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An important note for the reader

The NZ Transport Agency is a Crown entity established under the Land Transport Management Act
2003. The objective of the Agency is to undertake its functions in a way that contributes to an
affordable, integrated, safe, responsive and sustainable land transport system. Each year, the NZ
Transport Agency funds innovative and relevant research that contributes to this objective.

The views expressed in research reports are the outcomes of the independent research, and should
not be regarded as being the opinion or responsibility of the NZ Transport Agency. The material
contained in the reports should not be construed in any way as policy adopted by the NZ Transport
Agency or indeed any agency of the NZ Government. The reports may, however, be used by NZ
Government agencies as a reference in the development of policy.

While research reports are believed to be correct at the time of their preparation, the NZ Transport
Agency and agents involved in their preparation and publication do not accept any liability for use of
the research. People using the research, whether directly or indirectly, should apply and rely on their
own skill and judgement. They should not rely on the contents of the research reports in isolation from
other sources of advice and information. If necessary, they should seek appropriate legal or other
expert advice.
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Executive summary

This report describes the outcomes of a study commissioned by the NZ Transport Agency (NZTA) to
inform local authorities about the costs and benefits of transport modes. The aim of the study has
been to provide general advice on the relative cost and benefits of alternatives with a focus on
passenger transport in urban areas.

The report looks at issues decision makers face in estimating costs and sets out an approach to
providing estimates. This approach provides parameter values such as cost per vehicle kilometre,
which can then be applied to the number of vehicles and the distance they travel, so readers may
tailor comparisons to their own situation.

Tables of quantitative estimates of cost and benefit parameters are provided (where possible). The
issues and assumptions required to produce estimates and implications of differences across the
modes are discussed. Appendices provide more detailed discussion. The tables cover:

e public transport provision, with information about the running costs associated with three types
of public transport services: bus, light rail and heavy rail

e traveller cost and benefits, in terms of the cost per passenger kilometre for each mode. From a
traveller’s perspective, the findings show that costs per kilometre for car and taxi are relatively
high, as is walking (due to the value of the time required), but in contrast bicycle and bus travel
are relatively low cost

¢ community impacts of transport, with estimates of the monetary values of the impacts of
transport on the community in general (including users of other transport modes). Findings show
that active modes of walking and cycling have a net community benefit per kilometre due to a
lighter burden on the public health system

e transport infrastructure provision, with the aim of giving some indication of the relative costs
of providing infrastructure for each of the modes in the study. Infrastructure comes at significant
costs including land acquisition, below rail/road/path building, surfacing, and stations and stops.
Actual costs of infrastructure provision vary drastically according to the location and landscape of
construction activities.

This information is then augmented by various perspectives from literature and international
experience on some contextual issues, which affect, or are affected by, the cost and benefits of
transport. The aim of this discussion is to evaluate these perspectives in a way that is relevant to local
authorities when considering modal transport options. Relevant issues are discussed under three
broad topic headings:

1 drivers of the transport mix
2 the relationship between land-use and transport planning
3 road space and traffic management.

Example case studies then illustrate some of the issues presented. The first three studies describe
New Zealand cases and the fourth is from Nottingham in England.

1 Public transport in Christchurch, a large city with a very high level of car usage and consequent
congestion. Improvements in bus service quality have doubled the bus mode from 3% to 6% of
trips. It highlights:
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a strong partnerships between the organisations overseeing and operating services with
improved service features and infrastructure provision

b the car trips avoided by providing better alternatives represent significant benefits in limiting
congestion growth and the environmental impacts of extra traffic.

2 Cycling provision in Hawke’s Bay, a region which is home to a dispersed urban population with
bicycle transport rather than public transport use providing the main alternative to a car. The
environment is suited to cycling but safety concerns are a deterrent. Thus a cycling strategy has:

a promoted safety through education and enforcement and developed an extensive network of
on-road and off-road routes

b required only modest expenditure for both networks with the cost of provision for travel by
this means being considerably lower than the provision of extra roads or public transport.

3 Sharing the road in Auckland, New Zealand’s largest city, which faces increasing traffic congestion.
Both the terrain and the city infrastructure limit opportunities for building extra roads so there is
considerable incentive for making optimum use of available road space:

a the Northern Busway, a bus rapid transit system, shares the road space with State Highway 1
and carries twice the maximum number of car commuters able to use one lane of adjacent
motorway

b the Bus Rapid Transit system is a particularly cost-effective solution as it improves the
productivity of the current investment in road space and saves on future investment while
providing environmental benefits from and equity benefits in access from outer areas.

4 Public transport success in Nottingham, with some 667,000 people in its urban area, shows
sustained growth in public transport at low cost to government:

a cooperation between local authorities and operators has been key, as has the emphasis by
public transport operators on quality not price

b better service has stimulated demand for public transport with a 34% market share on key
corridors and due to good patronage, 97% of bus services need no direct subsidy.

In concluding the report the influences on transport mode choices and the usefulness of benefit and
cost assessment in comparing suitability of modes for local context is reviewed with reference to case
study findings. The key messages are that:

e ‘one size does not fit all’; the best mode choice depends on local conditions

e ‘right moding’ provides a transport mix to cater for travel needs now within a context of economic,
environmental and social sustainability for the future.



Abstract

Abstract

This report describes the outcomes of a study commissioned by the NZ Transport Agency to inform
local authorities about the costs and benefits of transport modes. The aim of the study has been to
provide general advice on the relative cost and benefits of alternatives with a focus on passenger
transport in urban areas.

The report looks at issues decision makers face in estimating costs, and sets out an approach to
providing estimates. This approach provides parameter values such as cost per vehicle kilometre,
which can then be applied to the number of vehicles and the distance they travel, so readers may
tailor comparisons to their own situation.

This quantitative exercise is supplemented by contextual discussion of some important issues in urban
transport including drivers of the transport mix, the relationship between land use and transport
planning, and road space and traffic management. A selection of case studies drawn from mainly New
Zealand urban areas provides some specific illustrations of the issues raised.
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1 Introduction

1 Introduction

1.1 Study context

Section summary

The purpose of the study is to inform local authorities about costs and benefits of transport modes.
Key messages

General advice is provided on the relative cost and benefits of alternatives.

The focus is on passenger transport in urban areas.

New Zealand’s local authorities are frequently faced with decisions on the best allocation of funding to
meet the transport needs of their regions. While there is a significant amount of information on this
issue, it may not be accessible or suited to a non-technical audience. Moreover it may sometimes offer
conflicting advice. The NZ Transport Agency (NZTA) therefore commissioned GHD to undertake a
research study to provide some general advice on the relative cost and benefits of alternative
transport modes.

To provide information that is sufficiently detailed to be of value, but sufficiently succinct to be easily
read, the study confined its consideration to the particularly important topic of provision of passenger
transport in urban areas.

The study reviews the cost and benefits of transport provision for:

e active transport modes: walking, cycling

e public transport modes: bus, light rail, heavy rail, taxi

e private cars.

These are considered from the viewpoints of:

e service providers (as distinct from providing the infrastructure itself)

e travellers using each mode

e the community as a whole

o fixed infrastructure providers.

Indicative values to assist cost and benefit calculation in local contexts are provided.

To support the discussion, some contextual issues, which affect, or are affected by, the cost and
benefits of transport are discussed. They are then illustrated by four case studies.

The first three cases address transport provision in New Zealand. The fourth study is from Nottingham
in the United Kingdom and provides a good example of the provision of good public transport with
only modest subsidies.

11
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1.2 Providing relative modal costs and benefits

Section summary

Issues decision makers face in estimating costs and benefits of alternative modes are discussed and an approach to
providing estimates is explained.

Key messages
Costs and benefits are context specific.

Parameter values such as cost per vehicle kilometre can be estimated and then applied when the number of
vehicles and the distance they will travel is known.

For assessment purposes costs need to be sorted by type, then quantified and finally, where
appropriate, distributed between modes. Where there are benefits of transport by a mode, these
benefits can be considered as negative costs, hence lowering the net cost per kilometre.

Type of cost: Costs can be fixed (those costs that are independent of the amount of travel, eg
vehicle purchase) or variable (those costs that are dependent on usage or vehicle distance travelled,
eg fuel). Their category helps determine how they are used but the distinction between fixed and
variable costs is not always clear cut as the figure below shows. Where we attempt to calculate, say, a
cost per kilometre of travel, it is necessary to split fixed costs over a number of annual kilometres in
order to make these costs comparable with variable costs.

Figure 1.1 Variability of costs in public transport provision

COST
Exanples VARIABILITY
SPECTRUM
Costof Depot/ Terminal Always
pay
Office/management costs
Costof Vehicles Can depend
Costlicences/permits onuse
adjustment
Saff costs takes time
Maintenance costs
Depends
Fuel On use

This cost spectrum varies from mode to mode.

