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ABSTRACT
The paper presents an approach for deriving repair and maintenance factors intended to indicate the
accumulated repair and maintenance costs for agricultural machines. In a two-stage approach, an annual
repair and maintenance cost function is estimated and afterwards aggregated for the machine’s estimated
service life. Based on cross-sectional data, the approach is applied for tractors, ploughs, mowers and self-
loading trailers in Switzerland, covering a wide range of agricultural mechanisation.

The results of our study show that, in line with the literature, an additional year in service increases
annual repair and maintenance costs for all machine types under consideration. Furthermore, annual
utilisation strongly influences repair and maintenance costs, a fact which, to our knowledge, has so far not
been taken account of in the literature. For all analysed machines, increasing annual utilisation leads to a
disproportionately low increase in repair and maintenance costs, revealing the existence of an economy-of-
scale effect. Assuming that the machine’s estimated service life (also called estimated useful life) is
completely exploited, the accumulated repair and maintenance costs depend strongly on the machine’s
annual utilisation. Accordingly, in order to minimise accumulated repair and maintenance costs, high
annual utilisation coupled with a short length of service life is beneficial.
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1. Introduction

Machinery is an important cost factor in agriculture.
Looking at wheat production in France, Germany and
Canada, for instance, machinery costs account for 20 to
30% of total costs (Agri Benchmark 2009, p. 83).
Accurate information on machinery costs is therefore
an essential input for farm managers.

Machinery costs consist of several sub-cost items such
as depreciation, interest rate, insurance, housing, fuel
costs, and repair and maintenance costs. All of these
sub-cost items are straightforward to calculate except
for depreciation and repair and maintenance costs. As
regards depreciation, two recent analyses compare
different functional forms (Wu and Perry 2004, Wilson
2010). Dumler et al. (2003) as well as Wilson and Tolley
(2004) apply several depreciation methods in order to
compare their accuracies with prices of second-hand
tractors from auction results, dealer or trade advertise-
ments. Based on an estimated depreciation function,
Wilson and Davis (1998) present an approach for
calculating hourly costs of depreciation and interest
charges for tractors.

By contrast, analyses of repair and maintenance costs
have been few in number over the last 15 years. As
pointed out by Stiens & Windhüffel (1990, p. 148),
repair data is the key issue in machinery costs,
representing a substantial pitfall. An important reason
for this is that repair and maintenance costs tend to

increase with machine age (Rotz 1987, p. 4). Farm-
management literature focuses on the cumulative or
accumulated repair and maintenance costs for the
machine’s estimated service life (also called estimated
useful life or wear-out life). Typically, costs are
represented as simplified factors indicating total accu-
mulated repair and maintenance costs, formulated as a
fraction of the machines’ list price. These ‘easy-to-apply’
figures are provided to farmers in many countries for a
broad variety of agricultural devices (e.g. ASAE 2003a
and 2003b, Whitehead & Archer 2010, Gazzarin &
Albisser 2010). As an example, a repair and main-
tenance factor of 0.5 for a tractor with a list price of
Swiss Francs2 (CHF) 100,000 indicates that repair and
maintenance costs of CHF 50,000 accrue during the
machine’s estimated service life, i.e. 10,000 hours for
tractors. Dividing the accumulated repair and main-
tenance costs by the estimated service life of the machine
yields the average repair and maintenance costs per
work unit (i.e. per hour for tractors).

In order to specify the repair and maintenance factor,
a regression analysis explaining the accumulated repair
and maintenance costs as a function of accumulated
work units is typically performed (e.g. Ward et al. 1985,
Morris 1988, Wendel 1989, Bruhn 2000, Khoub bakht et
al. 2008). Introducing the estimated service life as
accumulated work units in the estimated function yields
the repair and maintenance factor.
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Although widely applied, this approach suffers from
two limitations. Firstly, only one independent variable is
used, which reduces the explanatory power. As an
important reason for this, a couple of analyses compare
several functional forms, including quadratic form
(Morris 1988, Bruhn 2000). Secondly, data requirements
are substantial, with accumulated repair and main-
tenance costs as well as accumulated work units being
necessary for each machine. To follow the trend of costs
for each machine, the accumulated repair and main-
tenance costs for each service interval, say every 1,000
hours for tractors, is required. Bearing in mind that
agricultural machinery can easily be used for 15 years or
more, detailed records kept by the farm manager over
decades are essential.

