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Foreword 

For the agricultural sector to thrive in Australia, the ability to freight input onto farms and 
production out is critical to growing our nation’s agricultural capacity. AgriFutures Australia 
was pleased to partner with the University of New England to conduct research to examine 
alternative approaches to cost-benefit analysis of improved quality in rural roads.  

In particular, the research focused on direct and in-direct variables, namely agricultural 
production and social benefits, as part of the cost-benefit analysis – two factors not generally 
included in the analysis of upgrades for rural and regional roads.  

We hope that the research will help inform those decision makers at the local, state and 
national levels, when making investment decisions around upgrading roads in rural and 
regional Australia. Particularly where areas have a high level of agricultural production or are 
considered remote.   

We know that due to rural and regional localities’ low populations, their roads have lower 
traffic volumes than do those in urban, suburban and peri-urban contexts. This influences 
investment decisions because benefits included in cost benefit analysis tend to favour usage 
and population. This research examines the use of alternative variables that while indicative 
of benefits generated from upgrading of roads, are not necessarily related to population and 
usage. 

The analysis conducted in this research is exploratory, focusing on a small region in the 
Moree Plains and Gwydir Shire Councils. However, it provides some interesting findings that 
are highly useful in the national context. 

While we acknowledge that the quantification of alternative and existing benefit sets falls 
short of a direct comparison with existing procedures and methods, its consistent treatment 
of alternative and existing variables within the analysis provides considerable insight in terms 
of the project’s objectives.  

This report, funded under our National Rural Issues Program, is an addition to AgriFutures 
Australia’s diverse range of over 2000 research publications and it forms part of our National 
Challenges and Opportunities Arena. This arena aims to identify and nurture research and 
innovation opportunities that are synergistic across rural sectors.  

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at www.agrifutures.com.au. Purchases can also be made by phoning  
1300 634 313. 

 

John Harvey 
Managing Director 
AgriFutures Australia  

http://www.agrifutures.com.au/
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Executive Summary 

This research informs those making decisions about the upgrading of roads in rural and 
regional Australia. It examines the implications of including new variables in benefit cost 
analysis of upgrading of roads. Its objectives are to  

 examine alternative approaches to cost-benefit analysis of improved quality in rural 
roads; and   

 contribute to development of further research including piloting. 

Partners in this research are the Councils of Moree Plains and Gwydir Shires of Western 
New South Wales, but the implications are applicable to all of Australia’s regions.   

Using detailed data on the partners’ selected roads, costs and benefits of upgrading to 
bitumen sealing were calculated. Sensitivity to assumptions on data, and the parameters 
used, was examined. 

Key findings are: 

1. There is evidence that variables not normally considered in evaluation of rural road 

upgrade projects are likely to have an influence on the outcome of those evaluations. 

This particularly applies to agricultural value added and road maintenance costs: both of 

these feature specific orientation to rural and regional transport characteristics. 

2. Significant network effects of road upgrading are apparent, and are likely to be more so 

where interactions occur between modes of transport 

3. More research is needed to characterise these results, using improved data and standard 

procedures 

4. Owing to population size, social benefits of upgrading rural roads is found to be 

negligible, across a range of assumptions 

5. The effects of rain on black soil roads requires further investigation. Data limitations 

prevented a full treatment, and details of patterns of use and closure of wet roads require 

further examination. 

This analysis suggests that substantial benefits could be delivered to agricultural producers 
by rural road upgrades and that these benefits should be included within any benefit-cost 
analysis of these projects. 

The recommendations are: 

 Further research to validate and extend the current work 

 Adoption of variables identified here within formal software and other analytical devices, 
for testing 

 Pilot studies, collaboratively performed in a variety of rural settings, selected for 
applicability to opportunities raised in this report. 
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1. Introduction 

Background to the project 

The purpose of the research is to examine the inclusion of new variables in benefit-cost 
analysis of the upgrading of rural roads. Variables exhibiting direct and indirect impacts, and 
variables of an intangible nature that particularly affect regional and rural areas, will received 
attention where practicable.  

A challenge faced by rural areas is that their low and dispersed populations, and associated 
low traffic volumes, result in low aggregate valuation and associated low benefit cost ratios. It 
is notable that many of the benefits claimed for investment in rural roads are not dictated by 
road user numbers, and yet these are excluded from standard analyses. 

Using the Gwydir Shire and Moree Plains Shire Councils’ data as a case study, the work will 
draw conclusions for those localities and inference both for other localities and for 
methodological approaches more generally.  

Objectives 

The research: 

 examines alternative approaches to cost-benefit analysis of improved quality in rural 
roads; and   

 contributes to development of further research including piloting. 

Outline of report 

Chapter 2 presents a brief overview of the general principles underlying the economic 
appraisal of road projects and considers the main categories of benefits of new projects 
which are usually considered in these evaluations. It then considers the evidence for 
inclusion of further categories of benefit which could potentially be valued and included in the 
appraisal of rural road projects. These new (or extended) categories fall under the headings 
of health, social exclusion, market effects, and wider economic benefits 

Chapter 3 outlines the method used in this analysis. Essentially this is an iterative and 
interactive process using macro-driven spreadsheets to access available data. The data are 
described in this section, and are a mixture of very detailed records established and 
maintained by the dedicated staff at Moree Plains and Gwydir Shire Councils, and 
approximations and estimates take from the literature or established in discussion with 
stakeholders. After initial work on a single road, five roads were identified by stakeholders as 
indicative of relevant circumstances, and these were used in the analysis. In the absence of 
a number of important data elements, approximations and extrapolations were made, and 
these are outlined in Annex 2.  

Chapter 4 presents and discussed results. Results are decomposed to enable discussion of 
the roles played by variables normally included, and not normally included, in benefit cost 
analysis of road upgrades. A selection of sensitivity analysis results are presented to support 
discussion of robustness of results on the one hand, and significance of key variables on 
another. The full sensitivity results are presented in Annex 3. 

Chapter 5 is a discussion the implications of the results and the study, and of its limitations. It 
presents conclusions reached and qualifications around those conclusions. 

Chapter 6 offers recommendations.  
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2. Brief review of literature 

The Economic Appraisal of Road Projects 

The practice of economic appraisal of road projects is well developed at State and Federal 
level within Australia. All States employ benefit-cost analysis (BCA) as the primary tool for 
economic evaluation and each publish guidelines which set-out how such evaluations should 
be undertaken (see for example; NSW Treasury (2017), DTF Victoria (2013) and 
Queensland Treasury (2015)). In NSW and Queensland these general guidelines for the 
conduct of BCA inform the more detailed manner in which BCA is specifically applied to 
transport infrastructure projects. These more specific procedures are detailed within 
Transport for NSW (2016) and Department of Transport and Main Roads (2011). Both of 
these documents are generally similar in terms of the types of costs and benefits they 
consider, although there are differences in the parameter values they each employ and the 
Queensland manual provides more detail on the treatment of benefits with regard to sealing 
of rural roads than do the NSW guidelines.1 Costs are specified in terms of the capital costs 
of undertaking a project and the maintenance cost associated with the new infrastructure. 
Benefits are generally categorised as follows: 

1. Value of travel time savings (VTTS): this category of benefit usually represents the most 
important  category of transport infrastructure benefits Transport for NSW (2016) notes 
that VTTS typically makes up between 60% and 80% of total benefits; 

2. Vehicle operating cost (VOC) savings: transport infrastructure improvements which 
reduce congestion and/or improve the smoothness of the road surface decrease the cost 
per km travelled by each vehicle; 

3. Accident savings: improvements in the geometry, width, surface type, etc. of roads can 
reduce the incidence of accidents and hence costs in terms of vehicle damage, injuries 
and fatalities; 

4. Environmental benefits: which arise from reductions in air pollution, greenhouse gas 
emissions, noise, water pollution, impacts on biodiversity and landscape, etc.; 

5. Other benefits such as the value of travel time reliability (VTTR) and wider economic 
benefits (WEB) (which relate to the macroeconomic impacts of transport infrastructure 
investment in terms of agglomeration economies, and increases in competition, labour 
supply, and productivity) but which are only generally applied to evaluations of urban 
projects or which require modelling exercises (as is the case for WEB) which are only 
feasibly undertaken at the urban scale. 

Specific, and frequently updated, estimates of parameter values for benefit categories 1, 2, 3 
and 4 are provided by Transport for NSW (2016) and Department of Transport and Main 
Roads (2011). These parameters are specified for both urban and rural cases and for some 
categories are provided in great detail – for example, in NSW VOCs for rural roads are 
detailed by twenty classes of vehicle type, ten speeds, road surface condition, road gradient 
and average curvature per km. 