For example, about 70%! of bus costs can be considered variable, since extra distances require extra
buses and drivers, adding significant costs.

At the same time, simply adding one extra passenger can impose close to zero additional costs.

Comparing like with like: The easiest way to compare impacts of different modes is to express
them in dollars (monetisation). In some cases, such as the costs of employing a station attendant for
one hour, costs are already measured in dollar terms and monetisation is simple. In other instances
impacts may be challenging to quantify and more even more difficult to monetise. For example, while
it is relatively simple to estimate the amount of emissions from motor vehicle tail pipes, quantification

1 Source: Advice from bus operators
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requires estimation of the numbers of people whose health is affected and monetisation requires
putting a dollar value on illness and death.

Distributing shared costs: For example, where infrastructure is shared, such as roads for buses and
private cars, the costs of road provision and maintenance need to be split between car and bus.

Context specific costs: However the major challenge in providing modal costs in any locality is that

costs depend on the specific transport situation in that particular urban area. Land prices or terrain for
infrastructure, numbers of passengers to share the cost, or numbers of vehicles needed to provide the
service, may all vary dramatically between regions.

Cost parameters to costs: In view of context variations, single average cost values are not useful
for local authorities to apply to their local situation. Instead the approach in this study is to find cost
parameters and use them to establish costs by multiplication to values in the situation under
consideration. For example, the estimated parameter ‘dollars per vehicle kilometre’ can be applied,
when the number of vehicles and the distance they will travel is known, to give total cost. The process
is further explained in appendix A.

We note that these are indicative values only. They are intended for initial *‘back of the envelope’
comparison of the relative cost and benefits or modes. They cannot be guaranteed as suitable for use
in formal project cost-benefit assessment.

Where possible, the estimates provided in the next chapter are representative of a value that may
apply in a New Zealand context.

13
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2 Cost-benefit parameter estimation

2.1 Public transport provision

Section summary

This section provides information about the running costs associated with three types of public transport services:
bus, light rail and heavy rail.

Key messages
Staffing costs of running public transport services are generally a greater expense than fuel costs.
While individual buses tend to have lower capacities, they are less expensive than light rail and heavy rail trains.

The first perspective of costs and benefits is that of an operator of public transport. While in many
instances the actual operation of these services will be by private operators, a local authority is
typically responsible for the funding of any operating shortfall or in paying the service contractor for
provision. The costs and benefits accruing to individual travellers are explored in section 2.2.

Public transport operating cost estimates are of most use if measured in dollars per vehicle kilometres.
This allows the reader to apply these factors to the actual (or proposed) service coverage in their area
to establish the costs of the service.

There are two impediments to establishing reliable estimates:
o differing operating conditions and vehicles that prevail in each public transport area
e lack of adequate data (such as running costs and vehicle kilometres travelled) to make estimates.

Here, estimates have been gathered from publicly available information, consultant estimates and
market prices for variables such as average energy usage per kilometre, staff wages, driving speeds
and lifetime kilometres travelled by vehicles. Adequate public information about the operating costs of
transport provision is generally difficult to find since it can either be commercially sensitive or lacking
detail.

Within these limitations the values in table 2.1 show some relative sizes of the expenditures expected
from operating each of the modes of public transport in New Zealand.

Table 2.1 Operating cost parameters for New Zealand public transport modes

2009 NZ$/vehicle Running costs Vehicle Total
km Fuel/ Insurance and purchase/lease costs
energy Staff registration
Bus 0.37 0.95 0.26 0.84 2.42
Light rail 0.28 0.95 0.26 3.34 4.84
Heavy rail 0.66 0.74 0.52 3.14 5.06
Source: White, P (2008, p60); Kenworthy, J (2003, table 4); ESAA (2009); public transport operators’
websites; GHD internal estimates of insurance costs, various procurement notices for estimates of vehicle
purchase costs and lifetime distances

Estimates of costs per vehicle kilometre show that diesel buses (typically with capacities of around 50
passengers) have running costs similar to those of rail vehicles (typically with capacities over 100
passengers). The ‘whole of life’ costs of acquiring a vehicle can be incorporated by spreading the

14




2 Cost/benefit parameter estimation

purchase price of the vehicle over estimated total lifetime kilometres. These whole-of-life costs per
kilometre are substantially higher for light and heavy rail than for bus.

It is possible to estimate fare revenues for each vehicle’s operation, which (in combination with the
cost information) would give an indication of the level of operating subsidy required to break even.
However, such an exercise requires assumptions about the number of fare-paying passengers
expected by mode, which is obviously context specific. As a guide, however, if each rail vehicle carries
around twice the number of passengers than a bus does then the higher fare revenues are likely to
make up for the higher costs per rail vehicle. From this perspective, operating shortfalls are likely to
be lower where the public transport is appropriate to the level of patronage on a specific route.

There is usually little difference between the financial benefits of revenues from fares on different
public transport modes and theses benefits seldom exceed costs.

2.2 Traveller cost and benefits

Section summary

The costs and benefits for individual travellers when taking a given mode of transport are now considered. This
perspective is relevant since transport provision needs to ensure the availability of transport services for people on
all levels of income to enable everyone to gain access to necessary services and opportunities.

Key messages

From a traveller’s perspective, costs per kilometre for car and taxi are relatively high, as is walking (due to the
value of the time required).

In contrast bicycle and bus travel are relatively low cost.

It is assumed that the mobility and accessibility benefits per kilometre of transport are the same
across each mode. These benefits are therefore not considered in the comparison. Other benefits,
such as health benefits, do differ by mode and are included in this comparison as negative costs.

The challenge from the perspective of a traveller is to convert all the relevant costs into a monetary
cost per kilometre for that individual. This is necessarily context specific to some extent, and hence
reliant on assumptions.

Several types of costs are unique to specific modes. For example, it is only for private cars that users
incur parking charges, whereas only public transport users explicitly pay fares. These fares can be
thought of as a substitute for having to pay for the vehicle, fuel, insurance and registration costs that
are associated with private (car) transport. Parking charges vary much more than fares. In most
suburban areas parking at home is free of charge as is parking in business or industrial areas.
Travellers pay indirectly for the extra land needed for parking at home and few recognise the cost.
However, parking charges in central business districts at levels such as $29 per day in Auckland can
deter car travellers and provide local authorities with an opportunity to ration scarce road space in the
city.

Some non-monetary costs are also included in the table of costs and benefits. These values attempt to
approximate the costs (and benefits) associated with the physical and psychological experience of
using the mode of transport to travel one kilometre. These include health benefits, which can be
calculated from the extra health costs that are avoided by taking that mode of transport. The active
modes (walk/cycle) have high (negative) values for this measure since their use is associated with
reduced risk of cardio-vascular diseases and diabetes. Accident risks attempt to measure the
likelihood, severity and medical cost associated with travel by a given mode. Finally, ‘time’ costs
associated with each mode account for the fact that people place value on their time. Slower modes

15
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are associated with higher time costs. Similarly, modes that typically take longer to reach (or to wait
for) are associated with higher time costs per kilometre.

Other costs included in the table are crime risks, which (qualitatively) capture the risk to the transport
user of facing a personal attack or theft while travelling (a ‘C’ rating signifies a greater level of risk
than ‘¢’ and 'CC’ yet greater risk). Other possible impacts on the traveller experience are also
described. These impacts include exposure to weather, traffic congestion or crowded conditions.

In addition to the benefits per passenger kilometre of travel shown in the table the faster modes,
especially car and train, offer benefits of access to a wider range of activities, people and places. The
transport private modes, walk, bicycle and car also offer the traveller the benefits of time and
destination flexibility with transport available ‘on demand’ to go to a chosen destination or to pick up
or deliver passengers.

Car travel also provides travellers with the opportunity to carry luggage and equipment for work or
family needs. This benefit can have a significant influence on mode choice. Thus, an option such as
home delivery of shopping may need to form part of plans to encourage public transport use.

16



2 Cost/benefit parameter estimation

Table 2.2 Traveller cost and benefit parameters
Costs paid each trip Annual costs Cost of time Cost of risks Other impacts Total
Costs/
Vehicle Insur- . L
passenger Travel i Acci- X Quantifiabl
Park- | purchase/ ance/ i . Wait Access Crime L
km Fare | Fuel i i time (in i . Health dent . Descriptions e costs
ing lease/ regist- i time time . risk
. i vehicle) risk only
(2009 NZ$) service ration
Exposure to
Walk 0 0 0 0 0 3.62 0 0 -1.1 0.49 CcC weather/contact with 3.01
community
Exposure to
Bicycle 0 0 0 0.19 0 1.14 0 0.07 -0.54 0.33 C weather/pleasure from 119
cycling )
Traffic congestion
Bus 0.34 0 0 0 0 0.94 0.17 0.09 0 0.01 C experienced/exposure to
weather 1.55
Crowded
Light rail 0.34 0 0 0 0 0.91 0.11 0.09 0 0.01 C carriages/exposure to
weather 1.46
Crowded
Heavy rail 0.25 0 0 0 0 0.59 0.11 0.15 0 0.01 C . )
stations/carriages 1.11
Benefit for
Taxi 2.55 0 0 0 0 0.68 0.04 0.04 0 0.06 C
ax disabled/elderly 3.37
Traffic congestion
Private car 0 0.18 0.67 0.42 0.09 0.68 0.05 0.07 0 0.06 ¢ experienced/separation
from crowds 2.22

Source: Public transport operators’ websites; NZ Household Travel Survey (1997/8); NZAA (2009); private parking operators’ websites; VTPI (2009, table 5.3.7-1); GHD
estimates and assumptions

Note: Health impacts for walk and bicycle are negative costs because each kilometre of use tends to reduce public health costs, ie they are a benefit to the traveller.