Morris (1988, p. 195f) also applies an alternative
approach in his analysis. Instead of directly estimating
an accumulated repair-and-maintenance-costs function,
he tackles the problem in two steps. Firstly, the repair-
and-maintenance-costs function per work unit is esti-
mated by means of a regression analysis. Secondly, the
integration of the cost function over work units
approximates the accumulated repair and maintenance
costs.

Similarly to Morris (1988), this paper suggests a two-
stage approach allowing the introduction of several
independent variables, particularly age and annual
utilisation. Based on cross-sectional rather than accu-
mulated data for repair and maintenance costs, the
demonstrated approach substantially reduces data
requirements. Using data from a recent survey, the
approach is applied for four types of agricultural
machines in Switzerland covering a wide range of
agricultural mechanisation: tractors, ploughs, mowers
and self-loading trailers (also known as self-loading
forage wagons).

The paper is organised as follows: the data used are
briefly described in the second section. Section three
focuses on the suggested approach covering the estima-
tion procedure, as well as the necessary aggregation.
The results are reported in section four. Sections five
and six are devoted to discussion and conclusions,
respectively.

2. Data

In 2008, Albisser et al. (2009) conducted a postal survey
on machinery costs in Switzerland. Out of the 2,000
randomly selected farms, 351 or 18% took part. Farm
managers were asked to give detailed information on 14
selected machinery types frequently used in Swiss
agriculture.

For each machine, farmers were asked to indicate
some type-specific attributes, such as engine power for
tractors or number of ploughshares for ploughs. In
addition, the age of the machines and their annual
utilisation over the last three years were recorded. To
keep the effort required in responding to an acceptable
level, the accumulated repair and maintenance costs
were not included in the questionnaire. Instead, farm
managers were asked to indicate their annual repair
costs, including service agents’ bills for the last three
years. In addition, the material expenses for the last
three years for repairs executed by farm employees are

also taken into account3. Unfortunately, farm-employee
labour input for on-farm repairs is not recorded in the
survey. This leads to an underestimation of repair costs,
and must be borne in mind when interpreting results. To
summarise, average annual repair costs are derived from
service agents’ bills and material expenses on-farm.

For maintenance activities, farm managers were
questioned about annual material costs and farm-
employee labour input. The latter is calculated at the
rate of CHF 28 per hour, the standard hourly
agricultural wage in Switzerland (Gazzarin & Albisser,
2010). Repair and maintenance costs are then added
together. As a further step, repair and maintenance
costs are divided by the machine type’s list price, which
reflects machine size (ASAE 2003b, p. 370). The list
prices from the most recent machinery cost report
(Gazzarin & Albisser, 2010) are applied, taking account
of the specific type and size of machine. The resulting
annual repair and maintenance costs expressed as a
fraction of the machine’s list price can also be
interpreted as an annual repair and maintenance factor.

For our analysis, we concentrated on four types of
machines: tractors, ploughs, mowers and self-loading
trailers. All of these are of interest, either due to their
mechanical complexity (tractors, mowers, self-loading
trailers) or the substantial wear they undergo (ploughs),
as well as their importance for Swiss agriculture.
Furthermore, although machines with data gaps for
age or annual utilisation are excluded from the analysis,
a sufficient number of observations are available for
these four machine types4. In total, we have 1,083
observations at our disposal. Some key figures for all
four machine types are reported in Table 1.

The bulk of the 1,083 available machines – 655 – are
tractors. On average, a tractor is utilised 272 hours a
year. The average age of the machinery in the sample is
20 years. Assuming that the observed annual utilisation
is representative of the entire lifespan, the length of
service can be calculated. Given an estimated service life
of 10,000 hours for tractors, the length of service is 37
years (5 10,000 h/272 h per year). The lengths of service
for ploughs, mowers and self-loading trailers are 47, 23
and 42 years, respectively. It is therefore obvious that
machine utilisation in Switzerland is fairly low, and it is
doubtful that all machines attain their estimated service
lives.