 

                                                

1 The Queensland document is essentially a manual detailing the operation of the CBA6 software which is used 
in the evaluation of transport infrastructure projects. Included within the benefits of sealing of rural roads are 
categories related to reduced livestock damage and the savings generated from fewer days of road closure. 
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Health 

Medical conditions 

There is an extensive medical literature which is concerned with the relationship between 
differences in travel time/distance to healthcare services and the health outcomes of patients. 
Kelly, Hulme, Farragher, and Clarke (2016) conducted a systematic review of 108 studies 
and concluded that 77% of these studies find evidence for a distance decay relationship, i.e. 
patients who live further away from – or who had longer travel times to – healthcare facilities 
had health outcomes which were worse than those who lived closer – or had lower travel 
times. These studies cover a wide range of different medical conditions and were carried out 
in a variety of different countries and hence it is difficult to extract data from them which might 
be used to construct a methodology for evaluating the health benefits associated with 
decreasing travel time to healthcare facilities. Such a methodology could potentially be 
developed whereby any established distance decay relationship for a health outcome could 
be valued in terms of any increases in morbidity and/or loss of quality of life associated with 
greater travel times. However, it is apparent that any distance decay health outcome 
relationship is only likely to amount to a significant benefit in the context of improvement of 
rural road infrastructure when travel times are very substantially reduced. For example, 
results published in Baade, Dasgupta, Aitken, and Turrell (2011) show that, on average, 
there is a 6% increase in mortality risk for patients in Queensland suffering from rectal cancer 
for each 100km increment in distance from their nearest radiotherapy facility. This implies 
that any decrease in travel time brought about by rural road improvement would need to be 
of the magnitudes of several tens of minutes in order to generate sizable benefit values. 

To summarise, there does appear to be evidence of a relationship between health outcomes 
and distance, however, such evidence is fragmentary (since studies are concerned with a 
variety of different conditions and have been undertaken in different geographical locations) 
and inconclusive because of the complexities involved in attempting to control for all the 
possible factors which may also play a role in determining health outcomes. 

Mental health 

Suicide rates in Australia are consistently higher amongst adolescent and young adult males 
living in rural or remote areas compared to those in the major cities (Caldwell, Jorm, & Dear, 
2004; Cheung, Spittal, Pirkis, & Yip, 2012). Whilst suicide rates are higher in rural areas 
across all age groups and across gender compared to people living in major cities, the death 
rate from suicide for men aged 15-29 years living in rural areas  is twice as high (Australian 
Bureau of Statistics,2011). Caldwell et al. (2004) notes that mental health disorders are 
proposed as being the strongest risk factor for suicide but that the proportion of young men 
who report mental health disorders does not differ significantly between rural, remote and 
metropolitan areas. They conclude that this disparity between the reporting of mental health 
disorders and rates of suicide is largely due to a significant difference in the proportion in 
each area who seek professional help: 11.4% in rural areas compared to 25.2% in 
metropolitan areas (Caldwell et al., 2004). A lack of access to mental health services in rural 
areas may account for some of this difference, but it is also possible that a distance decay 
relationship similar to that described in Section 0 for medical conditions will also apply for 
mental health issues. Again, however, such a distance decay relationship will likely only be 
discernible over relatively large measures of remoteness and so the benefits associated with 
reducing travel time by relatively small increments will be negligible. 

To date, no such clear distance decay relationship for mental health outcomes has been 
established and so valuation of potential benefits is not possible with any acceptable degree 
of robustness. 
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Social exclusion 

Social exclusion describes the existence of barriers which make it difficult for people to fully 
participate in society; such barriers include, low income, unemployment, poor health, low 
educational levels, ethnic minority status, age and poor mobility (Stanley et al., 2011). In the 
context of improvement of rural roads then improvement in the ability of rural residents to 
access services and/or to increase their social interaction and engagement by reducing travel 
times to centres of population should reduce the incidence of social exclusion brought about 
by the tyranny of distance.  

To date the literature on the link between social exclusion and mobility has largely been 
explored in urban contexts and particularly with regard to the provision of public transport 
services which increase the mobility options of residents (see, for example, the studies 
reviewed in Kamruzzaman, Yigitcanlar, Yang, and Mohamed, 2016). The Stanley et. al. 
(2011) study uses survey data from 443 adult residents of Melbourne to investigate the 
factors which are likely to increase a person’s risk of social exclusion. The study results show 
that such risk is reduced if people have regular contact with significant others, have a sense 
of community, are not poor, are open to new experiences and are mobile. Additionally, the 
analysis undertaken estimated that individuals were willing to pay $19.30 for an additional trip 
so that they could engage in more social activities and overcome social exclusion.2 

There is evidence that the incidence of social exclusion can be reduced by increasing the 
mobility of marginalised residents in urban areas, and further, that this has benefits which 
can be valued. In fact, Transport for NSW (2016) has recognised the potential benefits that 
could be captured under this category and Appendix 11 of the current guidelines include 
detail regarding the construction of a social inclusion index for consideration (at a qualitative 
level) in transport project evaluations when appropriate. To date, however, there appears to 
be little work which studies these issues in rural areas of Australian and transferring benefits 
from urban based studies to rural settings – where potential decreases in social exclusion 
would have to be related to decreases in travel time rather than improved access to public 
transport – would be problematic. 

Market effects 

Livestock damage 

As previously mentioned (in footnote 1) the Queensland Cost-Benefit Analysis Manual 
explicitly recognises the benefit generated by sealing rural roads in terms of reduced damage 
to livestock. Unsealed roads can cause damage to livestock as a result of dust inhalation and 
jarring and, for example, avoidance of this damage is estimated in the manual to be worth 
$0.909/km for each B-double or Road train which travels along a route that is upgraded from 
a roughness index value of MRS1 or 2 to MRS 5+ (Department of Transport and Main 
Roads, 2011, Section 4, pages 96 and 97). 

Just-in-time supply contracts 

With recent increases in on-farm storage of grain there is a parallel increase in the number of 
farmers who are supplying grain for export on a “just-in-time” delivery basis and receiving a 
price premium for doing so. Such delivery is dependent upon freight transport being able to 
access farms. Access is potentially threatened when roads are unsealed and liable to closure 
during rain events. This is particularly a problem in the Gwydir and Namoi Shires where there 

                                                

2 Transport for NSW (2016) use this figure to illustrate the consumer surplus potentially generated by provision 
of additional public transport services in urban areas. Given an average trip time of 30 minutes, and hence a 
value of travel time of $6.88 per trip, and an average fare of $3.30 per trip then consumer surplus is $9.12 per 
trip. 
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are a number of black soil roads servicing farms which can be heavily impacted by heavy 
truck traffic during (relatively) small rain events and can subsequently be closed. There is 
however, very little evidence which indicates the extent of this problem. Research is required 
which gathers data that links days of road closure to missed opportunities to take advantage 
of the just-in-time price premium. 

Wider economic benefits 

The wider economic benefits that emanate from improving, or construction of new, transport 
infrastructure are included in the project evaluation guidelines published by Transport for 
NSW. As bullet point 5 in Section 0 notes such benefits can include those arising from 
agglomeration economies, and increases in competition, labour supply, and productivity. 
Evaluating these types of impact is however, complex, and usually involves economic 
modelling utilising large-scale data sets. Such exercise are more difficult to undertake in rural 
situations where the required data is lacking, where the relationships between different 
economic sectors is less well understood, and where the impacts of individual road upgrades 
are likely to be small in terms of reductions of travel time. 

Conclusions from literature review 

This chapter has briefly reviewed the evidence for inclusion of a range of new and extended 
benefit categories within the evaluation of projects which upgrade or construct new rural 
transport infrastructure. There is evidence that increased distance (and so travel time) is 
related to poorer health outcomes, however, estimates of this relationship have, to date, only 
be made over relatively large increments of distance and so any benefits associated with 
decreased travel time over short distances and over a small population are only going to be 
marginal. Similarly, benefits emanating from increased mobility in terms of reduction in social 
exclusion have been detected in studies undertaken in urban environments, but again, for 
small decreases in travel time and over small populations these benefits are also going to be 
small for rural road projects. 

There is more promise in inclusion of market effect benefits arising from rural road projects. 
Sealing of previously unsealed roads allows producers to increase their revenue from 
livestock sales, and the increased reliability of farm-gate access has the potential to increase 
the ability of grain farmers to take advantage of just-in-time delivery for export and the price 
premium that this attracts. In the latter case, however, a data gathering exercise is required 
to provide the evidence regarding the number of farms potentially affected by road closures, 
the volume of product potentially affected, and the price premiums involved. 
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3. Methodology 

Approach taken  

Pursuant to the objectives of the project, a highly applied approach was taken, reflecting the 
practical and topical challenges posed by practitioners in the locality. A selection of local 
roads were targeted for analysis, for which substantial data were available concerning 
condition and use.  

The analysis centres on the examination of the influence of an expanded set of variables in 
cost benefit calculations for upgrades to rural roads. Owing to the absence of protocols for 
the inclusion of most of these variables, a simple and workable approach was taken. The 
method reflects the exploratory nature of the work, in that the variables included are treated 
in a practical and topical way, with analytical formalisation and standardisation deferred to 
later work. 

