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A SYSTEMS APPROACH TO CYCLING 
SAFETY AND TRAINING
New research has looked at how cycling can be 
promoted and increased as a sustainable means of 
transport, especially in urban areas, without causing 
an attendant increase in accidents and casualties.
The research combined two different, yet complementary pieces of work, 
relating to key cycle safety interventions and cycling training, both of 
which will be important elements in any drive to encourage cycling as a 
desirable transport mode.

The authors of the research report conclude that integrating cycling 
into New Zealand’s transport system will be a ‘lengthy journey’, and will 
require ‘a multi-faceted programme of work embedded in a safe system 
approach’.

The two different yet complementary pieces of work covered by the 
research project will be ‘important elements of a proactive and systematic 
approach to make cycling “safer and more attractive”, and provide future 
direction for an existing positive programme of work that is underway to 
improve conditions for cycling’.

At present, the NZ Transport Agency’s National Cycling Programme is 
helping deliver on focus areas, target rapid growth, connect and develop 
regions, and keep people safe.

However, there is a risk that unless a safer system for cyclists is 
developed, any moves to promote and invest in cycling may also lead to 
an increase in trauma. If this is the case, then any moves to encourage 
cycling uptake are unlikely to be fully effective. Although, at present, road 
trauma for cycling is lower than for other transport modes, when the risk 
of injury per kilometre travelled is looked at, it still presents a relatively 
risky means of getting around compared with other modes.

In recent years, there has been a significant amount of local research 
into the benefits and risks of cycling as a transport mode. As a result, the 
environmental, health and congestion benefits of encouraging people to 
travel by bike in our cities and other urban areas are now widely accepted 
and understood. In addition, there is evidence that there has been a recent 
increase in cycling in New Zealand, and there has been a ‘groundswell of 
support’ for making cycling safer.
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The current research considered this represented a ‘unique 
opportunity’ for New Zealand to take a proactive approach to 
prevent future trauma for people who cycle, by taking steps to 
make the transport network safer for cyclists, and introducing 
these alongside measures to promote and increase cycling as a 
transport mode.

DEVELOPING A CYCLING SAFETY SYSTEM MODEL
The research drew on contemporary incident analysis methods 
to develop a cycling safety system model and analysis method. 
Such an approach moves beyond merely estimating cycling risks 
and describing cycling casualties, to analysing broader events 
in other domains of the transport system that could have an 
adverse impact on cycling safety.

Input from expert workshops, fatal crash information, and 
document reviews were then fed into the model to create 
‘causation pathway analyses’, which showed how aspects of 
the transport system had failed for each type of crash that was 
analysed.

The research authors concluded that, with some modification, 
the method was useful in moving beyond describing the 
characteristics of crashes, to obtaining a deeper and broader 
understanding of the causal factors that had led to them. ‘Many 
factors within all levels of the cycling safety system have been 
identified as problematic by the sector and this information could 
help prioritise effort,’ the authors conclude.

Examples given by the authors of areas where improvement was 
needed in the system included:
• telling a clearer story about the benefits of cycling in New 

Zealand’s future transport system 
• better integrating walking and cycling requirements into speed 

management initiatives
• building identifiable and user friendly rural cycling routes
• designing infrastructure and training to address cyclist speed
• involving the cycling industry more in cycling safety
• introducing initiatives to address interactions between cyclists 

and heavy vehicles
• promoting ‘standard operating procedures’ for motorists and 

cyclists within an improved cycling skills training system 
• addressing road infrastructure that, through its design, may 

lead to unsafe road user behaviour and cycling crashes.

PREPARING NEW ZEALANDERS FOR UTILITY 
CYCLING
The second part of the research looked at how best to develop 
a cycle skills training programme that would not only increase 
the numbers of people of all ages who used cycling for utility 
purposes (including commuting to school and work), but also 
helped create ‘confident, skilled and courteous bike riders, who 
know the road rules and use techniques to keep themselves and 
others safe’.

The research found, based on current literature, there was very 
limited evidence supporting a causal link between cycle training 
and improved safety, and the quality of studies in this area was 
generally low. However, cycle training was useful for increasing 
people’s cycling competence, which could be a barrier to them 
taking up cycling, and for improving the knowledge of key safety 
behaviours. It could also be used as a means of promoting the 
benefits of utility cycling. There was, in fact, some evidence 
emerging that educational and promotional initiatives might 
be a necessary part of encouraging greater use of cycling 
infrastructure, once built.

The research went on to develop a cycling competency system 
model, which ‘presents the development of cycling competencies 
as a process’.

The model focuses on competency, rather than cycle skills, ‘as 
this more effectively represents the set of knowledge, skills and 
attitudes required to ride a bike for utility trips’. It describes 
how traditional cycle training needs to be combined with other 
educational approaches, such as children going for supervised 
rides with their parents, for individuals to reach the required 
level of competence. The model also reflects how any training 
initiatives may need to be combined with other factors – such as 
dedicated cycling infrastructure, cycling promotion, spaces to 
ride and positive community perceptions of cycling – if it is going 
to be effective in contributing to cycling uptake.

This section of the research concludes by making 
recommendations on how the cycling competency model could 
be successfully introduced, to provide a more comprehensive and 
coordinated approach to cycle training in New Zealand, which is 
also aligned with local and international good practice.

Since the completion of this research, the Accident 
Compensation Corporation and the Transport Agency have 
approved funding to jointly establish a national cycling education 
system based on the learnings of this research.

Towards a safe system for cycling: Development and application 
of a cycling safety system model preparing New Zealanders for 
utility cycling, NZ Transport Agency research report 606
Available online at www.nzta.govt.nz/resources/ 
research/reports/606
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PROVIDING INSIGHT INTO THE IMPACTS OF CONNECTIVITY

Large transport projects can have a significant impact on regional economies. Traditional 
transport appraisal methods provide a reasonable estimate of the quantum of benefits but do 
not indicate how and where these benefits arise in the local economies. Research has developed 
two models that can be used alongside more established methods of transport appraisal, to shed 
light on these distributional issues, as well as indicate where benefits may also be otherwise 
under-estimated. 
The research, conducted by a diverse-membered research 
team (drawing from local consultants Anthony Byett, Adolf 
Stroombergen and Richard Paling and James Laird from the 
Institute for Transport Studies at the University of Leeds) focused 
on the connectivity aspects of large projects. 

