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Abstract 
 
Despite clear production, environmental and economic benefits associated with the adoption of 
controlled traffic farming (CTF), its use in vegetable production is often constrained by the lack of 
suitable harvest equipment. A possible solution to that constraint is the use of Wide Span (WS) 
tractors, which would provide a mechanisation platform on which a wide range of production 
machinery could be mounted. Such machines are not commercially available, but a prototype 
developed in Denmark in 2013, and more recent autonomous developments in Canada in 2017, are 
indicative of future possibilities. Building on earlier work, modelling was done to estimate the 
economic impact of adopting Mixed-WS CTF, in which a WS harvest platform is integrated with 
conventional tractors, and WS CTF, based on WS tractors alone. Returns were calculated as income 
minus operating and ownership costs (including interest and depreciation). As no commercial 
adoption of WS tractors has yet occurred, modelling was done using conservative estimates of costs 
and returns applied to case study farm scenarios. Modelling results indicated median increases in 
average returns of up to 59 per cent. The most important cost factors to be considered were 
machinery capital costs and the impacts on harvest efficiency under CTF, while on the benefit side of 
the equation, crop yields had the most influence on modelling results. 
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Introduction 
 
Controlled traffic farming (CTF) requires keeping all machinery traffic associated with cropping 
operations in the same wheel tracks year after year. There are other important elements to the 
system, such as farm and traffic layout to optimise drainage and logistics. However, retention of 
permanent wheel tracks, and design of machinery to allow this, are the fundamental essentials of 
CTF. Extensive research and commercial experience has shown that adoption of CTF optimises the 
non-compacted soil between the tracks for plant growth, while the compacted soil in the wheel 
tracks is optimised for traffic. Amongst the numerous benefits are improved soil health and crop 
                                       
1 Thanks are given to the vegetable farm owners and managers who contributed their time to providing 
information for the case studies. 
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productivity in the non-compacted zone, and increased timeliness (Dickson et al., 1992; McPhee et 
al., 1995b; Stirling, 2008). 
 
Literature related to CTF economics was reviewed as part of a previous publication (McPhee et al., 
2016). As the modelling reported in this paper relates to two CTF systems based on Wide Span (WS) 
technology, rather than conventional tractors, the literature review will focus on the characteristics 
of the vegetable industry and the benefits of the WS within that context. Since the WS is not yet a 
commercially adopted technology, there are no case study analyses of the economics of WS CTF in 
vegetables, although previous modelling of CTF systems for arable crops included the use of WS 
technology as an option (Chamen and Audsley, 1993; Chamen et al., 1994a). 
 
Hand-harvested vegetable crops require only simple harvest mechanisation. Other sectors of the 
industry, such as large scale carrot, potato and onion production, and those supplying the processed 
vegetable sector, are often highly mechanised, and use specialised, crop-specific harvesters. Many 
Tasmanian vegetable growers produce a range of crops, including vegetables and cereals, leading to 
a diversity of harvest machinery in the industry, and a diversity of ownership structures, as very few 
growers own harvesters. A wide range of track gauges and tyre and working width configurations 
was reported for tractors and harvesters of peas, beans, carrots, potatoes, onions, poppies, 
pyrethrum and cereals in the Tasmanian vegetable industry (McPhee and Aird, 2013). Many 
vegetable producing areas around the world face similar issues. 
 
With no integration of machinery design to facilitate controlled traffic, it is inevitable that significant 
areas of fields are trafficked during production operations, particularly harvest. For root crops, each 
part of a field may be trafficked an average of five times during a season, with very few areas not 
impacted (Domzal et al., 1991). 
 
Over recent decades, the use of more powerful and heavier machinery has been a common approach 
to improving labour and production efficiency in many cropping industries, including the vegetable 
sector. This has exacerbated the negative impacts of traffic, leading to increased and deeper soil 
compaction, particularly from harvest operations. Most vegetables are harvested fresh (i.e. the crop 
has not senesced). To meet market demands, harvest usually occurs when soil is moist. Wet soil is 
highly susceptible to damage from wheel traffic, resulting in compaction damage at the surface and 
at depth (Hakansson et al., 1988; Diserens et al., 2010). Wheel loads of 5–10 t severely increase the 
risk of deep soil compaction (Moitzi and Boxberger, 2007; Diserens et al., 2010), which is not possible 
to repair using tillage. Soil degradation is also caused by frequent tillage, which is a characteristic of 
many vegetable production systems (Cotching et al., 2013), largely in response to excessive traffic. 
 
