the tractor on various

interrow cultivationassignments. This may be ploughing,
uti1izationspraying The therefore betransport. canor

either quantity workstated the accumulated ofas

interval of time.

Hunt (1983) expresses tractor utilization accumulated hours
of use but prefers to express implement utilization in terms
accumulated work quantity accomplished. Adel hem and Steck
(1976) and Singh (1987) presented tractor utilization data in

use for various assignmentterms of total annual hours of
including leisure trips. Park (1990) presents his work using
both working days and accumulated area worked as a measure of
utilization of other field machinery as well as tractors.

harvesting
operations and other field operations the stated methods are

foradequate. involvedHowever, tractors in transport
uti1i zation alternatively be instated terms ofcan
accumulated payload hauled over a period of time.

For tractors involved in tillage work, spraying,

simply as the accumulated hours of use within a specified
accomplished by the tractor within a given time interval or
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It is more practical to state tractor utilization in hours of

isuse for whatever operation assigned to the tractor. It
also usual to state the utilization of field machinery e.g

trailers etc in terms of the accumulatedploughs, harrows,
work done i.e area ploughed, area harrowed, or the payload or
tonnage.

The level of utilization may be indicated by the operational
age of the tractor or the machine defined as the quotient of

inin hoursaccumu1ated usetotal use
hours per year by Witney (1988). The operational age of the
tractor in turn affects the depreciation rate of the tractor
and will to a large extent affect the market valuation of the

A quantity referred toif offered for resale.tractor as
depreciation age and defined as the average of operational

is a major factor influencingage and actual tractorage
resale values.

in(1990) distinctionMisungu furthermade tractora
utilization hours in terms of productive and non-productive

Productive hours are those in which the tractor ishours.
engaged in useful work. It does not include the preparation
time time from basethe travel fields. Thisthetonor
distinction may be important in precise revenue analysis but
is of no useful consequence in the calculation of tractor
operating costs.

and average annual
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Total Annual Use T is a major index of tractor or a machine
utilization in any given year. If a breakdown on the hours
according to each operation exists then more insight can be
gained in valuation of the tractor since certain operations

demanding than others. example hourForare more an
ploughing is definitely more demanding than one hour spraying

Mathematically this can be expressed as:

Zu, ....(2.1)

field stationary workwork, transport, foror even use

leisure.

an expression for a multi-use tractor can beMore precisely
written thus:

. . .(2.2)

= annual use in hours for any other
purpose i

(pp)j = annual use in hours for processing 
work i

(l^Jj = annual use in hours for transport 
operation i

Z(kif)i + Z(Mt)j + Z(pp)i + S(p0)i 
where : (Pf)j = annual use in hours for field 

operation i

where: pj = Annual use in hours for operation i 
where the subscript i identifies the operation ranging from
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Equation (2.2) can be re-written as:

. . . (2.3)

= annual use for transport operations,
hours.

= annual use for processing operations,
hours.

= annual use for purposes other than the
above, hours.

Over a period of life of the tractor the term Average Annual
important indicator ofbecomes tractorUse morea

inespeciallymachine market val ue valuationofage
a value of T has to be assumed. Witney (1988)exercises, a

assumes 1000 hours as average annual use for most tractors.
Accumulated use over the machine life is another indicator

uti1i zation.which used ofhas been Mostas a measure
tractors have an accounting life (L) of about 12 000 hours
according Hunt (1983). expressed as a

can also be an
important parameter.

Indirectly, tractor utilization can be expressed in terms of
This refer to the humber of

where: Uf

the tractor Downtime Hours Hj.

+ ut

ut

uo

Accumulated Use Ta.Qw 
fraction of the expected accounting life L,

T = Uf

utilization. For the purposes of evaluating the operational

+ up + uo

= annual use for field operations, hours.

uf ■-



-9-
hours the tractor has not been used either due to mechanical
breakdown, unavai 1 able operator’s personal time, unfavourable
field or weather conditions.

can be an indirect indicator of utilization

vagaries of weather are considered. The tractor can only be
fairly judged if it failed to work due mechanical breakdowns

other malfunctions rendering it Thisunableor

undergoing repairs, waiting for spares or undergoing routine
mai ntenance. can

Management of Tractors2.2

Management of agricultural tractors is concerned with the

efficient selection, operation, repair and maintenance, and
technolog i cal 1yreplacement of old obsolete units.or

Management also aims at reducing production costs and maximum
utilization of both labour and machinery.

fraction of T, fl
although, it unfairly penalizes the tractor especially if the

Hb expressed as a fraction of expected Ta 
be used as an index of comparing utilization.

introduces the concept of Breakdown Hours H^. This refers to 
the hours spent by the tractor in the repair workshops either

This quantity expressed as a

to work.
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Selection of Tractors2.2.1

is essentially a powerThe tractor
selection of a tractor power
level required for the range of activities planned. Mis­
matched power systems are a major cost burden to a mechanised

As observed by Witney (1988) the wrong choice offarm. a
machi ne only be by tying capitalcorrected tocan more
advance the date of machine replacement. Inadequate tractor
capacity may mean yield losses due to untimely operations,
whereas over capacity is likely to introduce the risk of
greater soil damage which may again express itself as yield
losses.

Matching tractor capacity depends on a number of factors; but
above the total demandall for the ofenergyon range
operations to be undertaken and expected throughput of work
within a given interval of time.

The energy demand for various operations can be deduced from
the following basic relations:

. . .(2.4)EfEfijAi + ECEujWiSj + Z(Epi)Mi

= total annual energy demand in kW-hr.
Ed
where: Ed

Efj = energy per unit area required by field 
operation i (kW-h/ha)

source. The problem of
is that of determining the



= hectarage covered by operation i
= Energy needed to transport one metric

tonne over a distance of one kilometre(kw-
hr/t-km) in trip i.

= Pay load in metric tonnes in trip i
= Distance in kilometres for trip i.
= energy required to process one metric

tonne processing operation i (kw-hr/t)

mass of product in metric tonnesMj =
processed in operation i.

For tillage operations energy demand is given by:
...(2.5)

= actual drawbar power in kW

= energy demand for tillage operation in kW-

hr/ha

s = operating forward speed in km/h
w= effective implement width in m

= operation time in h/ha

Hunt (1983) observed that energy requirement per unit area is
constant regardless of the tractor or implement size when
typical field speeds are used.

Ef

Epi

wi

To

si

Ai

Eti

= 10Dbp/sw

= DbpTo 

where: Dbp

Ef
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Zhengping et al. (1986) expressed the total equivalent PTO
power required by a field operation as:

..(2.6)

= equivalent drawbar power in kW
= PTO rotary power in kW
hydraulic power in kW.H„P =y

Hydraulic power is only a minor component of
conveniently be ignored. For ploughing,
planting:

. . .(2.7)
i s requi red operations.si nee by therotary powerno

starts with an estimate of theEstimati ng the tractor power
drawbar power required. Thus:

...(2.8)

s
Drawbar power can be converted to the equivalent PTO power by
the following relation:

= Dhn/(0.96T#) . . .(2.9)

transmission efficiency.

= Fds/3.6 

Draft in kN
Dbp
Fd =

= working speed in km/h

ptop

EDbP = V(0-96T.’
0.96 = assumed tractor internal power

+ R0P + HyP

EDbp

ptop = EDbp

where EDbp

Rop

Pt(JP and can 

harrowing and
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= tractive efficiency
= (drawbar power)/(axle power)

Alternatively the power size of the tractor can be deduced in
terms of its annual cost (Hunt 1983).

+ OL + F + T } . . .(2.10)= fPn/100 + T{R.

Purchase price in K£
= repair and maintenance costs per hour as

F = Fuel costs (K£/h)
T = Timeliness costs (K£/h)

...(2.11 )

Hence annual cost in terms of tractor power becomes:
...(2.12)

Lc
OL = Oil and lubricants cost in K£/h

Te

a decimal of Pp, K£/h 
= Labour costs in K£/h

pp = 
%

Hunt (1983) expresses Pp in terms PtpP as :

Ac = f/<Pt0P/1OO + T{ ZLcj + ZTi }

Lci = Labour cost (K£/h) for operation i
Tj = Timeliness cost (K£/h) for operation i 

More precisely:

Ac " J,p- 
where: AP =

V

f = Fixed cost percentage.

'»p + Lc 
annual cost K£/h

pp = *ptop
k = purchase price per PtQP (K£/kw)
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= f/fPt0P/1OO + {(Uf + ut + tfpjEl-j + L/^ZTi)} ...(2.13)

This equation assumes zero timeliness cost for transport and

processing operations. The optimum power level required is

obtained by minimising this equation.

Hunt (1983) arrived at the following relation.

...(2.14)to

acquainted with theThe

not forgetting existingpertinent selection factors the

tractor capacity before deciding to invest.

Operation of Tractors2.2.2

Kampe (1971) recognized lack of record keeping as a serious
in machine cost analysis. Cui pin (1986) noted1 imitation

repairs and replacement ofkeeping records of annual use,

housing.

Once the tractor has been purchased, a history file should be
it periodicalto recordforopened summaries itsof

Pt0P =7ilOO/f k{(Uf + Ut + t/plZLj + £/fZT|}]

Ac

farmers could calculate their own costs of operations by

part, fuel, lubricating oiIs, grease, license, insurance and

tractor manager should be well
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including cumulative machineactivities; hours, hours of
fuel consumption,downtime hours,breakdown,

repai r maintenancelubricants consumption, dates andand
cost. Information like the frequency of replacement of a part

could provide useful information for improvement of part or
component design. Larson (1977) noted that farmers should be
able to know which machine parts to stock and those to get

lower cost items withfrom the dealers and suggested that
high incidence of breakdown should be stocked by the farmers
to reduce downtime costs.

i nvolves al locationof management taskThe next concern
considering available tractor capacity, operator performance

and available workdays .and tractor performance, T ractor
performance should be matched with operator

optimally utilized. Tractor operation only be tracedcan
through properly kept records.

Records are usually derived from daily activities reports.
This wi 11 enable machinery managerthe monitorto the
performance of the fleet on a daily basis. The daily activity

essentiallyshould contain information ' onreport work

or component if recorded over working life of the tractor

performance as suggested by Hunt (1983). This is to ensure

work rates,

the tractor capacity and operators’ abilities is fully and
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accomplished at the end of the day, fuel drawn, hour-meter
readings at the start and at the end, lubricants if any used,
any malfunctions noted by the operator or a fault report, and
any repairs done in the field or workshop.

The daily then compiled to yield periodicalreports are
summaries.annualrecords: monthly, and theFrom these

manager can trace the performance of individual tractors and
into making useful i nferencesguidedbe about thecan

tractors and their operators.

Tractor Repair and Maintenance2.2.3

Tractor maintenance is the work done on the tractor to keep
its working life.it in good working order and to prolong

This includes daily oil check, greasing, battery inspection,
engine-tuning, replacement of worn out parts in engineas
overhaul. Maintenance for each tractor must follow a wel 1
planned schedule of which both the operator and the manager
should be well aware. Usually maintenance work is graded as

hours have been clocked or after a designated number of hours
of work. However, unplanned or unscheduled maintenance may be
done as and when necessary.

daily, seasonal, or done after a certain number of machine



Repair works are usually undertaken to replace broken parts
or malfunctioning components. As observed by Fairbanks et. a7
(1971), Hunt (1983) and Witney (1988) the repair costs are
difficult estimate because repair jobstheto atoccur
random. They are usually dealt with as and when they occur.
Experienced managers would know the failure rates of certain

in intractor and stock those partscomponents
anticipation of a breakdown in order to avoid delays due to
requisition on demand (Larson 1977).