WHAT WAS THE RESEARCH QUESTION?
In particular, the team was interested to explore how improved 
connectivity between regions could lead to benefits beyond the 
traditionally measured user benefits and how the combined 
effects of reduced travel time and increased accessibility and 
connectivity would alter the spatial distribution, especially within 
a scenario of population growth.   

The research question arose from recognition that measuring 
and predicting the welfare benefits of large transport projects 
at a regional level can be challenging. The transport appraisal 
methods in the Transport Agency’s Economic evaluation manual 
focus on welfare benefits to transport users, to which some 
widely accepted non-use benefits are currently added. This focus 
provides an elegant and widely accepted means to estimate the 
magnitude of total net benefits but it does not describe the many 
interactions and choices people then make, and thus does not 
describe the spatial gross domestic product (GDP) effects. It also 
risks under-estimating subsequent welfare gains from spatial 
reallocations of activity.

The study incorporated two models: the gross value added 
(GVA) model (a macro-economic model that measures growth 
in the total economy) and a spatial general equilibrium model 
which is more effective at identifying flows within the economy. 
Both models are intended to feed information into the Transport 
Cost-Benefit Analysis framework. 

The GVA model largely deals with productivity improvements 
from improved inter-city access, as well as currently measured 
intra-city productivity gain. (Note that ‘city’ in this context 
encompasses villages, towns, cities, districts and regions.) The 
model measures productivity in terms of GDP and identifies the 
industry and location where the productivity improvement, but 
not necessarily the employment gain, is to be expected.

If a spatial dimension is added, as per a general equilibrium 
model, a link is made between improving connectivity 
between the centre and the fringe and between production 
sites and outlets and increasing total wealth in a district or 
regional community. To this end a ‘spatial computable general 
equilibrium’ model was developed to test the land use change-
related benefits of improved connectivity. 

Each model was built using assumptions derived from previous 
local and international research as to why the various effects 
might occur. Both models were applied in a case study region, 
representing the combined areas around Auckland, Hamilton and 
Tauranga cities. The case study involved hypothetical changes 
to the road network connecting these areas, with associated 
theoretical reductions in travel times. 
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WHAT WERE THE RESULTS?
The research confirmed that productivity effects vary by 
industry. In the case study they were concentrated amongst 
the manufacturing, consumer services, business services and 
community services sectors. Approximately half this productivity 
gain was estimated to be the result of better access to airports, 
although it is possible this effect was due to the proximity of the 
industries to large cities (which tend to have airports) in general 
rather than international airports per se. 

It also concluded that further increasing monetarised GDP 
benefits required an additional investment of other factors such 
as labour, capital and the cost of land development, therefore 
estimated gains should have costs deducted to ensure estimated 
benefits were not inflated.

The spatial model represented a ‘major innovation’, as this was 
the first time a model of this type, which balanced out prices, 
productivity and preferences, had been built for New Zealand. 
The model was built using eight spatial zones, all proximate 
to Auckland city and airport. It enabled the research team 
to estimate the spatial and employment effects of transport 
projects to improve connectivity - both the direct time savings 
achieved through the road improvement and the subsequent 
productivity improvement derived from the GVA model.

At a more general level, the project confirmed transport changes 
can interact with land use changes to provide benefits that 
exceed the user benefits represented in standard transport 
appraisal approaches, even when the wider economic benefit 
add-ons in the Economic evaluation manual are included. This 
means there is high potential for the welfare benefits of transport 
projects that improve connectivity within the regions to be 
unreported, especially when they occur in the context of growing 
populations and economies.

WHEN WOULD THE MODELS ADD VALUE?
The research project concluded the two models can be usefully 
applied to major transport projects. While they are unlikely to 
shift the current emphasis in transport appraisal away from 
transport user benefits, they can complement the standard 
analysis in five ways. 

1.  The models provide relatively accessible ways to test the likely 
effects of major projects without the need for extensive traffic 
modelling. This will be useful in the early stages of business 
case preparation.

2.  The models provide a means of validating the current derived 
benefit estimates used in transport appraisals, and may lead to 
an iterative process of improving traffic demand assumptions.

3.  The models provide a means of quantifying the benefits 
associated with land use change.

4.  The models estimate the land use and spatial effects from 
major transport improvement projects. These estimates are 
unlikely to provide a definitive measure of what will occur, as 
they are sensitive to the assumptions in the model, but the 
process of testing within the model will lead to more probing 
into and understanding of the dynamic effects.

5.  The models provide measures of effects that are more likely to 
be readily understood by stakeholders, such as effects in terms 
of GDP and jobs.

The economic impacts of connectivity, NZ Transport Agency 
research report 608
Available online at www.nzta.govt.nz/resources/research/
reports/608
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BENCHMARKING TO ACHIEVE VALUE FOR MONEY

A two-part research project identified a benchmarking model suitable for use within New 
Zealand’s highway operations and maintenance sector, and collected sample benchmarking data.
The Transport Agency is responsible for maintaining (and 
funding the maintenance of) New Zealand’s state highway 
network, which comprises almost 11,000km of carriageway. 
The local road network, which comprises almost 84,000km, is 
maintained by local road controlling authorities. A proportion 
of the costs of this local network maintenance is also funded 
through the Transport Agency.

It follows that central government, through the Transport 
Agency, has a vested interest in ensuring the funds provided for 
both state highways and local roads offer value for money, as 
measured against its goals and priorities for land transport. To 
ensure this is achieved, the Transport Agency sees performance 
monitoring and benchmarking as a vital priority.

A recently completed research project by Auckland UniServices 
sought to identify a benchmarking model and collect 
international benchmarking data that could be used for this 
purpose.

THE SEARCH FOR A SUITABLE MODEL
The first part of the research project focused on identifying a 
suitable existing benchmarking model.