Although the benefits of CTF have been proven across a range of industries (McPhee et al., 1995b; 
McPhee et al., 1995a; Garside et al., 2004; Tullberg et al., 2007; Garside et al., 2009; Vermeulen et 
al., 2010; McPhee et al., 2015) the concept has not been readily adopted in vegetable production. 
There are a number of possible reasons for this, including influences of topography in some 
circumstances (McPhee et al., 2013), and a lack of awareness of the productivity penalties of soil 
damage. However, a key barrier to adoption is the cost and complexity of achieving dimensional 
integration of machinery, a fundamental requirement of controlled traffic (McPhee and Aird, 2013). 
The impact of this factor is compounded due to the highly contracted nature of the industry, such 
that effective adoption of CTF on a single farm would require machinery changes across a number of 
operators (McPhee and Aird, 2013). 
 
Some vegetable growers have developed seasonal controlled traffic farming (SCTF) systems in an 
effort to gain some benefits from controlled traffic, despite the lack of suitable harvest machinery. In 
SCTF, machinery integration is achieved for tillage and crop management operations up to the time 
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of harvest, but random traffic is accepted during harvest due to the lack of compatible equipment 
(Vermeulen et al., 2007; Vermeulen and Mosquera, 2009). Although significant soil damage still 
occurs during harvest, satellite guidance and accurate mapping allow the operator to return to the 
same SCTF wheel track locations for post-harvest tillage and other field operations. 
 
Achieving controlled traffic in the vegetable industry requires either integration across a diverse 
range of current crop-specific harvesters, or a different approach to mechanization to provide a 
consistent track gauge for all operations. Significant collaboration between harvester manufacturers, 
and agreement on a common track and working width base dimension, would be required to enable 
wide spread CTF using current mechanisation technologies. Even if current harvesters could be 
modified or re-designed to integrate with conventional tractors, a CTF system based on this 
mechanisation would have a high density of traffic lanes (~30 per cent field area under tracks), and 
there would be little flexibility in working width. In contrast, as an alternative approach, WS tractors 
reduce the number of traffic lanes and can work with draft implements from fractional to full span 
width (Figure 1) or, in the case of non-draught implements (e.g. sprayers), multiples of the span 
(Chamen et al., 1992; Chamen et al., 1994b). This gives significant flexibility in working width across 
many operations while maintaining a constant track width. 
 
Figure 1: Wide span tractor used for research showing partial working width implement, Silsoe, UK, 

early 1990s (Chamen, Silsoe Research Institute) 
 

 
 
However, it is not essential that the entire production system move to a WS platform in one change. 
It is possible to integrate a WS harvest system with a conventional tractor CTF system, at least as a 
starting point to achieving functional CTF in vegetable production (Pedersen et al., 2016). 
 
This paper reports on economic modelling related to a hybrid CTF system using conventional tractors 
and a WS harvester platform, and a system based entirely on WS tractors. 

Economic model development 

Background 
The development of the model used in this work has been reported previously (McPhee et al., 2016). 
The results reported in this paper were obtained by expanding the capacity of the model to 
accommodate projected estimates related to the cost and performance of a WS tractor used in 
vegetable production. It was noted in the previous paper that due to the lack of experience and 
readily available economic data for the use of CTF in vegetable production, there is inevitably a 
degree of speculation about how some practices might change with the uptake of controlled traffic. 
This is even more the case in relation to WS technology. However, enough is known about the 
benefits of CTF in a variety of situations to enable reasonable assumptions, and in all cases, 
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conservative estimates were used based on published literature, available research data, the 
knowledge of growers and advisors, and reports from other industries and countries. 
 
In addition to material that is specific to the issue of CTF based on WS, for the convenience of the 
reader, the following background information includes a summary of key factors that are explained 
more fully in the previous paper (McPhee et al., 2016). The reader is referred to the previous paper 
for more extensive detail regarding the model and its use. 

The model 
Various crop gross margin models for the Tasmanian vegetable industry provided the basis for the 
model. The model was developed using Microsoft Excel® and ModelRisk® Version 4 (Vose Software) 
risk analysis software. This allowed a number of inputs to be varied over a range of expected values 
to provide a distribution of likely outputs. The model allowed selection of different inputs and crop 
rotations for different management systems. Changes likely to occur with different farming systems 
could be incorporated – e.g. different cropping rotations and machinery suites. 