17
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Table 2.2 shows relatively high costs per kilometre for walking, car and taxi modes. Travel time costs
account for the majority of the costs of walkers, while fare costs dominate the cost of taxi travel. The
lowest costs estimated per kilometre are for heavy rail and bicycle travel. For bicycles, the high
accident costs and travel time are somewhat offset by the estimated health benefits due to exercise,
while the long-distance nature of heavy urban rail tends to yield low travel times and relatively low
fares per kilometre. The relatively low costs of all public transport modes apply if the traveller
undertakes journeys with origins and destinations within five minutes’ walk of a regular service. If this
does not hold, the extra cost of accessing and leaving the station or stop by walking or by private
transport needs to be considered and may affect modal decision making.

The quantifiable costs for car travel per kilometre are around twice those of bicycle and rail travel.
However - as with estimates of all mode costs - these cost estimates are dependent upon the
assumptions chosen. The challenge of this exercise is to turn fixed costs (such as car purchase or
registration) and variable costs (ie those associated with one additional kilometre of travel) into a
single average cost. This can be an important point because once a person has a car, the cost of
making one extra trip is very low compared with the average cost estimated here. In fact, the more
kilometres travelled, the lower a car’s average cost will be as registration and purchase costs are
spread across more and more kilometres. The basis of our assumption on average vehicle kilometres
travelled was the New Zealand Automobile Association which quotes an annual distance travelled of
14,000 kilometres.

2.3 Community impacts of transport

Section summary

The monetary values of the impacts of transport on the community in general (including users of other transport
modes) are estimated.

Key messages

Active modes of walking and cycling have a net community benefit per kilometre due to a lighter burden on the
public health system.

Total community costs of each kilometre travelled by cars were estimated at between three and six times lower
than those of a public transport vehicle.

However, when public transport services are well used, the costs per passenger are far lower than the equivalent
costs per passenger in cars.

Community costs and benefits, sometimes called ‘externalities’, are measured per kilometre travelled
by vehicles for each mode (taxi and private car are considered to have the same impacts and are
combined here). These are not costs per passenger kilometre, but costs per vehicle kilometre; for
example, it is the cost of one bus travelling one kilometre, rather than one bus passenger travelling
one kilometre.

Advocates of public transport often base their arguments on the low levels of community costs
imposed by public transport compared with car travel. However, such studies necessarily make
assumptions about the number of passengers using the public transport service (the occupancy) and
the number of people in each car. Costs per passenger are heavily dependent upon this assumption
about occupancy. This study measures costs by vehicle kilometre because costs are imposed by the
service running, even if empty (the slight impacts of loadings on cost are ignored here). This allows
the reader to estimate average costs per passenger by applying occupancies relevant to the local
situation.

The types of costs included in this analysis are:

18




2 Cost/benefit parameter estimation

e Crash costs: while many of the costs of crashes are borne by the users of the same mode (eg
insurance covering damages and lost income), there are some costs that are borne by other
modes or society in general, such as emergency responses, uncompensated damages, lost income
and grief. Bicycle and walk modes are capable of causing externalities by forcing motorists to
swerve to avoid them which can result in a crash.

e Noise pollution costs: the external component of noise pollution is from the noise and vibration of
the engine or tyre and road noises.

e Local air pollution costs: costs on society from local air pollution stems from emissions from the
exhaust pipe of motor vehicles. These can have effects on human health and local ecological
systems.

e Greenhouse gas emissions: emissions of gases such as CO, and methane contribute to climate
change and its expected economic and social costs.

e Severance: where traffic causes a physical barrier (eg a busy road) there are cost delays and
difficulties that fall on users of other modes. High values would be expected from (heavy)
railways, while on-street buses and light rail can be easier for pedestrians to pass.

e Health impacts: when people use active modes (cycling, walking, etc) there are benefits to the
user’s health which lowers the likelihood of heart disease and other causes of premature death.
Since users do not ‘internalise’ all of the benefits associated with avoiding premature death or
hospitalisation (due to ‘external’ grieving or the provision of public health care), there are some
components of the health impacts that are considered external.

e Upstream and downstream costs: external costs are also associated with the processes
undertaken at various stages in transport provision. For example, energy production before fuel is
combusted, production and disposal of vehicles, and infrastructure renewal and construction.

e Place making: in urban areas, the transport uses of a public space can influence how pleasant it is
to be in that space. The use by pedestrians of a market place may bring intangible but real
benefits to people in the neighbourhood. There are likely to be some similar benefits, although
smaller, from other modes such as cycling and light rail. Place-making benefits are estimated
qualitatively from ‘B’ (small benefit) to ‘BBB’ (large benefit).

For costs such as crashes, the quantification and monetisation is not just complex, but involves some
potentially uncomfortable assumptions, such as the dollar value of a life or suffering. When
interpreting the information in table 2.3, it is important to keep the values in perspective since single
estimates of such values are liable to vary significantly under different assumptions and contexts.
Ranges of these values and references are provided in appendix B. (Note: values in the table compare
one bus vehicle with one car with one light rail vehicle etc, in contrast with the per passenger values
in table 2.2.)
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Table 2.3 Community cost and benefit parameters

Cost/vehicle Upstream/ Total

km Air Greenhouse Health |downstream| Place |(quantifiabl
(2009 $NZ) | Accidents| Noise |pollution gases Severance | impacts™ impacts making |e costs only)
Walk 0.003 0 0 0 0 -1.054 0.002 BBB -1.049
Bicycle 0.003 0 0 0 0 -0.527 0.005 B -0.519
Bus 0.316 0.022 0.237 0.109 0.017 0 0.157 - 0.858
Light rail 0.158 0.034 0.066 0.067 0.034 0 0.188 B 0.547
Heavy rail 0.158 0.068 0.131 0.1 0.101 0 0.204 B 0.762
Car 0.066 0.007 0.023 0.019 0.005 0 0.03 C ** 0.15

Source: Austroads (2008, table 3.1); MoT et al (2005, tables B12.4, B12.5); NZTA (2009a, pp3-18); VTPI (2009, chs 5.3,
5.10); GHD assumptions

*Health impacts for walk and bicycle are negative costs because each kilometre of use tends to reduce public
health costs, ie they are a benefit.

** While car traffic may make streetscapes unpleasant and impose a cost rather than confer a benefit in place
making, widespread availability of car travel may provide community benefits such as opportunities for children
and adults to access and participate in a wider range of sporting and cultural activities.

In contrast with the benefits of community cohesion provided by access to a car, some European

studies have estimated the cost of social exclusion for those without access to a car in car-dependent
communities. These costs are likely to be less in New Zealand, which has a high level of car
availability, but still apply to those too young or too old to drive or who are unable to do so because of
health or disability reasons. Dodson et al (2004) provides more detail.

Note: Taxi is not considered separately to car here, as the impacts per vehicle kilometre are the same
whether a car is used as a taxi or privately.

The costs and benefits presented in table 2.3 show that active modes have a net community benefit
per kilometre due to a lighter burden on the public health system. The highest external impacts per
vehicle kilometre are from public transport vehicles. Of these, diesel buses are estimated to have the
greatest community costs due to their emissions, which take place in populated areas, whereas
electricity-run light and heavy rail tend to produce emissions at the point of electricity production (or
none if power is generated from renewable sources).

The impact of car kilometres is dominated by the crash costs borne by the community through the
public health system. The total community costs of each kilometre travelled by cars were estimated at
between three and six times lower than those of a public transport vehicle. Where the public transport
services are only lightly utilised, these costs per passenger can be similar to those of car users;
however, where a bus service runs with say 20 to 40 passengers, the external costs per passenger in
the bus are likely to be only a small fraction of the car driver’s. To illustrate by using these cost
estimates, if a car carries just a driver (occupancy of one), while a bus carries six passengers, the
external costs of each vehicle per passenger are approximately equal ($0.858/6 = $0.15); every bus
passenger in excess of six will divide the vehicle’s costs by even more, making the cost per passenger
lower and lower. Conversely, a car with an occupancy of four will have similar costs per passenger
kilometre as a bus with 23 passengers.
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2.4 Transport infrastructure provision

Section summary

The provision of transport infrastructure comes at significant cost for transport providers. Such costs include land
acquisition, below rail/road/path building, surfacing, and stations and stops. This section aims to give some
indication of the relative costs of providing this infrastructure for each of the modes in this study.