The model would need to be able to be adapted for the highway 
operations and maintenance sector. In addition, the selected 
methodology needed to be able to:
• translate performance, quality and cost into a level-of-service 

and value-for-money equation-based measure that could be 
compared across the New Zealand roading sector

• normalise for unique network characteristics outside the 
control of the supplier or maintenance provider that might 
have an impact on cost and quality.

Data envelopment analysis (DEA) was the model with the 
closest fit to the above requirements. If adopted, such a model 
would enable users to compare operations and maintenance 
costs and performance between transport networks within New 
Zealand, and potentially against similar overseas organisations.  
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DEA was identified following an analysis of existing 
benchmarking methodologies, including the partial efficiency 
measure, total factor efficiency measure and regression analysis, 
as well as DEA. DEA was recommended due to its ability to:
• incorporate multiple inputs or outputs
• optimise weights as part of the analysis
• identify best performers
• normalise unique network characteristics
• produce useful outputs
• be applied in the highway maintenance and operations sector 

(this had already been demonstrated elsewhere).

The report details how it could be adapted for use in the highway 
maintenance and operations sector. This is based on a generic 
framework for designing management control systems in not-for-
profit organisations.

The adapted model includes measures for expenditure on 
highway maintenance and operations; and for achievement, 
in terms of both the quantity of maintenance and operations 
work undertaken; and the resulting performance. The model 
aligns with the Transport Agency’s value-for-money framework, 
including its accountability component.

The model’s major disadvantage is its complexity, although 
the team considered this difficulty was limited to the users 
undertaking the analysis, as the model’s outputs were relatively 
easy to explain.

However, the report cautions that ‘although DEA has been 
recommended as the technique with which to develop a 
benchmarking model for the operations and maintenance of New 
Zealand’s road network, considerable further research needs to 
be undertaken to “build” the benchmarking model’.

The research report suggests next steps and a method for 
developing the model further.

COLLECTING THE SUPPORTING DATA
The second part of the research project involved collecting 
benchmarking data from two overseas road agencies.

The data was collected with the dual purpose of assessing 
whether such data was available and how easy it was to collect, 
and of enabling an initial comparison of the data with the New 
Zealand roading sector. The data included inputs (expenditure), 
outputs (achievement) and outcome indicators (performance), 
as this was the information required under the Transport 
Agency’s value-for-money framework.

The research team experienced significant challenges in 
obtaining the data, including delays, differences in how the two 
agencies measured performance and defined maintenance tasks, 
and differences in accounting systems. However, the team did 
not consider these challenges were in any way out of the ordinary 
for agencies seeking to collect this sort of data, and rather were 
in line with international experience in this area.

The research team also completed some basic ratio comparisons 
between the two agencies, using the data, but these were 
not found to be particularly useful. The team considered this 
reinforced the need for consistent international data standards 
for roading authorities before any meaningful comparative 
information could be obtained.

STEPS TO EFFECTIVE BENCHMARKING
The report concludes that the DEA model would enable 
benchmarking to be undertaken at a national level. This is 
particularly the case at the state highway level, as performance 
and benchmarking data for New Zealand’s state highway 
networks is relatively easy to access and compare. Standardised 
data is already available in the Transport Agency’s RAMM 
database. Some data processing standards also exist (eg 
calculation of smooth travel exposure).

In adopting the DEA model, the team recommends taking a 
top-down approach, with the final performance, expenditure and 
contextual measures used as the starting point, and the data 
required to calculate these measures then harmonised (rather 
than seeking to harmonise the entire dataset).

International benchmarking was considered a more challenging 
prospect and likely to take a longer time to achieve. If 
international benchmarking was to be implemented, the report 
recommends a first step should be to form a ‘benchmarking club’ 
made up of similarly committed road agencies, and then to agree 
on the data processing standards and metadata standards all the 
agencies would use.

Benchmarking the operations and maintenance of  
New Zealand’s roading sector, NZ Transport Agency  
research report 605
Available online at www.nzta.govt.nz/resources/research/
reports/605
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EVALUATING AND RECOMMENDING APPROACHES FOR 
PROCUREMENT SUCCESS

The Transport Agency commissioned an independent evaluation of its procurement policy 
framework, with a view to strengthening its value-for-money procurement practices.
Completed by Wellington-based policy and regulatory 
specialists, Allen and Clarke, the formative evaluation looked at 
the effectiveness of the Transport Agency’s current procurement 
policy and practice, and how this was implemented by four road 
controlling authorities (RCAs) when procuring physical works 
and professional services. It also gathered evidence about best-
practice value-for-money procurement policy and practice.

The aim of the evaluation report was to inform the Transport 
Agency’s ongoing review of its policy framework, and support 
the development of improved procurement procedures and 
guidelines for the sector.

THE EVALUATION AT A GLANCE
Three main evaluation questions were explored in the course of 
the research.
• What are the key factors that enable best value for money 

in transport procurement policy and implementation, both 
internationally and in New Zealand?

• How effective is the Transport Agency’s current procurement 
framework for delivering strategy-led, long-term and value-for-
money procurement outcomes?

• How effectively are the RCAs implementing the Transport 
Agency’s current procurement policy?

With respect to the first research question, a national and 
international literature review highlighted numerous factors 
that were key to achieving value for money and best practice 
procurement approaches. These included:
• governance and leadership
• strategic planning
• workforce capability and capacity
• systematic and collaborative processes or gateways
• review, analysis and measurement
• competition, sustainable markets and shared risk
• value for money measured over the whole life of an asset, and 

incorporating both costs and benefits.

The report concluded that in the context of New Zealand’s 
devolved procurement approach (with RCAs having 
responsibility for the detailed design of their procurement 
procedures) these good practice procurement approaches 
became even more important.

The governance the Transport Agency provided for RCAs 
with respect to procurement was most effective in supporting 
leadership, a customer and market focus, and a value-for-money 
results focus. It was less effective in strategic planning, workforce 
development, process management, and measurement and 
analysis. Likewise, the RCAs’ implementation of procurement 
policy was more effective in relation to leadership, workforce 
development, and maintaining a customer and market focus, and 
less effective in relation to process management and value for 
money.