The project’s size required that its emphasis be on the componentry and focus of the 
analysis rather than data collection. For this reason many data are effectively “placeholders” 
for which values were discussed with partners and calibrated to the extent possible with past 
work. A review of literature targeted relevant approaches and variables, from which a number 
of insights were gained but little data was generated. Extensive sensitivity analysis was 
conducted to determine the influence of missing data and provide guidelines for future work. 

An iterative approach was taken with project partners, featuring periodic updates and 
discussion of interim pieces of work. A suite of scenarios was originally planned, and over 
time this narrowed to examination of a specific form of upgrade (bitumen sealing of gravel 
and black soil roads), and an expanded sensitivity analysis to cover most elements of the 
original scenario set. 

Benefits employed in the analysis 

Project stakeholders introduced a number of variables for potential inclusion in the analysis. 
These featured benefits that either are not proportional to population and road use, or are 
somewhat specific to rural economic or social community concerns. These included: 

 Social costs associated with health care and mental health  

 Agricultural value added, associated both with the condition of the products transported 
and access to high value markets 

 Access to employees, and residents’ access to employment: essentially a two-way 
consideration of how rural businesses can better access employees and how rural people 
can improve access to employment 

 Benefits associated with education and child care: a consideration of aspects of the 
quality of child care and education affected by mobility and social exclusion 

These variables were considered alongside available methodologies and data from existing 
sources. Further consideration was given in light of available approximations, leading to use 
of “placeholder data” which might be updated and improved as new data became available. It 
should be noted that a particularly rich data source was made available by the staff of Gwydir 
and Moree Plains Councils, in substantial detail surrounding the form, condition, use and 
speed utilisation of individual roads. Further detail of data is given below. 

The list of variables addressed in the analysis was determined by a pragmatic process, and 
resource constraints on both the researchers and the partners prevented use of the full list 
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requested by the partners. Table 1 below presents the variables considered, subdivided by 
apparent use and non-use in existing benefit cost analysis and associated decision-making 
procedures about the upgrading of roads. 

Table 1. Variables addressed in the analysis of benefits of road upgrading 

Category of 
Benefit 

Normally included in benefit-
cost analysis of road 
upgrading 

Not normally included in benefit-cost 
analysis of road upgrading 

Travel time   Value of travel time saved  Avoided cost arising due to trips delayed, 

cancelled and re-routed (particularly in 

response to rain and flooding, and ensuing 

road closures) 

Vehicle running 
costs 

 Reduced running costs  Avoided cost of purchase of heavier 

vehicles due to road condition  

Freight and 
transport costs 

 Reduced costs of 

commercial travel and 

freight 

 Avoided cost arising due to trips delayed, 

cancelled and re-routed (particularly in 

response to rain and flooding, and ensuing 

road closures) 

Road 
maintenance 
costs 

 Changed maintenance costs 

due to surface changes 

 Changed maintenance costs 

due to traffic volumes. 

 Changed maintenance costs as vehicles 

switch routes within the network, 

generally onto roads with lower 

maintenance costs 

Road repair costs   Avoided repairs from vehicles using roads 

that have been closed by authorities 

(particularly for flooded roads with wet 

surfaces) 

Accidents  Avoided costs of reported 

accidents 

 Avoided costs of unreported accidents 

Agricultural value 
added 

  Avoided reductions in product value due 

to quality reduction or damage 

 Avoided stress on animals 

 Access to price premia by satisfying tight 

delivery schedules to markets or transport 

hubs 

 Productivity and cost improvements due 

to timely delivery of inputs 

Social costs  Employment changes 

 

 Access to employment and employees 

 Benefits generated from access to health 

care 

 Benefits generated from access to mental 

health care 
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Data 

The principal data employed referred to a number of roads in Moree Plains Shire. Details of 
road length and condition, according to sections of each surface type, were included. Also for 
each road, usage data across 13 vehicle types was available. Costs of maintenance and 
repairs also featured in this data set.  

Incidental information such as cost estimates for forms of road upgrade, frequencies of flood 
events, and the incidence and nature of unreported accidents, were also provided by the 
local authorities as best estimates. 

Parameters such as road use elasticities and the value of travel time were drawn from 
existing literature. 

Parameters and data for which no source was apparent were addressed with placeholder 
data as described above. This included employment-distance relationships, incidence and 
costs of adverse health and mental health outcomes, population, livestock and crop patterns 
on individual roads, and travel behaviour surrounding road closure. The values used were 
discussed with research partners, and calibrated according to their experience. Sensitivity 
analysis was applied to these assumptions where feasible. 

The networked nature of roads was taken account of in some limited ways. Projected 
changing patterns of use of one road were reflected in changed traffic flows on others. 
Similarly, road disruptions were modelled according to assumptions about road user 
behaviour across the whole network, rather than just on the target road. These assumptions 
were calibrated as far as was possible from existing data and in discussion with research 
partners. 

A number of analytic considerations, including some specifically raised by the research 
partners, were not able to quantified for analysis. Of particular concern is some social and 
community-related information in the general sphere of the costs of exclusion – referred to in 
some circles as “intangible”. A substantial volume of research on the subject has failed to 
generate economic valuations applicable to benefit cost analysis, and so this subject is 
deferred to future work. 

Data used are presented in annex 2, along with explanations of the roles played in the 
analysis of the various variables and parameters. 

Detail of analysis  

Approach taken to measurement of key variables 

Table 2 presents a summary of the analytical approach taken to variables included in the 
analysis.  
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Table 2. Factors included in estimation of benefits 

Variables generated Approach taken 

Road use Elasticity impacting time saved due to upgrade 

Road maintenance costs 
Differentiated by road surface 
Proportional to road usage 
Reduced where traffic flows are reduced 

Accidents 
Changed frequency of accidents 
Inclusion of unreported accidents 
Effects of dust on accident frequency 

Effects of rain 
Reduced road closure 
Reduced damage by road use violating road closure 
Valuation of trips not taken and detours taken 

Effects of general improved driving 
conditions due to upgrade 

Saved driver time 
Reduced stoppages and delays 

Vehicle purchase decisions due to 
road quality 

Avoided purchases of heavier vehicles 

Agricultural value added 
Reduced damage to crops and products in transit 
Higher prices achieved 

Standard costs of travel time Valuation of time saved 

Vehicle running costs Reduced costs across vehicle types due to improved surface 

Employment effects 
Earnings generated by access to employment or capacity to 
provide employment 

Health effects 
Earnings generated by reduced sick days due to access to medical 
care 

Mental health effects 
Earnings generated by reduced work time lost due to access to 
mental health care 

 

Approach to scenarios 

An initial set of scenarios was discussed with project partners, to address a range of upgrade 
and accelerated repair actions as investment opportunities. Discussion during the project 
focused primarily on upgrades to sealed surfaces, and key variables such as rain events and 
agricultural value added.    

Scenarios analysed entailed the upgrading current road surfaces to bitumen. Analysis 
focused on annualised benefits and costs of the upgrade. Although much discussion 
surrounded upgrades from black soil roads to bitumen, data on that case were unavailable 
and an upgrade from gravel to bitumen was analysed. 

The annualised data were not subjected to time discounting, owing to the arbitrary treatment 
of the timing of upgrade operations and benefits.  

A selection of individual roads was employed, based on recommendations by research 
partners (table 3). 

Table 3. Pre-upgrade detail of the roads analysed 

 

Name

Sealed 

length (km)

Unsealed 

length (km)

Usage (axel pairs 

per day): trucks

Usage (axel 

pairs per day): 

all vehicles

weighted 

average mean 

speed (km/hr)

Combadello 0.1 13.5 70.6 105.8 46.1

Gingham 39.9 23.0 5.4 21.5 72.9

Carrigan Way 95.5 56.5 710.2 1160.8 78.4

Morialta 36.4 18.0 151.9 233.2 80.8

Sandholes 0.4 42.6 21.9 56.6 57.1
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Treatment of key variables 

Agricultural value added and social values were addressed by approximation and 
extrapolation. In the absence of detailed data on populations, sown areas to crops and 
livestock numbers, some assumptions were made and these were extrapolated among roads 
purely according to total lengths of road. Although individual roads would naturally exhibit a 
variety of agricultural production and marketing configurations, the analysis is confined to a 
simple presentation of beef animals and selected grains. Cotton was considered as an option 
but the absence of production data meant that its values were set at zero throughout. 

Sensitivity analysis 

Sensitivity analysis sought to: 

 characterise the robustness of the analysis, particularly in light of the estimates and 
approximations made in the data base; 

 evaluate the contribution of key variables to the results achieved. 

Sensitivity analyses extended to 10 cases (see table 4). 