Key messages

Actual costs of infrastructure provision vary drastically according to the location and landscape of construction
activities.

Upfront construction costs for light and heavy rail are much higher than for road; however, over the longer useful
life of rail infrastructure, these costs tend to be more comparable.

In previous sections, the study attempted to provide quantified indicative values of costs and benefits.
While it has been acknowledged that such values are subject to significant variability around these
estimates, the values still give some broad guide to the ultimate values facing a local authority or the
community. In the case of building and maintaining infrastructure, this study attempted the task of
providing similar dollar values for the costs of providing a kilometre of road, rail, footpath, etc but it
was ultimately decided that this was likely to be more misleading than helpful for decision makers.

The two key reasons for this decision were:
e the lack of sufficiently detailed information for costing of specific components of construction costs

e the sheer variability in unit construction costs as a result of drastically differing construction
environments.

Ideally, ‘per lane (or track) kilometre’ costs would be estimated for the following components of urban
transport infrastructure provision:

e construction or surfacing (ie bitumen or rail/sleepers)
e land acquisition

e signalling and sighage

e stations, stops, shelters and interchanges

e parking, stabling and depots

e annual maintenance.

The costs associated with building urban transport infrastructure vary enormously according to the
location and landscape. For instance, 10,000m? of land required for one kilometre of road in
Auckland’s central business district (CBD) would cost several hundred or thousand times more than a
similar stretch of road in the outskirts of Wanganui. Similarly, the cost of building one kilometre of
railway along a flat and straight parcel of land would be a tiny fraction of that required to construct
adequate earthworks, bridgework and tunnelling to join Wellington’s CBD with nearby Kelburn by rail.

In light of this issue, this study provides a qualitative indication of the relative costs associated with
the infrastructure for each mode based on the assumption that each would be built along the same
corridor, and hence with similarly challenging characteristics (see table 2.4). The rating ‘c’ indicates
relatively low cost, ‘C’ higher and ‘CCC’ highest. Appendix B (Community impacts of transport, p61)
provides a numerical example from Queensland to illustrate the potential magnitude of these costs.
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Table 2.4 Qualitative estimates of parameter costs for infrastructure

Whole-of- . Parking
Upfront . . Stations,
Cost per lane i life Signals | . / X
constructio . Land interchang Maintenanc
or track km constructio / depots/
n of cost . e stops, i e
(2009 NZ3$) n of signage stablin
lane/track shelters
lane/track g
Walk [ C C C - - C
Bicycle C C CcC C - C C
Bus C C CCC CcC C C CcC
Light rail CC C Ccc CC CcC C CcC
Heavy rail CccC C CccC CC CC C Ccc
Car C C CccC CC - CCC CcC

Source: Parsons Brinkerhoff (2004); NZTA (2009b); ATC (2006, table 1.5.4); GHD assumptions

Within each cost category, we can compare costs for the provision of infrastructure for each mode.
Because the qualitative values cannot be added together, it is difficult to draw firm conclusions about
overall costs of each mode’s infrastructure. Despite this, it is clear that the ‘per kilometre’ costs of
walking and cycling facilities are the lowest of all the urban modes.

The table assumes that buses will be provided with a dedicated busway or bus lane, which would
require similar construction, land, sighage and maintenance costs per lane kilometre as lanes for car
use. A major difference in infrastructure costs between bus and car is that cars require parking
provision at both origins and destinations (often in expensive prime locations), while buses require bus
stops, interchanges and depots for overnight vehicle storage. Historically, bus depots have tended to
be located in central areas for logistical simplicity, but it may be possible to achieve lower depot costs
if located in lower cost areas. Bus stops tend to be located every 400 -500m and can vary
dramatically in cost and complexity.

Light and heavy rail have the highest construction costs per track kilometre in urban settings.
However, each of these modes has a much higher potential passenger capacity in the same space. For
instance, the Auckland Regional Transport Authority (ARTA 2006, p6) cites figures that suggest that
rail capacities are up to 25,000 people per hour in a 4-5m corridor, compared with 2400 people for
cars. These rail capacities are also significantly higher than those of busways (12,000 per hour).
Heavy and light rail stops are typically more expensive than bus stops, with more facilities and
information, and are estimated as being more expensive per lane kilometre.

In considering investment in roads, solutions can also be dependent on the existence of an explicit or
implicit road user hierarchy to guide local authority decisions regarding infrastructure provision. Road
user hierarchies recognise that most roads are required to accommodate a range of users, The
hierarchies aim to assist the decision maker in balancing the needs of different users. Hierarchies are
usually framed around supporting a particular outcome, for example, economic growth or community
equity. This is discussed further in section 3.3.

In addition, relative cost and benefits of infrastructure provision may change when viewed from a
whole-of-life perspective. The infrastructure associated with light and heavy rail tends to last in the
order of 100 years, compared with say 40 years for road infrastructure. Therefore, the higher upfront
investment costs associated with rail when considered over the life of the asset are comparable to
road costs.
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While the costs and benefits of alternative transport modes are extremely important in determining
good transport options, they need to be considered in the context of a range of other issues that
influence transport choices both for the local authorities who supply transport and the communities
who use it. The next chapter presents some of those considerations discussing local and international

perspectives on the drivers of the transport mix, interaction between transport and land use, and road
space issues.
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3 Transport mode contexts

Chapter summary

This chapter outlines various perspectives from literature and international experience on the topics of the drivers
of the transport mix, the relationship between land use and transport planning plus road space and traffic
management.

The aim of this discussion is to evaluate these perspectives in a way that is relevant to a local authority audience
when considering modal transport options. It aims to augment the tables that are presented in the earlier sections
of this report, to expand considerations from those that can be monetised as costs and benefits to those that will
affect the success of the modal decision.

3.1 Drivers of the transport mix

3.1.1 Supply and demand

All societies from pre-historic times to the present day have experienced a very similar set of drivers
for their transport mix. These drivers can be considered either demand or supply factors.

Demand side factors include:

e the need or desire to get to other places to see other people or move goods
¢ distance between where people are and where they need to go
o time available for travel

e private income and general economic conditions

e individual tastes and societal customs

Supply side factors include:

e availability of means of transport (from horses to jumbo jets)
e availability of routes

e price of transport and speed of transport

e regulations and requirements of authorities.

The pull of demand and the push of supply factors interact and there is a large amount of literature
considering their various influences. Here we consider three particular sets of influences on the
transport mix in New Zealand’s urban areas.

3.1.2 Technologies

Until early in the 19th century, domestic transport in New Zealand towns was by foot, horse or wagon.
Then in rapid succession new transport technologies began appearing: first bicycles and trains, then
trams, buses, trucks and cars. These changes both increased the distance that people could travel and
increased the numbers of people who could travel at affordable prices at first by public transport in
trains, trams and buses and later by private car.
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Figure 3.1 Travel in an hour

Road construction technologies advanced at the same time in both pavements and structures. In
particular, large-scale construction equipment meant that roads and bridges could be built more
quickly. This was particularly attractive to local authorities in the mid-20th century when they were
catering to the increased ability to travel, which in turn led to changes where people lived and worked.

Improvement in automobile technologies led to cheaper cars, which combined with newly available
sealed roads and greater distances to travel, led to the growth in private motor vehicle travel. By the
end of the 20th century, this growth had resulted in traffic congestion in many urban areas. Trips by
car in peak periods could be slower than trips by bicycle. Limitations on land availability, the cost of
road building and greater understanding of the current cost of road transport on society, as discussed
in chapter 3, have led road authorities to look for ways to manage demand for road transport and
reduce its impacts.

Some people hoped that information communication technologies (ICT) might reduce the need for
travel. However, evidence shows that travel increased as people had the opportunity to contact others
further afield and hence increased demand to trade with or visit them. However ICT in intelligent
transport systems can reduce car travel indirectly by improving public transport service with real-time
information about services and convenient integrated ticketing systems. It can also reduce car travel
directly by providing the technology required for efficient road pricing. While tolling and cordon or
entry charges do not necessarily require technology, the availability of automated systems means
their application is now an issue of policy rather than technology.

