
 
 
 
 
 

 
 
 

The application of innovative public 
transport technologies to small cities with 

particular regard to Palmerston North 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
A project in partial fulfilment of the requirement for a degree in Bachelor of Environmental 

and Resource Planning at Massey University, Palmerston North, New Zealand. 

 
 

 
 

Ryan O’Connor 
04253574 



 Ryan O’Connor (04253574) 
  Honours Project 
 

2 

 

 

Acknowledgement 

 

I would like thank Dr Imran Muhammad for being my research supervisor. His expertise in 

academic research and transport planning has been vital to the completion of this project. I 

would also like to thank the staff and students of the Massey University Resource and 

Environmental Planning Programme, as their commitment and enthusiasm have enabled me 

to get to this stage in my education. Finally, I would like to thank all the people who have 

provided their time and expertise to this project. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Ryan O’Connor (04253574) 
  Honours Project 
 

3 

 

 

Contents Page 

 

 

Abbreviations          6

  

Chapter 1 – INTRODUCTION        8 

 

1.1 Problem Statement          8 

1.2 Project Aim          11 

1.3 Project Objectives         11 

1.4 Research Methodology and Structure      11 

1.5 Data Collection Method        12 

1.6 Project Structure         12 

 

Chapter 2 – PUBLIC TRANSPORT PLANNING IN NEW ZEALAND    13 

 

2.1 Introduction         13 

2.2 Legislation and Decision Making       14 

2.3 Conclusion          17 

 

Chapter 3 – BUS RAPID TRANSIT       18

        

3.1 Definition and Introduction        18 

3.2 Discussion on Bus Rapid Transit       22 

3.3 Conclusion          25 

 

Chapter 4 – LIGHT RAIL TRANSIT       26 

 

4.1 Definition and Introduction        26 

4.2 Discussion on Light Rail Transit       29 

4.3 Conclusion          32 

 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

4 

 

 

Chapter 5 – AERIAL ROPEWAYS        33 

 

5.1 Definition and Introduction        33 

5.2 Discussion on Aerial Ropeways       37 

5.3 Conclusion          40 

5.4 Transport Matrix         41 

 

Chapter 6 – APPLICATION OF ITMs TO PALMERSTON NORTH    43 

 

6.1 Introduction         43 

6.2 Transportation in Palmerston North      44 

6.3 Can ITMs be applied in Palmerston North?      48 

6.4 Potential for Aerial Ropeway? – Challenges and Opportunities   51 

 

Chapter 7 – CONCLUSION        55

            

REFERENCES          57 

 

APPENDICES          65 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

5 

 

 

List of Appendices: 

Appendix A: The New Zealand Transport Sector 66 

Appendix B: Residential Density in New Zealand 67 

Appendix C: Massey / IPC / Hokowhitu Route Map 68 

Appendix D: Palmerston North Percentage Wind Rose 69 

 

 

List of Figures: 

Figure 1: Transport in New Zealand: Legislation and Policy Formulation 15 

Figure 2: BRT Systems 19 

Figure 3: Classification of Ropeways 33 

Figure 4: Proximity to bus routes (2004 – 2006) 45 

Figure 5: Traffic Flows at Main Drive, Massey University Turitea Campus 50 

 

 

List of Photos: 

Photo 1: A Phileas 'under-road beacon' guided bus in Eindhoven, Netherlands 20 

Photo 2: The “Transmilenio” BRT system in Bogota, Columbia 20 

Photo 3:  A 10km BRT line operating in Beijing, China has a patronage of 150,000 per day 21 

Photo 4: “New Generation” BRT vehicles are similar in appearance to LRT trains 21 

Photo 5: LRT system in Orleans, France 27 

Photo 6: LRT system in Bordeaux, France 27 

Photo 7: LRT system in Toronto, Oregon (US) 28 

Photo 8: The “Luas” LRT system in Dublin, Ireland has a patronage of 90,000 per day 28 

Photo 9: Aerial Ropeway in Lisbon, Portugal 34 

Photo 10: The ‘Metrocable’ in Medellin, Colombia has a patronage of 50,000 per day 34 

Photo 11: Terminal Station on the Metrocable in Medellin, Columbia 35 

Photo 12: Aerial Ropeway in Telluride, Colorado (US) 35 

 

 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

6 

 

 

List of Maps: 

Map 1: Location Map of Palmerston North 43 

Map 2: Road Map of Palmerston North City 44 

Map 3: Distribution of Student Population in Palmerston North 46 

Map 4: Bus Routes in relation to Student Population 47 

Map 5: Potential route for Aerial Ropeway in Palmerston North 52 

 