As for annual repair and maintenance costs, these
vary between 0.012 and 0.036 of the machine’s list price.
Expressed per work unit, repair and maintenance costs
account for CHF 4.56 (self-loading trailers) to CHF
34.45 (ploughs).

3. Method

Regression Analysis
In order to explain annual repair and maintenance costs
as a dependent variable, we carry out a regression
analysis leading to a cost function. Because the

3 Although carrying out repairs requires specific training, we cannot rule out the possibility

of such operations being performed on-farm.
4 Data gaps for machine-type-specific data such as wide-base tyres (tractors) or number

of knives (self-loading trailers) are treated differently. For continuous variables, we insert

the mean values of the sample. For binary variables, the base case (normally without

additional equipment) is applied.
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dependent variable has values close to zero, we are
dealing with a skewed distribution. We therefore apply a
logarithmic transformation to adjust this distribution.
Several machines report repair and maintenance costs of
nil. Since we cannot log-transform these cases, we
assume an annual minimum value of CHF 1.00 for
repair and maintenance costs.

As a consequence of the dependent variable’s
logarithmic form, only two functional forms, exponen-
tial and power, can be applied for the analysis. Testing
both of them the power functional form explains a
greater percentage of the variation for all machine types.
Accordingly, we apply a power functional form, which
is also in line with Morris (1988), Bruhn (2000) and
Khoub bakht et al. (2008), who compare several
functional forms and in the end choose the power
function:

y~b0x
b1

1 x
b2

2 (1)

The dependent variable y represents the annual repair
and maintenance costs expressed as a fraction of the
machine’s list price. Two independent variables x1 and
x2 represent annual utilisation and the machine’s age,
respectively. If further machinery-specific variables such
as engine power for tractors are available, the cost
function is extendable. All coefficients b are estimated
by means of a log-log model5. Due to the logarithmic
transformation, binary variables (0, 1) must be refor-
mulated towards the values 1 (logarithm equal to zero)
and 2.

To deal with outliers, we apply the Iteratively
Reweighted Least Squares (IRLS) technique, which
weights the observations according to their outlierness.
The model is estimated by applying Ordinary Least
Squares (OLS’s) with the resultant weights of the robust
regression. To test for heteroscedasticity, we apply the
Breusch-Pagan test. If the H0 of constant variance is
rejected, a Huber-White estimator, also known as a
sandwich estimator of variance, is applied (StataCorp
2007, p. 268f).

Starting with all available machine-specific variables,
the exclusion of variables is analysed by means of an F-
test.

Owing to the definition of the dependent variable, the
estimated coefficients cannot be interpreted as marginal
costs per year. To enable such an interpretation, the
marginal effects must be calculated separately. While w

represents the value list price of the machine type in
question, the marginal costs (MC) for variable x1 are:

MCx1
~w

Ly

Lx1

~wb0b1x
b1{1
1 x

b2

2 (2)

The marginal effect is calculated by inserting mean
values for all continuous variables. For binary variables,
the marginal effect is calculated by changing the binary
variable’s value.

Aggregation towards Accumulated Costs
After the annual repair and maintenance costs have
been estimated, an aggregation is required in order to
obtain the repair and maintenance factor representing
the accumulated costs for the machine’s estimated
service life u (e.g. 10,000 hours for tractors). We
therefore think of the estimated service life as the
product of x1 work units per year and a reference length
of service of u/x1. The variable x2 representing the
machine’s age is supplemented with indices i extending
from the first year of service until u/x1, the last year of
service in which the estimated service life is concluded.
Based on equation 1, the repair and maintenance factor
RMF can be calculated by summing the annual cost
function over all years i:

RMF~S
u=x1

i~1 yi~b0x
b1

1 S
u=x1
i~1 x

b2

2i (3)

In other words, the estimated cost function
(equation 1) is applied for each year and summed up.

To analyse the impact of different annual utilisations
on the repair and maintenance factor, Equation 3 is
applied for several annual utilisations (x1) and matched
lengths of service (u/x1) covering a wide range of
operating versions (e.g. for tractors, 1,000 hours a year
over 10 years vs. 222 hours a year over 45 years). Since
the aggregation takes place on an ‘annual’ level, the
length of service must be an integer.