3.1.3 The impact of government policies and regulations

Government initiatives and support for particular modes have shaped the transport mix in New
Zealand quite dramatically as the following examples show:

e Legislation: in the 1920s New Zealand passed legislation to protect tram systems from competing
services by bus and thus maintained greater demand for tram services than may have otherwise
been the case, particularly on popular routes.

e Urban planning: the period from the 1950s to the 1970s saw the development of master plans for
New Zealand’s urban motorways which effectively moved the dominant urban transport modes
from public transport (trams and buses) to more road-based private transport solutions.

e Funding and budgetary considerations: the 1960s saw lower funding for public transport
initiatives, although strongly advocated for, as patronage was falling during the period. Without
reinvestment in mass transit systems such as rail, service levels and patronage continued to fall,
creating a larger operating shortfall from these services.
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e International trade policy: the removal of tariffs on imports led to reduced car prices and much
greater import of second-hand cars. Coupled with privatisation initiatives in public transport, the
greater affordability of new and second-hand cars effectively reinforced the dominance of private
vehicles.

Figure 3.2 Cars per household in New Zealand 1966—2001
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e Fare policies: petroleum prices rose steeply over 1973-79 and restrictions on use applied. Since
people’s choice of transport modes depends on relative ‘generalised cost’ - made up
predominantly of fares and cost of time - public transport use might have been expected to rise.
However it did not because bus fares also rose steeply during this period.

Thus the rapid growth in car ownership has been assisted by supportive policies; however, the growth
in car use can itself be a major factor in promoting further growth in car use.

3.1.4 Societal influences and preferences

Growth in incomes and wealth is an obvious influence on increasing car ownership, but indications are
that a major motivator for increased car purchase by New Zealand families has been additional
opportunities for social and recreational travel to destinations that could not easily be reached by
public transport. Car availability has led to growth of leisure activities requiring cars. For example,
children are now driven across the city to ‘away’ sporting fixtures. When cars are available they tend
to be used, thus children are driven to school because their parents feel it is unsafe to walk due to
increasing traffic which is paradoxically caused partly by people driving their children to school.

At the same time car travel makes it easy to carry equipment of all kinds for work or family needs.
Additional car trips are low cost. As shown in chapter 3 while cars may on average be expensive to
use, the cost of additional (or *‘marginal’) trips can be quite low.

Where travel patterns are customary, behavioural change is required to change the transport mix.
Initiatives to reduce household car travel have particularly targeted children. Travel blending
programmes working through school communities encourage car sharing, increased walking especially
for short trips and use of public transport ‘where appropriate’. These last words are very important in
the quest for sustainable transport futures. The aim of these schemes is to help select the right mode
for each journey.

A sustainable urban transport system must connect people to their activities. Thus walking and cycling
might not be sustainable options for long trips. At the same time a bus may not be a sustainable
option for a trip from a place were few people live to another where few people work. A trip by a fuel-
efficient car shared by more than one passenger may be far more efficient. This is just one reason
why taxis are an important public transport mode.
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Travel blending also advises consideration of combining or foregoing trips. The ‘right’ transport mix in
the short term depends on individuals making the right number of trips by the right mode. It also
depends on supply side initiatives which support these choices. These include reliable and frequent
public transport, safe cycle and foot paths but extend to home delivery of shopping. This will result in
the right transport mix for the urban area in the short term. Longer-term changes to the transport mix
depend on changes in land use.

3.2 Land use and transport

3.2.1 Urban structure

Considerations of land use and transport planning are interdependent concepts. Decisions on land use
will ultimately affect requirements for transport infrastructure and service provision while transport
planning policy can shape the land use of a region dramatically and can encourage or preclude certain
types of land use or activity. Land use and transport interactions have two key features which are
evident from discussion of the transport mix: urban structure, the way the city is laid out, and path
dependency, the way change is governed by existing structure and form.

Transport demand and suitable modes for meeting demand depend on the structure of the city.
Structure is predominantly described as the relative location of the activities in the city and the
location of the people who need to reach them. The transport literature refers to these as ‘attractors’
and ‘generators’ of travel demand.

At the same time, the structure of the city depends on available transport. Thus the growth of
railways then tramway lines led to residential development spreading along corridors out from city
centres and the growth of private motor vehicles and roads to carry them led to cities spreading
further afield or as some commentators say ‘sprawling’. Lower land prices more distant from city
centres allow lower density developments.

Such development can be difficult to service by public transport for two reasons:
1 Low population densities mean low passenger numbers with attendant low frequency services.

2 Dispersed development means many trips begin and end in locations with low population
densities. In Sydney Australia 80% of all household trips are of this type.

3.2.1.1 Urban form

Numbers of authors make the valid point that different urban forms with more concentrated
residential development produce higher public transport ridership and hence less private car use.
Quantification of the impacts suggests a 10% increase in urban density can result in a reduction of
1%-3% of vehicle kilometres travelled per capita.

However, the corollary that increasing urban densities will increase ridership is not necessarily valid
unless access to required services is considered. For example high-density residential blocks built on
the outskirts of cities distant from work places and other services will be unlikely to suit public
transport provision. International research showing ‘residents on the urban fringe drive 10%-30%
more vehicle kilometres than those of central neighbourhoods indicates the impact of distance from
services.

3.2.1.2 Multi-centred cities

In larger urban areas multiple centres are required to provide the appropriate level of access to all.
Whether this is a formal programme undertaken under a ‘city of cities’ strategy or a just the way the
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city has grown (like multi-centred London) this type of structure is not only suited to public transport
but also to walking and cycling. Such multi-centred cities can provide numbers of the urban features
found to discourage car use including:

e greater land use mix
e relatively better connected streets and non-motorised networks
e streets considered attractive and safe as well as accommodating pedestrian and bicycle travel.

Again international research suggests that neighbourhoods with a relatively good land-use mix
typically have 5%-15% less vehicle miles than neighbourhoods with more stratified land use.

Local centres then need to be connected by appropriate mass transit systems which research shows
can lead to reductions in vehicles in the order of 10%-30% and a reduction in vehicle miles of 10%-
30%. However, the land-use transformation options depend on current land uses.

3.2.2 Path dependency

Current contexts: When considering the land-use transport mix in cities, planners might be
reminded of the old Irish joke where the response to a traveller’s request for directions was ‘I wouldn’t
start from here’. While we might prefer a different style of city we need to work with what we have.
The applicability of international examples of land-use transport balance to New Zealand urban areas
needs to be assessed in the context of existing land use.

A definition of land-use planning by Land Transport NZ in 2007 incorporates concepts of context
consideration:

...a term that is often used interchangeably with that of town planning, urban planning, regional
planning and urban design. Land-use planning is used to encompass the process of managing
change in the built and natural environments at different spatial scales to secure sustainable
outcomes for communities. It includes both spatial elements, such as the physical design and
layout of neighbourhoods, cities and regions, as well as strategic considerations that take
account of social, economic, cultural and environmental factors.

Pace of change: In practice, cultural and social changes can seldom be very rapid. Thus while the
idea of minimising the distance for communities to access services has led to a strong focus on
planning circles of urban intensification or increased density as a response to urban sprawl, general
change has been slow in part because of community resistance.

The planners expect that, among other benefits, urban intensification will increase a sense of
community through greater social interaction and, if progressed in tandem with appropriate transport
planning, reduced reliance on private vehicles. However, residents in low-density neighbourhoods
often feel they already have friendly neighbourhoods and are concerned about negative consequences
such as increased anti-social behaviour, localised congestion and reduction in amenities. A holistic
approach to changes in density to allay such concerns is needed.

Urban village concepts attempt to address these concerns but may fail if linkages outside the urban
village are not properly addressed. A particular benefit of urban living is the wide range of specialist
employment opportunities on offer whether as merchant bankers or members of a symphony
orchestra. This makes them engines of the economy and cultural centres. Thus land-use transport
integration patterns are required both to reduce the need for travel for common tasks such as
shopping or eating out and offer connection to specialist locations
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Land use drives transport in the short run: However, whatever land-use plans are put in place,
whether by new development on greenfield sites or by retrofitting, city transport planners need to
remember:

e transport supply will need to meet the demand of urban areas much like those of the present day
for the short to medium term

e in the longer term, land-use transport sustainability of the cities will depend on planning today.

Thus while transport influences land use over time, current provision needs a primary focus on
existing land use in allocating constrained funds. Strategies to make best uses of existing road space
are therefore important in most urban areas.

3.3 Road space issues

3.3.1 Fit to available space

Transport management agencies must consider the use of road space when planning new road
infrastructure as well as when planning to improve the operation of the existing road network. The use
of new or existing road space comes sharply into focus when people experience the negative impacts
of congestion. This section adds to the information presented in tables 2.3 and 2.4 in evaluating the
effectiveness of road space allocation options.

Congestion, along with considerations regarding environmental and social impact of different transport
modes, often leads to the spatial consideration at a route or network level of what is the most efficient
use of this space if the prime purpose of that road space is to move people. The figure below
indicates, from a purely spatial perspective, the road space required to move the same amount of
people is dramatically different depending on mode, and that road space is maximised by moving all
people by bike. If the solution really was this simple all road space would be reallocated from cars
towards mass transit operations or cycling and pedestrian activities.