 

Abbreviations: 

 

AR     Aerial Ropeway 

ARC    Auckland Regional Council 

ARs     Aerial Ropeways 

BRT     Bus Rapid Transit 

CBD     Central Business District 

ECMT    European Conference of Ministers of Transport 

GOA    United States General Accounting Office 

GPS   Government Policy Statement on Land Transport Funding 

HRC     Horizons Regional Council 

IEA     International Energy Agency 

IGES    Institute of Global Environmental Strategies 

IPC     International Pacific College 

IPCC     International Panel on Climate Change 

ITM     Innovate Transport Mode 

ITMs     Innovative Transport Modes 

LRT     Light Rail Transit 

LTNZ     Land Transport New Zealand 

MfE    Ministry for the Environment 

MoT     Ministry of Transport 

MU    Massey University 

NZTA    New Zealand Transport Agency (formally LTNZ) 

NZTS     New Zealand Transport Strategy 

NZTS 2002   New Zealand Transport Strategy 2002 



 Ryan O’Connor (04253574) 
  Honours Project 
 

7 

 

NZTS 2008   New Zealand Transport Strategy 2008 

Opus    Opus International Consultants Ltd 

PNCC     Palmerston North City Council 

PNIA    Palmerston North International Airport 

PT     Public Transport 

RA     Reconnecting America 

ROW     Right-of-Way 

Transit     Transit New Zealand 

UCOL     Universal College of Learning 

WHO     World Health Organization 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

8 

 

 

 

 

Chapter 1 – INTRODUCTION 

 

 

1.1 Problem statement  

 

This research project aims to explore how smaller cities can develop and apply a range of 

innovative technologies to promote the use of public transport (PT).  The transportation 

sector has proven to be particularly difficult territory for the advancement of sustainable 

development (Goldman & Gorham, 2006). Rapidly increasing traffic congestion, air pollution, 

and urban sprawl are causing considerable problems in contemporary cities (IEA, 2002). In 

turn, this is having detrimental effects on the earth’s climate, human health, and is 

compounding the potentially disastrous impacts of peak oil (IPCC, 2007; WHO, 2007; Bailey, 

2006).  

 

According to the International Panel on Climate Change, transport emissions have increased 

by 120% from 1970 to 2004 (IPCC, 2007). Overall, transportation makes up 13.1% of total 

global greenhouse emissions (IPCC, 2007). The phenomenon of peak oil - when oil demand 

outpaces oil supply – is very likely to occur between 2008 and 2018 (Uppsala University, 

2007; Roberts, 2008).  Therefore, our reliance on cheap petroleum to run the private motor 

vehicle may be coming to an end. Moreover, the current transport system affects the health 

of the whole population including injuries from road traffic accidents, respiratory problems 

due to air pollution, overweight/obesity associated to reduced physical activity and noise 

disturbance (WHO, 2007). In short, without a shift away from the current transport system 

based on private vehicle usage and associated oil dependency the environmental and social 

effects will be dire; the economy is set to share the same fate. Modal shifts from the private 

motor vehicle to high-occupancy public transportation offer opportunities to decrease 

carbon dependency with considerable social, economic and environmental benefits (WHO, 

2007; IPCC, 2007; IEA, 2002). 

 

However, across the world, PT is struggling to compete with the private motor vehicle 

(Cervero, 1998). In turn, the PT market share of urban travel is rapidly eroding (Cervero, 
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1998). In the United States, just 1.8% of all trips were by PT in 1995, down from 2.4% in 1977 

and 2.2% in 1983 (Cervero, 1998). In regard to commuter trips, 4.5% of commutes were 

made by public transport in 1983; by 1995 this share had fallen to 3.5% (Cervero, 1998). 

Since 1980, PT usage has also plummeted in England, Italy, Poland, Hungary, and Germany 

(Cervero, 1998). Generally, PT accounts for only 10% of trips in European cities (Fabian, 

2002). This is in stark contrast to the fact that buses carried as much as half of all traffic in 

European cities until the 1950s (IEA, 2002).  