Tractor Replacement2.2.4

arise due to accidentto replace aThe need tractor may
inability to cope with increased power demand,damage, old

age or technological obsolescence. O’Callaghan (1988) defines

life of the machine at which the total annual costs reaches
a minimum.
Hunt (1983) relies on the knowledge average annual use Ta, to

that at which accumulated costs divided by accumulated use,
is a minimum.

relate the expected repair and maintenance costs RB to the 
and defined the replacement point as

AC

annual fixed costs f.V

the economic replacement model as the point in the physical

a given
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A replacement decision is a choice between the present asset
invariably called the Defender and a currently available list
of replacement alternatives termed Challengers. Riggs (1977)
and O’Callaghan (1988) considered replacement problem by
comparing cash flows for both the challenger and the defender
over an interval of time - the remaining life of the defender
in terms of equivalent annual cost calculations (EAC). The
fair market value of the defender, or its resale value in a
perfectly competitive market is taken as the defender’s worth
when replacement is contemplated.

Alternatively the defenders resale value is considered as a
positive cash flow that offsets part of the challenger’s
initial purchase price which can be assumed to be replacement

flow of the defender and challenger are then compared for the
remaining economic life of the defender.

For instance the defender’s market value after n years of use
and this can be related to expected

that if the
future replacement price is known then equivalent annual cost

of futuretheterms
replacement price.

price of the defender. The net differences between the cash

can be taken as f(n)*Cpp 
cash outflows in form of operating costs such

comparisons can be made entirely in
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...(2.15)

years.

C,

model

= Challenger’s list price.

postulated that the operatingalso beIt acan

related to the challenger’s list price by thetractor are

following equation.

...(2.16)

age for all values of n > 0 .

Tractor Ownership and Operating Costs2.3

of ownership operati ngknowledge and iscostsAccurate

essential to economic management of machinery particularly in
investment decisionsreplacement and (Hassan and Larson,

1978). The costs are designated as fixed or variable. The
ownership costs according to Audsley and Wheeler (1978) and
Witney (1988) are capital invested, interestthe due on
capital invested , recurrent repair and insurance charges.

pp = Current purchase price of similar tractor

Rvn(d)

Cop(n) = c(n)f(n)*Cpp
Cnn(n) = operating cost after n years of use.

= f(n)*Cpp
where: Rvn(d) = Resale value of defender after n

0pK / WWWW Ml WWI II J^WMI W VI

c(n) , f(n) = are continuous functions of depreciation

cost of
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The operating costs are the sum of ownership costs and costs
due to use namely; fuel and lubricants and operator wages and

loosely designatedperformance costs. These costs asare
fixed and variable.

Tractor Fixed Costs2.3.1

The ownership or fixed costs include depreciation, i nterest
insurance and sometimesinvestment, shelter, taxes andon

whether the labour is permanent or seasonally hired.

a) Depreciation Costs

Depreciation
with passage of time,

analysis. This permits two concepts of depreciation to exist

asset and depreciation as a deductible business expense.

There are several methods of depreciation used for the latter
purpose namely: straight line depreciation (SLD), sum of year
digit depreciation (SYD), decl ini ng balance depreciation

operator wages depending on the labour laws in force or on

is defined as the loss

It is recognized as a capital expense for purposes of tax

in value of an asset
use or due to technological advances.

side by side: depreciation as the true loss in value of an
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double declining balance method (DDB), sinking fund(DB),
depreciation (SFD) and accelerated systemcost recovery
(ACRS).

Depreciation: This equalLineStraight1 . assumes an
reduction in value for each year of ownership and that the
asset has a scrap or salvage value at the end of its economic
life. Mathematically this is expressed as:

. . .(2.17)
where :

initial cost or purchase price.

to use but it
rapid depreciation of assets in thefails to account for

initial years.

Sum of Year Digit Method (SYD): rapid writeoffThis2. a
technique by which the value of an asset is written off in
the first one third of its life (Blank and Tarquin, 1976).
The depreciation charges are very high in the first few years
but decrease rapidly in the later years of the assets life.

- Sv)/Ly
= cumulative depreciation after n years.

PP =
Sy = salvage or scrap value 

= life of asset in years.

Dacn “

Ly
This method is preferred because it is simple

(PP
Dacn
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- sv)/s . ..(2.18)

3. Declining Balance and Double Declining Balance Method :
Both are rapid writeoff techniques. The depreciation charge

isfor determi ned multiplying uniformbyany year a
percentage by the book value at the end of the previous year.

. . . (2.19)

previous accounting year
and 0 < x < 2.

x/L, = depreciation rate = 1
no additional

and Tarquin (1976). They also observed that this generally
occurs for short lived assets i.e those with less

' y
If salvage value is reached prior to life,

S = Ly(Ly+1)/2 = sum of year digits.

cdn x/Ly
= book value of asset at the end of

When x = 2 then the method is double declining.
- (sv/pp)l/L*

4 
depreciation charge may made thereafter according to Blank

where Bvn_|

Ly than five 
years or for assets with large salvage values i.e Sy greater 
than 0.2Pp

Bvn-I

cdn = (L,-n+1)(Pp
where: = depreciation charge for the nth year.
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4. Sinking Fund Depreciation: This is a fund established to

amount through a collection of

uniform series payment (Riggs, 1976). wi th othertheAs
models it assumes a salvage value at the end of the tractors

life. interest is considereduseful If annualthenot
depreciation charge is constant, however, the charge usually
earns interest at a predetermined interest rate.

- Sy)i/( 1+i )Ly-,]x[(1 + i )Ly-1]/i . . . (2.20)
= cumulative depreciation in the nth year

thisAccelerated ofCost System:Recovery system5.
depreciation was introduced in the USA in 1981 by statutory
law termed the "The Economic Recovery Tax Act of 1981“ which
stipulates a statutory recovery periods of three, five, ten

determinable when first depreciation isfifteen yearsor
It has provision for tax relief in the year thecharged.

asset is purchased i.e it increases capital recovery through
investment tax credit. Capital expense is deducted from the

cost before computing the ACRS depreciationf i rst amount
(Blank and Tarquin, 1976).

All the depreciation models discussed above are silent about
As they

stand they fail to account for changes in estimated salvage

Dacn = C(Pp

where: D,Pn 
GUII

the effect of inflation on depreciation charges.

accumulate a given future
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values due to inflation and need to be modified to trace the
true trends of tractor depreciation.

In order to account for effects of inflation, in depreciation
models Witney (1988) and Schoney and Rinholm (1989) related
the fair market value or resale value to the current purchase
price of a similar model or perfectly substitutive model of

machine. economicThey referred depreciationthe to as
opposed to accounting depreciation; in fai rthe lossas

year of ownership to the
current purchase price of a similar machine thus:

....(2.21 )
= fair market value of machine in year n

I3 = are estimated parameters depending ona,
machine type

n = machine age in years.
= current new replacement cost
= current purchase price of a similar

machine.

costs are based on current investment requirements exclusive

of trade-in values.

f1 nvn

fBUulY

cpp

are based on

= aBnCpp 
where: fBVn

market value (fav) of a capital asset. They related the fair 
market value of a machine in the nth

’As Is’ auction values. New replacement
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Future market value of a currently owned machine are based on
future new replacement costs and machine age. In projecting

nomi nalfuture adjustment inmarket value future newan
prices C is included. In effect, annual estimates are

n

= annual inflation rate and nwhere: the number of
years in the future.

This compares well with the observation of Prior (1987) when
machinery depreci ationdefined of by thethehe rate

relation:

. ..(2.22)
level of actual investmentwhere: M

X

the desired level of investment

Witney (1988) derived an expression which is similar to the
foregoing empirical relations of the form:

= F(n) . . . (2.23)

PP 
inflated by a factor (1 + if)

K*
remaining value of asset ~ f_un nYii

°f

« current new replacement cost.

(Rvn)/Cpp

d_ = M/K* HI
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= resale value of an n year old machine.
= fair market value of an year old machine.

= current purchase price.
n

To evaluate the operational machinea an average
annual use,

All these models are based on varying rates of depreciation
and on market value of machines. Prior (1987) demonstrated

depreciationbasedmodelsthat constant rateson were
significantly inferior to those with varying rates.

(1983) derived expression for accumulatedHunt an
which also emphasizes the importance of thedepreciation

market place remaining value of the form:

. . .(2.24)

= accumulated depreciation through n years
of use.

Ta of 1000 h was assumed.

Dac

where: D„Ov

where: Ryn

= (0.205 + 0.053n - O.OOO64n2)Pp

CPP 
r(n) = function of operational age,

age of
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(b) Interest on Investment

capitaldi rectThis borrowed theexpense on oris a
(1971 )own capital. suggestedopportunity cost of Kampe

charging interest on machine market value at the beginning of
Adel hem and Steck (1976), Pandey andthe accounting year.

agreed that it isand 0’Cal laghan (1988) allOjha (1986),
customary to choose a constant rate of interest over the life
of the machine and calculate interest charges on the average
investment.

Hunt (1983) preferred to consider interest charges along with

method of depreciation followed.

Inflation affects the real cost of borrowing. It is therefore

more sensible to talk.of real interest rate. This is defined

the total(1988) related theby Witney repayment toas
purchasing power of the loan

1 ...(2.25)<1 + ip 1
(1 + if)

these as a percentage of the purchase price Pp.
The manner of assessing the average investment depends on the

[

shelter costs, tax costs, and insurance costs and expressed
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where:

Alternatively Net interest rate can also be used to account
for effects of inflation.

. . . (2.26)= ij "

When the capital is borrowed it is more realistic to consider
the mortgage costs in terms of annual mortgage payments.
However when dealing with current expenses or actual cash

rates give a clearer view of interest charges (Bartholomew,
1981).

(c) Insurance Costs

insured against variousAgricultural tractors need beto
risks including accident damage, theft, and fire. Insurance
premiums are usually payable annually and are negotiated on
the basis of the extent of cover required. Most companies
require the customer to pay equal annual payments over the
whole life of the machine.

if

ir = real interest rate.
ij = investment rate, 
if = inflation rate.

interest rates or maximum bank lendingflows, the nominal
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(d) Shelter Costs

Machinery housing while having no direct influence on rate of
depreciation, can improve the market valuation of a machine.
Shelter costs may be determined by considering the investment

In case of open yard parkingcosts of the housing structure.
of tractors the opportunity cost of the best alternative use
for the parking area plus the investment costs in fencing off
the area.

(e) Tax Costs
Tax may be levied on agricultural tractors how much this is

policies in force. from roaddepends the Aparttaxon
licensing agricultural tractors and equipment are currently

exempted from tax.

Variable Costs2.3.2

They comprise
and lubricants costs, maintenance costs. Repair costsfuel

although a varying cost does not directly depend on use since
failures which call for repairs occur at random (Hunt, 1983

1988). Maintenance costs is suchand O’Callaghan,

component of the variable costs that it has customarily been

lumped with repair costs.

a minor

These are costs that vary with tractor use.
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(a) Tractor Repair and Maintenance Costs.

Repair and maintenance costs are those expenses necessary to
restore or maintain technical soundness and reliability of
the machine (Morris 1988). They are attributable to wear and

random failure of parts and accidents.tear, Repair costs
comprise cost of replaced parts, including tires and tubes,

labour directly attributable to particular repair andand
maintenance jobs, and where appropriate a general charge for
workshop overhead expenses. Repair and maintenance costs are
expressed in three different ways:

As a constant cost per tractor-hour (K£/h)1 :
As cost per tractor hour as percent of the tractor’s2:
purchase price at a particular point in the machine’s
working life.
As a constant cost per unit area (tillage and3:
harvesting tractors) in (K£/ha)

popularly used byThe second many
researchers in this area. Bowers and Hunt (1970) derived a
relation between accumulated repair and maintenance costs and
accumulated use of the form:

...(2.27)= 0.076 (Tac/120 )1,6R«PP

been moremethod has
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= accumulated repair and maintenance costs as

Ward et al. (1985) also derived a similar expression:

. . .(2.28)R,

ASAE Yearbook (1987) of the following form:

...(2.29)

relation ofMorri s in
form:

. .. (2.30)

Hassan and Larson (1978) compared the accumulated repair and
maintenance cost expressed as percent purchase price P with
accumulated use expressed a percent of tractor life
arrived at the following result:

. . .(2.31)
= the economic life in hours for the

= 0.00171 [(100Tac/L*)
L*

P
L and

^2.41]

percent of Pp.