Figure 3.3 Space required to transport same number of passengers by different transport modes
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However, decisions to reallocate road space involve more than just considerations of spatial efficiency.
Many other factors play on the movement of people in reality, including but not limited to the
perceived cost of each mode to the user, the origin and destination of the user, the accessibility of
different modes and the purpose of travel. Many of these factors and their impacts on transport policy
and investment decision making are discussed elsewhere in this report. We concentrate here on
measures to address road space issues.

3.3.2 Measures to address road space issues

There is a broad range of measures, which can and have been used to address road space issues.
Measures can be loosely placed into two groups.

3.3.21 Capacity enhancement measures

These enhance the road space available through increasing capacity or maximising the use of existing
road space. Table C.1 in appendix C categorises, describes and assesses a range of these measures.
The effectiveness of the measures can be measured by looking at throughput and delay indicators. A
recent example of a capacity enhancement is the idea of hard shoulder running where the hard
shoulder (or breakdown lane) on arterials or highways is opened to traffic during peak periods. Signals
above the carriageway indicate when the hard shoulder is open. Research from The Netherlands has
found that on two-lane motorways this measure has increased peak road capacity by 36%. The
passenger carrying capacity of the road may be increased by a preference measure to encourage ride
sharing/car pooling.

High-occupancy vehicle (HOV) lanes, or transit lanes, are reserved for vehicles with more than one
passenger. While some operate all day, they are particularly valuable in peak periods offering a faster
trip.

However high levels of enforcement are needed for successful operation. Fortunately advances in

Amount of spoce required to fransport the some number of passengers by cor, bus or bicycle.
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intelligent transport systems, from in-lane cameras to infrared detectors, allow continuous policing.
The latter sensors were designed in the United States to pick up dummy passengers where HOT (high-
occupancy toll) lanes allow free travel on toll roads for car or van pools.
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Figure 3.4 HOV lane at Mt Wellington northbound on-ramp

Source: www.aucklandmotorways.co.nz

3.3.2.2 Road space reallocation measures

In contrast this second group of measures explicitly aims to reallocate road space from one mode to
another or away from transport. The objective of this reallocation may be efficiency or to achieve
other objectives such as improving amenity or reducing externalities associated with car travel. These
measures are often focused on reducing car or commercial vehicle travel by giving preference to
public transport modes, walking, cycling or high-occupancy private vehicles. One example is traffic
calming as discussed below. Table C.2 in appendix C categorises, describes and assesses a range of
these measures.

While local communities may often request traffic calming measures, residents and businesses may
oppose implementation. Slowing response time of emergency vehicles or moving problems to another
part of the network are potential problems to be monitored.

Traffic calming: ‘the use of legal and physical measures to reduce traffic speeds and improve safety
and the environment’ is an approach to urban design, which makes streets more attractive, enjoyable
and safer for those on foot.

Variations include measures that aim to slow the speed of traffic such as road humps and speed
cushions, traffic islands, pedestrian refuges, roundabouts and chicanes as well as measures that
visually, audibly, or through vibrations direct a driver's route, promote spatial separation between
road users or encourage effective carriageway positioning. Diversions, one-way streets and street
closures to traffic are also methods of traffic calming.

Figure 3.5 Methods of traffic calming
——— y

Source: Land Transport New Zealand research report 300 (Charlton and Baas 2006)
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3.3.3 Determining appropriate road space-related measures

Whatever the purpose of the measures which impact on road space, the decision maker will need to
consider their appropriateness to the local context and also the likely effectiveness of the initiatives.

To aid this activity some threshold levels or ‘warrants’ have been utilised by transport planners to
indicate whether a particular measure is required. For example when considering bus lanes, research
has indicated: ‘from the standpoint of person capacity, 20-30 buses per hour (800 to 1200 seats) can
accommodate more people than are usually carried in cars in an equivalent arterial street lane (600 to
700 people per hour)’ (Levinson et al 1976).

Austroads (the Association of Australasian Road Agencies including the NZTA) recommends
considering temporal and location dynamics to decide where and when different measures will be
appropriate (Austroad 2007).

Solutions depend on whether the problem to be addressed occurs at peak, off peak or only as a result
of irregular events. They also depend on the extent of the problem. The range of solutions advocated
by Austroads is shown in table C.3, appendix C.

Additionally local authorities may have established hierarchies of road users to set priorities for
access. The hierarchy order will depend on local priorities. A common hierarchy based on economic
productivity sets freight deliveries first followed by commercial service vehicles then traveller for work
purposes before commuters and other road users. In contrast, the NZTA in its Pedestrian planning
guide (Land Transport NZ 2007) considers the various users of road space and provides a road user
hierarchy for promoting walking that puts mobility impaired pedestrians and wheelchair users first and
‘car borne commuters’ last.

Overall, whether considering broad scale city-wide urban planning or traffic calming on a particular
road, the most appropriate response will be highly contingent on localised factors. The next chapter
provides case studies to set some of the concepts discussed in context.

32



4 Case studies

4 Case studies

Chapter summary

This chapter provides example case studies to illustrate some of the issues presented in chapter 3 and the cost and
benefit assessments from chapter 2.

The first three studies describe New Zealand cases. The fourth case is from Nottingham in England.

4.1 Christchurch: enhancing bus service quality

Case summary:

Christchurch is a large city with a very high level of car usage and consequent congestion. Improvements in bus
service quality have doubled the bus mode share from 3% to 6%. This has been achieved through:

e strong partnerships between the organisations overseeing and operating services
e improved service features with denser routes and improved frequencies

e moving from ‘one size fits all’ to location specific solutions:
— cross city services to cater for trips not CBD centred
— free city centre shuttle, with low-emission vehicles

e support from infrastructure provision including a high-quality interchange facility and especially bus priority
systems.

The car trips avoided by providing better alternatives represent significant benefits in limiting congestion growth
and the environmental impacts of extra traffic.

4.1.1 Case context

In population size, Christchurch has recently become New Zealand’s second largest city. The strength
of the economic growth, which has brought it so far, is not expected to abate, regardless of the
current recession. The total number of inhabitants is forecast to grow from 350,000 in 2006 to over
430,000 in 2021.

Despite a strong and vibrant CBD, albeit one acknowledged in the current urban development strategy
and elsewhere as needing some degree of revitalisation, the overall urban area is characterised by
relatively low-density housing and numerous suburban centres of both retail and employment activity
in particular.

The generally very flat topography has fostered a strong tradition of cycle use, easily the highest in a
New Zealand urban context. However, the greatest driver of Christchurch’s transport make up is the
very high level of car ownership, even by New Zealand standards. This will have been strongly
influenced by the city’s layout and structure.

Increasingly, therefore, traffic congestion has become of major concern. This is all the more so when
looking just a few years into the future. As road networks reach close to their design capacity,
relatively small further increases in volume can have significant undesired consequences. Hence, on
present trends, a forecast increase in traffic growth of just over 20% between 2006 and 2021, would
be likely to increase congestion by 160%, extending commuter journey times by 26%.

The various transport strategies and plans for the city not surprisingly focus upon ways and means to
promote and deliver alternatives to private car use. There is an emphasis on enhancing both cycling
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and walking options as well as travel demand management (seeking to reduce overall demand levels).
But a major thrust is the recognition of the role of public passenger transport as an effective means of
travel for many urban travellers based on the premise that, where there is a good network of services,
it can offer a cost-effective option for many trips over a range of distances.

If both a single harbour passenger ferry and the city’s vintage tram route, the latter in reality a tourist
attraction, are excluded, public transport in Christchurch means buses. For various reasons which can
be deduced from the preceding paragraphs, it is far from ideal bus operating territory. Accordingly, it
is not surprising that bus use had, until relatively recently, fallen to very modest levels of use. Figures
for the 1991/92 year, representing the lowest point in its decline, indicated less than seven million bus
trips in total. This was less than 3% of the overall market and an average of only 20 trips per year for
each resident. The figure was also less than half the total which had been recorded seven years
earlier.

Most recent demand figures indicate current usage for 2007/08 at over 16.5 million trips, with a target
of 25 million by 2015/16. Market share appears on target to reach 6% of all travel by 2011. This is an
impressive turnaround by any standards.

The remainder of this case study focuses on how this is being achieved.
4.1.2 Service provision and innovation

One of the more obvious requirements in offering a public transport network to provide a credible
alternative to car use is an adequate level of service provision.

This is primarily managed through the regional council (Environment Canterbury), given the need to
provide operating subsidies to most routes. Under its Regional Passenger Plan, various key policies to
underpin service provision are laid down. The Christchurch City Council and Environment Canterbury
Metro Strategy supplies further detailed direction and is key to achieving patronage growth. There is
strong emphasis upon community involvement and commitments to partnerships between the key
players, similar to that seen in the Nottingham (overseas) example described later.