The seven key factors identified in the first stage of the research 
were then used for developing an evaluation framework for 
investigating the second and third research questions.

With respect to the second research question – as to the 
effectiveness of the Transport Agency’s current procurement 
framework – the research made the findings in the following 
table.

Evaluation findings and conclusions (key question 2)

EFFECTIVENESS FINDINGS ON THE TRANSPORT 
AGENCY’S POLICY GOVERNANCE

Leadership – The Procurement manual content is robust and 
aligned, allows innovation and flexibility, and the Transport 
Agency is modelling good policy practice. The format of the 
manual could be improved to be more user friendly.

Strategic planning – The Procurement manual links well to 
the Transport Agency corporate policy outcomes. However, 
significant improvements are needed to guide RCAs’ 
development of procurement strategies, which also need to be 
better monitored, reviewed and current for accountability and 
transparency.

Workforce focus – The procurement efficacy of the 
Procurement manual and achievement of VFM outcomes 
relies heavily on the skills and expertise of those applying 
the Procurement manual. The Transport Agency has not set 
or monitored national standards of capability and capacity 
from the RCA workforce to manage procurement relating to 
the national road spend portfolio. RCAs need more support 
to benchmark and plan for staff procurement guidance and 
training.
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Customer and market focus – The Highways and Network 
Operations group effectively profiles market opportunities 
by scale complexity, and monitors impacts of the network 
outcomes contract approach on the national supplier market. 
RCAs require system information on markets to inform a 
strategic and national approach and requested the Transport 
Agency facilitate more information sharing between RCAs on 
collaborative and innovate supplier relationships.

Process management – The Transport Agency, and Highways 
and Network Operations group model systematic and 
effective procurement processes, yet there is significant scope 
for better support for RCAs to develop improved procurement 
management processes. Procurement manual process 
reporting and review processes are not necessarily being 
driven by the Transport Agency or undertaken by RCAs.

Measurement and analysis - There is insufficient review 
of the operation of national roading procurement by the 
Transport Agency on RCA policy compliance and results 
including procurement capacity and capability, costs, and 
targets and metrics to monitor strategic goals such as VFM 
results. This gap limits the Transport Agency’s understanding 
of policy outcomes for learning and accountability.

VFM results focus – Since 2009, the procurement policy 
framework has delivered well-designed approaches and 
resource use to allow RCAs to target the long-term, whole-
of-life value of the road network. There is unmet potential for 
RCA innovation, and improved guidance from the Transport 
Agency on results focus and ownership, sharing lessons 
learned and disseminating stories of innovation and good 
outcomes would add value.

With respect to the third research question – as to the 
effectiveness of RCAs’ implementation of procurement policy – 
the research made the findings in the following table.

Evaluation findings and conclusions (key question 3)

EFFECTIVENESS FINDINGS ON RCA POLICY 
IMPLEMENTATION

Leadership – Some RCAs highlight leadership support for 
procurement to realise business priorities, yet this could be 
strengthened. RCAs are adhering to national procurement 
policy but could more consistently align corporate 
organisational strategies, procurement strategies and roading 
procurement plans.

Strategic planning – Some RCAs’ roading procurement 
strategies successfully aligned local needs with Transport 
Agency policy outcomes. The RCA procurement strategies 
assessed could be enhanced by national market analysis, clear 
definitions of procurement outcomes, and situational risk 
analyses and mitigation. 

Workforce focus – RCAs’ procurement policies generally 
define standards of workforces’ capability and capacity needs 
to manage spend portfolios, although most do not clearly 
articulate a framework for the provision of procurement 
guidance, training and support. RCAs consider the Transport 
Agency’s procurement support adequate; however, increased 
resourcing or support would be beneficial. 

Customer and market focus – RCAs have strong regional 
and local market focuses that encourage competition and 
sustainability; however, greater consideration of national 
markets and local impact is possible. RCAs’ procurement 
processes are generally effective at identifying future projects 
based on scale and complexity, and the majority of RCAs 
are effectively managing supplier relationships, although not 
consistently collaborating in an innovative manner.

Process management – RCAs’ procurement procedures support 
procurement as an end-to-end cycle, with more emphasis 
placed on scoping and front-end processes to the detriment of 
management, monitoring and review phases of the cycle. RCAs 
could provide more transparent rules and process parameters.

Measurement and analysis – RCAs are inconsistent in reviewing 
local roading procurement, capacity and capability. While ‘control 
systems’ were ‘fit for purpose’, compliance and costs monitoring, 
review of procurement strategy impact on market development 
and strategy adjustment could be improved.

VFM results focus – RCAs are making some headway in 
achieving VFM roading outcomes for end users, but greater 
emphasis on social and environmental dimensions, whole of 
life outcomes and efficient resource use could increase VFM 
results. Dissemination of innovation and good procurement 
outcomes could be enhanced.

RECOMMENDATIONS FROM THE EVALUATION
From the evaluation findings, the Allen and Clarke team 
was able to make several key recommendations for steps to 
strengthen procurement policy and practice. These included 
recommendations for both the Transport Agency and transport 
sector, under the following themes.
• Strengthen the alignment between, and access to, the Transport 

Agency’s procurement policy framework and the Ministry of 
Business Innovation and Employment’s procurement principles, 
resources and training, to ensure maximum consistency.

• Revise and reformat the NZ Transport Agency’s Procurement 
manual to enhance its usability and impact. This includes 
recommendations on both the format and strategic content of 
the manual.

• Increase support for developing and reviewing RCAs’ 
procurement strategies.

• Extend procurement training and develop an industry 
workforce development strategy, as a matter of priority.

• Drive systems and processes for innovative value-for-money 
results.

• Increase monitoring of national supplier markets with a focus 
on local roading.

• Develop and apply outcomes measurement and reporting 
processes.

• Conduct further research to build a profile of RCA procurement 
practices nationally.

The research report contains more detail on each of the 
recommendations.