4. Results

Tables 2 to 5 present the regression estimates for annual
repair and maintenance costs expressed as a fraction of
the machine’s list price for tractors, ploughs, mowers
and self-loading trailers, respectively. Due to the
weighting from the robust regression, one observation
for each of the estimates explaining repair and main-
tenance costs for ploughs and self-loading trailers is
omitted. As regards the F-Test, we can reject the5 lny~lnb0zb1lnx1zb2lnx2

Table 1: Key figures for four machine types

Tractors Ploughs Mowers Self-Loading Trailers

Number of observations 655 127 90 211
Work unit (WU) hour hectare hectare cartload
Annual utilisation in WUs1 272 h 21 ha 52 ha 130 cartloads
Age, years in service 20 16 10 19
Estimated service life in WUs2 10,000 h 1,000 ha 1,200 ha 5,500 cartloads
List price in CHF2 72,786 20,721 14,038 55,641
Annual repair and maintenance costs in CHF1 1,582 734 453 591
Annual repair and maintenance factor 0.022 0.036 0.035 0.012
Repair and maintenance costs in CHF per WU 5.82 34.45 8.79 4.56

1Based on a three-year average
2Based on Gazzarin & Albisser (2010)
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hypothesis that the estimated coefficients are simulta-
neously equal to zero for all machine types. The
coefficients of determination (R2) range between 0.13
and 0.33.

For tractors, annual utilisation and age exert highly
significant effects (Table 2). The estimated exponent for
annual utilisation is far below one (0.51). Accordingly,
repair and maintenance costs increase in a disproportio-
nately low manner compared to utilisation. This effect is
also confirmed by the marginal effect, which is based on
sample mean values. The marginal effect of an
additional hour of utilisation is CHF 2.67, which is far
below the average hourly repair and maintenance costs
(CHF 5.82/h, Table 1). An additional year in service

increases annual costs by CHF 19.92. Tractors with
more powerful engines have relatively lower costs. In
this respect, it is important to note that younger tractors
have larger horse power6.

Wide-base tyres lead to additional repair and main-
tenance costs of about CHF 172.34 per year (marginal
effect based on sample mean values). Similarly, com-
pared to the base-case equipment with four-wheel drive,
the cost of two-wheel drive tractors is about CHF 203.30
lower a year.

The estimated exponent for annual plough utilisation
is highly significant, and indicates that repair and

Table 2: Regression estimates for annual tractor repair and maintenance costs

Variable Unit Coefficient Standard Error T-Value P-Value Marginal Effect in CHF

Constant – 26.74 0.53 212.81 ,0.001 –
Annual utilisation hours 0.51 0.05 9.99 ,0.001 2.67
Age years 0.28 0.04 6.85 ,0.001 19.92
Engine power HP 20.21 0.09 22.20 0.028 23.96
Wide-base tyre binary 0.17 0.07 2.40 0.017 172.34
Two-wheel drive binary 20.22 0.10 22.26 0.024 2203.30

HP 5 horsepower
No. of observations: 655
F (5,649) 5 27.3; P-Value: ,0.001
R2 5 0.20

Table 3: Regression estimates for annual plough repair and maintenance costs

Variable Unit Coefficient Standard Error T-Value P-Value Marginal Effect in CHF

Constant – 25.38 0.45 212.01 ,0.001 –
Annual utilisation hectare 0.36 0.10 3.74 ,0.001 11.38
Age years 0.32 0.10 3.06 0.003 13.75

No. of observations: 126
F (2,123) 5 9.0; P-Value: ,0.001
R2 5 0.13

Table 4: Regression estimates for annual mower repair and maintenance costs

Variable Unit Coefficient Standard Error T-Value P-Value Marginal Effect in CHF

Constant – 27.37 0.81 29.07 ,0.001 –
Annual utilisation hectare 0.47 0.13 3.47 0.001 4.24
Age years 0.45 0.14 3.24 0.002 21.85
Working width metre 1.25 0.67 1.88 0.064 241.10
Drum mower binary 20.68 0.28 22.46 0.016 2176.12