Use of ModelRisk® 
ModelRisk® (Vose Software) provided the capacity to perform Monte Carlo simulations within the 
Microsoft Excel® model, allowing the impact of changes in a large number of variables to be rapidly 
simulated many thousands of times. For each variable, a range was allocated representing the 
expected minimum, maximum and most likely figure for the conventional cropping system (Conv). 
The variation was given a ModelRisk® distribution profile (e.g. PERT distributions were used in this 
instance). During a simulation, ModelRisk® randomly selected values for each variable between the 
minimum and maximum to fit the chosen distribution. Variables changed 10,000 times over their 
likely ranges during a simulation to generate a range of possible results. 
 
How inputs were varied differed between farming systems. Using crop yield as an example, the range 
of, and most likely, conventional yields were based on local knowledge and experience – e.g. 45-80 
t/ha (with a most likely yield of 55 t/ha) for potatoes. The yield in the CTF parts of the model was 
adjusted by a predicted percentage change, as outlined by McPhee et al., (2016), and in Table 1 
specifically for the WS scenarios. When a simulation was run, the conventional yield varied over the 
specified range according to its distribution profile, and each value generated for the Conv system 
was adjusted by the percentage increase for the relevant CTF-based farming system. In this way, 
both seasonal variations in conventional yield, and changes due to different farming systems, were 
accommodated in the output. 

Farm scenarios 
Four Tasmanian vegetable farm scenarios were chosen to illustrate the range of results obtained in 
modelling. The characteristics of the four farms were: 
• North-west (NW) coast mixed cropping farm growing mainly vegetables. 
• Northern midlands vegetable farm engaged in summer cropping only. 
• NW coast mixed farm for which the main crop was processing potatoes. 
• NW coast mixed farm with only two vegetables in the rotation, and significant existing uptake of 

reduced tillage for non-vegetable crops. 

Systems modelled 
Economic modelling for three farming systems (Conventional – Conv, Seasonal Controlled Traffic 
Farming – SCTF and Controlled Traffic Farming – CTF) was reported previously (McPhee et al., 2016). 
The model used was extended to account for two more options: 
• Mixed-WS CTF – this system was premised on the use of a WS for harvest operations, over the top 

of a layout based on tractor-based CTF. In this case, WS track gauge would be a whole number 
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multiple of the tractor track gauge, such that three or four tractor passes would fit within the WS 
track gauge, depending on the current tractor track gauge (Figure 2). 

• WS CTF – this system was based on having a complete WS system available for all operations, 
from initial tillage through to harvest. Depending on the scale of the operation, this would 
generally require at least two WS units, with one being used for operations with low or no draft 
requirement (e.g. light tillage, spraying) and the other being used for harvest, for which load 
carrying capacity would be the key design criterion. 

 
Figure 2: Schematic of track layout for a WS system (A) and a Mixed-WS system (B). Tracked area: 

A = 8%, B = 23% (for tyres 600 and 400 mm wide) (after Pedersen et al., 2016) 
 

 

Machinery 
Differences in machinery inventories required by different farming systems can lead to significant 
differences in capital investment. Some key changes associated with the adoption of CTF include: 
GNSS guidance; reduced tractor and implement inventory due to reduced tillage needs; exclusion of 
some equipment options (e.g. mouldboard plough) due to system incompatibility; modification costs 
to achieve track gauge and working width integration; potentially higher costs for harvest due to 
machinery movement constraints. 
 
Experience with WS as the basis of a controlled traffic farming system is very limited in any industry, 
and in a vegetable context, consists of limited work with a prototype on a Danish farm (Figure 3) 
(Pedersen et al., 2015). Nevertheless, that limited experience, and extensive knowledge regarding 
the beneficial effects of controlled traffic on soil conditions, makes it possible to make some 
assumptions regarding machinery choices for a WS system based on an understanding of how system 
requirements are likely to change under a fully integrated WS controlled traffic system. For example, 
it is predicted that a machinery suite for WS controlled traffic would have no powered tillage 
implements (e.g. rotary hoe, power harrow), which are often used to reduce clod size when forming 
seedbeds, an operation unlikely to be required in the absence of traffic compaction. Powered 
implements may still be used to a limited extent in a Mixed-WS system. 
 