Evaluation of the effectiveness of the NZ Transport Agency’s 
procurement policy, NZ Transport Agency research report 591
Available online at www.nzta.govt.nz/resources/research/
reports/591
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MAKING RESILIENCE USER FRIENDLY

Although resilience is generally understood to be a ‘good’ concept, what it means and how we 
achieve it is harder to pin down.
The Transport Agency commissioned research to establish 
a consistent approach to how we talk about resilience in the 
context of transport. A second strand of the research developed 
an updatable Decision Support Tool which would enable users 
to weigh up different controls to work out how best to create an 
acceptable level of resilience for transport infrastructure.

Although the research specifically related to resilience for 
transport infrastructure, the research team (EY and Tonkin + 
Taylor) thought the application for the research was broader and 
could potentially encompass all infrastructure types.

‘The provision of effective infrastructure is something that 
benefits all New Zealanders – and therefore any research that 
furthers the knowledge base, or progresses the dialogue, to 
improve the resilience of infrastructure to disruptions (over the 
short, medium and long term) is beneficial to a wide audience,’ 
they say.

Potential users of the research include agencies and individuals 
making decisions about investments in the transport network 
across New Zealand, as well as those making investment 
decisions about any infrastructure asset or system. Although the 
Decision Support Tool is targeted at the former group, it could be 
customised to suit any infrastructure sector.

STANDARDISING THE RESILIENCE DISCUSSION
One of the main things that makes discussions about resilience 
challenging is the range of different concepts and subjective 
interpretations of what resilience means.

There is a plurality of terms, definitions and understanding of 
what is meant by resilience, and this lack of consistency makes 
it more difficult for decision makers to do what is right for their 
communities and stakeholders.

This multiplicity was confirmed in the first stages of the research, 
where the team reviewed a broad range of literature in order to 
build a workable resilience taxonomy.

‘The concept of a taxonomy, or a dictionary of terms, that helps 
to create a common understanding of resilience is important as it 
means all stakeholders are speaking the same language. This lays 
the platform for better decisions to be made more consistently,’ 
the researchers say in the report.

The resulting taxonomy has three tiers:
• a definition of resilience
• a suite of four resilience measures
• a glossary.

The definition of resilience formed the basis for the research and 
the anchor for the taxonomy.



10   |   NZ Transport Agency NZTA research  September 2017

The definition fixed on by the team was:

Resilience is the ability of systems (including infrastructure, 
government, business and communities) to proactively resist, 
absorb, recover from, or adapt to, disruption within a timeframe 
which is tolerable from a social, economic, cultural and 
environmental perspective.

Resilience measures formed the next tier of the taxonomy. These 
measures are a short list of terms that enable users to categorise 
and communicate with a broader audience about resilience 
controls. They provide a guide for thinking about resilience, and 
are likely to be present in differing combinations in any resilient 
system.

The four measures are:
• robustness: the ability of systems to withstand disruption and 

continue to provide an acceptable level of service
• redundancy: provision of functionally similar outcomes, to an 

acceptable standard, during lost or degraded levels of service
• recovery: the ability to restore an acceptable level of service 

after disruption
• leadership and governance: the ability to develop an 

organisational mind-set/culture of enthusiasm for responding 
to challenges (for example through the development of an agile 
and flexible asset monitoring and management programme).

The final part of the taxonomy is the glossary; a comprehensive list 
of terms and phrases associated with resilience, including a mix of 
technical, non-technical, transport-centric and general terms. The 
glossary is included as an appendix to the research report.

DEVELOPING THE DECISION SUPPORT TOOL
The second stage of the research developed a Decision Support 
Tool.

The decision to develop the tool flowed from the first stage of the 
research, where it became obvious to the research team there 
was already ‘a constantly evolving wealth of well-researched, 
well-reasoned, contributions to the resilience body of literature’ 
and this was particularly strong in New Zealand.

What was missing, however, was a means of integrating and 
using this information.

‘We could not find a tool, or a framework, that could pull all this 
information together. We therefore saw an opportunity to utilise 
the knowledge built up through the literature review, and develop 
something practical that could be used by network operators and 
other infrastructure decision makers,’ says the team.

The tool will enable decision makers to consistently weigh up 
controls to improve resilience for communities of interest. It 
was developed on the key design principles of being practical, 
outcomes focused, scalable, and leveraging the existing work and 
research.

The tool has six main stages that set out the steps that users 
should follow when considering and making decisions about 
resilience in relation to transport infrastructure. These are set out 
in the diagram on the next page.

At this stage it is anticipated the tool will be used predominantly 
as a decision-support tool, and will be most helpful when 
considering decisions at the asset or project level. Potential 
users will include asset owners and managers, business case 
practitioners and investment decision makers.

The tool enables users to narrow down options quickly to solve 
a particular resilience issue – that is, it can be used to help shape 
thinking for the strategic or economic business case, rather 
than used to make final investment decisions (ie at the detailed 
business case stage).

In time, however, as data and best practice from using the tool 
build up, the research team envisages it becoming more useful 
across the wider business case process, with the goal for it to 
become a decision-making tool.

The tool was developed collaboratively with a broad range of 
industry and other stakeholders. However the research team 
acknowledge there were some limitations in their research, 
where further investigation is warranted. These limitations and 
suggestions for further research are set out in the report.

Establishing the value of resilience, NZ Transport Agency 
research report 614
Available online at www.nzta.govt.nz/resources/research/
reports/614

http://www.nzta.govt.nz/resources/research/reports/614
http://www.nzta.govt.nz/resources/research/reports/614
http://www.nzta.govt.nz/resources/research/reports/614
http://www.nzta.govt.nz/resources/research/reports/614
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DECISION SUPPORT TOOL 
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RECENTLY PUBLISHED RESEARCH REPORT ABSTRACTS

Travel time savings and speed: actual and 
perceived
NZ Transport Agency research report 568
Freely available online at www.nzta.govt.nz/resources/research/
reports/568

This project aimed to understand time saving as a motivation 
for New Zealand drivers’ speeding behaviour in the context of 
other motivations for speeding, and to investigate the effect 
of education designed to improve participants’ understanding 
of the costs and benefits of speeding.

The project consisted of four parts: an initial survey on 
attitudes, education for drivers, a follow-up survey, and 
collection of real driving data from a small sub-sample of 
drivers.