 

Numerous factors have fueled these trends. Part of the explanation for the decline of PT in 

Europe has been the sharp increases in fares resulting from government deregulation 

(Cervero, 1998). Decreasing public investment has left the physical infrastructure of some 

transport systems in shambles in many countries, including New Zealand (Cervero, 1998; 

MoT, 2002). PT decline has been compounded by the powerful economic and spatial trends 

that have been unfolding over the past several decades (Cervero, 1998). Factors that have 

steadily eroded PT include rising personal incomes and car ownership, declining real-dollar 

costs for motoring, and the decentralization of cities and regions (Schilperoord, 2006; 

Cervero, 1998). The reasons for PT’s decline also lies in the fact that its chief competitor – 

the private motor vehicle – is often grossly underpriced (Cervero, 1998). All of these factors 

have encouraged widespread private vehicle usage and associated infrastructure, and 

initiated the decline of PT internationally (Cervero, 1998).   

 

Additionally, low density decentralized development has been especially damaging for PT 

(Cervero, 1998). Trip origins and destinations are now spread throughout cities - instead of 

the traditional centre – PT is often no match for the private motor vehicle and its “flexible, 

door to door, no transfer features” (Cervero, 1998. p3). Another hurdle is the fact cars 

provide a degree of comfort, privacy and individual freedom that PT does not (Richards, 

2001). The challenges of getting people out of the private motor vehicle are evident; 

however the need to do so is becoming more necessary as rapid urbanisation further 

compounds problems associated with widespread private transport use.  

 

In 2007, half the world’s population lived in urban areas; by 2030 the urban population will 

reach 4.9 billion – 60% of the world’s population (IEA, 2002). Developed countries generally 

have well-developed PT systems that work in conjunction with private motorised transport 

(IEA, 2002). However, PT in developing counties is generally poor due to lack of investment 
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in the past (IEA, 2002). Problems associated with increasing private vehicle ownership have 

become progressively worse and have led various governments and non-governmental 

organisations to assess alternative, more sustainable transport options.  Therefore, many 

towns and cities in the developed world are investing in PT initiatives to increase the 

attractiveness and usage of PT (Cervero, 1998). These cities realize that PT is the only 

realistic option to reduce oil dependence, improve human health in urban areas and 

mitigate climate change, while maintaining functioning urban areas and economies.  

 

Large cities have the population base and associated economic capacity to implement 

effective PT systems. Smaller cities have more limitations when implementing efficient PT 

and this is a major obstacle to achieving a sustainable transport sector. Smaller cities tend to 

have economic constraints and less transport related problems, such as pollution and traffic 

congestion. These factors present multiple barriers to shifting local governments away from 

traditional road building mentalities to PT initiatives. The need to provide viable PT options 

in small cities is imperative. Having efficient PT systems that meet or exceed the comfort and 

convenience of the private motor car are essential to increasing PTs mode share. Innovative 

transport technologies (ITMs) tailored to fulfil specific transport ‘needs’ may be the ‘silver 

bullet’ when implementing and operating successful PT systems in small cities.  
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1.2 Project Aim 

 

This project aims to explore how smaller cities can develop and apply a range of innovative 

technologies to promote the use of public transport.   

 

 

1.3 Project Objectives 

 

 State the need for PT and current trends in PT. 

 Discuss national and regional policy regarding PT; what levels of government PT is 

administered; and does scope exist in legislation for the implementation of ITMs for 

PT in New Zealand. 

 Discuss and identify the pros and cons of innovative PT technologies such as Bus 

Rapid Transit (BRT), Light Rail Transit (LRT) and Aerial Ropeways (ARs). 

 Identify what characteristics are necessary for the success of ITMs and what 

challenges exist in regard to implementation in small cities. 

 Discuss if Palmerston North has characteristics that would make ITMs feasible and 

identify a hypothetical transport proposal involving an ITM as a case study. 

 Discuss the chosen case study and identify whether the right characteristics exist for 

the proposed system to be successful. 

 Determine if ITMs can be successfully applied in small cities. 

 

 

1.4 Research Methodology and Structure  

 

This report will firstly undertake a review of New Zealand transport legislation and establish 

whether ITMs are within the scope of current or future transport strategies. Secondly, this 

report will undertake an analysis of various data sources, including case studies, related to 

PT and ITMs, including BRT, LRT and ARs. The analysis aims to critically discuss the strengths 

and weaknesses of each ITM and consider how particular ITMs may be successfully applied 

to address transport needs with particular regard to small cities. A ‘Transport Matrix’ will be 

constructed from the analysis summarising each ITM.  Finally, this report will explore 

whether Palmerston North has the characteristics necessary for successful implementation 

of ITMs; identify and discuss a hypothetical transport proposal involving an ITM as a case 
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study; and consider whether innovative transport technologies can be applied to small cities. 