Economic modelling of wide span tractors McPhee and Pedersen 

 

AFBM Journal, 2017, Volume 14, Paper 6 Page 76 
 

Figure 3: Prototype ASA-Lift WS9000 tractor in onion harvesting configuration operating at Samso, 
Denmark, 2013 

 

 

 
Another key assumption relates to the choice of WS configurations. The motivator for interest in WS 
tractors tends to be as a platform for harvesting, in order to avoid the current situation of random 
traffic with machinery that is dimensionally incompatible with conventional tractor-based controlled 
traffic. A key requirement of a WS used for harvest is its load-carrying capacity, particularly when 
considered in the vegetable context, in which it may be required to harvest and carry crop yields in 
excess of 100 t/ha. Because significant reductions in draft and energy use for tillage operations 
would occur under a full controlled traffic system (McPhee et al., 1995a; Dickson and Ritchie, 1996; 
Tullberg, 2000), the load carrying requirements at harvest are likely to be the main determinant of 
WS power and weight. For this reason, the WS tractor selected for harvest operations was denoted 
as a ‘heavy’ WS in the context of the modelling reported here. Other options included a ‘medium’ 
and a ‘light’ WS, which would be more likely used for operations such as light tillage and spraying. 
 
The cost of WS technology is an important consideration in terms of economic modelling. As the 
technology exists only in prototype form, it is difficult to attribute an accurate capital cost. The 
manufacturer of the prototype estimates that a production version of the WS would cost 
approximately the same as a conventional tractor of the same power rating (pers. comm., ASA-Lift). A 
survey of conventional tractors ranging from 50–250 kW indicates that capital cost ($AU) is 
approximately 1300 x engine power (kW) (unpub. data, J. McPhee). Using the rated engine power of 
the WS prototype, a base cost was calculated, which was then increased by 10 per cent as a safety 
margin given the cost uncertainties associated with the new technology. In this context, it is possible 
that the capital costs of the WS have been over-estimated. 

Input variables 
Information on input variables used in the model has been outlined in (McPhee et al., 2016). These 
included factors which might change as a result of changing the farming system, as well as external 
factors (e.g. interest rates, depreciation rate etc.). Variables with reasonably standard estimates (e.g. 
depreciation rate), were held constant for any given model simulation. Variables that might change 
with the farming system (e.g. yield) were given a distribution profile and were automatically adjusted 
over a predetermined range as part of the risk analysis modelling process. Associated effects (e.g. 
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impact of yield on harvest costs) were also incorporated. A full list of variables and the adjustments 
used is given in (McPhee et al., 2016). Table 1 outlines variables that are specific to the WS scenarios 
covered in this paper, and include some small changes to input variables, particularly in relation to 
potential yield changes, for the Mixed-WS and WS systems. 
 

Table 1. Variables used in economic modelling. Only details specifically relevant to the Mixed-WS 
and WS scenarios are given, with all other details remaining as reported in (McPhee et al., 2016) 

 
Variable Basis of selection and adjustment 

Tractor and equipment inventory Based on information relevant to individual 
farm case studies for Conv, and estimated for 
WS based on knowledge of changes in tillage 
requirements under CTF conditions. 

Fuel use (l/h) Based on information relevant to individual 
farms if available, or estimated from engine 
power, particularly for WS tractor options 
(Grisso et al., 2004). 

Change in crop yield and quality due to system 
change 

Yield under CTF was increased by 0-20% over 
standard yields, with a most likely value of 
10%. For WS CTF, the projected yield was 
further adjusted for potential changes in spatial 
arrangement, ranging from -13% to +13%, 
depending on crop type. This is influenced by 
the combination of tyre width and number of 
wheel tracks required compared to crop inter-
row spacing. Quality improvement was varied 
from 0-10%, with a most likely value of 5% for 
CTF (Lamers et al., 1986; Dickson et al., 1992; 
Vermeulen and Mosquera, 2009). 

Outputs 
Outputs from ModelRisk® were used to generate: 
• ascending probability distribution curves, showing the range of results arising due to variation of 

inputs, and 
• tornado plots, which illustrated the sensitivity of the result to the impact of various inputs. 
 