)10-3R«PP ~

= 1.2(Tac/1OOO)2

R»pp

!„pp = 0.042 (Tac/1 20 ),'895
These equations closely agree a similar relation contained in

Rnpp

R«PP 
where:

(1988) also arrived at a a similar

(0.0996T ’,4H5

combine; the magnitude assumed by the author was
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in this study.
They also arrived at a polynomial relation when they compared
accumulated repair and maintenance
accumulated use in 100 tractor hours,

...(2.32)

Hunt (1983) compared accumulated repair and maintenance costs
or list price of

arrived at a polynomial function of the following kind:

2 . . . (2.33)R

costs to the current purchase price.
units of accumulated use in 1000 hHt =

= constants for specific machines.cp c2, Cj

(1976) ratioMi 11igan compared the ofandPeterson
accumulated repair cost to the current purchase price of the
self propelled potato harvesters expressed as a percentage
with the
life L, and derived the following relation:

Hlr

+ c2Ht

1.9HhRmpp "

as a ratio to the current purchase price Pp 
a similar machine against accumulated use in 1000 hours and

pp

O.7H,,3 + 0. OOO4Hh5+ 5.8Hh2 -

C|Ht + C2Ht‘ + c3Ht3

R = ratio of accumulated repair and maintenance

ratio of accumulated use as a percent of machine

not quite clear but in general 12000 hours is used

cost as percent of
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. . .(2.34)

Any one of these empirical relations can be used to predict
repair and maintenance costs of a tractor, theirhowever,
major limitation is that they tend to be area specific and
may not have taken into account other contributory factors.

(b) Fuel, Oil and Lubricants Costs.

The tractor is only a power source offering traction services
oi 1implements. Fuel and thereforeother coststo are

implement used. consumptionFuelthechargeable to is
to the engine loading for any given assignment.related

Witney (1988) suggested that most tractors operate at an
average 55% of maximum PTO power annually.

is also related to the engine powerEngine oil consumption
is difficult to estimate the consumption otherrating. It

oils like transmission oils, hydraulic fluids but these are
generally considered to be oi 1of the
costs. Witney (1988) estimated specific fuel consumption by
this equation:

= accumulated RB as percent of current 

purchase price

Rncpp 

where: RBcpp

= 0.127( 100T../L)1-4QI

a minor component
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. . . (2.35)+ 173)

Fuel cost is then estimated by the equation :

. . . (2.36)FC

According to Witney (1988) oil cost is estimated by:

. . .(2.37)
= rated engine power.

^ur

0.02169 + 0.0059P_„°C

sfcxPtoPxfi

demand )/PtQP

where: P_.vDaft

sfc 2.64Pur

torA,p
where: fp = fuel price (K£/l)

+ 3.91 - 0.2/(738Pur

where: Sfc = specific fuel consumption (1/Kwh) 

= power utilization ratio = (power
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Table 2.1:

consumption, (1/h)Fuel
at max power

(Source : Witney, 1988)

25
50
75
100
125
150

Fuel and oil consumption for diesel engines 
of various power outputs.

13
26
38
51
64
77

8
15
23
30
38
45

4
5
7
8

10
1 1

Max power
output PtnP 
(kW)

oi 1 
consumption 

at 55% max power 1/100 h
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(c) Tractor Labour Costs.

Like fuel lubricantand islabour usual 1ycosts, costs
charged to the implement being used in a given operation.

Labour is charged at hourly rates. Either manhours or machine

hours can be used. Experienced managers can correlate machine

hours to given manhours.

Performance Costs2.3.3

Tractor performance costs are directly linked to its ability

to accomplish a given activity within a planned schedule of

is the penalty for failure to achieve the statedtime. It

objective due to undercapacity, mechanical unreliability or

attributabledi rectly thetofor tractor.reasonany

O’Callaghan (1988) defined the performance costs in terms of
machine performance matrix in a tractor assignment problem.

this matrix each has performance ratingtractorIn a
measured abilities reliabi1ity.depending on its and In

are alternatively expressedgeneral performance costs as
timeliness costs.

performance cost ofThe rated with respect to
specific operations can be calculated from the following

matrix as suggested by 0’Cal laghan (1988)

a tractor
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OperationT ractor

azi ®22

T

in the fleet whichrelative to other tractors
could do the same operation.

The performance cost according to 0’Callaghan (1988) is given
by:

...(2.38)

Where ajj : 

operation j

al2al1

T2

°2°1
T1

+ Lc>

0 < ajj < 1

: is the performance rating for tractor i when doing

°J

a2j

a1j

+ VC

ai2 aijail

Pc = <1/aij - 1)( Fc

where: Fr = fixed costs, K£ 
V

V- = variable costs, K£G
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Annual Costs of Ownerships from Actual Cash Flows.2.4

Determination of annual costs of tractor ownership arise from
four types of cash flows according to Audsley and Wheeler
(1978) and Witney (1988). These are:

1. Capital cost of buying the tractor.
2. Recurring annual repair and maintenance costs and

insurance charges.

Interest paid on borrowed capital.3.
4. The income from selling the tractor.

Audsley and Wheeler (1978) expressed annual costs of tractor
ownership as:

- R„.wn)(w-1 ) ]=[ . . . (2.39)

inflated discount
factor.

repair cost in
year.

N = period of ownership, years

Aco

= the current value annual 

the nth
Rim

,wn

where: w = (1 + if)/(1 + ij) =

pp + ^(Riinw ,Avn 

w(wN - 1)
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Witney (1988) modified this equation to include the recurrent

insurance cost and used the present mortgage cost instead of

Thus:

+ 0.01RV
Aco =

. ..(2.40)

K£.

= annual repair and maintenance cost and
insurance cost, K£

Insurance is charged at 1% of the remaining value of the
tractor at the close of the preceding year.

w(wN - 1)

where: Aco = present annual ownership cost modified to 
include recurrent insurance costs,

(n-1)^ RynwN}(w

purchase price Pp.

NPV„

Ruln

{ NPV, f Z[R,In

total present mortgage cost, K£
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3. MATERIALS AND METHODS.

3.1 Location of Study Area.

this Chemeli1for study collected fromData Sugarwas
Company, Nyaroche Farm and ADC Kimwani Complex Farm. All the
three are based in the same agronomic zone usually referred

The belt lies close to theto as the Chemelil Sugar Belt.
and is about 50 km southequator at about 35*E longitude,

east of Kisumu town. It is located on the southern slopes of
the Nandi escarpment and extends down to the basin of river
Nyando. The map of Kenya showing the location of study area

is shown in the appendix A.

Source of Data.3.2

Tractor costs data for Chemelil sugar company was obtai ned
from monthly summary cost sheets a sample of which is shown

The data was taken only forin fig. below. tractors3.1.
Engineering and the Transportby the andoperated

harvesting Sections of the Company’s Agricultural department.

costs for all tractors in the mentioned departments purchased
between January 1975 and December 1990.

The monthly summary sheets were summed up to give yearly
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Other relevant information on management and operation of the

quarterly and annual
This included monthly tractor hours,reports.

maintenance materials cost, repair and maintenance labour
charges, tires and tubes cost, lubricants cost,

interest charges,operator wages, depreciation charges, and
1i cence charges.

The data for tractors owned by Kimwani ADC farm was obtained

with monthly totals fordaily sheetslogfrom tractor

quantity of fuel used, quantity of
lubricants used and details of repair and maintenance. The

multiplyingby byconverted costsquantities towere
respective weighted average item price over the month and
these were in turn summed over the year to find annual totals
over a similar span of time. A sample of the daily log sheet
is shown in fig. 3.2 . Besides the log sheet each tractor in
the farm had a repair and maintenance ledger in which all
details of repair and maintenance was entered including costs

cumulative tractor hours,

repair and

of spares. A total of 141 tractors were investigated.

fuel cost,

tractors was obtained from monthly,
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FARM TRACTOR LOG SHEET

TRACTOR No REG No MAKE MODEL 

MONTH YEAR 

Field OperationDate

No

1

2

3

4

5

6

7

8

9

10

11

12

30

31

* Lubes refer to lubricants i.e oils, hydraulic fluids and grease

Fig 3.2 Sample Tractor Log sheet (Courtesy of Kimwani ADC complex
Farm.)

Total
Hours

Fuel 
issued Lubes* issued

Breakdown 
and 
repairs

Hour 
Meter OUT

Hour 
Meter 
IN
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The data obtained from Nyaroche farm were extracted from
individual files where i ssuetractor likedocuments fuel

lubricants i ssuenotes, repai r servicerecords,notes,
invoices outsiderecords, repai rsfor filed. Thewere

tractors’ log sheet files yielded information like tractor
hours, forgiven assignments, fuel drawn in litres, oil drawn
in litres. The repair and maintenance cost were summarised at
the rear of the log sheet. Fuels and lubricants were reported
as quantities. These had to be converted to the costs by
multiplying by weighted average annual unit prices obtained
from the farms’ stores records. This had also to be done for

spares replaced without i ndicati ng the Labourcost.some
charges were taken from the wages roll for the workshop staff

in charge of repairs and maintenance and apportioned to each

tractor according to its frequency in the repair shed.

The information obtained was summed to give annual cost for

each year of tractor ownership. These were then recorded in

its periodeach tractor throughoutforsheets ofdata
ownership.

Data on tractor purchase prices both for new and used were
sales records of dealerobtained from companies. Resale

values of used tractors were obtained from actual auction
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records and trade in values record by dealers, and from the
records of the Chemelil Sugar Company and the other farms

i ncovered the study. interviews withPersonal property

valuers provided rational valuation techniques assuming the
tractors were in good running condition and are disposed of
in a competitive market.

Data on insurance costs were obtained from the annual returns
records of Chemelil sugar company. Only comprehensive cover

considered for sake of uniformity in this study. Thewas
net premiums paidvalue of the ofpercentas aaverage

estimated remaining values were computed from for a sample of
two years for which complete records were secured. The mean
value of 1.765 % of the estimated remaining value was used to

beginningpremi urns payable the of eachatthecompute

for comprehensive i nsuredof theaccounti ng coveryear
tractor,
was assumed to be for all practical purposes identical to the

undepreciated value of the theremaining tractor ator
beginning of the accounting year.

Interest charges were based on maximum bank lending rates for
the years in the study span. Interest was also charged on the
remaining value of the tractor at the beginning of the

basing on the fair market value. Fair market value
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accounting year. The bank lending rates applicable during the

license charges variousobtainedroadT ractor fromwere
circulars (1975-91) issued by the Ministry of Transport and
Communications. The shelter charges are shown in table C2.
Depreciation charges were computed using tractor remaining
values predicted by a model as discussed in section 3.4.1.

consideringestimated the bestbyShelter charges were

of space for parking and manoeuvring.requires about 25 m'
This figure was arrived at by measuring the space occupied by

tractoran average
manoeuvri ng the Sugartractor.forallowance canespace

income foregone was computed using typical cane yields per
by the prevailingmultipliedfor thehectare canearea

prices.

The investment on the parking lot fencing was charged at a
flat interest rate assuming a 50 year fence life as from 1970
when the three enterprises started operating. It was also
assumed that the parking yard requires re-murraming every
five years and the cost of doing so was also charged at a
flat interest rate at equal instalments in the five years.

alternative use for the open parking space assuming a tractor 
.2

in the models considered and providing

study span are shown in table C1 in the appendix.
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The sum of interest charges due to fencing investment and due
to recurrent murramming and the income due sugar cane yield
foregone was computed for each year spanning 1970 to 1991 and
the values for each year taken as the shelter charge for each
tractor. The shelter estimated charges are shown in table C3
in the appendix.