Table 4. Detail of sensitivity analysis 

Case Detail 

0 Base case 

1 Use -0.5 instead of -0.1 as a road use elasticity 

2 Halve the probability of accidents on upgraded roads 

3 Halve the probability of accidents both before and after upgrade 

4 Double the number of days of dust 

5 
50% more traffic on the entire network (assumed no additional traffic 
on road in question) 

6 
50% more road usage as a base case (assumed no additional traffic 
on network) 

7 50% more days rain as a base case 

8 50% more people seeking health care 

9 50% more area on relevant crops 

10 5% price premium on cattle and grain instead of 10% 

 

Analytic device 

A macro-driven spreadsheet routine was used to compile data on a targeted road, generate 
upgrade costs and benefits, and examine sensitivity to the data and assumptions used. A 
screenshot is presented in fig. 1, and the working files are available from the authors on 
request. Copies of the files were submitted with this report and also handed to the project 
partners. 
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Figure 1. Screenshot of macro-driven spreadsheet analytic device
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4. Results 

Benefit cost calculations 

Results (table 5) show that the five target roads offer a mixed attractiveness in terms of 
benefit cost ratio: from 0.58 for Gingham to 1.14 for Compadello. This is an expected result 
as project partners provided roads of varied characteristics.  

Costs, and to a lesser degree benefits, are proportional to the lengths of roads addressed in 
the analysis. Value of time saved, for example, is very large due to the length of road 
upgraded on Carrigan Road and the associated speed increases for vehicles over a 
protracted length of road.  

Variables targeting social issues are associated with negligible benefits from upgrade of 
roads. Again as expected, this reflects small populations: effectively a modest increase in the 
radius of enabled access and opportunity affects a small number of people in a sparsely 
populated setting.  

Variables not normally included in benefit cost analysis play varying roles in the net benefit 
and benefit cost ratio achieved by roads. The range is from 22% of all benefits on 
Compadello to 42% on Gingham, largely due to the value of travel time saved. This reflects 
the enduring importance of road usage in the generation of benefits from upgrades.  

Table 5. Results of benefit cost analysis of upgrade, by road 

 

 

Subject Item COMBADELLO GINGHAM CARRIGAN MORIALTA SANDHOLES

Costs of upgrade Construction costs 4,035,000 6,891,000 45,588,000 5,385,000 12,780,000

Value of travel time saved 9,041 10,727 86,690 24,827 25,542

Reduced vehicle running costs 84,261 29,720 2,894,024 115,273 216,070

Reduced cost of switching vehicles 240,541 40,274 337,958 208,724 148,276

Reduced costs of travel and freight 18,742 19,634 938,896 31,710 113,281

Reduction in costs due to reduced trips not taken due to rain 2,004 861 18,319 3,733 3,894

Total Value of travel time saved and vehicle costs 354,588 101,216 4,275,886 384,267 507,063

Avoided costs of accidents - reported 1,987,800 462,000 2,711,200 1,756,800 2,559,200

Avoided costs of accidents - unreported 185,346 115,096 4,318,961 321,684 481,068

Total Accidents avoided 2,173,146 577,096 7,030,161 2,078,484 3,040,268

Agricultural value added - grains 404,000 1,088,500 5,513,900 902,800 1,281,900

Agricultural value added - cotton

Agricultural value added - cattle 166,650 449,006 2,274,484 372,405 528,784

Total Agricultural value added 570,650 1,537,506 7,788,384 1,275,205 1,810,684

Value of access to medical care 12 48 402 24 84

Value of access to mental health care 10 38 322 19 67

Value of access to employment 16 64 536 32 112

Total Social benefits 38 150 1,260 75 263

Annual maintenance costs saved 1,059,753 1,305,390 16,890,748 1,348,229 2,794,301

Maintenance costs avoided due to vehicle damage in rain 103,377 15,046 1,531,587 116,926 147,230

Network maintenance costs saved due to cars switching routes326,656 469,778 10,254,471 583,520 1,597,159

Total Maintenance costs saved 1,489,786 1,790,214 28,676,805 2,048,675 4,538,691

Sum of all costs 4,035,000 6,891,000 45,588,000 5,385,000 12,780,000

Sum of all benefits 4,588,208 4,006,182 47,772,496 5,786,706 9,896,969

Benefits - costs 553,208 -2,884,818 2,184,496 401,706 -2,883,031

Benefit cost ratio 1.14 0.58 1.05 1.07 0.77

Value of travel time saved and vehicle costs 8% 3% 9% 7% 5%

Accidents avoided 47% 14% 15% 36% 31%

Agricultural value added 12% 38% 16% 22% 18%

Social benefits 0% 0% 0% 0% 0%

Maintenance costs saved 32% 45% 60% 35% 46%

Benefits not ordinarily captured 22% 42% 26% 31% 25%

Benefits ordinarily captured 78% 58% 74% 69% 75%

Road

Shares of benefits - 

(not) ordinarily 

Value of travel time 

and vehicle costs saved

Accidents avoided

Agricultural value 

added

Social benefits

Maintenance costs 

saved

Gross measures

Shares of benefits
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Sensitivity analysis 

Data considerations: parameters used 

Elasticities of road use (see annex 2 for definition and magnitudes) exert considerable 
emphasis on overall values benefit results, underlining that traffic volumes are important 
determinants of benefit generation. The most profound effect of changed elasticity 
assumptions is on maintenance costs saved, as in the context of sealing one road among 
many, the dominant effect will be switching from an unsealed to a sealed road, with 
associated maintenance cost adjustments. 

Accident probabilities exert two forms of influence on the results. Interestingly, assumptions 
on the probabilities of post-upgrade accidents have rather less influence than do 
assumptions on the pre- and post-upgrade incidences.    

Data considerations: data values used 

Agricultural value added remains a moderate part of the overall benefits and so changes are 
associated with small changes in overall benefit generated. Rain events, while generating 
considerable disruption and cost, do not feature much sensitivity in terms of additional events 
in a given year. This surprising result requires further attention. 

Results are very sensitive to data on traffic volumes on the road in question, but interestingly 
are much less sensitive to assumptions about traffic volumes over the entire road network.  

Social benefits play a small role in benefits generation and changes to data values used have 
little influence on results. 

Detail of sensitivity analysis 

All 10 scenarios from fro all five roads are presented in Annex 3. 
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Figure 2. General results of sensitivity analysis  
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Configuration of benefits of road upgrading 

Averages of the benefits generated, calculated across all roads analysed, are dominated by 
savings in maintenance costs (figure 3). Agricultural value added, and accidents avoided, are 
also significant contributors to benefits. 

 

Figure 3. Shares of benefits from road upgrading 
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Role played by variables not normally included in the analysis of 

road upgrading 

Overall composition of benefits 

The share of benefits generated by road upgrading that are due to variables not normally 
captured in cost benefit analysis of road upgrading varies from 22% to over 40% (figure 4).  

 

Figure 4. Shares of benefits generated: variables normally vs. not normally captured 

 

Composition of benefits and benefit-cost ratio 

There is no apparent pattern exhibited with respect to the economic desirability of the 
upgrade and the share of benefits due to variables not normally included in benefit cost 
analysis (see figure 5).  

 

Figure 5. Benefit-Cost Ratios of upgrade, and % of benefits not normally captured 
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Composition of benefits not normally captured in benefit cost analysis 

The roads exhibit substantially different benefits from the upgrade (figure 6), owing to length 
over which upgrades are undertaken and several other factors discussed earlier. When 
examined in percentage terms, the configuration of the benefits are also markedly different 
(figure 7). 

 

Figure 6. Benefit not normally captured 

 

Figure 7. Distribution of benefits not normally captured 
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5. Implications 

The results of the analysis are clear in identifying which of the variables that are not normally 
considered in evaluation of rural road upgrade projects are likely to have an influence on the 
outcome of those evaluations and for which more research is required. 

Of the two broad categories of new variables that are included in the analysis it is only those 
included under Agricultural value added which have any significant impact on outcome. For 
the five roads this category contributes between 12% and 38% of the overall benefits 
generated by upgrading. The addition of Social benefits is negligible. 

The contrast between the benefits generated by these two categories can be explained 
simply in terms of their reliance, or not, on the population residing along, or who use, the 
road in question. Social benefits are calculated based on numbers of people and their 
likelihood of accessing medical services based on a reduction in travel time. For the roads 
analysed reduction in travel time achieved by upgrading is small and the placeholder values 
which relate travel time to increased access are also small. Agricultural value added is not 
reliant on population, it is calculated based upon the total area of farmland that is serviced by 
a road. The greater the area of farmland, the greater the amount of farm produce that must 
be transported to market, and so the greater the potential benefits in respect of reduced 
damage to those products or in terms of accessing just-in-time delivery price premiums. 

There is evidence of significant network effects of road upgrading that are not normally 
captured in the benefit cost analysis of road upgrading. The effects are based on vehicles’ 
switching to a better surfaced road, and so reducing traffic flows on poorer surfaces which 
have maintenance costs which are both higher per km and also escalate more drastically 
with traffic volumes. These effects are unlikely to be encountered in urban settings. 

Further on network effects, and beyond the scope of this analysis, the impact of interaction 
amongst transport modes, such as the proposed inland rail routes, are deserving of 
consideration. Tight delivery times for road delivery of high value produce to railway sidings, 
for example, offer substantial opportunities to agricultural producers. 