As reported in McPhee et al., (2016), the key factor of interest in this work was the difference in 
returns between different farming systems. This is described as the Average Annual Farm Return, 
and was calculated as income minus operating and ownership costs, inclusive of interest and 
depreciation. Three key whole of farm outputs were chosen to illustrate the differences between 
farming systems: 
• Average Annual Farm Return – the average of all returns for the selection of crops in the rotation 
• Percentage change in Average Annual Farm Return for Mixed-WS CTF and WS CTF, compared to 

Conv 
• Average Net Farm Return – defined as the [Total Return – (depreciation, interest and 

insurance)]/Total machinery cost. Machinery cost was the total investment in mobile plant and 
equipment (i.e. tractors, implements etc.). 
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Presentation of model outputs 
Ascending probability curves were produced to illustrate the probability of changes in Average 
Annual Farm Return (in $AU/ha) over the rotation, percentage change in return, and Average Net 
Farm Return between the different farming systems. In ascending probably curves, a low probability 
figure means it is easier to achieve the corresponding result on the x-axis, while a high probability 
figure is harder, to the point that the curve is asymptotic to 100 per cent probability. As an example, 
in relation to Figure 4(a), the median return for the Conv system = $2,252/ha, so 50 per cent of the 
modelling results were below that figure and 50 per cent higher. Both Mixed-WS CTF and WS CTF 
had a probability of 0 per cent for the same return, indicating that the likelihood of achieving higher 
returns under those systems is virtually inevitable in most seasons. 

Results and Discussion 
 
The results for case study 1 are presented in both graphical and tabulated form to demonstrate the 
presentation and interpretation of data, while results for the other case studies are simply tabulated. 
Results for the Conv and tractor-based SCTF and CTF systems have been reported previously 
(McPhee et al., 2016). However, for ease of comparison with the Mixed-WS and WS systems, 
tabulated Conv data have been repeated in this paper, and curves for all three tractor-based systems 
reported previously have been included in the descending probability graphs. 

Farm details 
Details on differences in WS machinery selection for the farming systems modelled on each of the 
four case study farms are given in Table 2. 

 
Table 2. Summary of key differences in machinery for the three different farming systems used in 

modeling four case studies 
 
Case study 1 (210 ha) Conv Mixed-WS CTF WS CTF 
Estimated capital cost $675,000 $913,800 $882,200 
% change in capital 
cost compared to 
Conv 

- +35 +31 

Number of tractors 3 3 + 1 Wide Span 
(heavy) 

2 Wide Span (1 heavy, 
1 medium) 

Tractor power 
intensity (kW/ha) 1.38 1.90 1.62 

Number of tillage 
implements 5, including 2 powered 4, including 1 powered 1 unpowered 

GNSS guidance no yes yes 

Case study 2 (600 ha) Conv Mixed-WS CTF WS CTF 
Estimated capital cost $1,944,500 $1,650,600 $1,452,000 
% change in capital 
cost compared to 
Conv 

- -15 -25 

Number of tractors 7 5 + 1 Wide Span 
(heavy) 

3 Wide Span (1 heavy, 
2 medium) 

Tractor power 1.42 0.78 0.80 
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intensity (kW/ha) 
Number of 
implements 4, including 2 powered 2, including 1 powered 2 unpowered 

GNSS guidance no yes yes 

Case study 3 (165 ha) Conv Mixed-WS CTF WS CTF 
Estimated capital cost $970,600 $1,073,600 $859,600 
% change in capital 
cost compared to 
Conv 

- +11 -11 

Number of tractors 3 3 + 1 WS 2 WS 
Tractor power 
intensity (kW/ha) 2.97 1.91 2.06 

Number of 
implements 4, including 2 powered 2 unpowered 1 unpowered 

GNSS guidance no yes yes 

Case study 4 (165 ha) Conv Mixed-WS CTF WS CTF 
Estimated capital cost $534,700 $914,800 $654,200 
% change in capital 
cost compared to 
Conv 

- +71 +22 

Number of tractors 2 2 + 1 Wide Span 
(heavy) 

2 Wide Span (1 
medium, 1 light) 

Tractor power 
intensity (kW/ha) 1.65 1.47 1.39 

Number of 
implements 3, including 1 powered 2 unpowered 1 unpowered 

GNSS guidance no yes yes 

Probability curves 
Figure 4(a-c) shows the ascending probability curves for Average Annual Farm Return over the 
rotation, percentage change in the Average Annual Farm Return, and Average Net Farm Return for all 
five of the modelled farming systems evaluated in case study 1. The dotted lines indicate the median 
(50 per cent probability) values on each graph. Key values (5, 50 and 95 per cent probability) for each 
of the graphed parameters are summarised in Table 3, covering all four case studies. 
 