3.3 Operation and Management Information.

Information on operation and management of the tractors was
i nterviews withby personal observation and theobtained

management and organization records. Common points emerged

from the three cases : A daily routine starting with jobs or

activity assignment,
inmanifested dai lyform ofevaluation. Theseand were

performance reports, breakdown reports, supervisors reports
and weekly evaluation and monitoring reports.

Data Processing.3.4

Data spreadsheet for each tractor covered in the study were

made using Lotus 123 computer package. Statistical models

were processed using MSTATC version 1.41 computer package. To

facilitate comparison of cash flows in different years for

managers, supervisory staff and tractor operators and from

execution, supervision and monitoring
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different tractors the real Kenya pounds were converted to

n for
+

Hunt (1983),
1983 was significant because it was the mid-year for the the

It was therefore chosen as a base year and allstudy span.
1983 prices using applicable

deflation and inflation factors.

reported by World Bank (1986) and for the period 1981-91 was
12% as indicated by various Kenya Statistical Abstracts(1981-
91). These values were used in processing data.

To facilitate analysis, all the tractors covered in the study
were divided into three categories according to power range.
Power

for all tractors between 80 and 120 HP andpower range II
power range III for all tractors with more than 120 HP.

actual Kenya pounds by multiplying by the factor (1 + if) 
all cash flows before 1983 and by a deflation factor 1/(1
if)n for cash flows after 1983 as suggested by Riggs (1977), 
Blank and Tarquin (1983), Hunt (1983), and Morris (1988).

Average inflation rate for the period 1975-80 was 10.8% as

range I for all tractors with up to 80HP PTO power,

costs expressed in terms of
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Model Formulation and Testing.3.5

using multiplemodels proposed and tested andFour were
polynomial regression techniques assisted by MSTATC

The following relationsstatistics computer package. were
studied using the models in satisfying objective (b) of the
study :

resaleThe1 .
value after n years of use to its current purchase price
and the tractor depreciation age.

cumulative repai rrelation of andtractorThe2.
itsmaintenance costs expressed ofpercent 1983as

purchase price versus (a) its depreciation age, (b) its
operation age and (c) its actual age.

3. The relation of cumulative depreciation of a tractor
expressed as a fraction of its initial purchase price

(c) actual age.

The relation of the total operating costs per hour4.

(b) operation age and (c)versus (a) depreciation age,

actual age.

relation between the ratio of tractor

versus its (a) depreciation age, (b) operation age and
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5. The relation between ratio of tractor resale value to
i ts (a)annual operating against tractorcosts
depreciation age (b) actual age and (c) operation age.

Relation between Ratio of Tractor Resale Value3.5.1
to its Current Purchase Price and Tractor Age .

Values of the ratio of tractor resale values and respective
depreciation ages were randomly picked from the individual
tractor data spreadsheet and a data matrix consisting of the

binary variablesexplanatory variables and dummy wasor
using the method suggested byanalyzedconstructed and

Johnston ( 1972). The data matrix is shown in the appendix D.
Effects of interaction between the influencing variables was

in this and in the subsequent models. A
preliminary scatter plot of the values of the ratio against

consideration ofand thevalues of depreciation aage
factors postulated to affect the relationship; suggested the

testing of the following model :

+ B5D5 + I36D6 +
+ S.cD.

+ 6
Bq,...I316 are partial regression coefficient estimated by
least square method.
n = depreciation age in years.

+ B3D3 + I34D4

+ B|4dh + b15d15

. . .(3.1)
+ b12d12

not investigated,

ln(Rvn/Cpp) = Bq + B,n + B2n2 

B8D8 + BjDj +
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D3’D4 ‘ * ,DI6 are dummy variables introduced in the model

to account for qualitative factors.

if make of tractor was Ford and 0 otherwise.1

1 if make of tractor was Same and 0 otherwise.D4 =

1 if make of tractor was MF and 0 otherwise.
if make of tractor was International and 01

otherwise.

if make of tractor was classed heavy plant and1

0 otherwise.

1 if tractor was used for tillage operations and
0 otherwise.

if tractor was used for transport operations1

and 0 otherwise.

if tractor war used for other operations and1

0 otherwise.

if tractor was owned by Chemelil Sugar companyD11 = 1

and 0 otherwise.

if tractor was owned by Nyaroche farm and 01

otherwise.

1 if tractor was owned by Kimwani ADC complexdI3 =
farm and 0 otherwise.

1 if tractor was in power range I and 0D|4 =

otherwise.

D5

D3

D6

D8

D7

D9

D12

D10

e = error term.



-52-
= 1 if tractor was in power range II and 0
otherwi se.
= 1 if tractor was in power range III and 0
otherwise.

were deliberately omitted from the

when each attribute was considered alone and to permit
solution of the multiple regression matrix.

Restricting the contribution of all the qualitative factors
the followingto zero i.e putting = 0

. . . (3.2)

This equation was used to predict the resale values of the

i f thetractors covered in the study. It was assumed that
in thei rresoldtractors were

inidentical thei rrespectresale values toeverywere
remaining values or their fair market values after n years of

distribution and constancy of variance of
errors was examined by plotting the predicted response or one

againstvariablesindependent the residualsof the as
suggested by Draper and Smith (1966) and Snedecor and Cochran
(1989).

Dp

b3 
prediction equation was obtained by regression.

B5

DI5

B4

D16

DI3D10«

Rvf/Cpp = EXP(-0.204n + O.OO753n2)

use. The normal

and D16 
model so as to avoid the problem of linear dependence

a competitive market then
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The result of examination of residuals showed the assumptions

of the distribution, constancy of variance and zero means of

Cumulative depreciation charges of theerrors were upheld.

subtracting thei r predictedcomputed bytractors were

remaining values discounted for inflation from the tractor

initial purchase price, and the yearly depreciation charge

between cumulative depreciationby the difference between

periods. prediction equationaccounting Theconsecutive

in detai 1 inis discussedthe modelobtai ned from more

Thus :chapter 4.

...(3.3)

Thus:successive accounting years.

. . . (3.4)

use.

By further manipulation of the model, the effect of tractor
make, type of operation, ownership and tractor power range on
the ratio or resale value to current purchase prices were

For example the effect a Same tractor, doinginvestigated.
tillage work, and owned by Chemelil company and in the power

cd Dac(n-1)
= yearly or annual depreciation

Dac(n) 

where: Cd

Dac(n) = p Rvn/^1 + lf^ 

and annual or yearly depreciation as the difference between

Dac(n) = cumulative depreciation through n years of
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investigatedII findingby conditionaltherange was

expectation subject to the listed conditions thus:

vn
. . .(3.5)+ e8

This reduced model was used to test for the joint effect of

PP

The statistical significance of individual attributes were
tested by holding the values of corresponding parameters
equal to zero. For example the null hypothesis that type of
operation has got no effect on Rvn/Cpp values was tested by

resultingsetting theand reduced0 model

against the alternative thatThus: = 0
yields the following reducedH1 :

model or restricted model.

+ 06D6 +
+ e

. . .(3.6)
The parameters were investigated by least squares method
(LSM).

+03D3 + ©4d4ln(Ryn/Cpp) = 0g + 0,n + 02n2 

°1ID11 + S12D12

— 13g

+014d14 + °15D15

S8 

Not the null;

H0:

B0

0fi = 0g

investigated by least square methods.

+ b15+ 0„+ B1n

make, type of operation, ownership and power range on Rvn/C( 
ratio.

+ B5°S

1, d8 =

+ 04 + ©I

1 > — 1 j and Djj — 1 ) —E(1n(R,,/Cw)/ D, 

+ 13,r?
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Cumulative Tractor Repair and Maintenance Cost as3.5.2
Percent of Purchase Price versus Tractor Age

In this model cumulative tractor repair and maintenance cost
was postulated to be influenced by its age , type ofmake,

A preliminary scatterplot ofoperation, and power range.

maintenancecumulative repai r expressedand cost as a

percentage of its 1983 purchase price against depreciation
age suggested a power function of the following type:

...(3.7)

log-log data transformation. Theforand hence
effect of the qualitative variables were investigated using
dummy variables incorporated in the power function model as
shown in the following equation:

..(3.8)% =

contributionthed15 of thed2d1 , are• ■ >

qualitative variables discussed in the previous model.

This function was linearized to give the following model:

Cnb,d3b3d4b<d5b8d6b8d8b8d9b9d11b,,d12b18d14b,8d15b,b

Rmpp ~ cnk

n = depreciation age in years.

the need
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) = 0O + 13, N’

+ e

parti al regressionbeforeare as

aid of MSTATC computer package.
N’ log of actual age

power function equation 3.7 above.

This was repeated for tractor operation age and actual age.
As before five classes of tractor make, three categories of

three types of operation and three different powerowners,
ranges were considered with depreciation age, operation age
and actual age as the quantitative variables each in turn.
Errors were found to be normally distributed with zero means
and constant variance by examination of residuals.

3.5.3 Cumulative Depreciation versus Tractor Age

Cumulative depreciation calculated from consecutive tractor
expressed ratiovaluesremaining to tractoraswere a

purchase price and a model similar to the foregoing one used

...d,5d4,

+ 06D6+ °5D5 + b8d8
+ B„D„

+ B4D4

+I315D15

. . .(3.9)

+ I33D3

+ I3,2D12 + I3UDU

Bq , B, , ... 13, j

coefficients determined by Least Squares Method with the

ln<R.pp

+ BgDg

D3 ,

model and are the log transform of d1 , d2, ...d15 in the
take the same values as in the previous
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to predict its relation to tractor age and to investigate the
effect of make, power range, ownership and type of operation
on the variable. A preliminary scatterplot suggested fitting
a second degree polynomial function and the following model
was tested:

+ b5d5 + b6d6

+ e

This was repeated for age of operation and actual age of the
tractor.

The Relation between the Ratio of Tractor Resale3.5.4
value to its Annual Operating Cost and Tractor Age

its annual operatingThe ratio of tractor resale value to
cost in the nth year of use was plotted against tractor age
and the resulting exponentially decaying trend indicated that
the following model could be fitted:

...(3.11 )+ I3| n + e

to predict annual operating costs in
terms of the current purchase price (Cno) of a similar modelPP

+ bI4dh +
...(3.10)

+ 04d4+ 03d3Dac/pp = B0

+ S8D8 + (3)2D12+ DjDj

015D15

+ 0nDn

ln(Rvn/ACop) = 0fl

+ 0fn + 02n2

This model was used
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of the tractor so that replacement analysis could be amenable
to computation entirely in the tractor current
purchase price or replacement price.

Tractor Replacement Analysis.3.5.5

The model for replacement was built on the basis that there
was a relation between defender’s resale value and hence its
current purchase price and its age and the annual operating
cost such that all equivalent annual cost computations could
be carried out entirely on the basis of the current purchase

by similar reasoning the Challenger’sprice taken to be;
decision retainpri ce. The replacepurchase to theor

defender was taken after comparing the equivalent annual cost
(EAC) as suggested by Scarborough and Hunt (1973) and Riggs
( 1977) for the rest of defender’s economic life with the EAC
for the Chai lenger(s) over the same period at a predetermined

(MARR).minimum ofacceptable returnrate The annual

operation cost for the tractor was estimated by the using
model:

...(3.12)

n.

ACop(n) = Cpp(n)*f (n)*c(n)
ACon(n) = annual operating cost in the nth year of useop - ----- -
Cpp(n)*f(n) = resale value of the tractor in year

terms of
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its remaining economic life was given by :

MARR

Decision was made on the basis of the difference:

EAC(c) - EAC(d) . . .(3.15)6

If 6 > = 0 the defender can be retained at least for one
year. The defender is replaced if 5 is negative.

i|n
The equivalent annual cost for the chailenger(s) EAC(c) was:

EAC(d) = Z[f(n)C. (n) + u( n+1 )C..(n+1 ) (1 + i.) + 
rr rr *"

...+ a( Ly)CDD( Ly) (1 + i.),Ly‘n,]A(n) ...(3.13)
J rr 1 •’

a(n) = f(n)c(n)

A(n) = annuity factor for n years at rate of iB

Ly = economic life of the tractor for which 
replacement was considered.