Results showed that while some drivers sped to save time, 
drivers more strongly agreed they chose not to speed due to 
the safety risk and penalties if caught speeding. Respondents 
tended to overestimate the time savings at high speeds and 
underestimate the time savings at lower speeds. Most drivers 
were aware that increasing speed above 100km/h would use 
more fuel and the majority gave estimates of the fuel savings 
close to the correct amount.

Following education, drivers’ preferred driving speed and 
the speed they considered to be speeding decreased. Fewer 
drivers said they chose to speed because they believed it 
was safe to do so or because of the influence of other drivers. 
Drivers did not improve in their ability to accurately estimate 
travel time savings from increased speed; however, they gave 
lower estimates for the amount of time that would be saved 
by increasing speed.

Time and fuel effects of different travel speeds
NZ Transport Agency research report 582

Freely available online at www.nzta.govt.nz/resources/research/
reports/582

This project investigated the effect of different maximum 
trip speeds for six New Zealand routes. The study recorded 
actual mean speeds, time taken and fuel used. Speeds of 
40km/h and 50km/h were tested on three short routes and 
speeds of 80km/h, 90km/h and 100km/h were tested on 
three long routes.

On the short routes, decreasing maximum speed decreased 
mean speed by 7% to 14% and increased travel time by 8% 
to 15%. Trips at 40km/h used 3% to 5% less fuel on the 
two Wellington routes but the difference in fuel used was 
not significant on the Auckland route. On the long routes, 
reducing trip maximum speed to 90km/h and 80 km/h 
reduced mean speed and increased travel time across all 
routes. Reducing maximum speed from 100km/h to 80km/h 
reduced mean speed by 8% to 12%, increased travel time by 
9% to 13% and decreased fuel consumption by 14% to 15%.

Both fuel consumption and travel time were strongly 
correlated with trip maximum speed on the longer routes. 
Maximum speed was a significant predictor of fuel 
consumption and travel time on the short routes but traffic 
and idle time also had significant effects. This project has 
provided evidence of the effect on fuel consumption and 
travel time of decreasing maximum speed.

http://www.nzta.govt.nz/resources/research/reports/568
http://www.nzta.govt.nz/resources/research/reports/568
http://www.nzta.govt.nz/resources/research/reports/568
http://www.nzta.govt.nz/resources/research/reports/568
http://www.nzta.govt.nz/resources/research/reports/582
http://www.nzta.govt.nz/resources/research/reports/582
http://www.nzta.govt.nz/resources/research/reports/582
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The prevalence and impairment effects of 
drugged driving in New Zealand
NZ Transport Agency research report 597
Freely available online at www.nzta.govt.nz/resources/research/
reports/597

The purpose of the research was to establish a quantitative 
picture of the type and the extent of drugged driving in New 
Zealand and investigate the level of driving impairment 
produced by the most commonly used drugs, both legal 
and illegal. A stratified telephone survey (n=2,000) and 
internet survey (n=434) were conducted to explore the 
extent of drugged driving. Other than alcohol, the drugs 
most commonly taken prior to driving were strong opioid-
based painkillers, antidepressant medication, anti-nausea 
medication, cannabis and anti-anxiety medication. A large 
proportion of drivers also reported taking combinations of 
different drugs prior to driving.

Of the most commonly taken drugs, cannabis, opioid-based 
painkillers and benzodiazepines (typically used to treat anxiety 
or insomnia) have been associated with increased crash and 
driving-related impairment. The combination of drugs and 
alcohol leads to significantly higher crash risk and driving-
related impairments. Between 25% and 50% of drivers who 
reported taking drugs admitted ‘drugged driving’ more than 
once a week over the last 12 months; for prescription drugs 
this most frequently occurred in the morning, while for illegal 
drugs this was typically in the evening.

The relationship between vehicle axle loadings 
and pavement wear on local roads
NZ Transport Agency research report 603
Freely available online at www.nzta.govt.nz/resources/research/
reports/603

In New Zealand heavy vehicles are charged for using the 
road based on the damage caused passing over the road. 
The current approach to charging has its origins in American 
research that found doubling an axle load increased the 
damage as a power function with an exponent of 4, known 
as the Fourth Power Law. This was developed with limited 
pavement and vehicle load types not representative of 
most roads in New Zealand. This research provided reliable 
evidence on the wear characteristics of New Zealand local 
road pavements from accelerated pavement loading studies 
at the Canterbury Accelerated Pavement Testing Indoor 
Facility (CAPTIF). The aim was to determine the relative 
damage on different pavement types/strengths. The data 
was extended with rut depth modelling with repeated load 
triaxial data and validated with field data from the nationwide 
long-term pavement performance sites. A relationship was 
found between pavement life tested at CAPTIF plus the rut 
depth modelling and the damage law exponent for the 4 and 
6 tonne equivalent axle loads. For short-life pavements the 
damage law exponent increased.

Maintaining the effectiveness of audio tactile 
profiled roadmarkings for their full life cycle
NZ Transport Agency research report 615
Freely available online at www.nzta.govt.nz/resources/research/
reports/615

This research considered maintenance of the audio, 
tactile and visual effects of audio tactile profiled (ATP) 
roadmarkings, including for situations where the road 
surface was to be resealed while the ATP roadmarkings had 
remaining effective life. The ATP roadmarkings studied are 
formed with raised ribs of thermoplastic or two-part reactive 
cold-hardening material laid on a chipseal road surface.

Measurements and observation indicated the audio and 
tactile effects of the ATP roadmarkings are long lasting and 
effectiveness can be retained with resealing ‘in lane’ adjacent 
to the ATP roadmarkings. Visual effects of ATP roadmarkings 
need to be considered and maintained separate from the 
audio and tactile effects. Overall, ATP roadmarkings should 
be considered an asset and their performance monitored 
accordingly. The report proposes an approach to monitoring 
using a subjective rating system.