No. of observations: 90
F (4,85) 5 6.2; P-Value: ,0.001
R2 5 0.23

Table 5: Regression estimates for annual self-loading trailer repair and maintenance costs

Variable Unit Coefficient Standard Error T-Value P-Value Marginal Effect in CHF

Constant – 24.71 0.68 26.93 ,0.001 –
Annual utilisation hectare 0.42 0.05 8.38 ,0.001 1.89
Age years 0.16 0.09 1.90 0.059 5.16
Volume cubic metre 20.83 0.17 24.95 ,0.001 220.08
Knives number 0.12 0.07 1.84 0.068 6.44

No. of observations: 210
F (4,205) 5 25.0; P-Value: ,0.001
R2 5 0.33

6 Horse power and age are negatively correlated (20.64).
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maintenance costs increase in a disproportionately low
manner (value below 1) if annual utilisation increases
(Table 3). The marginal effect of an additional hectare
amounts to CHF 11.38, which represents less than a
third of the average repair and maintenance costs per
hectare (Table 1). Costs for ploughs increase with age:
An additional year in service leads to additional repair
and maintenance costs of about CHF 13.75 per year.
According to the F-test, the number of ploughshares
can be excluded as an explanatory variable.

For mowers, the results for annual utilisation and age
are similar to those of the preceding machines, leading
to marginal effects of CHF 4.24 per additional hectare
and CHF 21.85 per additional year in service, respec-
tively (Table 4). Working width is only significant on
the 10% level. Applying sample mean values for
marginal effects an additional metre of working width
increases annual costs by CHF 241.10. Lastly, the
equipment with discs (base case) or drums (also called a
cylinder mower) is important. Drum mowers, which
represent 40% of the sample, have lower annual repair
and maintenance costs (CHF 176.12), reflecting their
lower mechanical complexity.

Whereas the annual utilisation of self-loading trailers
exerts a highly significant effect, age is only significant
on the 10% level (Table 5). Volume measured in cubic
metres refers to the size of cartloads. The bigger the
machine, the lower are the relative annual repair and
maintenance costs7. Applying sample mean values for
marginal effects an additional cubic metre of volume
reduces annual costs by CHF 20.08. By contrast, an
additional knife increases repair and maintenance costs
by CHF 6.44 per year.

Table 6 shows the results for the repair and main-
tenance factors (RMFs) which represent the accumu-
lated repair and maintenance costs over the entire
service period reported in relation to the machine’s list
price. Full utilisation of estimated service life is assumed
for all operating versions presented (annual utilisation
and reference lengths of service).

The results show clearly that the degree of machine
utilisation exerts a huge influence on accumulated repair
and maintenance costs. For example, given an annual
utilisation of 400 hours and a service life of 25 years, an
RMF of 0.50 of the tractor’s list price is spent on repair

and maintenance. Increasing annual utilisation towards
500 hours with a reference service life of 20 years
reduces repair and maintenance costs by about 0.07 of
the tractor’s list price towards an RMF of 0.43. For the
other machines also, an increase in annual utilisation
leads to substantially lower repair and maintenance
costs.

5. Discussion

Limitations on the interpretation of the results exist for
two reasons. Firstly, looking at the coefficients of
determination, no more than one-third of the variance
can be explained. While Morris (1988) presents similar
coefficients of determination for the repair cost func-
tions per hour, it has to be noted that the mentioned
studies dealing with either accumulated repair and
maintenance costs or depreciation show clearly higher
coefficients of determination. Accordingly, there are
further important influences on repair and maintenance
costs which, could not be taken into account, e.g. make
of machinery, additional equipment, operating condi-
tions (e.g. soil type in the case of ploughs), or the
treatment of machinery by farm workers, which also
includes use of the machinery on different farms
(cooperative machine usage). Secondly, based on a
survey, repair and maintenance costs must to be
understood as minimum values. As mentioned in the
data section, farm workers’ labour input for repair
activities on-farm is not included in the survey data.
Accordingly, working time cannot be rated and is
missing from the analysis. In addition, while it is
unlikely that farmers will inflate the costs with respect
to bills from service agents or for material expenses, we
cannot rule out the possibility of farm managers
forgetting to state costs for individual repairs.