EAC(c) = Z[Cpp(n) + a(1 )Cpp(n+1 )(1 +i„) + ... +
a( Ly-n )Cpp( Ly) (1 + i|),Ly‘n,l A( n) ...(3.14)

then the equivalent annual cost for the defender EAC(d) for
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4. RESULTS AND DISCUSSION.

A total of 141 tractors with complete records were covered in
the study. Al 1 in the study were singletractors covered
purpose tractors. Cane loaders were considered as tractors in

a class of their own. However, motor graders and excavators

were classed together with tillage tractors. The details of

the tractors are contained in appendix B.

Tractor Utilization.4.1

reported in terms of hours ofUtilization of tractors was

transport operations or tillage operations. Tractors with 80

exclusively used for transport.belowHP and canewere
mainly used forTractors with

in beingthe lowertillage work, usedrange

ti1lage operations 1 i ke 1 i ght1 ighterexclusively for

harrowing .furrowing, and inter-row cultivation.

In Chemelil Sugar Company nucleus estate and in the adjoining

outgrowers farms where the soils are typical black cotton

soi 1 s hi gh clay andwith content drainagepoor

characteristics, a mandatory ploughing depth of 40 cm meant

that ploughing whether by mouldboard or disc plough had to be

done by tractors with at least 90 HP. Similarly operations

between 80 and 120 HP were

with those
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like ripping, clearing and spent ratoon crop destruction was
confined to tractors with higher power.

Nyaroche Farm and Kimwani ADC Farm being located where the
soils 1i ghter with andlower clay bettercontentwere
drainage characteristics required on average lower power for
similar tillage operations. Tillage operations in these two
farms were accomplished with 90HP tractors or less.
Table 4.1
power range.

The average annual use for transport tractors was 1230 hours;
wi thhours annually1040and a

variance of 200 hours and 400 hours respectively. The use of
tillage tractors was at Chemelil sugar company was restricted

of landhectaresof about 400annual budgetto an
occasional for landrequestforpreparation work save

preparation services by the neighbouring outgrowers schemes,
it is not easy to know how much the tillage tractors would
have done if the restriction did not exist.

shows the utilization of tractors according to

for tillage tractors for
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Table 4.1 Utilization of tractors according to power range

Make/ModelPower Range Tractor type

2 -Wheel DriveI

4-Wheel Drive

4-Wheel DriveII

heavy tillage3CAT D5Crawlers

4-Wheel DriveIII

roads grading2CATMotor Graders

Crawlers

Loaders

1
3 
1

12
7

Number of 
units

Drago 120 
Laser 100

16 
1

15 
13 
11 
2 
3 
2

1
2 
2

4 
1
7 
1
9
2 
6
1

excavation /loading 
cane loading 
cane loading

heavy tillage
heavy tillage 
heavy tillage

heavy tillage 
heavy tillage 
heavy tillage

cane transport 
cane transport 
cane transport 
cane transport 
cane transport 
cane transport 
cane transport 
cane transport

Type of 
Operation

CAT D6
CAT D7 
Komatsu D60F

JCB Excavator/loader 1
Cameco 3P3000 6
Ball cane loader 2

Same Laser 130 
Case International 
MF 2645

light tillage 
cane transport 
light tillage 
light tillage 
light tillage 
light tillage 
medium tillage 
medium tillage 
medium tillage 
medium tillage 
medium tillage

Same Saturno 80 
Same Mercury 85 
Ford 7610 
International 844 
MF 194 
Same Panther 90 
Same Panther 95 
Same I 
Same I 
MF 298 
MF 399

Ford 5000
Ford 5600
Ford 6000
Ford 6600
Same Synchro 80
MF 375
MF 390
MF 290
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Table 4.2 Tractor Activities in the Chemelil Sugar belt.

andChemelil Nyaroche Kimwani T ractorOperation
Machinery Combination

Crawler + DozerHClearing HH
H/MH/M 4-WD + NARDI PloughH/M C,M/B Ploughing
H/M/LH/M/L 4-WD + ROM PloughH/M C,Disc Ploughing

4-WD + ripperC,HHRipping H
H/M/L 4-WD + ROM DiscH/M/LH/M C,1st Harrowing
M/L 4-WD + ROM DiscM/LH/M/L C,2nd Harrowing

4-WD + DiscM/L LL3rd Harrowing
C + DozerHHLevelling H
4-WD + RidgerLLLFurrowing
Crawlers/4-WDLLDrainage L
C, 4-WD + sub soilerHHSub-soiling H
4-WD.2-WD + tinesLLTining L

M CamecoMCane loading M
2-WD + 10t trailerLLCane transport L

H = High power demand (>120HP), M = medium power demand (80< HP<120)
L = low power demand (< 80HP) C= Crawler tractor.
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The transport tractors were restricted on the number of trips

they could make in queuingthe theat

factory and the process of loading in the fields i nand

certain cases distance from the factory. To investigate the

true utilization potential of the transport tractors it would

be necessary to test a queuing model to determine the tractor

arrival rates, service rates at all the calling stations and

reception andto complete the cane

including accompanyingunloading exercise all the

exerciseformalities. similar would beA tonecessary

determine the rates and duration of loading at fields within

given radii from the factory.

therefore that within the cited 1 imitations, theIt seems

tractors are fully utilized . The graph in fig 4.1 show the

trend of tractor utilization with age. The trend confirms the

on annual use.foregoing observations

the duration it takes

a day because of
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Fig. 4.1 Trend of tractor utilization in Chemelil 
sugar belt.
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4.2 Management and Operation

Information.4.2.1

Chemeli1 KimwaniSugar Company and ADC complex farm had
similar procedures for the process of data and information
collection. This was manifested in the form of daily, weekly,
monthly and annual performance reports, breakdown reports,
supervisors reports. meant to

trace the performance of individual tractors and the entire

fleet, but it was noted the process of information collection

and record keeping was not always complete. This was observed

in partially completed documents of first entry and even in

it was observed that

individual fuelfairly accurate records tractor andon

repair and maintenance costs were kept.lubricants costs,

likeownership depreciation,Information coststheon

a major running cost1icense, and likeinterest charges,

conspicuously missing from the costoperator wages were

sheets. Whereas monthly cost summaries are important, annual
cost summaries should be more handy for any quick decision
process.

Ideally these reports were

monthly cost summaries. In all cases
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Usefulness of the Information.4.2.2

major problem noted the ofOne scatteredness thewas
information. information about depreciationThe charges,

i n other
sections not be readily accessedand could they wereas
disorderly lumped in groups making it difficult to trace the

costs’ components for individual tractors. Information about

tractor purchase prices could only be found in pieces and

be traced back the salesreliable haddata totomore
agencies. Insurance premiums returns records were scanty and
more information had to be sought from the insuring agencies

majoris annual for thei nsurancealthough expensea
enterpri ses.

Partially or incomplete records have no value, a wasteare
time and funds and cannot aid in decision making process. The

information i ninformation consumer sections should store
1 arge establi shmentform.readily consumable In a co­

ordination of information flow is a prerequisite requirement

business.to understanding the

The problem of paucity of data or information gaps requi re

unnecessary effort and expenses to bridge, before a useful

decision could be made. This could lead to the wrong decision

being made or the right decision being delayed du.e to the

operator wages,insurance premiums were scattered
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problem scatterdnessof information.of smalTerIn

establishments this problem may tolerable but notseem

without cost.

The proximity and informality between sections make this

problem seem tolerable in the sense that the whole process of

data acquisition could be re-initiated or restarted over and

even for data which already exist but was notover again,
readily accessible to the decision maker due the problems

more cheaply than in a larger establishment.c i ted,

from disregard basicsthe thetoThe problem stems or
discipline of tractor record-keeping and lack of standardized
format for documents of primary entries. This emphasizes the

of the need for clear,increasedneed for awareness
comprehensible and complete records and reports. A standard

format is necessary if useful and comparable information is

to be deduced from the reports. The format of these reports

should be simple and not overloaded with information since

the operators who have the double responsibility of making

first entries, usually have limited levels of literacy. It is

part of management duty to train operators and (supervisory

staff where applicable) in the exercise, so that documents of

first entry report factually. The weekly, monthly, quarterly
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and all
entries.

Strict book-keeping and stores procedures must be adopted in
cases where the farm has got facilities for bulk purchase of

This can facilitate costing of
all consummables issued against an individual tractor. All
items accepted or requisitioned by the farm’s stores must

have unit prices chargeable with overhead storage charges.

These are derived either from the price quotations, pro-forma

notes(if contains price)iti nvoi ces, delivery the or
ordinary invoices and then modified by a factor to cover

operatingfarmers fewcharges. Foroverhead storage
bulk storage may not be justified and naturallytractors,

they have to make purchases for fuel, lubricants and spares
as and when need arises.

receipts for all purchases should be filedIn such cases,
after details have been entered in appropriate documents of

This includes any repair work done by servicefirst entry.
Delivery notes from suppliers should always beworkshops.

accompanied with price quotations for the items ordered and
When goods whose unit prices are not knowndelivered. are

the entire process of record keepingaccepted into stores,
the consumption of suchbreaks down beas

spares, fuel and lubricants.

the other summaries can only reflect the primary

i terns can not
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easily charged or costed against any particular tractor. This

problem is compounded by late invoicing and sometimes for
very large enterprises; by double invoicing which can be due
to fraud or negligence.

Machinery strike with thei rshould rapportmanagers a
suppliers to exercise the discipline of quoting their prices
as and when they deliver the goods requisitioned, as that is
the only way the costs of the items consumed by each tractor
can be traced.

Tractor Costs Management4.2.3

theproblem noted here ofThe major costuse
information theconcealedThis ofcentres. on expenses

individual costs were not
In

abuse .

cost centres operating charges were lumped up for groups or 
categories of machinery and it was not possible to trace the 
performance of a given tractor or machinery. Whereas it could

plants and only tractors whose 
charged to cost centres could be covered in this study.

be argued that this cut costs for management of a large fleet 
of tractors, it conceals too much information and is prone to

was with
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Tractor Selection4.2.4

It was observed that selection of tractors for tillage and

transport was guided by prevailing restrictions. For example

Sugar company most plots or farms required a
(O.Misungu,minimum ploughing depth personalof 40 cm

1991) especially in areas with black cottoncommunication,

thisagronomic justification forclays. theAlthough
imp!icationestablished, the therequirement was not on

obvious. Besi desquiteti1lagefordemand wasenergy
ratoon destruction and sub-soilingactivities like ripping,

in themselves required pushing the baseline for energy demand

up.

Another factor which was observed to affect the selection of
tillage tractors was the existing implements. Because of good
repair and maintenance facilities the existing implements had
lived beyond their originally estimated life and were still
in good working condition. Whatever the factors were for

were no longer material and thetheir selection initially,
fact observed was that the major implements were not due for
replacement in the immediate future and had for that reason

selectionbecome for tractor thei ranother base due to
individual and specific energy demands.

in Chemelil



-72-

T ransport selected basedtractors thewere on cane

weighbridge restriction at the sugar factory. The weighbridge

could only accept maximum loaded trailer weight of 10a

metric tonnes(Anon, personal communication, 1991). It was not

established whether 10 tonnes was the safety limit for the

weighbridge, restriction i t was benoted tobut anas a
i mportant 1imi ti ng selection forfactor both transport

Selection of tractors i n thetractors and their trailers.

similar factors, butbasedother farmstwo asonwere

specificmodified by prevalentinobserved 4.1 were

conditions existing on the farms.