Figure 4(b) shows the ascending probability curves for change in Average Annual Farm Return for all 
of the CTF-based systems in case study 1, compared to the Conv system. The median increase was 56 
per cent for Mixed-WS CTF and 58 per cent for WS CTF. Figure 4(c) shows the ascending probability 
curves for Average Net Farm Return for all systems analysed in case study 1. The median increase in 
Average Net Farm Return was 9.6 per cent for Mixed-WS CTF and 12.8 per cent for WS CTF. 
 
An important point to note in relation to the ascending probability curves is the differences in 
probability of achieving a certain result. As an example, for case study 1, the 5 per cent probability 
values for Mixed-WS CTF ($2,852/ha) and WS CTF ($2,971/ha) were higher than the median value for 
Conv ($2,252/ha). This indicates it unlikely that Average Annual Farm Return under Mixed-WS CTF 
and WS CTF systems will ever be lower than the median value for Conv. Another interpretation of 
this result, illustrated by Fig 4(a), is that the best modelled Average Annual Farm Return of the Conv 
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system ($2,854/ha) will never be as high as the median value of the Mixed-WS CTF ($3,462/ha) or WS 
CTF ($3,584/ha) systems. 
 
Figure 4(a). Ascending probability curves for Average Annual Farm Return for five different farming 
systems used in case study 1. ($ = AUD). Curves for SCTF and CTF (McPhee, et al., 2016) have been 

included for comparison 
 

 
Figure 4(b). Ascending probability curves for the percentage change in Average Annual Farm 
Return for two WS CTF systems, compared to Conv, for case study 1. Curves for SCTF and CTF 

(McPhee, et al., 2016) have been included for comparison 
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Figure 4(c). Ascending probability curves for the percentage Average Net Farm Return for five 
different farming systems used in case study 1. ($ = AUD). Curves for SCTF and CTF (McPhee, et al., 

2016) have been included for comparison 
 

 
Table 3. Summary of median values for different parameters across the three different farming 

systems used in case studies 1 – 4.  Standard deviation; 5% and 95% values for each parameter are 
shown in parentheses 

 

Case study Conv Mixed-WS CTF WS CTF 
Average Farm Return ($/ha) 

1 2,252 
(347; 1,712 – 2,854) 

3,462 
(390; 2,852 – 4,136) 

3,584 
(390; 971 – 4,265) 

2 2,455 
(435; 1,739 – 3,161) 

3,233 
(454; 2,481 – 3,989) 

3,516 
(466; 2,752 – 4,297) 

3 3,338 
(534; 2,561 – 4,302) 

4,481 
(596; 3,612 – 5,549) 

4,809 
(595; 3,941 – 5,878) 

4 2,301 
(265; 1,886 – 2,750) 

2,662 
(300; 2,174 – 3,165) 

2,985 
(323; 2,466 – 3,531) 

Case study Conv Mixed-WS CTF WS CTF 
Change in Average Farm Return (%) cf Conv 

1  56 
(10; 41 – 71) 

58 
(10; 45 – 78) 

2  25 
(12; 14 – 47) 

42 
(17; 27 – 75) 

3  34 
(6; 25 – 46) 

44 
(8; 33 – 58) 

4  15 
(2; 6 – 26) 

30 
(7; 19 – 42) 
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Table 3 (cont’d). Summary of median values for different parameters across the three different 
farming systems used in case studies 1 – 4.  Standard deviation; 5% and 95% values for each 

parameter are shown in parentheses 
 

Case study Conv Mixed-WS CTF WS CTF 
Average Net Farm Return (%) 

1 18.9 
(4.3; 12.2 – 26.4) 

28.7 
(4.4; 21.5 – 35.9) 

30.7 
(4.6; 23.2 – 38.4) 

2 21.3 
(5.4; 12.4 – 30.1) 

33.4 
(6.1; 23.5 – 43.5) 

38.2 
(6.4; 27.8 – 49.0) 

3 22.1 
(5.0; 14.8 – 31.1) 