For tractors, we can compare our results for
accumulated repair and maintenance costs with the
literature. Analysing 172 tractors in Germany with an
average annual utilisation of 898 hours, Bruhn (2000)
reports accumulated costs of 0.39 of the machine’s list
price8. Our results for an annual utilisation of 1000 and
667 hours 2 0.26 and 0.34, respectively – are of a similar

7 The correlation between volume and age is 20.18.

Table 6: Repair and maintenance factor (RMF) for different operating versions

LS in
Years

Tractors Ploughs Mowers Self-loading trailers

AU in hours RMF AU in ha RMF AU in ha RMF AU in cartloads RMF

10 1,000 0.26 100 0.39 120 0.37 550 0.15
15 667 0.34 67 0.57 80 0.54 367 0.21
20 500 0.43 50 0.75 60 0.71 275 0.25
25 400 0.50 40 0.93 48 0.88 220 0.30
30 333 0.58 33 1.10 40 1.04 183 0.34
35 286 0.65 29 1.27 34 1.21 157 0.38
40 250 0.72 25 1.44 30 1.38 138 0.42
45 222 0.79 22 1.62 27 1.54 122 0.46

AU 5 Annual utilisation
LS 5 Length of service
RMF 5 Repair and maintenance factor; accumulated repair and maintenance costs reported in relation to the machine’s list price

8 These tractors are selected out of a sample of 210 tractors. On average, the tractors of

the whole sample are more powerful (178 horsepower compared to 75 horsepower) and

newer (4.2 years old compared to 20 years old) than those in the Swiss sample.
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magnitude. The cost function proposed by Wendel
(1989) for 27 90-kW-class (122 horsepower) German
tractors with an annual utilisation of 803 hours can be
converted into accumulated repair costs of 0.50 using
list prices from the reference years (KTBL 1990), which
is in excess of our estimates for similar annual
utilisations. For the USA, the American Society of
Agricultural Engineers (ASAE, 2003a and 2003b) gives
repair and maintenance factors resulting in total costs of
0.30 (four-wheel drive and 10,000 hours estimated
service life). Our results for an annual utilisation of
1,000 and 667 hours 2 0.26 and 0.34, respectively – are
similar. Conversely, for two-wheel drive tractors, the
ASAE reports far higher repair and maintenance costs
of about 0.7 (10,000 hours estimated service life),
indicating a substantial technical difference between
the two types of tractors. In our results, two-wheel
tractors have slightly lower costs than four-wheel
tractors (Table 2).

Another four analyses for tractors show different
results. Ward et al. (1985) find accumulated repair costs
of above 2.00 for four-wheel tractors used in forestry
work in Ireland. Rotz (1987) reports accumulated costs
of 1.00 for four-wheel-drive tractors for the USA. For
the UK, Morris (1988) estimates accumulated repair
and maintenance costs by means of his two-stage
approach at 0.80 of the machine’s list price based on
50 tractors with an annual utilisation of about 800
hours. Finally, Khoub bakht et al. (2008) arrive at
accumulated costs as high as 0.88, based on 102 (type
MF285) tractors in Iran. All four analyses with
substantially higher values either originate in a region
with a different climate and agricultural scenario
(Khoub bakht et al., 2008) or are older (i.e. date from
the 1980s: Ward et al. 1985, Rotz 1987 and Morris
1988). Similarly, Bruhn (2000) stresses that – compared
to older analyses – technical improvement has occurred
in Germany, leading to lower repair costs.

For ploughs and mowers, a different definition of
work units only allows for an indirect comparison with
the ASAE (2003a). Assuming a slightly larger estimated
service life, the ASAE gives repair and maintenance
costs of 1.01 for mouldboard ploughs, which tallies with
our estimates for annual utilisations of 33 and 40
hectares. As regards mowers, the ASAE’s repair and
maintenance costs are 1.49, a value corresponding to
our results for annual utilisation of around 27 hectares.
Here, we must mention that the ASAE uses an
utilisation value more than twice that of the mowers
in Switzerland.