Empirical Relations4.3

A number of empirical relations were derived relating various

depreciation age, actualits andtractor costs to age
These included the relation between tractoroperation age.

resale value to its depreciation age, cumulative repair and
a factor initial purchase price andmaintenance costs as

tractor age, cumulative depreciation against tractor age and

the annual operation cost against tractor age.
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4.3.1 Tractor Resale Value against its Depreciation Age.

The results of the model discussed in section 3.4.1 showed
there was a high correlation between the natural logarithm of
the ratio of tractor resale value to its current purchase

depreciation and the ofprice with its age square
restricted model alldepreciation age. The the

qualitative factors were assumed to have zero influence on
prediction equation 3.2 withresponse yielded thethe a

correlation of 0.838. This equation compares very well with
the equation Witney (1988) found. The results of the multiple

in equation 3.1 inregression of the full model
Table 4.3 below.

is shown

in which
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Si gni ficanceProbabi1ityVariable Standard
at 0.05error

0.000.0061-0.125 s
.000126 0.0000.0078 s
.0078 0.9210.0077 ns

0.014.06840.1696 s
0.425.07820.0625 ns
0.595.0837-0.0447 ns
0.592.0840.0451 ns
0.613.09650.049 ns
0.000.038-0.142 s
0.000.0541-0.231 s
0.003.0723-0.222 s
0.034.0664-0.142 s

ns = not significant.s= significant0.832

Table 4.3 : Extract of results of MSTATC multiple 
regression of Tractor Resale value prediction 
model

Regression 
coefficient

R2

n
n2

D3
D4
D5
D6
D8
D9
D11
D12
D14
D15
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From the table , it was observed that, type of operation had

no significant Ofvalue. the
consideredmakes significanttractor only hadSame a

i nf1uence itresale values and noted boththaton was
ownership and power range significantly affected the resale

values.

These results are confirmed by the ANOVA generated by partial

F-test criterion used by Draper and Smith (1966) and Steel

(1986) showing the contribution of eachand Torrie group
variable. The results are shown in Table 4.4 below.

From the ANOVA table it was confirmed that all the postulated
group qualitative variables except type of operation affected
the tractor resale values.

A test for the joint effect of the factors that significantly
influenced the resale values namely the joint effect of make,
ownership and power range
equations subject to given restrictions
For example the resale value of a five year old Same tractor
in all the three farms, and three power ranges are tabulated
in Table 4.5

influence on tractor resale

yielded a series of prediction
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ProbMean Sum ofSum of FSource of df
SquaresVariation Squares

0.0002907.3513Main effects 14.7025562
0.0006.20.15840.633489due to Make 4
0.00010.50.534035 0.267ownershi p 2

0.1228 4.80.2456762power range
0.820.004 0.20.007472operation 2

0.025363.242662128error
19.36985Total 140

0.832

Table 4.4 : ANOVA showing effect of group qualitative 
variables on tractor resale values.

0.000 
ns

R2
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Prediction equation Owner Power range

0.8151 .
0.8002.
0.8133.
0.7934
0.7825
0.7926.
0.7847.
0.7768.
0.7969.

Table 4.5 : Tractor resale value prediction equation for 
five year old Same tractors in Chemelil sugar 
belt

R2

D13
D!3

D13
D11
Dll
D11
D12

DI2
D12

D16
Df5
D14
D16
D15
DI4
D16
D15
D14

0.361Cpp
0.537Cpp
0.540Cpp

0 ■ 544Cpp
0.466Cpp
0.446Cpp

0.505Cpp

0 ■ 454Cpp
0.326Cpp

Rv5 =
Rv5 =
Rv5 =
Rv5 =
Rv5 =
Rv5 =
Rv5 =
Rv5 =
Rv5 =
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it emerged that the resale value of a fiveFrom the table

in powerold Same tractor range threeyear are 9

It was noted that the Chemelil tractors
fetched more money in terms of resale value than the other

both power range I and II category Kimwanitwo farms. In
tractors attracted a higher resale value than either Chemelil
or Nyaroche.

Similar equations could be written for other tractor makes

provided it is indicated in the regression of the full model

resale valuesmake contributed affected thethethat or

equation derivedgeneralotherwi se thesignificantly;

assuming no qualitative influence applies.

Cumulative Repair and Maintenance Costs against4.3.2
Tractor Age.

correlation betweenbetter tractormodel showedThe
maintenancerepai r and expressedcumulative costs as a

percentage of initial purchase price with actual tractor age
than with either depreciation or operation Theage age.
examination for residuals in the model indicated that the
assumptions of normalcy of error distribution, constancy of
error variance and zero means had not been violated. These

4.6 below.results are shown in Table

0.544Cpp

0.361Cpp

and 0.505Cpp.
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Equation R s

0.841 0.3471 .
0.797 0.3862.
0.827 0.3603.
0.797 0.3864.

= operation age s = standard error= actual age,

Table 4.6 : Prediction equation for cumulative repair and 
maintenance costs

no

Rmpp ~
R «PP
Rnpp =
Rmpp =

na

4.11n.1,58 
fl 

3.2n0L56 
3.3nL615
1 52.34(Tac/L)1,555 

QU
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The correlation between the common logarithm of repair and
maintenance cost as percent of initial purchase price was

0.827 and 0.797 with the common logarithm of0.841 , 0.797,

depreciation age, operation age and utilizationactual age,
ratio respectively.

The equations deduced from the results agree in character and
form with those reported by Bowers and Hunt (1970); Peterson

(1985) and Morris (1988). Comparative estimates of repair and
maintenance costs basing on the work of other reseachers are
shown in table 4.7 to illustrate close agreement for repair

6000h and 9600h of cumulative use with thecosts at 3600h,
differencesTheresearchers.findings otherof are

attributable to effects of ownership, type of operation and

possibly other qualitative factors.

Using the equations in table 4.6; the cumulative repair and

maintenance costs of a five year old tractor in terms of its

operation age andpurchase price using actual age,initial
depreciation and 0.444P,wereage

lower values of repair and maintenance costs and
considered any further in the analysis.

0.53Pp, 0.394Pp ....
respectively. Either depreciation age or operation age gave

were not

and Milligan ( 1976); Hassan and Larson (1978); Ward et. a 7
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The variation between tractor repair and maintenance cost

4.2.

repair and maintenance costs start escalating rapidly and

replacement of the tractor should be considered.

on repair andFig. 4.3 indicate the effect of tractor make,
it thatthe graph Fordmai ntenance Fromcosts. appears

than the other

this make ofpurchase prices tractorsforinitial were
comparatively low. This is true for all Ford tractors bought

inherentotherWhile this may be thebefore 1980. case,
wi thoutruled furtherbe outdesi gn notfactors can

i nvesti gation.

with tractor utilization ratio (T../L) is shown in fig. Qu

This graph indicates that after about six years of use the

tractors generally have excessively high RBpp 
makes. This could be explained in part by the fact that the
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Fig. 4.2 Variation of repair and maintenance 
costs with tractor utilization ratio
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Equation source
3600h 6000h 96000hat

17.55 39.73 84.3Bowers and Hunt 1970
Peterson and Milligan 1976 14.85 30.36 58.63R,

6.20 21.26Hassan and larson 1978 66
69.63Ward et. al 1985 26.45 169.67

15.55 43.21987 110.6R. ASAE
17.89 38.06 76.22: (0.0996-C. 1988

Ogweno (this study) 51.8523.43 107.7

Ogweno (this study) 23.32 52.26 110R.

* assuaes an average annual use of 1200 hours

. 1.4775 
at

!npp :

Rnpp

R«PP

Rnpp

Rapp

Rnpp

cumulative repair and maintenance cost as percent Pp

l,„ =

-- O.O76(r.Jl2O)1,6 
Qv

l,M = 0.1!7(T>t/l!t|U

= 152.34(t.,/L) 1,555

1.58 , 
u

- 0.0017K 1OOT../L)2,41
a b

- 0.042(-c_r/12D)1-895
at

Table 4.7: Comparative repair costs estimates.

)10‘3 Norris
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Fig. 4.3 : Repair and maintenance costs for
different makes of tractors in 
Chemelil sugar belt.
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From the regression of the full model in equation 3.9 each

group factor had a significant contribution to the response
variable. The of MSTATC multipleextract results of an

regression printout is shown on table 4.8 below.

The contribution of each group was demonstrated by the fact

that each had a representative with a significant level of

This was further confirmed by the partial F-contri bution.

test criterion to find the level of contribution of each

qualitative group of variable in as far as they influenced
the response surface.

summarised in thethese ANOVAThe results of test are
generated and shown in Table 4.9.

The effect of type of operation on cumulative tractor repair

and maintenance costs was clearly demonstrated by the graphs

shown in figure 4.4. It is seen that the cane loaders had the

planningforwardandthe fiscal budgets of recurrent
estimates for repair and maintenance component.

highest Rrpp, followed by tillage tractors. Transport tractors 

had the lowest bill. This relation can readily find use in
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Fig. 4.4: oneffect of type of tractor oper 
repair and maintenance costs.
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repair and maintenance costs.

Probabi1ityVariable Standard
error

0.106 0.0000.284
0.129 0.058-0.246
0.110 0.029-0.244
0.0587 0.010.154
0.115 0.0390.241
0.0646 0.0001.6237

All variables which did not contribute at 0.1
level of significance were omitted.

= common log of actual age of tractorN’

Table 4.8: Extract of results of MSTATC printout showing 
the effect of individual variables cumulative

Regression 
coefficient

D3
D6
D8
D11

D14
N

R2 = 0.867
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Table 4.9: ANOVA showing the effect qualitative factors

on tractor cumulative repair and maintenance

costs

Source of df Sum of Mean Sum of F Prob
Vari ation Squares Squares

Main effect 45.94237 45.94237 7831 0.000
due to Make 0.4973291.989316 8.54 0.000
Operation 0.493243 0.246615 4.202 0.000
Ownership 0.36032150.720463 6.14 0.0002
Power range 0.263586 0.131793 2.25 0.1002

0.058655Error 7.566449129
Total 56.975427140

0.87R2
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The joint effect of make, type of operation, ownership and
si gnificantfound be for Fordto andpower range was

International tractors only. The results are illustrated in

by prediction equations for Ford tractorstable 4.10 below

under different ownership, and for transportrangepower
operations.

repai rthe equations the cumulative and maintenanceFrom
costs for a five year Ford tractor used in cane transport was

at Chemelil, Nyarochefound to be 1.15Pn,

it was observed that the Ford tractors usedFrom the results

Chemeli1 company had undulytransport infor sugarcane
higher cumulative repair and maintenance costs than either
those at Kimwani or Nyaroche. The five year cumulative repair
and maintenance costs for a Ford tractor used at Chemelil was
over 60 percent higher than of its neighbours The explanation

attributeddifference bebig otherfor tosuch maya
qualitative factors not accounted for by the model.

and 0.69Pp0.703PpP 
and Kimwani respectively.
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Table 4.10: Joint effect of make, ownership, type of

operation and power range on the cumulative

repair and maintenance costs of Ford tractors

Equation type ofpowerowner

operationrange

0.8361 . 7.887n

0.8242. 4.822n

0.8283. 4.97ni 1.6343 D9

D9

D9

D14D12

R2

D13

D1f DI4

D1<

Rnpp “

R"PP =

D —
«>PP ~
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Cumulative Depreciation against Tractor Age.4.3.3

With assumption of no qualitative influencethe theon

response the model yielded the following prediction equations

with actual tractor age, depreciation age and operation age

within characterequations form and thatThese agree

by Hunt (1983).expressed

...(4.1)

...(4.2)

...(4.3)

Cumulative depreciation factor (cdf) was defined as the ratio
of cumulative depreciation to initial purchase price of the

cumulativeequations the depreciationthetractor. From

factor for a five year old tractor was 0.53, 0.5 and 0.472

when actual age, depreciation age and operation age were used

respectively. A trend graph is shown in fig 4.5 showing the

cumulative depreciation factors as predicted by the three

over the life of the tractor.equations

D.r
QU

Dac

(0.142 + .O87n0 - O.OO42n02)PpDac

- 0.00878n 2)Pn 
a p(0.0765 + 0.1345na

(0.0762 + 0.12n - O.OO7n2)Pp
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comparison withA the conventional depreciation models
indicated that it was not possible to assign terminala
salvage value for a tractor where inflationary effects were
in play, but it was clearly indicated that somewhere between

itsthe sixth and the seventh year the tractor attracted
extensionpossible salvage and by thelowest value of

its value. The model remotelyprevious resaleargument

approximates the double declining model in the first few
years of working life but they soon part ways, when inflation

about four years from whence theeffects take over after
tractor tends to appreciate.

could therefore be said to approximate the realThe model
life situation, when tractor remaining values or fair market

reportingis undertakenevaluation or
year.
model and other depreciation models are shown in Fig 4.6.