An element of the analysis that offered surprising results is that of the effects of rain and 
flooding. During early attempts at the analysis, effects were found to fluctuate significantly, 
depending on assumptions about damage done to wet roads, costs of delays, and patterns of 
response in terms of trips cancelled or delayed. This factor, particularly when related to the 
analysis of the upgrading of black soil roads to bitumen seal, will need further consideration. 

Whereas the benefits associated with reduced travel costs dominate much analysis of urban 
benefit cost analysis of transport investment, they are small in the rural settings analysed in 
this research. This is because we address short lengths of road, and traffic flows are light. 

An element of benefit cost analysis not considered here, and not appropriate due to the level 
of approximation applied to data, is the differential value of income when rural and urban 
areas are compared. This factor may be important in future considerations. 

This preliminary analysis suggests that substantial benefits could be delivered to agricultural 
producers by rural road upgrades and that these benefits should be included within any 
benefit-cost analysis of these projects. 
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6. Recommendations 

More research is needed to validate and extend the current work. Improved data, wider 
selection of roads and economic and social contexts, and an enhanced reference to 
expanding transport networks are all desirable. 

Within formal software and other analytical devices, alternative procedures should be 
formulated to include the variables examined and identified in this research. This should be 
continued through to calculation of benefit cost ratios and other indicative results for a more 
formal treatment than has been possible here. 

The subject lends itself strongly to pilot studies. In discussion with rural communities, pilot 
locations could be identified at which extended analysis can be conducted. This would better 
capture the detail of rural roads’ populations, climatic conditions, economic aspects, 
connections to markets, positioning within current and future transport network 
configurations, social makeup and current surface type and state of repair. In addition to their 
research value, these pilots would offer a highly visible and participatory way of engaging 
rural stakeholders in policy debates regarding infrastructure. 
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9. Appendices 

Annex 1: Basis for the research 

 
 

 

 

Figure A1.1 Contract details 
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Annex 2: Details of data used 

Table A2.1 Travel volume and time responsiveness   

 

Table A2.2 Treatment of accidents 

 

Table A2.3 Treatment of rain events 

 

Table A2.4 Treatment of dust 

 

Table A2.5 Treatment of car purchases 

 

Table A2.6 Treatment of agricultural value added 

 

Variable or parameter name Value units and explanation Application Source

Cost of travel time per hour per car 32.84 $/hr Table 10, page 249, Transport for NSW (2016)

Cost of travel time per hour per truck 48.07 $/hr Table 10, page 249, Transport for NSW (2016)

Speed increase per converted gravel km to sealed km 0.3244 Proportional increase
Basis for time saved by road users

Used in elasticity implementation
Moree data

Elasticity of travel time: Low -0.1

Elasticity of travel time: Moderate -0.17

Elasticity of travel time: High -0.7

Proportion of vehicles that switch from another road 0.8
Proportion of the new users of a 

road

Basis for relationships between use of a 

target road and the rest of the network
Gwydir study on newly sealed road

Table 68, Transport for NSW (2016)

% reduction in travel time due to 

an upgrade in road quality.  

Includes both increased numbers 

of users and increased use by 

existing users.

Basis for increased use of upgraded 

road

Value of time saved per hour of travel 

time

Variable or parameter name Value units and explanation Application Source

P(accident pre-upgrade) 0.001

P(accident post-upgrade) 0.0005

P(unreported accident pre-upgrade) 0.002

P(unreported accident post-upgrade) 0.001

Coefficient for vehicles in unreported accidents 0.1
Speed reduction associated with 

unreported accidents
P

Cost per accident per single vehicle 200,600

Cost per accident per two vehicles 231,000

Transport for NSW (2015) Version 1.6

Based on Moree data on accidents on road 

surface types

Frequency of accidents, based on traffic 

flow on surface types

Probability of an accident 

occurring

$/accident Costs of accidents

Variable or parameter name Value units and explanation Application Source

Days closed due to rain 4 days Days of road closure

Proportion of car trips not taken due to rain 0.1

Proportion of truck trips not taken due to rain 0.5

Proportion of car trips taken along alternative route despite rain 0.75

Proportion of truck trips taken along alternative route despite rain 0.4

Proportion of car trips taken along same road despite rain 0.15

Proportion of truck trips taken along same road despite rain 0.1

Coefficient for vehicles finding alternative route due to rain 0.5

Coefficient for vehicles using same road during rain 0.25

Coefficient for time saved due to reduced stops 0.95

Cost of travel time per hour per truck in rain 144.21 $/hr including delays Costs of delays for employed drivers Based on wage rates and operating costs

Estimates from Moree

increase in time taken for trip calculation of travel times

proportion of trips taken a route 

closed due to rain
Increased maintenance cost

Increased travel time

Increased maintenance cost

Increased travel time proportion of trips not taken

proportion of trips taken along an 

alternative route

Variable or parameter name Value units and explanation Application Source

Days affected by dust 9 days P

Coefficient for additional accidents due to dust 0.01

proportional increase in 

probability of an accident due to 

dust

P

Variable or parameter name Value units and explanation Application Source

Proportion of new vehicles per year 0.05
Proportion of cars on the road that 

are new

Underlying rate of vehicle purchase 

(new and used)
P

Proportion of new vehicles per year that are switched 0.5
Proportion of newly-purchased 

cars

Proportion of newly-purchased cars 

that are switched for heavier ones due 

to road conditions

P

Cost of new vehicle per ESA 100 $/ESA Purchase price per axle P

Coefficient for cost of switching vehicles 1.5 Proportionate increase in price 

Proportionate increase in price due to 

heavier specifications dueto orad 

conditions

P

Variable or parameter name Value units and explanation Application Source

Hectares of cotton per km of originally unsealed road 375 ha

Hectares of cotton per km of originally sealed road 125 ha

Hectares of high value grain per km of originally unsealed road 75 ha

Hectares of high value grain per km of originally sealed road 25 ha

Head of livestock per km of originally unsealed road 75 head

Head of livestock per km of originally sealed road 25 head

Tonnes of cotton per hectare 2.5 T/ha

Tonnes of high value grain per hectare 2 T/ha

Kilograms of livestock per head 550 kg/head Liveweight

Price per tonne of cotton 250 $/T

Price per tonne of high value grain 2000 $/T

Price per kilogram of livestock 3 $/kg Liveweight

Coefficient for reduced cotton price due to dust 0.9 proportion of price Dust damage P

Coefficient for price improvement for high value grain 1.1 P

Coefficient for price improvement for livestock 1.1 P

Current agricultural markets and producion 

data

proportion of price Price premia

baseline productivity

baseline land use

baseline prices
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Table A2.7 Treatment of vehicle running costs 

 

Table A2.8 Treatment of employment 

 

Table A2.9 Treatment of health care access 

 

Table A2.10 Treatment of mental health care access 

 

Table A2.11 Treatment of costs of upgrading, maintenance and repair 

 

 

 

Variable or parameter name Value units and explanation Application Source

Coefficient for x^2 for cars on gravel 0.002278788

Coefficient for x for cars on gravel -0.342157576

Intercept for cars on gravel 48.51636364

Coefficient for x^2 for trucks on gravel 0.008859343

Coefficient for x for trucks on gravel -1.170441919

Intercept for trucks on gravel 216.6650404

Coefficient for x^2 for cars on sealed 0.002287121

Coefficient for x for cars on sealed -0.343701515

Intercept for cars on sealed 40.92263636

Coefficient for x^2 for trucks on sealed 0.008861616

Coefficient for x for trucks on sealed -1.170761616

Intercept for trucks on sealed 152.9450101

Calculation of vehicle running costs: 

cars on gravel

parameters of a quadratic 

function, where x = vehicle speed 

(km/hr)

parameters of a quadratic 

function, where x = vehicle speed 

(km/hr)

Calculation of vehicle running costs: 

trucks on gravel

parameters of a quadratic 

function, where x = vehicle speed 

(km/hr)

Calculation of vehicle running costs: 

cars on bitumen

Calculation based on Moree and Gwydir data

parameters of a quadratic 

function, where x = vehicle speed 

(km/hr)

Calculation of vehicle running costs: 

trucks on bitumen

Variable or parameter name Value units and explanation Application Source

Elasticity of employment -0.001
% increase in employment due to 

a 1% reduction in travel time.
Relates travel time to employment P

People employed on road 15 persons P

Employment hours per week 40 hrs P

Employment weeks per year 40 weeks P

Employment wage per hour for employment 20 $/hr P

Baseline employment

Variable or parameter name Value units and explanation Application Source

Elasticity of health -0.01

% increase in people seeking 

health care due to a 1% reduction 

in travel time.

Relates travel time to access to medical 

care
P

People living on road 250 persons P

P(Person on road seeks medical attention) 0.5 Proportion
Share of population seeking medical 

attention in a year
P

Hours of work per day affected by medical attention 8 hrs P

Days affected by medical attention 3 days
days of work saved each year due to 

receiving medical attention
P

Employment wage per hour for medical attention 20 $/hr P

Variable or parameter name Value units and explanation Application Source

Elasticity of mental health -0.01

% increase in people seeking 

health care due to a 1% reduction 

in travel time.