The importance of annual utilisation as an explana-
tory factor for repair and maintenance costs has been
reported in just one study. Applying a covariance
analysis, Bruhn (2000, p. 72) reports a statistically
significant correlation between per-hour repair costs
and annual utilisation for German tractors.
Consequently, annual utilisation is used to calculate
repair costs per work unit, but omitted as an explana-
tory variable in the subsequent regression analysis.

6. Conclusions

In this paper, we analyse repair and maintenance costs
for four agricultural machine types in Switzerland,

applying a two-stage approach in order to derive repair
and maintenance factors. Compared to the literature, we
introduce two modifications: Firstly, we use cross-
sectional data from a survey instead of accumulated
data on repair and maintenance costs and working
units, with the result that data requirements can be
substantially lowered. Secondly, this approach allows
the introduction of more than one influencing variable.

Although no more than one-third of the variances can
be explained, the analysis reveals statistically significant
influences. For all four machines analysed, both age and
annual utilisation significantly influence annual repair
and maintenance costs. In addition, the regression
analyses show that machine-specific variables are also
important, and must be taken into account when
analysing repair and maintenance costs.

The marginal effect of an additional year in service is
positive for all machines. Generally speaking, the older
the machine, the higher the annual repair and main-
tenance costs. It is in line with the literature that repair
and maintenance costs tend to increase with the age of
the machine, possibly owing to material fatigue and the
higher costs of spare parts for older machines.

The introduction of annual utilisation as an explana-
tory variable helps us understand that the intensity of
machine usage plays a major role in repair and
maintenance costs. A central conclusion of this paper
is that the repair and maintenance factor depends not
only on (accumulated) utilisation, as reported in the
literature, but also on annual utilisation. Consequently,
assuming that the machine’s estimated service (or
useful) life is completely exploited, repair and main-
tenance costs depend on the length of time during which
the estimated service life is utilised, a fact which, to our
knowledge, has so far not been taken account of in the
literature. Accordingly, farm-management literature
should also report machinery repair and maintenance
factors along with the reference annual utilisation.

Because estimated exponents for annual utilisation
are less than one, an increase in annual utilisation leads
to a decrease in repair and maintenance costs per work
unit. This effect is confirmed for all machinery types
analysed. We therefore conclude that there is an
economy-of-scale effect. Hence, at least some repair
and maintenance costs are incurred by activities
performed independently of annual utilisation.
Consequently, Swiss agriculture could achieve substan-
tial savings in repair and maintenance costs by increas-
ing its annual utilisation of machinery. The higher the
utilisation rate, the lower the repair and maintenance
costs per work unit. This tallies with the above-
mentioned influence of length of service life. From a
repair-and-maintenance-costs perspective, a short
length of service coupled with high annual utilisation
is advantageous. Conversely, lowering annual utilisation
and extending the length of service of a machine leads to
additional repair and maintenance costs. In this respect,
the inter-farm use of machinery may represent a
promising strategy for Swiss agriculture.

According to the literature, annual utilisation has a
similar effect on depreciation, at least for tractors. If the
market price of second-hand tractors is used to
determine the current value of the machine and hence
depreciation, a high annual utilisation leads to lower
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depreciation and interest charges per work unit (Wilson
and Davis 1998, Wilson 2010).

As regards the application of the repair and main-
tenance factors for farm-management literature pre-
sented here, it must be borne in mind that, owing to the
limitations of the data used, the values are to be
understood as minimum figures. Consequently, a
rounding-up of these figures is recommended.

The suggested approach constitutes a useful tool for
all agricultural machine types analysed, leading to repair
and maintenance factors comparable to those in the
literature. It also offers the possibility of broad
application via cross-sectional data, which is less costly
than the recording of accumulated repair and main-
tenance costs.

Further analyses of other machinery types must be
carried out in order to update the repair and main-
tenance factor database of the Swiss report on
machinery costs. In addition, an important question to
be answered in future is whether technological improve-
ment still leads to lower repair and maintenance costs,
as claimed by Bruhn (2000). If so, a regular revision of
repair and maintenance factors for farm management
literature would be essential.
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