31.1 
(5.4; 23.1 – 40.8) 

39.2 
(6.2; 30.0 – 50.3) 

4 19.4 
(3.3; 14.3 – 25.0) 

16.6 
(3.0; 11.4 – 21.6) 

24.5 
(4.0; 18.3 – 31.5) 

Sensitivity analysis 
Tornado plots (Fig 5(a-d) are the graphical output of a sensitivity analysis, and illustrate which inputs 
have the greatest impact on the outputs. Impacts arising from changes in variables can be positive 
(increase income or reduce cost) or negative (increase cost). In Figure 5(a-d), positive impacts are 
shown as solid black bars, while negative ones are shown as grey bars. Data for Figure 5(a-d), 
showing Tornado plots for case study 1, have been normalised so the factor with the greatest 
influence has a value of either -1 or +1. Such values are not comparable between graphs, but 
normalisation shows the relativity between factors within a graph. 

 
Figure 5(a). Normalised tornado plot showing factors which most influence the Average Annual 

Farm Return for a Mixed-WS CTF system in case study 1 
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Figure 5(b). Normalised tornado plot showing factors which most influence the Average Annual 
Farm Return for a WS CTF system in case study 1 

 

Figure 5(c). Normalised tornado plot showing factors which most influence the Average Net Farm 
Return for a Mixed-WS CTF system in case study 1 

 
 

Figure 5(d). Normalised tornado plot showing factors which most influence the Average Net Farm 
Return for a WS CTF system in case study 1 

 
The key influential factors in case study 1 were reflected in all other case studies, as shown in Table 
4(a-d). Projected yield and quality improvements arising from the implementation of Mixed-WS CTF 
or WS CTF were by far the most common positive influences on the Average Farm Return. The most 
common negative influences were the cost of machinery modifications and changes to the harvest 
cost of root crops as a result of accommodating the more restrictive traffic patterns of CTF. The cost 
factors become more influential when considering the Average Net Farm Return. 
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Table 4(a). Five most influential factors on Average Farm Return for the Mixed-WS CTF system 
across all case study farms 

 
Case study 1 Case study 2 Case study 3 Case study 4 
Harvest costs Harvest costs Potato yield Harvest costs 
Potato yield Onion yield Modification costs Onion yield 
Onion yield Broccoli yield Pyrethrum yield Onion quality 
Modification costs Poppy yield Poppy yield Carrot yield 
Carrot yield Fertiliser saving Broccoli yield Pyrethrum yield 

Note: Positive influences are shown in standard font, and negative influences in italics for all of Table 4(a-d). 

 
Table 4(b). Five most influential factors on Average Farm Return for the WS CTF system across all 

case study farms 
 

Case study 1 Case study 2 Case study 3 Case study 4 
Potato yield Harvest costs Potato yield Harvest costs 
Onion yield Onion yield Pyrethrum yield Onion yield 
WS cost - medium Broccoli yield Poppy yield WS cost - medium 
Poppy yield Fertiliser saving Fertiliser saving Onion quality 
Broccoli yield Poppy yield Carrot yield Carrot yield 

 
Table 4(c). Five most influential factors on Average Net Farm Return for the Mixed-WS CTF system 

across all case study farms 
 

Case study 1 Case study 2 Case study 3 Case study 4 
WS cost - heavy Harvest costs WS cost - heavy Harvest costs 
Modification costs Onion yield Potato yield Onion yield 
Harvest costs Broccoli yield Modification costs WS cost - heavy 
Potato yield WS cost - heavy Pyrethrum yield Onion quality 
Onion yield Poppy yield Poppy yield Carrot yield 

 
Table 4(d). Five most influential factors on Average Net Farm Return for the WS CTF system across 

all case study farms 
 

Case study 1 Case study 2 Case study 3 Case study 4 
WS cost - medium Harvest costs WS cost - heavy WS cost - medium 
WS cost - heavy Medium WS cost WS cost - medium Harvest costs 
Potato yield Onion yield Potato yield WS cost - light 
Onion yield Broccoli yield Pyrethrum yield Onion yield 
Poppy yield Heavy WS cost Poppy yield Onion quality 
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Key findings 
Capital investment: For all but case study 2, the capital investment in tractors and machinery 
increased for Mixed-WS CTF compared to Conv, sometimes by a very considerable degree (e.g. case 
study 4). This was largely due to the requirement to purchase a WS tractor while still maintaining a 
conventional tractor inventory, although with fewer tractors involved. As case study 4 was a farm 
which already had a relatively smaller machinery inventory on account of reduced tillage 
management practices and fewer vegetables in the rotation, the capital cost penalty for adopting a 
Mixed-WS system was very high, with an increase of 71 per cent (Table 2). The adoption of a full WS 
CTF system indicated reduced capital cost in some cases, but increased in others. Farms with the 
potential to significantly reduce capital cost were those with a relatively large conventional tractor 
inventory which could be replaced by fewer WS tractors. 
 