The remaining or resale values calculated using the
in each accounting
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Fig. 4.5 trend of cumulative depreciation as a 
ratio of purchase price against tractor 
age.
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Fig. 4.6: Comparing remaining values calculated 
using study model with those using 
conventional models
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the inflationary effectsIn absence of appreciativeand
characteri sti cs, cumulative depreciationthe curve is

off at a level coinciding with salvageexpected to level
value where no more depreciation would be charged; but as was
observed the curves reached their peak at a cdf of 0.6 and

highThisdescend. suggested thatstarted ofto rates
inflation possibly coupled with holding gains popularon

value of themodels caused the tractors totractor
appreciate. It is observed that between seven to eight years
of ownership there is a point of inflexion where depreciation
is literally zero and beyond this point is pure appreciation.

be explainedthis appreciation could notfarHow
it is not possible to assign a terminaleasily. In effect,

salvage value to the tractor as long as it is in good running
order.

indicated that onlyThe MSTATC printout for the full model
Same tractors affected cumulative depreciation to purchase
price ratio significantly. Type of tractor operation had no
significant effect. The results were shown
Insignificant variables were omitted.

in Table 4.11.

go can
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: Extract of MSTATC printout showing variablesTable 4.11

which significantly affected cumulative

depreciation

Probabi1i tyVariable Regression Standard error

coefficient

0.0045 0.0000.055

0.00125 0.0000.008065

0.106 0.0530.21

0.0418 0.002-0.137

0.0516 0.008-0.141

0.0513 0.002-0.172

0.763

D4

Dl4

R2

D15

D11

na
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From the foregoing it was necessary to test for joint effect
of factors for Same tractors only. The results for the test
for joint effect of factors are equations summarised in table

below. The rest of4.12 the makes that did featurenot
to obey the general prediction

equation.

power

The family of curves figures 4.6a,

18.,
13

The effect of non- contributing factors were not included in 
the equations.

b and c lent more clarity 
to the quantitative differences derived from the equations.

the response surface, 
fairly obvious that there are 
varying from effect of ownership, 
operation whether affecting singly or jointly.

In the equations Chemelil was represented by the dummy 

variable D|p Nyaroche by DJ2 and Kimwani by D13. In the legends 
Figs 4.6a, b and c, cdfC1 .. cdfC6 are cdf curves for tractors 
in Chemelil for equations in the table
from 13 to 18., cdfK1..cdfK6 represents Kimwani equations 
from 7 to 13 in the table, and cdfN1..cdfN6 represents 
Nyaroche in the same order.

From the table of joint effect equations the extent of 
influence of the qualitative factors was further investigated 
to find the quantitative implications of the joint effect of 
factors on the response surface. From the equations it is 

quantitative differences 
range and type of

significantly are assumed
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Joint effect Equations Factors R-Square

power

P

P
9.

P
Pac

7.
8.

5.
6.

3.
4.

1.
2.

Table 4.12 : Joint effect of factors affecting cumulative 
depreciation of Same tractors

0.751
0.772
0.696
0.719
0.689
0.702
0.693
0.681
0.726
0.714
0.692
0.727
0.704
0.727

0.724
0.754
0.758
0.739

DJ 

Di 
Dg*

D8

D9 
Dj 
D9

D8* 
D8 
Dg* 
Dj* 
Dj* 

°8* 
D8 

°8

°14 
°15 
D18 
D14* 
D15 
DI6 
D18 

°15 
D14 
DfS 
D15* 
dh 
°15 
D1S 

°14 
D1S* 
D14* 
D18

D12
DI2
D12
D12
D12
DI2
D13
D13
D13
D13*
D13
D13
DI1
D11
Df1
D11
D11
Df1

wac
13. Dac .

14- Dac "
15. Dac .
16. Dac •- 

17’ Dac = 
18. D.

Ad
- P

Dac ■- -

Dac “ ' - - -

°ac •-

Dac " -------

Dac =-
Dac " -------
D.r = (0.20

QU

Dac " -
Dac “ •

= (0.0156 + 0.12n - O.OO66n2)Pp
= (-0.013 + 0.12n - O.OO65n2)Pp
= (0.174 + 0.126n - O.OO7n2)Pp
= (0.084 + 0.12n - 0.0065n2)Pp
= (0.06 + 0.12n - 0.0064nJ)Pp
= (0.17 + 0.125n - 0.0068n2)Pj

+ 0.121n - O.OO68n2)P(
= (0.053 + 0.118n - O.OO64n2)Pf
= (0.137 + 0.115n - 0.0064n2)P|

10. D.. = (0.24 + 0.121n 
Av

= (0.153 + 0.12n - 0.0062nz)P(
12. D,,.** = (0.096 + 0.12n - 0.0063n2)P, 

= (0.083 + 0.123n - 0.00670*)^ 
= (0.27 + 0.128n - O.OO73n2)PD 
= (0.11 + 0.12n - 0.0068n2)P( 
= (0.093 + 0.123n - 0.0067n2)P|

(0.164 + 0.12n - 0.0067n2)Pp
= (0.254 + 0.127n - O.OO7n2)P.

* = factor not significant ** = Same as a factor not significant 
op = operation

Z'Dp

owner op

^>D 

’ P

11- Dac

>2
.2

- 0.0065n2)Pp 
2^d 
'2P---------Ad
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Fig. 4.7a: Joint effect of factors affecting 
cumulative depreciation of Same 
tractors at Chemelil Sugar Company.
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Fig.4.7b: Joint effect of factors affecting 
cumulative depreciation of Same 
tractors at Kimwani farm
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Fig. 4.7c: Joint effect of factors affecting 
cumulative depreciation of Same 
tractors at Nyaroche farm
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Operating Cost per Hour against Tractor Age.4.3.4

The operating cost per hour correlated positively with

r = 0.267, 0.244 and 0.265 with actual age, depreciation age

and operation age respectively. Bukhari et al (1988) also

reported a similarly low level of correlation between annual

in Pakistan.hours and operation cost per hour The
level of correlation found was thought to be too low to offer

interpretation of the model. Althoughmeaningfulany

operation cost per hour increases with tractor age; age alone
could not sufficiently account for the increase. This could
have been due to disproportionately high, relatively inert
components like repair and maintenance and the 'fixed costs’.
They were considered inert in this respect because they were

In this study, the inert componentsnot influenced by use.
were about 54.6 X of total operating cost per hour.

4.3.5 Ratio of Tractor Resale Value to Annual Operating
Cost against Tractor Age.

The natural logarithm of the ratio of tractor resale value to
negatively correlatedits operating costannual towas

depreciation age, operation age and actual tractor age with

0.765 respectively.and0.767= 0.786, The 'followingr

use i n
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equations were derived from the results of testing the model
in equation 3.12 :
with actual tractor age.

AC, ...(4.4)

. . .(4.5)

0.533Rvnexp(0.157n) ....(4.6)vn

fiveoperating forThe tractorcost yeara was

1.954 and 2.19 times the resale valueestimated to be 1.285,

using actualof the tractor in the fifth year of use, age,

operation age and depreciation age respectively.

The equations were re-written in terms of current purchase

prices of the tractors thus:

. . . .(4.7)

= 0.557Cppexp(-O.O32n0 + O.OO498n02) . . . .(4.8)

and

...(4.9)

+ 0.00754n2) 
fl

ACop

= 0.537Cppexp(-0.02na

ACop

ACop

and with depreciation age:

= 0.557Rynexp(0.134nfl)

= 0.533Cppexp(-0.047n + O.OO753n2)

ACop

:op = 0.537Rvnexp(0.1745na) 

with operation age:

ACoP = 

annual
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The tractor resale values assumes inherent inflation effects

and there would be no need to account for future inflation

when predicting a future operation cost. These equations can

therefore be applied directly to determine operation cost of

a given tractor in a given year.

inappliedThe equations replacementcould be tractor

calculations.equivalent annualanalysis using Thecost

graphs in fig 4.6 show the trend of annual operation cost

over the working life of a tractor. It must be noted that the

operation cost predicted by these equation assume an annual

but as have seen before the itemsuse of about 1200 hours,

be modifiedand maintenance by type oflike repair can
ownership and make. So it would be necessary tooperation,

qualitative influences. Thisthoseformake allowances
observation does not deride the importance of the equation
for estimating future tractor costs, since the equation was
derived from the regression of the explanatory variables.

instructive to observe that the equations doIt alsois

specificity1 imitation ofsuffer and hencethe area

restricted applicability . A more general equation could be
more representative data.arrived with
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Fig. 4.8: Estimation of future tractor operation 
costs
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4.4 The Impact of the Findings

Tractor units are indispensable farm power input in medium or

large scale agricultural production system. The ofcost

purchasing and running un i tsthese have been gal loping

rapidly as the recent trends show. This makes them the single
Thei rthe farms. efficientexpensivemost

limiting requirement for optimization ofmanagement
agricultural production costs.

4.4.1 Tractor Operation and Management Data.

It is obvious that any management system must have a resource
of data for it to make and effect decisions for the good of
the business. Record keeping as it is done now was observed
to be a useless formality.
Increasing awareness on the importance of record keeping by

both forseminars and managementofway

andclerks tractor andoperatorspersonnel, entry

standardizing record keeping documents could improve the

management of tractors.

format for keepingThe study revealed

tractor or agricultural machinery operation records existed

is a
i nvestment on

short courses

that no standard
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This was reflected by the various records studied in the

in all sorts of forms:they were exercise books,survey;

files, ledgers, loose sheets and all differing in character

wi 11Sinceand the and the and thecontent. means
superstructure already exists all that is required is an

internal reorganization subject to increased awareness on the
importance of the record keeping exercise. decisionFor
purposes the annual summaries are more readily useable but it

be stressed they can only be obtained from primarymust

documents.

tractor reliability isIndividual

in futureassist the tractorandparameter ownerscan

A simple way of indicating tractordecisions.i nvestment

mechanicalfrequency ofby observing thereliability is

breakdown and the magnitude of annual breakdown hours. It was

noted that this information could not be found anywhere for

all the tractors covered in the study. It is recommended that

any standard tractor record keeping should include this item.

due course of time inherent designrevealinThis would
make model whichin tractorthedefects or maycommon

interfere with its operation and utilization.

an important investment
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Applicability of Empirical Findings.4.4.2

(a) The empirical findings agree fairly closely with other

workers in the field of study. The prediction equation for

tractor resale values agree with a similar equation reported

by Witney (1988) and also by Schoney and Rinholm (1989). The

values obtained by using it for estimating tractor resale

resale values provided i nherentvalues typical theare

assumptions are not violated.

quitequalitative factors clearlyThe effect of are
isequations. that theItdemonstrated theby seen

ownership and powerqualitative factors like make, range

manifests themselves quantitatively on tractor resale values.
If for example good ownership is translated to mean good

good operator training,timely maintenance,tractor care,
good operator working relations and conditions then one can
expect better resale values.