Relates travel time to access to mental 

health care
P

People living on road 250 persons P

P(Person on road seeks mental health care) 0.02 probability
Share of population seeking assistance 

regarding mental health in a year
P

Hours of work per day affected by mental health care 8 hrs P

Days affected by mental health care 100 days
days of work saved each year due to 

receiving mental health care
P

Employment wage per hour for mental health care 20 $/hr P

Variable or parameter name Value units and explanation Application Source

Cost of upgrading from gravel to sealed per km 300000

Cost of upgrading from black soil to sealed per km 400000

Gwydir reseal cost 3.5

Gwydir heavy patching cost 22

Gwydir sealed rehabilitation cost 35

Gwydir Win and Load cost (gravel) 6

Gwydir Spread and Compact cost (gravel) 10

Assumed Gwydir Win and Load cost (black soil) 4

Assumed Gwydir Spread and Compact cost (black soil) 6.67

Years between sealed maintenance 12

Years between gravel maintenance 1

Years between black soil maintenance 0.5

Coefficient for additional annual repair cost per ESA 0.00001 $ per ESA 
relates road traffic volume to repair 

costs

Coefficient for additional annual repair cost in rain per ESA 0.002 $ per ESA 
reflects damage done to road due to 

use while closed due to rain

Annual maintenance cost per km of sealed road per year 25208.33

Annual maintenance cost per km of gravel road per year 80000.00

Annual maintenance cost per km of black soil road per year 106666.67

Additional annual maintenance cost per km per ESA on sealed road per 

year
0.25

Additional annual maintenance cost per km per ESA on gravel road per 

year
0.80

Additional annual maintenance cost per km per ESA on black soil road 

per year
1.07

Additional annual maintenance cost per km per ESA in rain on gravel per 

year
160.00

Additional annual maintenance cost per km per ESA in rain on black soil 

per year
213.33

$/km
addition to maintenance costs of 

increased traffic volume

Calculation based on Moree and Gwydir data

Moree and Gwydir data

Calculation based on Moree and Gwydir data

$/km

years

Cost of upgrades: 1-off expenses

Used in calculation of reduced 

maintenance costs due to upgrade

$/km maintenance costs
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Annex 3: Detail of sensitivity analysis 

Table A3.1 Sensitivity analysis details: Compadello Road  

 

0 1 2 3 4 5 6 7 8 9 10

$4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000

Value of travel time saved $9,041 $9,084 $9,041 $9,041 $9,041 $9,041 $13,556 $9,456 $9,041 $9,041 $9,041

Reduced vehicle running costs $84,261 $83,453 $84,644 $82,637 $84,261 $84,261 $126,495 $85,155 $84,261 $84,261 $84,261

Reduced cost of switching vehicles $240,541 $240,541 $240,541 $240,541 $240,541 $240,541 $360,812 $240,541 $240,541 $240,541 $240,541

Reduced costs of travel and freight $18,742 $17,824 $18,742 $18,742 $18,742 $18,742 $28,227 $18,742 $18,742 $18,742 $18,742

Reduction in costs due to reduced trips not taken due to rain $2,004 $2,004 $2,004 $2,004 $2,004 $2,004 $3,006 $3,006 $2,004 $2,004 $2,004

$354,588 $352,907 $354,972 $352,965 $354,588 $354,588 $532,096 $356,900 $354,588 $354,588 $354,588

Avoided costs of accidents - reported $1,987,800 $1,987,800 $2,650,400 $1,294,800 $2,650,400 $1,987,800 $3,082,000 $1,987,800 $1,987,800 $1,987,800 $1,987,800

Avoided costs of accidents - unreported $185,346 $185,265 $276,734 $91,470 $185,346 $185,346 $407,432 $185,346 $185,346 $185,346 $185,346

$2,173,146 $2,173,065 $2,927,134 $1,386,270 $2,835,746 $2,173,146 $3,489,432 $2,173,146 $2,173,146 $2,173,146 $2,173,146

Agricultural value added - grains $404,000 $404,000 $404,000 $404,000 $404,000 $404,000 $404,000 $404,000 $404,000 $606,000 $202,000

Agricultural value added - cotton $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Agricultural value added - cattle $166,650 $166,650 $166,650 $166,650 $166,650 $166,650 $166,650 $166,650 $166,650 $166,650 $83,325

$570,650 $570,650 $570,650 $570,650 $570,650 $570,650 $570,650 $570,650 $570,650 $772,650 $285,325

Value of access to medical care $12 $12 $12 $12 $12 $12 $12 $12 $18 $12 $12

Value of access to mental health care $10 $10 $10 $10 $10 $10 $10 $10 $10 $10 $10

Value of access to employment $16 $16 $16 $16 $16 $16 $16 $16 $16 $16 $16

$38 $38 $38 $38 $38 $38 $38 $38 $44 $38 $38

Annual maintenance costs saved $1,059,753 $1,059,584 $1,059,753 $1,059,753 $1,059,753 $1,059,753 $1,221,176 $1,059,753 $1,059,753 $1,059,753 $1,059,753

Maintenance costs avoided due to vehicle damage in rain $103,377 $103,377 $103,377 $103,377 $103,377 $103,377 $155,104 $155,104 $103,377 $103,377 $103,377

Network maintenance costs saved due to cars switching routes $326,656 $1,633,488 $326,656 $326,656 $326,656 $326,656 $326,656 $326,656 $326,656 $326,656 $326,656

$1,489,786 $2,796,450 $1,489,786 $1,489,786 $1,489,786 $1,489,786 $1,702,936 $1,541,513 $1,489,786 $1,489,786 $1,489,786

$4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000 $4,035,000

$4,588,208 $5,893,109 $5,342,580 $3,799,709 $5,250,808 $4,588,208 $6,295,152 $4,642,246 $4,588,214 $4,790,208 $4,302,883

Benefits - costs $553,208 $1,858,109 $1,307,580 -$235,291 $1,215,808 $553,208 $2,260,152 $607,246 $553,214 $755,208 $267,883

Benefit cost ratio 1.14 1.46 1.32 0.94 1.30 1.14 1.56 1.15 1.14 1.19 1.07

Value of travel time saved and vehicle costs 8% 6% 7% 9% 7% 8% 8% 8% 8% 7% 8%

Accidents avoided 47% 37% 55% 36% 54% 47% 55% 47% 47% 45% 51%

Agricultural value added 12% 10% 11% 15% 11% 12% 9% 12% 12% 16% 7%

Social benefits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintenance costs saved 32% 47% 28% 39% 28% 32% 27% 33% 32% 31% 35%

Benefits not ordinarily captured 22% 17% 20% 24% 19% 22% 21% 22% 22% 25% 17%

Benefits ordinarily captured 78% 83% 80% 76% 81% 78% 79% 78% 78% 75% 83%

Shares of benefits

Shares of benefits - 

(not) ordinarily 

Total Social benefits

Maintenance costs 

saved

Total Maintenance costs saved

Sum of all costs

Sum of all benefits

Gross measures

Total Value of travel time saved and vehicle costs

Accidents avoided

Total Accidents avoided

Agricultural value 

added

Total Agricultural value added

Social benefits

COMBADELLO

Costs of upgrade

Value of travel time 

and vehicle costs 

saved
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Table A3.2 Sensitivity analysis details: Gingham Road  

 

  

0 1 2 3 4 5 6 7 8 9 10

$6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000

Value of travel time saved $10,727 $10,963 $10,727 $10,727 $10,727 $10,727 $16,061 $11,170 $10,727 $10,727 $10,727

Reduced vehicle running costs $29,720 $23,524 $32,045 $26,305 $29,720 $29,720 $45,349 $31,208 $29,720 $29,720 $29,720

Reduced cost of switching vehicles $40,274 $40,274 $40,274 $40,274 $40,274 $40,274 $60,411 $40,274 $40,274 $40,274 $40,274

Reduced costs of travel and freight $19,634 $14,783 $19,634 $19,634 $19,634 $19,634 $30,057 $19,634 $19,634 $19,634 $19,634

Reduction in costs due to reduced trips not taken due to rain $861 $861 $861 $861 $861 $861 $1,291 $1,291 $861 $861 $861

$101,216 $90,406 $103,540 $97,801 $101,216 $101,216 $153,169 $103,576 $101,216 $101,216 $101,216

Avoided costs of accidents - reported $462,000 $462,000 $693,000 $431,600 $693,000 $462,000 $1,094,200 $462,000 $462,000 $462,000 $462,000

Avoided costs of accidents - unreported $115,096 $114,741 $160,129 $56,530 $115,096 $115,096 $257,489 $115,096 $115,096 $115,096 $115,096

$577,096 $576,741 $853,129 $488,130 $808,096 $577,096 $1,351,689 $577,096 $577,096 $577,096 $577,096

Agricultural value added - grains $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,088,500 $1,632,750 $544,250

Agricultural value added - cotton $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Agricultural value added - cattle $449,006 $449,006 $449,006 $449,006 $449,006 $449,006 $449,006 $449,006 $449,006 $449,006 $224,503