Farm returns: The Average Farm Return increased for both Mixed-WS CTF and WS CTF in all case 
studies, while case study 4 indicated a reduction in Average Net Farm Return for the Mixed-WS 
system. This is reflective of the large increase in capital cost for this system on this farm, and the 
flow-on effect of that in net farm return. In other case studies, improvements in Average Net Farm 
Return were obtained for both WS systems, reflecting the benefits of CTF generally, given that 
Mixed-WS is still a fully integrated CTF system, just with a narrower track gauge compared to WS 
CTF. 
 
Most important factors: There is a general lack of experience with SCTF and CTF in the vegetable 
industry, and in particular, a lack of good data outside of experimental experience. Further, there is 
an even greater lack of experience and data associated with WS tractors and their use in vegetable 
production systems. Consequently, as was stated in McPhee et al., (2016), the modelling reported 
here has relied on a range of assumptions deduced from other data and experiences. The tornado 
plots provide broad guidance on the factors judged to be most important in determining economic 
performance of each system. They should be taken as indicators for future research, rather than 
categorical statements of performance. Across all case study farms, the most important cost factors 
impacting economic performance were related to WS capital costs, machinery modification costs and 
the impact of CTF traffic constraints on harvest operating costs. On the positive side, the most 
consistent factors contributing to economic outcomes were projected crop yield improvements. 
While yield increases are likely to be achieved in some crops purely through higher plant populations 
due to reductions in wheel track area under WS operation, there is a need for more evidence to 
support the expectation of yield and quality improvements. Better data on the cost of WS tractors is 
unlikely to become available until the technology has moved out of the prototype production phase. 

Conclusion 
 
The results reported in this paper were generated using data and assumptions drawn from the 
limited application of CTF in the Tasmanian vegetable industry, and more extensive data from other 
industries. Given the limited data available from commercial CTF vegetable systems, it is inevitable 
that assumptions have a major influence on the modelling results. This is even more so in the case of 
using wide span technology, as its use has so far been limited to one prototype in one crop in one 
season. However, knowledge of how factors such as energy use and yield change under CTF makes it 
relatively easy to scale those factors for WS operation. System effects, such as timeliness, may well 
provide greater economic benefit than the individual components of fuel saving, yield increases or 
changes in capital investment. However, it was difficult to incorporate timeliness assumptions into 
the model, so it is likely that the overall economic benefits of the system have been under-estimated. 
 



Economic modelling of wide span tractors McPhee and Pedersen 

 

AFBM Journal, 2017, Volume 14, Paper 6 Page 86 
 

The modelling reported in this paper, and the previous companion paper (McPhee et al., 2016), has 
focused on factors such as machinery capital, operating costs and the cost of modifications for CTF, 
alongside changes in returns due to potential yield improvements associated with the 
implementation of CTF. As noted, a number of assumptions have been made regarding costs and 
returns. Given the potentially significant costs associated with adoption of WS technology, further 
research is required into the costs of machinery ownership and impacts on farm debt, and how these 
would influence grower decision making. 
 
McPhee et al., (2016) noted that the probability of achieving enhanced economic performance from 
adoption of CTF was quite high, particularly if crop yield increases can be validated. The reality is that 
little progress towards CTF has been made in mixed vegetable cropping situations due to equipment 
integration issues (McPhee and Aird, 2013). While still only a prototype, and with many questions 
surrounding capital cost and performance, the wide span technology provides a mechanisation 
platform that could integrate the range of equipment required for mixed farming in Tasmania, which 
includes vegetables and crops such as poppies, pyrethrum and cereals. The current diversity of 
equipment is a significant challenge to the implementation of controlled traffic farming systems. This 
challenge could be removed with the availability of wide span technology. 
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