A key objective is that at least 90% residents be no more than 500 metres from a bus route (the
rationale being that this is no more than five minutes normal walk time). The focus is then upon a
radial pattern of core services to/from the CBD on simple, direct routes with key interchange points
supplemented by circular connections.

Service performance standards are also defined, covering various aspects of quality (vehicles,
operating speeds, punctuality and reliability etc) but especially frequency.

Core services, defined as those operating along principal travel corridors, have desired minimum
frequencies of 10 minutes in the peak, 15 minutes off peak and 30 minutes in evenings. A relatively
dense network of good frequency services radiating to and from the city centre is thus provided.

Recognising, however, that many desired trips are increasingly less focused on the CBD, attention has
recently been given to planning for cross-city circular services. The intention is to link to radial routes
by well-designhed suburban interchange facilities. A separate marketing of ‘Orbitor’ and ‘Metrostar’
services draws further attention to this development.

Promoting bus provision is, as noted, also carried out within the context of an emphasis of creating a
better environment and alongside similar ‘friendly’ modes, a specific example being the current trials
involving the fitting of bicycle racks to certain buses. More established is the Central City Shuttle, a
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zero fare CBD operation using hybrid electric technology. Buses are battery powered, with a small
natural gas fuelled turbine to maintain its charge.

Branding of the bright yellow vehicles of the shuttle is deliberately unique. In all other cases, however,
a common branding under a ‘Metro’ theme is a requirement of all contracted services. The regional
council also provides passenger information on all services, routes and timetables, regardless of
operator - currently three separate companies provide services in a contestable market.

While conventional information provision through printed timetable leaflets and telephone enquiry
answering remains in place, Christchurch has pioneered the development of real-time information for
bus services. As all contracted service vehicles are required to be fitted with transponders (a small
electronic device, the signal from which allows a positional fix to be determined), it follows that it is then
possible to predict arrival times at bus stops. The system has been extensively developed in recent years
and is now available for bus stops throughout the central area and the majority of suburbs. The
intending bus user has up to four options for accessing information. These are by internet, WAP-enabled
phone, interactive push button terminals at some bus stops and real-time information screen at others.
Information given covers estimated arrival times, bus number and route as appropriate. A unique
identifying number of the relevant bus stop is available on the stop post/sign to assist occasional users
or those in unfamiliar locations.

The fares and ticketing system shows high levels of innovation, designed to offer a simple and flexible
system, commensurate with rapid and easy boarding. While conventional single fare tickets remain,
with a single flat fare zone covering services within the city boundary (adult cash fare $2.80), the
emphasis is on promoting more frequent and easier use through electronic ticketing offered at
discounted fares. This approach, using Smartcard (stored value) technology provides an immediate
25% discount on single (cash fare) journeys. Further discounts are likely to be available if purchasing
an all-day or weekly travel ticket. In addition, all ticket types permit at least one free transfer in the
city zone within two hours of commencing a journey. Overall fare levels are set so as to recover 50%
of total service costs. There is scope to enhance the system further by moving to online payment.

4.1.3 Supporting infrastructure

Two separate types of development are worthy of comment here, namely the central city bus
interchange and the extensive plans for systems of bus priority, currently on a large humber of key
radial routes to and from the city centre, but with consideration also being given both to outer circular
service routes and within the city centre itself.

As part of the initial strategy to revitalise bus services in the late 1990s, an off-street terminal facility
was constructed. With high-quality waiting facilities and associated services, the bus exchange was a
seemingly a popular innovation, assisting patronage growth. Building an interchange complemented
an overall network redesign which reduced unproductive central city routing and introduced new
cross-city services which passengers could use without the need for an interchange. However, for
those services and travellers using the interchange, capacity problems were soon evident as a result
of its success. Accordingly, a new transport interchange is planned.

A project in excess of $100 million, funded by the Christchurch City Council and the NZTA, land has
already been acquired for the purpose. Commencement of construction is imminent for a scheduled
opening in 2013/14.

Of possibly greater significance to enhancing the relative attractiveness of bus services, and certainly
to protect against otherwise certain deterioration in peak-hour provision (journey times and
reliability), is the current programme of bus priority measures on key radial routes. A total of 10
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corridors have been identified focusing on the worst areas of current and forecast traffic congestion for
buses. It should be noted that this has been able to be measured by monitoring of actual service
reliability using the bus transponders mentioned earlier. The first three corridors, at a cost of
approximately $3 million, will be implemented in the 2009/10 financial year, with others planned to
follow shortly after.

It is important to note that the proposals take a more holistic approach than the more traditional
approach of simply reserving road space (a bus lane), often for only limited times of the day. Included in
the approach, for example, is the use of B-signals. These can be used at a traffic light intersection where
there is a bus lane. The B (for bus only) signal is activated upon detecting a bus in its lane prior to
offering a green light to other vehicles. It thus allows the bus to ‘jump the queue’. A critical evaluation is
also undertaken of bus stop location, both from a passenger convenience perspective, but also for
operational reasons. Rationalising the number of stops and the (re)location with respect to road
junctions, traffic lights/B-signals and so forth, can contribute significantly to journey time improvements.

Finally, a comment should be made regarding the planning of transport infrastructure in new and
greenfield sites. The opportunity arises in parts of Christchurch due to the anticipated relatively rapid
population expansion as noted previously. As is well known, land-use patterns and urban form in
general exert strong influences upon transport demand. There is evidence of an appreciation of this
matter and its importance in promoting an alternative to car use. The newly adopted South-West
Christchurch Area Plan, covering one major area of new population growth, aims to provide ‘a
transportation system that gives priority to active and energy efficient ways of travel and minimises
the effect on the environment’. In the specific case of bus transport, the planning of services, their
routes, priority schemes and the like are integrated within the overall land-use and highway network
plan at the outset. In short, ‘design all roads to facilitate good public transport accessibility and
achieve safe and walkable communities’.

4.1.4 Closing remarks

After many years of decline in and lack of attention given to urban public transport in Christchurch, its
community, decision makers and transport professionals alike have embarked upon a journey to
promote vigorously several key alternatives to private car use. This case study has focused on both
achievements to date and future plans to enhance the city’s bus system. It must be recalled that it is
part of a wider strategy which also promotes other modal options such as cycling and walking. The
benefits sought and reasons for so doing relate to many factors including efficiency, environment,
safety and overall quality of urban life. There appear to be several innovations and useful lessons in a
New Zealand context, which could be adopted elsewhere in pursuit of similar objectives.

4.2 Hawke’s Bay: enhancing provision for cycling

Case summary

The Hawke's Bay region is home to a dispersed urban population with bicycle transport rather than public transport
use providing the main alternative to car travel. The environment is suited to cycling but safety concerns are a
deterrent. Thus a cycling strategy has:

e promoted safety through education and enforcement
e developed an extensive network of on-road and off-road routes

e required only modest expenditure for both networks, for example between $20,000 and $67,000 per route
kilometre for the off-road routes.
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The cost of provision for travel by this means is considerably lower than provision of extra roads or provision of
public transport. Cycling is particularly well suited to servicing the wide variety of short- to medium-length trips in
the region.

4.2.1 Case context

The Hawke’s Bay region is home to over 150,000 people. The majority, just over 80%, inhabit the so-
called ‘twin cities’ of Hastings and Napier. Taken together, they form New Zealand’s fifth largest urban
area, albeit encompassing two significant city centres separated by just under 20km. There are also
several other significant and semi-free-standing suburban centres.

This somewhat unusual pattern of dispersed and often disparate settlement, with high levels of
interaction between many of its parts, has given rise to a car dominant transport society. Public
transport, in particular, has a very low market share.

Cycling, by contrast, has always made a relatively significant contribution, albeit as a clear secondary
mode after car use. Even after many years of declining use, in common with trends elsewhere, there
remains a strong base of ownership, close to one bicycle per household. In the Hastings District, 40%
of students regularly use a bicycle for travel to and from school. More than one in 20 workers
regularly travels to work by bicycle. This figure is broadly equal to the numbers of car passengers, the
second most popular means of travel in Hastings, and about 75% of the number in Napier.

There is good reason for cycling to be favoured as a mode of transport in the twin cities. The entire
urban area is, in effect, contained within the flat terrain of the Heretaunga Plains. Hawke's Bay also
enjoys an excellent warm, dry climate. The urban form results in many origins and destinations
requiring short- to medium-travel distances. The primary deterrent is personal safety. Concerns relate
to motorised traffic volumes and speeds, especially in the context of road design, maintenance and
general lack of specific provision for bicycles. Driver behaviour and negative attitudes, up to a level of
intolerance or non-acceptance of cycling activity on the public highway, is a further serious concern.

Recognising all the above, both Hastings District and Napier City Councils developed and published
cycling strategies in 2001. Each underscores a commitment to planning and providing for the
effective, safe and convenient movement of cyclists both within and between the main urban and
suburban areas. Accordingly, the two strategies were developed in parallel and are strongly
interlinked.