$1,537,506 $1,537,506 $1,537,506 $1,537,506 $1,537,506 $1,537,506 $1,537,506 $1,537,506 $1,537,506 $2,081,756 $768,753

Value of access to medical care $48 $48 $48 $48 $48 $48 $48 $48 $72 $48 $48

Value of access to mental health care $38 $38 $38 $38 $38 $38 $38 $38 $38 $38 $38

Value of access to employment $64 $64 $64 $64 $64 $64 $64 $64 $64 $64 $64

$150 $150 $150 $150 $150 $150 $150 $150 $174 $150 $150

Annual maintenance costs saved $1,305,390 $1,303,977 $1,305,390 $1,305,390 $1,305,390 $1,305,390 $1,328,979 $1,305,390 $1,305,390 $1,305,390 $1,305,390

Maintenance costs avoided due to vehicle damage in rain $15,046 $15,046 $15,046 $15,046 $15,046 $15,046 $22,698 $22,698 $15,046 $15,046 $15,046

Network maintenance costs saved due to cars switching routes $469,778 $2,348,241 $469,778 $469,778 $469,778 $469,778 $469,778 $469,778 $469,778 $469,778 $469,778

$1,790,214 $3,667,264 $1,790,214 $1,790,214 $1,790,214 $1,790,214 $1,821,455 $1,797,866 $1,790,214 $1,790,214 $1,790,214

$6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000 $6,891,000

$4,006,182 $5,872,067 $4,284,540 $3,913,802 $4,237,182 $4,006,182 $4,863,969 $4,016,194 $4,006,206 $4,550,432 $3,237,429

Benefits - costs -$2,884,818 -$1,018,933 -$2,606,460 -$2,977,198 -$2,653,818 -$2,884,818 -$2,027,031 -$2,874,806 -$2,884,794 -$2,340,568 -$3,653,571

Benefit cost ratio 0.58 0.85 0.62 0.57 0.61 0.58 0.71 0.58 0.58 0.66 0.47

Value of travel time saved and vehicle costs 3% 2% 2% 2% 2% 3% 3% 3% 3% 2% 3%

Accidents avoided 14% 10% 20% 12% 19% 14% 28% 14% 14% 13% 18%

Agricultural value added 38% 26% 36% 39% 36% 38% 32% 38% 38% 46% 24%

Social benefits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintenance costs saved 45% 62% 42% 46% 42% 45% 37% 45% 45% 39% 55%

Benefits not ordinarily captured 42% 29% 41% 42% 40% 42% 38% 42% 42% 49% 29%

Benefits ordinarily captured 58% 71% 59% 58% 60% 58% 62% 58% 58% 51% 71%

GINGHAM

Total Maintenance costs saved

Sum of all costs

Sum of all benefits

Gross measures

Shares of benefits

Shares of benefits - 

(not) ordinarily 

Total Accidents avoided

Agricultural value 

added

Total Agricultural value added

Social benefits

Total Social benefits

Maintenance costs 

saved

Costs of upgrade

Value of travel time 

and vehicle costs 

saved

Total Value of travel time saved and vehicle costs

Accidents avoided
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Table A3.3 Sensitivity analysis details: Carrigan Way 

 

  

0 1 2 3 4 5 6 7 8 9 10

$45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000

Value of travel time saved $86,690 $93,682 $86,690 $86,690 $86,690 $86,690 $129,161 $91,168 $86,690 $86,690 $86,690

Reduced vehicle running costs $2,894,024 $2,547,696 $2,964,578 $2,525,410 $2,894,024 $2,894,024 $4,384,373 $2,982,809 $2,894,024 $2,894,024 $2,894,024

Reduced cost of switching vehicles $337,958 $337,958 $337,958 $337,958 $337,958 $337,958 $506,936 $337,958 $337,958 $337,958 $337,958

Reduced costs of travel and freight $938,896 $802,904 $938,896 $938,896 $938,896 $938,896 $1,425,345 $938,896 $938,896 $938,896 $938,896

Reduction in costs due to reduced trips not taken due to rain $18,319 $18,319 $18,319 $18,319 $18,319 $18,319 $27,487 $27,487 $18,319 $18,319 $18,319

$4,275,886 $3,800,559 $4,346,440 $3,907,272 $4,275,886 $4,275,886 $6,473,302 $4,378,317 $4,275,886 $4,275,886 $4,275,886

Avoided costs of accidents - reported $2,711,200 $2,510,600 $4,006,000 $2,158,000 $4,036,400 $2,711,200 $3,927,000 $2,711,200 $2,711,200 $2,711,200 $2,711,200

Avoided costs of accidents - unreported $4,318,961 $4,278,305 $5,272,389 $2,156,816 $4,318,961 $4,318,961 $9,719,270 $4,318,961 $4,318,961 $4,318,961 $4,318,961

$7,030,161 $6,788,905 $9,278,389 $4,314,816 $8,355,361 $7,030,161 $13,646,270 $7,030,161 $7,030,161 $7,030,161 $7,030,161

Agricultural value added - grains $5,513,900 $5,513,900 $5,513,900 $5,513,900 $5,513,900 $5,513,900 $5,513,900 $5,513,900 $5,513,900 $8,270,850 $2,756,950

Agricultural value added - cotton $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Agricultural value added - cattle $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $2,274,484 $1,137,242

$7,788,384 $7,788,384 $7,788,384 $7,788,384 $7,788,384 $7,788,384 $7,788,384 $7,788,384 $7,788,384 $10,545,334 $3,894,192

Value of access to medical care $402 $402 $402 $402 $402 $402 $402 $402 $603 $402 $402

Value of access to mental health care $322 $322 $322 $322 $322 $322 $322 $322 $322 $322 $322

Value of access to employment $536 $536 $536 $536 $536 $536 $536 $536 $536 $536 $536

$1,260 $1,260 $1,260 $1,260 $1,260 $1,260 $1,260 $1,260 $1,461 $1,260 $1,260

Annual maintenance costs saved $16,890,748 $16,828,444 $16,890,748 $16,890,748 $16,890,748 $16,890,748 $19,977,011 $16,890,748 $16,890,748 $16,890,748 $16,890,748

Maintenance costs avoided due to vehicle damage in rain $1,531,587 $1,531,587 $1,531,587 $1,531,587 $1,531,587 $1,531,587 $2,300,315 $2,300,315 $1,531,587 $1,531,587 $1,531,587

Network maintenance costs saved due to cars switching routes $10,254,471 $51,267,468 $10,254,471 $10,254,471 $10,254,471 $10,254,471 $10,254,471 $10,254,471 $10,254,471 $10,254,471 $10,254,471

$28,676,805 $69,627,499 $28,676,805 $28,676,805 $28,676,805 $28,676,805 $32,531,797 $29,445,534 $28,676,805 $28,676,805 $28,676,805

$45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000 $45,588,000

$47,772,496 $88,006,606 $50,091,277 $44,688,536 $49,097,696 $47,772,496 $60,441,011 $48,643,655 $47,772,697 $50,529,446 $43,878,304

Benefits - costs $2,184,496 $42,418,606 $4,503,277 -$899,464 $3,509,696 $2,184,496 $14,853,011 $3,055,655 $2,184,697 $4,941,446 -$1,709,696

Benefit cost ratio 1.05 1.93 1.10 0.98 1.08 1.05 1.33 1.07 1.05 1.11 0.96

Value of travel time saved and vehicle costs 9% 4% 9% 9% 9% 9% 11% 9% 9% 8% 10%

Accidents avoided 15% 8% 19% 10% 17% 15% 23% 14% 15% 14% 16%

Agricultural value added 16% 9% 16% 17% 16% 16% 13% 16% 16% 21% 9%

Social benefits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintenance costs saved 60% 79% 57% 64% 58% 60% 54% 61% 60% 57% 65%

Benefits not ordinarily captured 26% 14% 27% 23% 25% 26% 30% 26% 26% 30% 20%

Benefits ordinarily captured 74% 86% 73% 77% 75% 74% 70% 74% 74% 70% 80%

CARRIGAN

Sum of all benefits

Gross measures

Shares of benefits

Shares of benefits - 

(not) ordinarily 

Total Agricultural value added

Social benefits

Total Social benefits

Maintenance costs 

saved

Total Maintenance costs saved

Sum of all costs

Costs of upgrade

Value of travel time 

and vehicle costs 

saved

Total Value of travel time saved and vehicle costs

Accidents avoided

Total Accidents avoided

Agricultural value 

added
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Table A3.4 Sensitivity analysis details: Morialta Road  

 

  

0 1 2 3 4 5 6 7 8 9 10

$5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000

Value of travel time saved $24,827 $25,052 $24,827 $24,827 $24,827 $24,827 $37,213 $25,705 $24,827 $24,827 $24,827

Reduced vehicle running costs $115,273 $109,264 $120,955 $97,450 $115,273 $115,273 $173,619 $120,231 $115,273 $115,273 $115,273

Reduced cost of switching vehicles $208,724 $208,724 $208,724 $208,724 $208,724 $208,724 $313,087 $208,724 $208,724 $208,724 $208,724