While targeting smaller cities, particularly Palmerston North, this report will demonstrate 

how ITMs can be applied to a range of urban environments.  

 

To ensure consistency in the presentation of data, the following steps have been taken. 

Firstly, imperial measurements have been converted to metric. Secondly, monetary figures 

have been converted to New Zealand dollars and are inflation adjusted (NZ infl. adj.). 

Historic currency rates have been calculated at OANDA.com (http://www.oanda.com). If the 

exact date has not been provided to calculate the historic currency: the conversion date is 

set at the last day of the known month or; if that is not known, the last day of the known 

year (31/12/xx). Inflation has been calculated using the “Reserve Bank of New Zealand CPI 

Inflation Calculator” (http://www.rbnz.govt.nz/inflationcalculator/calculate). If the 

information does not include a specific date to calculate inflation; the date has been set to 

the closest known financial ‘quarter’ or has been set as the last financial quarter of the 

known year. While the above steps have been taken to enhance understanding of the costs 

involved with various ITMs, the reader should be advised that minor discrepancies exist in 

the data.  

 

 

1.5 Data collection method 

 

Data collection for the analysis will come from a range of sources including books, journal 

articles, transport studies and websites. Data collection for case studies will be sourced 

primarily from relevant feasibility studies, but also books, journal articles and websites. 

Personal communications have taken place with various people within the transport 

industry, including: Ken McEwen (Massey University Transport Coordinator), Klaus Hoffman 

(Vienna University of Technology), Jeff Wood (Reconnecting America), Ian Wilson 

(Christchurch Gondola Operator), John Lieswyn (Transport Planner), Garry Goodman 

(Palmerston North International Airport), Kathy Gibson (Destination Manawatu) and Kelly 

Lowe (Horizons Regional Council: Transport Planner). These communications have been 

informal discussions over the phone, email and in person.  Personal communications have 

not necessarily been included in the project. If they have been they are referenced 

accordingly. Questionnaires or formal interviews were not required for this project. 
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1.6 Project Structure 

 

Chapter 2 will review transport planning in New Zealand and determine whether 

government policy provides scope for the possibility of innovative PT technologies. Chapters 

3, 4 and 5 undertake an analysis of ITMs, including bus rapid transit, light rail transit and 

aerial ropeways, and discuss how these technologies may be applied to small cities. Chapter 

6 determines whether ITMs could be applied to Palmerston North and if characteristics exist 

for the successful application of an aerial ropeway. Finally, Chapter 7 will determine whether 

innovative PT technologies can be applied to small cities.  
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Chapter 2 - PUBLIC TRANSPORT PLANNING IN NEW ZEALAND 

 

 

2.1 Introduction 

 

New Zealand is no different from other countries and has multiple transport problems. The 

country has high private car ownership and investment in road networks (MoT, 2002). 

Central government invests more than $1.6 billion annually on land transport; regional and 

territorial authorities invest a further $400 million (MoT, 2002). In 2009, $2.7 billion will be 

allocated to land transport from central government; this is set to rise to $3.6 billion by 2018 

(MoT, 2008). The number of registered private motor vehicles was 1.9 million vehicles in 

1999 (MoT, 2002). PT pales in significance with only 2.2% of total trips made by bus and 

0.25% made by rail (MoT, 2002).  

These factors combined with sprawling cities and underfunded and ad-hoc PT systems have 

lead to high carbon dependency and difficulties in implementing efficient PT, especially in 

smaller cities. Transport accounts for 18% of total carbon emissions in New Zealand (MoT, 

2007). Central government is committed to improving PT; in 2007 government expenditure 

on PT was 8.5 times higher than in 1990 (MoT, 2007). The following chapter will explain the 

legislative context of transportation in New Zealand. It will explain key government policy, 

plans and strategies and how they are interlinked. The chapter will also discuss the role of 

various levels of government, how policy is formed, and if ITMs are within the scope of 

current or future transport strategies.  
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2.2 Legislation and Decision Making 

  

Transport infrastructure and services are administered by the Ministry of Transport (MoT) 

and Land Transport New Zealand (LTNZ) (see Appendix A). LTNZ is a Crown entity governed 

by a Board appointed by the Minister of Transport (LTNZ, 2005). Transit New Zealand 

(Transit) is responsible for the development and maintenance of the State Highway network 

(MfE, 2008). The Energy Efficiency and Conservation Authority promotes energy efficiency 

and renewable energy within the transport sector (MfE, 2008). As of August 2008, LTNZ and 

Transit merged to form the New Zealand Transport Agency (NZTA) (NZTA, 2008). The New 

Zealand Transport Strategy 2002 (NZTS 2002) is the current document guiding transport 

planning in New Zealand.  