The fact that the effect of interaction between variables
i nd i cate inferi nvest i gated does not thei rnot orwere

absence,
study. It is however, thought that the effects of interaction
could be quite significant.

but was simply a limitation in the scope of the
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5 CONCLUSIONS AND RECOMMENDATIONS.

It is obvious that tractors will remain a permanent feature

in the process of cane production in the Chemelil sugar belt.

inThe whetherof the tractorsmanagement transport

assignment tillage could be improved by maintainingor

better records. The analysis completely ignored the tractor

performance costs because of lack of data. This should not be

to belittle the significance of performance costs asseen
fol lowingoperating Themachine costs.ofpart

recommendations are presented:

include cumulative tractor(a) Annual

breakdown hoursdowntime hours and enabletohours,
uti1i zation andof tractorassessmentperiodical

reliabi1ity.

motivation and increasedThere is need for training,(b)
awareness of the need to keep complete records.

It is not possible to assess the potential of tractor(c)

unti 1belt, all the operationalinuti1i zation the

constraints have been identified, modelled and studied.

use records should
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(d) The of equation 3.2 for general prediction ofuse

tractor resale values is recommended since it is lent

its close agreement to one obtainedcredence by by

Witney (1988) As observed tractor resale values were not

affected by type of operation, but where appropriate

ownership, make of tractor and its power range or size.

The magnitude of the adjustments would normally reflect

’as is’ basis. It is observedon the prices quoted for
that the reliability of tractor resale value data may

be influenced by factors other than thosesometimes
considered in the model.

The financial implication due to different management(e)
strategies (due to difference in ownership) has been
indicated although it is not possible from the empirical
relations to prescribe definite solutions. It can be
seen that under different management regimes, the repair

Identical makes of tractors could be quitebills of
not necessarily due to the randomness ofdifferent

repair jobs but due to implicit management factors.

adjustments must be made for effects of good or bad
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(f) The evaluation of tractor remaining values using the

discussedmodel defies the assumptions of the
conventional models; but reflects the actual trend of

depreciation or appreciation of agricultural tractors.

(g) The applicability of the derived empirical relations
within the is recommended. Thebelt resaletractor
values or remaining values, repair and maintenance costs

and future operation costs can be estimated using the

related equations found. In all the three cases there is

need for further investigation using a broader data base

to permit application outside the belt.

Future research should also be directed at determining(h)

tractor performance indices for various assignments to

of performancepermit estimation costs ofpartas
importantalsowould beoperating It tocost.

investigate the extent of the influence of effects of
interaction between the participating variables in the
models discussed.
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APPENDIX B

Table A4.1 Summary of tractors covered in the study
OwnerHP

Chemelil Nyaroche Kimwani
number of units owned
16Ford
7 4

474 2023Sub-total

17
1381tillage1 195Panther

5011138Sub-total
1

5

181015Sub-total

77Sub-total
1CAT

817Sub-total
22272 tillage180 2D60FKomatsu

2 1313290Bel 1 Loader
16131 816120Cameco SP3000
5951JC8 excavator 90

34 1411889Grand-total
Source: Tractor inventory records (1975-91) for Chemelil Sugar company, Nyaroche Farm and Lzr—Ann--- —

13 1 2

4 3 4 3

Kimwani ADC complex Farm.
* = operation grouped under tillage for analysis purpose.
** = operation grouped under 'others’ in the analysis

Same Mercury Drago Saturno Synchro Laser Laser Panther

T ractor Make/Model

50005600660066107610

15090180150

73 68 95 70 61 95 130

80130

85 120 80 80 100 13090

6567687090

7 11 112

721

1 4132

2 1 3 2 1 1

Total number of units

791211217

16115132

23 12

12 6 32 1 1

Type of operation

tillage tillage

transport transport transport transport tillage

1060 1003 1081 1329 12561240 2194

888985998 1566

1405945823 1385 1800 1330921

116512091057 1286 1002

808661

graderD5D6D7

Average annual use (hours)

transport tillage tillage transport tillage tillage tillage

Massey Fergusson 194 4WD 290 298 4WD 390 375 399 2645

tillage* tillage tillage tillage

ti1lage transport tillage transport transport tillage tillage

cane loading** 
tillage*

cane loading**

Inter 844Case Inter
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Table Cl: Bank lending rites 1975 - 91

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990Year 1991

17X 18*8.5 8.5 9.0 9.5 9.5 10 1514 16 14 14 15 15.514 14
Source : Various Kenya Statistical Abstracts [1975-89) t = own estimates data not available.

Table 02: Road licence charges for agricultural tractors (KShs) 1973-91

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Source: Ministry of Transport and Connunication; various circulars (1975 -88)

Note: 20 KShs is equivalent to one Kenya pound (KE)

Table 03: Estiiated tractor shelter charges in KShs (1175-91)

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Total (KShs) 157 159 159 159 303 303 309150 163 321 321 321 520 520 532 552 1092
Source: own estimatesIncone foregone was calculated basing on cane yield data for the belt. Mean yield was taken as 180t/ha

Interest on fencing 71 Recurrent costs Incone foregone

conponents of shelter charge

Type of tractor

Lending rate X

APPENDIX C 
COST DATA

6118
716121

7161

40404040

100100100100200

200 200200 200200 200100 100200 200

7120230
7120236

7120248
7138564

7138564
7138576

7120248

4040 404040

40404040200 200

71 71 71385 385 38596 106 106
71 7161 20227 30

Motor Graders 40 40CrawlersLoadersWheeledTrailers

4040 40 4040 40 40200 200 200

500 1000 1000 1500 1500 1500 1500500 1000 1000 1500 1500 1500 1500500 500 1900 1000 1000 1500 1500 1500200 200 500 500 500 500 500 500

71 7161 6125 27 27

200 500200 200 500200 200 200 500 500 500 500 500200 1500 1500 2000 2000 2000 2000 2000 2000

40 4040 4040 4040 40200 200
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current 
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ratio versus 
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RBp- against 
actual tractor 
age
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Table E1:

Case

°9NO n

1. 1
2. I
3. 1
4. 1
5. 1
6. 1
7. 1

APPENDIX E
CONSTRUCTION OF DATA MATRIX.

Data matrix for tractor resale value to current purchase price ratio

4.62
3.70
6.20
2.31
6.43
5.53
9.95
3.13

I 
1 
0 
0 
0 
0 
0 
0 
0 
0 
I 
I 
1 
1 
1 
0 
0 
0 
I 
1 
1 
I 
0 
0 
0 
I 
1 
1 
I 
I 
1 
I 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
1 
I 
1

0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
I 
1 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

1 
I 
1 
I 
1 
0 
1 
0 
0 
0 
1 
1 
I 
1 
1 
1 
0 
0 
I 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
I 
0 
0 
0 
0 
0 
0 
1 
I 
0 
I 
1 
I 
I 
I 
1

2.50 
7.74 
4.10 
0.80 
1.43
2.15 
2.08 
8.34 
4.75 
9.71
6.47

8.39
1.35
3.61 
6.07 
0.08 
0.01
7.49

55.28
3.76
4.59
7.20
7.28
1.61 
0.08 

26.98
6.14
5.28 
0.31

24.41
14.12 
14.57 
15.75
0.15 
7.03 

13.22
2.00 
0.01 

14.34 
30.28
0.14
1.68
1.44
7.26 
2.03 
0.28

24.48
3.48

38.68
6.26
7.52 
0.82 

17.64
0.50 
8.13 
8.56 

11.13
0.07 

22.14
2.16

9. 1
10. I
11. 1
12. 1
13. 1
14. 1

n’»4 8
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0

2.52 
2.70 
4.44 
9.94 
1.24 
1.83 
1.03 
4.62 
7.65 
1.36 
6.42 
4.89 
1.21

29. I 10.50
30. 1
31. 1
32. 1
33. 1
34. I
35. 1
36. 1
37. 1
38. 1 11.22
39. I
40. 1
41. I
42. 1
43. 1
44. 1
45. 1
46. 1
47. 1
48. 1
49. I

2.10 
1.16 
3.10 
7.46 
5.28 
4.92 
2.26 

8. 1 12.43 
3.06 
7.14 
7.68 
2.30 
3.73 
4.71

15. I 10.38
16. 1
17. 1
18. 1
19. 1
20. 1
21. 1
22. 1
23. 1
24. 1
25. 1
26. 1
27. 1
28. 1

0 
0 
1 
I 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 ■ 
0 
1 
1 
I 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

214 
1 
1 
I 
1 
1 
0 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
I 
0 
0 
I 
I 
1 
I 
1 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
I

^10 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

LN(RVB/Cpp)

-0.433
-0.969
-0.609
-0.770
-0.673
-0.648
-0.467
-0.944
-0.342
-0.978
-1.280
-0.440
-0.717
-0.625
-1.191
-0.219
-0.478
-0.673
-1.238
-0.182
-0.166
-0.168
-0.681
-0.916
-0.106
-0.926
-0.656
-0.174
-1.174
-0.823
-0.660
-0.986
-0.582
-1.241
-1.332
-1.079
-0.247
-1.273
-0.260
-1.259
-0.660
-0.100
-0.694
-0.470
-0.475
-1.136
-1.100
-1.280
•1.171

°3D0 hi 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
fl­
fl 
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I 
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1 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
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0 
0 
0 
0 
0 
fl 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

hi 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
fl 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I

°16
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1
1 
0 
0 
0 
fl 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
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D D 0°9n
Case 
No

0 
0 
0 
I 
I 
I 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 
I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0

1 
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0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

13.39 
3.11 
5.77 
7.38 
2.30 
5.30 
5.24 
3.24 
7.20 
6.16 
5.35 
7.78 
3.98 
3.81
7.32 

10.56
5.22 
5.01 
4.93 
5.49 
7.48 
2.22 
1.01 
3.50 
5.28 
6.04 
4.66 
2.69 
2.89 
5.74 
1.75
1.281 
5.17 
3.81 
5.42 
1.99 
4.15 
2.95 
4.26 
1.28 
2.66 
6.22 
9.06 
4.99 
2.79
7.97 
5.75 
8.24 
3.06 
3.36 
7.54 
4.10 
9.88

0 
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I 
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1 
1 
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1 
I 
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1 
1 
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0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1

70.39 
3.57 
0.59 
5.65 
7.29 
0.08 

34.85
3.10 
4.83 
1.34 
0.13 
7.73 
1.04 
1.42
5.38 
30.91

0.05 
0.00 
0.00 
0.24 
6.17 
7.73 

15.95
2.24 
0.08 
1.09 
0.11 
5.33 
4.45 
0.55 

10.60
4.78 
0.03 
1.41 
0.18 
9.05 
0.73 
4.22
0.55 

13.88
5.48 
1.49 

16.49
0.00 
4.88 
8.84 
0.57 

10.50
3.77 
2.70 
6.45 
0.82 

23.80

• WMpp
-1.682
-0.519
-0.887
-1.211
-0.340
-1.146
-1.191
-0.759
-1.248
-1.324
-1.146
-0.936
-0.947
-1.041
-1.041
-1.191
-0.989
-0.794
-0.981
-1.366
-1.398
-0.501
-0.174
-0.794
-1.016
-1.238
-0.921
-0.601
-0.601
-0.944
-0.281
-0.594
-0.814
-0.711
-0.719
-0.108
-0.711
-0.465
-0.666
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The colunn n2 was nodified square of depreciation age. It was nodified by subtracting a nunber close 
to the nean depreciation age (in this case five) in order to avoid the problei of exteiely high 
correlation in regession of the node!.
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APPENDIX F
EXAMINATION OF RESIDUALS
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Fig.F4: Ratio of tractor 
resale value to 
annual operating 
cost against 
tractor age 
model

Fig F1: Ratio of tractor 
resale value to 
current purchase 
price ratio vs 
depreciation age 
model

Fig. F2: Cumulative 
tractor repair 
and maintenance 
cost as percent 
of Pp against 
age model
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-ig. F3: cumulative depreciation as percent of Pp against age model
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