Assessing the value of public transport as a 
network
NZ Transport Agency research report 616
Freely available online at www.nzta.govt.nz/resources/research/
reports/616

The development of a comprehensive mechanism for 
measuring the value of public transport is important for 
gaining a greater understanding of existing networks 
and planning optimal future networks. Mechanisms for 
measuring the value of public transport in New Zealand are 
currently limited and generally only consider the financial 
aspects. Peak services on high-frequency corridors with high 
patronage generally operate with high efficiency, while other 
services such as evening or feeder services typically have low 
fare box recovery, and low perceived efficiency but are likely 
to contribute to higher passenger numbers elsewhere across 
the network and in doing so add value to the network as a 
whole.

This research explored the elements that influence the value 
of a public transport service and developed a framework that 
extends the NZ Transport Agency’s economic evaluation 
procedures to consider the contribution of isolated services 
to the wider network value. This will enable public transport 
planners to measure broader social and accessibility values 
of public transport, in addition to economic value, and 
compare the benefits and costs of changes taking into 
consideration the many trade-offs, as well as community and 
political sensitivities.

http://www.nzta.govt.nz/resources/research/reports/597
http://www.nzta.govt.nz/resources/research/reports/597
http://www.nzta.govt.nz/resources/research/reports/597
http://www.nzta.govt.nz/resources/research/reports/597
http://www.nzta.govt.nz/resources/research/reports/603
http://www.nzta.govt.nz/resources/research/reports/603
http://www.nzta.govt.nz/resources/research/reports/603
http://www.nzta.govt.nz/resources/research/reports/603
http://www.nzta.govt.nz/resources/research/reports/615
http://www.nzta.govt.nz/resources/research/reports/615
http://www.nzta.govt.nz/resources/research/reports/615
http://www.nzta.govt.nz/resources/research/reports/615
http://www.nzta.govt.nz/resources/research/reports/616
http://www.nzta.govt.nz/resources/research/reports/616
http://www.nzta.govt.nz/resources/research/reports/616
http://www.nzta.govt.nz/resources/research/reports/616
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Transition from visual condition rating of 
cracking, shoving and ravelling to automatic 
data collection
NZ Transport Agency research report 617
Freely available online at www.nzta.govt.nz/resources/research/
reports/6137

Robust condition data feeding into asset management 
processes is a key step towards having confidence in long-
term strategies for renewals and replacements.

The manual condition rating system was originally developed 
as an input into the treatment selection algorithm; however, 
in later years the data has been used for pavement 
deterioration modelling and trend monitoring, which are 
outside the intended scope of the rating system. It was 
therefore not unexpected that both field inspectors and 
researchers highlighted shortcomings in the quality and 
repeatability of manually recorded data.

Automated scanning technologies promise to overcome 
many of the issues associated with manual condition data 
collection. However, before a wide-spread adoption of the 
scanning technology is possible, research had to prove the 
accuracy of the measurements and determine the impact of 
new data items in the asset management processes.

This research addressed both these items and has concluded 
the technology is ready for adoption in New Zealand. 
However, fully automated surveys yield less than desirable 
accuracy with a high portion of false negatives identified.

All scanning surveys must be supplemented by appropriate 
manual quality assurance processes.

Trialling best value delineation treatments for 
rural roads
NZ Transport Agency research report 618
Freely available online at www.nzta.govt.nz/resources/research/
reports/618

Providing a safe, comfortable, cost-effective visual environment 
to help drivers navigate rural roads requires a better 
understanding of the strengths and limitations of different 
delineation devices, materials and treatment configurations. 
An international literature review examined different options 
to test on low-volume rural New Zealand road settings, and an 
expert panel prioritised four of these options to be trialled. 

Four on-road trials were run to examine delineation 
configurations and materials that could provide better value 
for rural roads. The key aspects to deciding treatments 
were to do with targeted delineation (to assist drivers 
in intuitively signalling more difficult parts of the road 
network), consolidation (where one configuration with a new 
product might replace two traditional products), and better 
delineation in rain, which is arguably a common poor visibility 
environment (where crashes are over represented).

The findings provided new information about the importance 
of complementary devices, including edge marker posts and 
raised reflectorised pavement markings in different contexts.

Finally, to help implement better delineation solutions on 
lower volume rural roads, the report offers practical updates 
to the rural road delineation guidance (RTS 5).

Approaches to estimating regional input-output 
tables
NZ Transport Agency research report 619
Freely available online at www.nzta.govt.nz/resources/research/
reports/619

A methodology was developed with which to produce 
regional input-output tables for New Zealand. The 
methodology provides estimates of uncertainty for entries in 
the tables, allows the incorporation of third-party data, and 
makes best use of available data, be that official statistics, 
third-party data, or subject matter expertise.

The method contains a novel approach to estimating regional 
trade, allowing for cross-hauling.

This work also developed indicators of the economic 
impact of transport and transportation industries using 
information available in the regional input-output tables. 
The methodology was applied to the World Input-Output 
Database for the year 2000.

The work took place between July and December 2016.

Incorporating and assessing travel demand 
uncertainty in transport investment appraisals
NZ Transport Agency research report 620
Freely available online at www.nzta.govt.nz/resources/research/
reports/620

Uncertainty is pervasive when it comes to transport 
investment decisions. While it is natural to improve the 
traffic forecasts that inform such decisions, it is also 
important to acknowledge fundamental uncertainty exists 
about the future. Consequently, a process is required that 
acknowledges and addresses these uncertainties as part of 
improving investment decisions.

This paper explores the uncertainties within transport 
modelling and the ways flexibility in the face of uncertainty 
can add value to a transport project. Insight into value 
is revealed by way of examples of real options. Likewise 
examples of adaptive management are explored.