Cycling is promoted in order to reduce traffic congestion, improve the environment and improve health
and fitness. A recognised objective is also to improve the safety of cyclists. This extends to education (of
cyclist and motorists alike to share road space safely), encouragement of cycle use (premised on the
safety benefits of higher volumes of cyclists on the road) and enforcement (again aimed at both
motorists and cyclists).

Most significant, however, is the development of an extensive network of both on- and off-road cycle
routes, upon which the remainder of this case study is focused. The safety benefits and
encouragement to cycling of the latter, in particular, are self evident. Even where development, as in
a number of the off-road pathways, is targeted somewhat more towards recreational usage, there is
an obvious contribution to a ‘think bike’ emerging culture and the encouragement of higher levels of
overall (safe) cycle use.
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4.2.2 Developing a cycle and (walkway) network

At the time of publication of the two cycling strategies, there was very little special provision of either
on- or off-road infrastructure in the area. Only a single plan for a short section of off-road cycle and
walkway on the coast north of Napier was being considered. Remarkable progress has been made
since then in planning for and linking the twin cities, local centres and smaller coastal settlements via
an integrated system of cycleways (and many off-road walkways) for locals and tourists alike.
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Figure 4.1 Cycle network map

Source:www.hastingsdc.govt.nz/property/roading/cycling/

Critical to its success, especially in developing the dominant off-road sections, has unquestionably
been the involvement of all Rotary clubs in the area. Working in partnership with local, regional and
central government expertise and funding, they have been the catalyst for community support and
involvement, not least in accessing necessary financial donations and grants.

The Rotary Pathway Trust was formed in 2002. An initiative of Napier City Council and the combined
Rotary clubs of Napier, its express purpose was to build a walk/cycleway in stages that would
eventually surround the city. Very shortly thereafter, it was paralleled by the formation of the Rotary
Centennial Pathway Trust, essentially representing the Hastings District clubs (and supported by its
local council). While the two bodies remained as separate entities for administrative and financial
reasons, a region-wide approach was now possible.

This was further ensured by the involvement of the Hawke’s Bay Regional Council, as it was quickly
realised that many proposed off-road pathways, such as along waterway corridors and stock banks
traversed their land. Just as the local councils have maintenance responsibilities for cycle-way
provision on most roadways, the regional council’s role will increasingly be to provide long-term
maintenance for many off-road sections after construction. Central government is also involved as
both state highway and transport funding agency (now through the NZTA). A 10-year plan for an
integrated system of cycleways and pathways across the Heretaunga Plains is thus moving to reality.

Design and construction expertise rests with the relevant expert authority, as does individual project
oversight, including tendering and costs. A variety of construction standards, materials and widths
have been adopted, depending on location. Hence, the most heavily used off-road sections can feature
up to a 3.5m width asphalt or concrete surface, while quieter ‘riverbank’ style routes are more likely
to be of 2.5m width and use compacted limestone surfacing.

4.2.3 The off-road network

From the opening of the first short 1.7km section in November 2003, described above, the network had
grown by late 2008 to around 60km, allowing maximum continuous rides on a dedicated route of up to
30km. The two separately developed networks are physically linked and the ‘around Napier’ concept is
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nearing reality. Plans are in place for a further expansion of at least 50% in network length, prompted at
least in part by public response to current schemes, leading to demands for more route options.

Overall unit costs have been modest, with capital costs of under $4 million. The 46km of off-road
paths directly supported by the Rotary Trusts (some projects have been directly funded by Napier
City) reveal expenditure totals of $3.1 million or just $67,000 per route km. Within this, there is
significant variation due to construction standards, the simplest lime sand compacted tracks being in
the $20,000-$40,000 range. The short 1.5km Napier Breakwater — Marine Parade section represents
the highest cost at some $650,000. It includes two railway level crossings, two heavy truck road
access crossings (all relate to Port Company operations) and a concrete supported wooden cantilever
boardwalk over Breakwater Beach.

Funding has come from a variety of sources, including local authorities, central government and
Rotary itself, the last named being a mix of its own fundraising and a large number of grants and
bequests.

4.2.4 The on-road network

If the most obvious example of planning for cycling is represented by the developments so far
described, even a further considerable extension of this network will not, in itself, deliver the complete
aims of the two local authority cycling strategies. Accordingly, both councils are active in enhancing
the on-road environment for cycling.

Napier’s approach appears relatively pragmatic seeking to build cycling facilities when new roads are
being planned or others upgraded and/or resealed. A strategic route network, focusing on principal
corridor movements, is being developed. This includes an approximately 8km route between the main
tertiary education campus and the city centre where, to date, some 75% of the route features
designated cycle lanes.

Hastings has adopted an even more structured/tiered approach, designating key preferred route
corridors for cycle paths (alongside the road), and others for cycle lanes (within the carriageway).
Selection is strongly oriented towards routes to and from schools with the choice between path and
lane likely to be strongly influenced by engineering feasibility. A network of 17.3km to date has been
established, 78% as cycle lanes. Two further subordinate levels of routes are also designated. Here,
lower levels of treatment will apply, specifically focused on road safety, such as segregation or
delineated space at roundabouts. A total of 10, some 20% of the area’s total number of roundabouts,
has been achieved. Funding appears to have been between $300,000 and $500,000 per annum from a
specific cycling budget, but may also have been assisted by ‘free’ contributions where cycling
enhancements are subsumed within more general road improvement and maintenance projects.

4.2.5 Cost benefit appraisal

The expenditure sums quoted in this case study are extremely modest, especially by comparison with
others elsewhere in the report. However, any comparison of relative worth of such projects over
expenditure on other modes, requires good information on demand/usage in order to inform an
appropriate cost benefit appraisal. Unfortunately, accurate usage data on cycling is rarely collected
and this case is no exception. It is based, nevertheless, on recent work in the United Kingdom
(Department for Transport 2009), recently adopted as government policy, which prescribes a ‘rule of
thumb’ test whereby expenditure of £10,000 (say $25,000) is justifiable over a 30-year project
lifetime if it reaches a break-even cost benefit where it attracts one extra cyclist. Thus, the $500,000
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higher-end budget above would be justifiable if it attracted just over 20 new cyclists. Therefore, this
case study would certainly appear to pass such a test.

4.2.6 Closing remarks

Despite New Zealanders owning almost as many bicycles as motor cars, any strategy seeking to
reverse the many years of decline in bicycle use, especially for other than occasional recreational use,
must address the fundamental deterrent of conflict and safety risk arising from on-road use. By
combining all that is discussed above, it becomes possible to see how such a strategy can be devised
and turned into reality. Even if the expansion of safe and attractive cycling environments is
recreationally driven, as has clearly been the case here, the building of a culture of cycling use, and
with that, critical volumes of ridership, is in itself a major safety positive and is widely recognised.
Both cyclists themselves and other road users learn mutual respect and acceptance of each other
through greater interaction.

4.3 Auckland: sharing the road space

Case summary

Auckland, New Zealand’s largest city, faces increasing traffic congestion. Both terrain and the city infrastructure

limit opportunities for building extra roads so there is considerable incentive for making optimum use of available

road space.

e The Northern Busway, a bus rapid transit (BRT) system, shares the road space with SH1.

e  While the busway itself is just 6.25km it provides a congestion free trip for buses entering it from multiple
routes.

e  Even with current peak-hour bus patronage, the busway carries twice the maximum number of car commuters
able to use one lane of adjacent motorway, yet further significant increases in busway numbers are expected
and perfectly feasible.

e Accordingly, there are significant benefits of travel time and cost savings due to congestion relief, together
with the environmental and safety benefits of reduced car use.

The BRT system is a particularly cost-effective solution as it improves the productivity of the current investment in
road space and saves on future investment while providing environmental benefits from and equity benefits in
access from outer areas.

4.3.1 Case context and description

A major innovation to get maximum value from road space and reduce congestion, in the busy city of
Auckland, makes use of the SH1 motorway. Opened in February 2008, the Northern Busway
infrastructure is a two-lane fully segregated routeway. Unique in New Zealand and with relatively
limited but a growing number of parallels elsewhere in the world, it can be classified as a bus rapid
transit (BRT) system. This is rubber wheel technology using its own carriageway rather than a steel-
wheeled fixed-track rail vehicle based system. It is 6.24km in route length, commencing at its
southern entry point, some 2.5km north of the Auckland Harbour Bridge. A single southbound 2.5km
bus lane, linked to the busway proper, presently covers this section. There is scope to extend to two
lanes in the future.

From the northern exit point, several routes using the busway continue on the SH1 motorway proper
to the major and expanding suburban area of Albany, a further distance of 2.7km. The spine of the
enhanced bus system, as perceived by the travelling public, in effect runs between Albany and 