Reduced costs of travel and freight $31,710 $27,123 $31,710 $31,710 $31,710 $31,710 $48,140 $31,710 $31,710 $31,710 $31,710

Reduction in costs due to reduced trips not taken due to rain $3,733 $3,733 $3,733 $3,733 $3,733 $3,733 $5,599 $5,599 $3,733 $3,733 $3,733

$384,267 $373,896 $389,949 $366,444 $384,267 $384,267 $577,656 $391,969 $384,267 $384,267 $384,267

Avoided costs of accidents - reported $1,756,800 $1,756,800 $2,419,400 $1,294,800 $2,218,800 $1,756,800 $2,109,400 $1,756,800 $1,756,800 $1,756,800 $1,756,800

Avoided costs of accidents - unreported $321,684 $321,278 $479,129 $160,881 $321,684 $321,684 $725,655 $321,684 $321,684 $321,684 $321,684

$2,078,484 $2,078,078 $2,898,529 $1,455,681 $2,540,484 $2,078,484 $2,835,055 $2,078,484 $2,078,484 $2,078,484 $2,078,484

Agricultural value added - grains $902,800 $902,800 $902,800 $902,800 $902,800 $902,800 $902,800 $902,800 $902,800 $1,354,200 $451,400

Agricultural value added - cotton $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Agricultural value added - cattle $372,405 $372,405 $372,405 $372,405 $372,405 $372,405 $372,405 $372,405 $372,405 $372,405 $186,203

$1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,275,205 $1,726,605 $637,603

Value of access to medical care $24 $24 $24 $24 $24 $24 $24 $24 $36 $24 $24

Value of access to mental health care $19 $19 $19 $19 $19 $19 $19 $19 $19 $19 $19

Value of access to employment $32 $32 $32 $32 $32 $32 $32 $32 $32 $32 $32

$75 $75 $75 $75 $75 $75 $75 $75 $87 $75 $75

Annual maintenance costs saved $1,348,229 $1,347,008 $1,348,229 $1,348,229 $1,348,229 $1,348,229 $1,530,740 $1,348,229 $1,348,229 $1,348,229 $1,348,229

Maintenance costs avoided due to vehicle damage in rain $116,926 $116,926 $116,926 $116,926 $116,926 $116,926 $175,133 $175,133 $116,926 $116,926 $116,926

Network maintenance costs saved due to cars switching routes $583,520 $2,918,165 $583,520 $583,520 $583,520 $583,520 $583,107 $583,520 $583,520 $583,520 $583,520

$2,048,675 $4,382,100 $2,048,675 $2,048,675 $2,048,675 $2,048,675 $2,288,980 $2,106,881 $2,048,675 $2,048,675 $2,048,675

$5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000 $5,385,000

$5,786,706 $8,109,353 $6,612,433 $5,146,080 $6,248,706 $5,786,706 $6,976,971 $5,852,614 $5,786,718 $6,238,106 $5,149,104

Benefits - costs $401,706 $2,724,353 $1,227,433 -$238,920 $863,706 $401,706 $1,591,971 $467,614 $401,718 $853,106 -$235,896

Benefit cost ratio 1.07 1.51 1.23 0.96 1.16 1.07 1.30 1.09 1.07 1.16 0.96

Value of travel time saved and vehicle costs 7% 5% 6% 7% 6% 7% 8% 7% 7% 6% 7%

Accidents avoided 36% 26% 44% 28% 41% 36% 41% 36% 36% 33% 40%

Agricultural value added 22% 16% 19% 25% 20% 22% 18% 22% 22% 28% 12%

Social benefits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintenance costs saved 35% 54% 31% 40% 33% 35% 33% 36% 35% 33% 40%

Benefits not ordinarily captured 31% 22% 30% 32% 29% 31% 33% 31% 31% 36% 23%

Benefits ordinarily captured 69% 78% 70% 68% 71% 69% 67% 69% 69% 64% 77%

MORIALTA

Shares of benefits

Shares of benefits - 

(not) ordinarily 

Total Social benefits

Maintenance costs 

saved

Total Maintenance costs saved

Sum of all costs

Sum of all benefits

Gross measures

Total Value of travel time saved and vehicle costs

Accidents avoided

Total Accidents avoided

Agricultural value 

added

Total Agricultural value added

Social benefits

Costs of upgrade

Value of travel time 

and vehicle costs 

saved
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Table A3.5 Sensitivity analysis details: Sandholes Road  

 

 

 

 

0 1 2 3 4 5 6 7 8 9 10

$12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000

Value of travel time saved $25,542 $26,063 $25,542 $25,542 $25,542 $25,542 $38,249 $26,614 $25,542 $25,542 $25,542

Reduced vehicle running costs $216,070 $203,582 $219,135 $209,494 $216,070 $216,070 $325,673 $219,080 $216,070 $216,070 $216,070

Reduced cost of switching vehicles $148,276 $148,276 $148,276 $148,276 $148,276 $148,276 $222,414 $148,276 $148,276 $148,276 $148,276

Reduced costs of travel and freight $113,281 $102,924 $113,281 $113,281 $113,281 $113,281 $171,217 $113,281 $113,281 $113,281 $113,281

Reduction in costs due to reduced trips not taken due to rain $3,894 $3,894 $3,894 $3,894 $3,894 $3,894 $5,845 $5,845 $3,894 $3,894 $3,894

$507,063 $484,739 $510,128 $500,487 $507,063 $507,063 $763,397 $513,095 $507,063 $507,063 $507,063

Avoided costs of accidents - reported $2,559,200 $2,559,200 $2,851,000 $924,000 $2,851,000 $2,559,200 $2,419,400 $2,559,200 $2,559,200 $2,559,200 $2,559,200

Avoided costs of accidents - unreported $481,068 $479,054 $660,029 $242,756 $481,068 $481,068 $1,085,842 $481,068 $481,068 $481,068 $481,068

$3,040,268 $3,038,254 $3,511,029 $1,166,756 $3,332,068 $3,040,268 $3,505,242 $3,040,268 $3,040,268 $3,040,268 $3,040,268

Agricultural value added - grains $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,281,900 $1,922,850 $640,950

Agricultural value added - cotton $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Agricultural value added - cattle $528,784 $528,784 $528,784 $528,784 $528,784 $528,784 $528,784 $528,784 $528,784 $528,784 $264,392

$1,810,684 $1,810,684 $1,810,684 $1,810,684 $1,810,684 $1,810,684 $1,810,684 $1,810,684 $1,810,684 $2,451,634 $905,342

Value of access to medical care $84 $84 $84 $84 $84 $84 $84 $84 $126 $84 $84

Value of access to mental health care $67 $67 $67 $67 $67 $67 $67 $67 $67 $67 $67

Value of access to employment $112 $112 $112 $112 $112 $112 $112 $112 $112 $112 $112

$263 $263 $263 $263 $263 $263 $263 $263 $305 $263 $263

Annual maintenance costs saved $2,794,301 $2,791,580 $2,794,301 $2,794,301 $2,794,301 $2,794,301 $3,024,730 $2,794,301 $2,794,301 $2,794,301 $2,794,301

Maintenance costs avoided due to vehicle damage in rain $147,230 $147,230 $147,230 $147,230 $147,230 $147,230 $221,633 $221,633 $147,230 $147,230 $147,230

Network maintenance costs saved due to cars switching routes $1,597,159 $7,984,673 $1,597,159 $1,597,159 $1,597,159 $1,597,159 $1,596,907 $1,597,159 $1,597,159 $1,597,159 $1,597,159

$4,538,691 $10,923,483 $4,538,691 $4,538,691 $4,538,691 $4,538,691 $4,843,270 $4,613,094 $4,538,691 $4,538,691 $4,538,691

$12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000 $12,780,000

$9,896,969 $16,257,422 $10,370,795 $8,016,881 $10,188,769 $9,896,969 $10,922,857 $9,977,404 $9,897,011 $10,537,919 $8,991,627

Benefits - costs -$2,883,031 $3,477,422 -$2,409,205 -$4,763,119 -$2,591,231 -$2,883,031 -$1,857,143 -$2,802,596 -$2,882,989 -$2,242,081 -$3,788,373

Benefit cost ratio 0.77 1.27 0.81 0.63 0.80 0.77 0.85 0.78 0.77 0.82 0.70

Value of travel time saved and vehicle costs 5% 3% 5% 6% 5% 5% 7% 5% 5% 5% 6%

Accidents avoided 31% 19% 34% 15% 33% 31% 32% 30% 31% 29% 34%

Agricultural value added 18% 11% 17% 23% 18% 18% 17% 18% 18% 23% 10%

Social benefits 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintenance costs saved 46% 67% 44% 57% 45% 46% 44% 46% 46% 43% 50%

Benefits not ordinarily captured 25% 15% 25% 28% 24% 25% 29% 25% 25% 29% 17%

Benefits ordinarily captured 75% 85% 75% 72% 76% 75% 71% 75% 75% 71% 83%
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