A process is recommended that explores the nature of 
the key uncertainties pertaining to a transport investment 
and actively searches for robust solutions in the face of 
uncertainties. This process transparently sets the trade-offs 
inherent in alternative solutions in front of decision makers.

http://www.nzta.govt.nz/resources/research/reports/617
http://www.nzta.govt.nz/resources/research/reports/617
http://www.nzta.govt.nz/resources/research/reports/617
http://www.nzta.govt.nz/resources/research/reports/617
http://www.nzta.govt.nz/resources/research/reports/618
http://www.nzta.govt.nz/resources/research/reports/618
http://www.nzta.govt.nz/resources/research/reports/618
http://www.nzta.govt.nz/resources/research/reports/618
http://www.nzta.govt.nz/resources/research/reports/619
http://www.nzta.govt.nz/resources/research/reports/619
http://www.nzta.govt.nz/resources/research/reports/619
http://www.nzta.govt.nz/resources/research/reports/619
http://www.nzta.govt.nz/resources/research/reports/620
http://www.nzta.govt.nz/resources/research/reports/620
http://www.nzta.govt.nz/resources/research/reports/620
http://www.nzta.govt.nz/resources/research/reports/620
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A GREAT OPPORTUNITY…
The fourth Transport Knowledge Conference is being held in Auckland 
in November 2017 in conjunction with two prestigious international 
transport fora – the 39th Australasian Transport Research Forum (ATRF) 
Conference, see at www.atrf2017.nz, and an OECD/International 
Transport Forum (OECD/ITF) Roundtable. The conferences will be held 
the week beginning Monday 27 November, and all three events will 
provide opportunities for many to present, learn about cutting edge 
developments, and to be involved and network.

The theme of this year’s Transport Knowledge Conference is ‘Managing 
transport demand: Technologies, social and economic impacts’. The 
conference will feature data, information and research to contribute to 
our understanding of the fiscal, infrastructure, business, economic, social 
and access impacts of transport demand management interventions. 
Keep an eye on the Ministry’s website at www.transport.govt.nz/
research/ for more information.

We expect high calibre of speakers from across the New Zealand 
and Australian public sector, academic community, and research 
organisations will contribute to the events. There will also be the higher 
presence of international transport experts. The week will provide an 
excellent opportunity for people working across the transport sector 
to share, build and maintain their transport knowledge. 

The Transport Knowledge Conference and ATRF Conference  
are to be held at the Grafton Campus of The University  
of Auckland. The OECD/ITF Roundtable will be held at  
the Langham Hotel, Auckland.

Regulations and safety for electric bicycles and 
other low-powered vehicles
NZ Transport Agency research report 621
Freely available online at www.nzta.govt.nz/resources/research/
reports/621

This research report presents a review of overseas legislation, 
technology trends, market and safety analyses for low-
powered, low-speed vehicles.

These vehicles include electric bicycles, mobility scooters, 
self-balancing devices and other personal mobility or 
wheeled recreational devices.

Current New Zealand low-powered vehicle (LPV) legislation 
is based only on motor power and how certain LPVs may 
be used. In all other countries reviewed, top motor-assisted 
speed is regulated.

The report assesses various regulatory and non-regulatory 
options for improving safety while supporting technological 
innovation and mode choice options in New Zealand.

OBTAINING TRANSPORT  
AGENCY RESEARCH REPORTS
All research reports published since 2005 are available  
free of cost for downloading from the Transport Agency’s  
website www.nzta.govt.nz/planning/programming/research
PDF scans of research reports published prior to 2005  
are available by emailing research@nzta.govt.nz

http://www.atrf2017.nz/
http://www.transport.govt.nz/research/
http://www.transport.govt.nz/research/
http://www.nzta.govt.nz/resources/research/reports/621
http://www.nzta.govt.nz/resources/research/reports/621
http://www.nzta.govt.nz/resources/research/reports/621
http://www.nzta.govt.nz/resources/research/reports/621
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A NOTE FOR READERS

NZTA research newsletter
The NZTA research newsletter is published quarterly by the  
NZ Transport Agency. Its purpose is to profile research funded 
through the Transport Agency’s Research Programme, to act as a 
forum for passing on national and international information, and 
to aid collaboration between all those involved. For information 
about the Transport Agency’s Research Programme, see  
www.nzta.govt.nz/planning/programming/research.html.
Advertisements of forthcoming conferences and workshops,  
that are within the newsletter’s field of interest, may be 
published free of charge when space permits.
Published articles may be reproduced and reference made to  
any part of this publication, provided appropriate credit is given.
All general correspondence, queries related to conference 
notices, and requests for additions or amendments to the  
mailing list, should be made to research@nzta.govt.nz.

Disclaimer
The views expressed in the NZTA research newsletter are the 
outcome of research and should not be regarded as being the 
opinion, responsibility or policy of the Transport Agency or of 
any agency of the New Zealand Government.

Availability of NZTA research
The current edition of the NZTA research newsletter is available 
in hard copy or on the Transport Agency website, along with 
all previous editions of the newsletter, at www.nzta.govt.nz/
resources/nzta-research/.

Email alerts of newly published research reports
Email notifications are provided when new issues of the NZTA 
research newsletter are published. Notification is also provided 
when new Transport Agency research reports are published on 
the Transport Agency’s website at www.nzta.govt.nz/planning/
programming/research.html. Please email research@nzta.govt.
nz if you would like to receive these email alerts.

Do we have your correct details?
We would like to hear from you at research@nzta.govt.nz  
if you wish to:
• add or update names, email or address details
• receive the NZTA research newsletter in hard copy format
• receive email notification of the publication of the  

NZTA research newsletter and research reports 
• alter the number of NZTA research newsletter hard  

copies you receive.

Media contact
For media enquiries – contact Andrew Knackstedt, National Media 
Manager, on andrew.knackstedt@nzta.govt.nz, ph 04 894 5400.

Other Transport Agency contacts
Alex Brocklehurst – Manager, Research & Evaluation Programme
Nigel Curran – Senior Analyst, Research & Evaluation Programme
Karen Johnson – Coordinator, Research & Evaluation Programme
For any enquiries, email research@nzta.govt.nz
NZTA research | NZ Transport Agency | Private Bag 6995 | 
Wellington 6141 | New Zealand

www.nzta.govt.nz

DID YOU KNOW...
That there is a spreadsheet on the Transport Agency website 
listing all published Transport Agency research reports? 

The spreadsheet is searchable by several criteria and  
can be found at www.nzta.govt.nz/planning/programming/
research.html. 

The spreadsheet has two worksheets; the first worksheet lists 
research reports with associated key words and the second 
lists research reports with the report abstracts.
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