 

In the 1980s the transport sector was systematically deregulated (MoT, 2002). Central and 

local government interests in aviation, rail and maritime sectors were corporatized with 

many sold or partly privatized (MoT, 2002). However, the changes in the 1980s and 1990s 

did not deliver the results expected of them; the rail network is a prime example (MoT, 

2002). Government deregulation had the benefit of increased economic efficiency (MoT, 

2002). However, by and large privatisation ignored the broader linkages between transport 

and other issues such as regional development, urban form and social cohesion (MoT, 2002).  

 

Privatisation is still necessary to some extent in achieving a sustainable transport sector. The 

NZTS 2002 does recognise that long-term transport investment will require co-operation 

between the public and private sectors in the form of partnerships, complementary 

investment and planning (MoT, 2002). At this stage, it seems unlikely we will see 

deregulation to the extent of the 1980s in the future.  
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Figure 1: Transport in New Zealand: Legislation and Policy Formulation  

 

(Source: Quality Planning website, 2008)  

Figure 1 shows how the different legislation is interlinked and guides policy. It demonstrates 

the various levels at which policy is formulated and filtered down from central government 

to local and regional authorities. Integration between these three over-arching documents is 

imperative in sustainable transport outcomes. Appendix A shows how various governmental 

departments are linked in the administration of transportation. 

In 2008, the Ministry of Transport released the New Zealand Transport Strategy 2008 (NZTS 

2008). This is will replace the NZTS 2002 in 2010 (MoT, 2008). In many respects they are 

similar; almost identical. However, the NZTS 2008 takes a longer view and sets the direction 

for transport to 2040 reflecting the fact that many transport investments have long-term 

implications and achieving change will take time (MoT, 2008). The NZTS 2008 vision is by 

2040; “People and freight in New Zealand have access to an affordable, integrated, safe, 

responsive and sustainable transport system” (MoT, 2008. p5). The vision is supported by 

five transport objectives: “ensuring environmental sustainability, assisting economic 

development, assisting safety and personal security, improving access and mobility and 

protecting and promoting public health” (MoT, 2008. p5).  The NZTA (formerly LTNZ) 



 Ryan O’Connor (04253574) 
  Honours Project 
 

17 

 

implements the NZTS and is responsible for the promotion, administration and 

implementation of public transport in conjunction with other agencies (LTNZ, 2005; NZTA, 

2008) (see Appendix A). 

In December 2007, LTNZ released the Sustainable Transport Discussion Paper which 

provides targets for achieving objectives set out in the NZTS 2002 and the upcoming NZTS 

2008 (MoT, 2007). The over-arching target is to “halve per capita domestic transport 

greenhouse gas emissions by 2040” (MoT, 2007. p17).  Targets related to PT include:  

 “Increase the public transport mode share of peak hour travel (journeys to work) in 

Auckland, Wellington and Christchurch from an average of nine percent to 20 

percent and work with each region to optimise peak hour travel targets” (MoT, 2007. 

p18). 

 “At least double the overall public transport mode share to seven percent of all 

passenger trips (currently about two to three percent)” (MoT, 2007. p18). 

 

In 2008, Ministry of Transport released the “Government Policy Statement on Land 

Transport Funding 2009/10 – 2018/19” (GPS). This document aims to influence the type of 

projects that are carried out by providing funding guidance to the New Zealand transport 

Agency (NZTA) and local government (MoT, 2008). The document is updated every three 

years (MoT, 2008). The GPS translates the ‘fuzzy‘ long-term targets from the NZTS into short-

term targets for regional councils and NZTA, and prioritises central government funding to 

meet to those targets (MoT, 2008). Kelly Lowe (2008) referred to the GPS as a “document 

with teeth” as it provides ‘real’ guidance on how regional councils should implement PT.  

 

Central government strategies and polices are filtered down to regional and territorial 

authorities which apply them at the local level. Regional councils are responsible for 

developing ‘Regional Land Transport Strategies’ for all transport development and to 

provide funding in conjunction with the NZTA for PT and sustainable transport initiatives 

(MfE, 2008; ARC, 2007). ‘Regional Land Transport Committees’ are formed to undertake this 

role in accordance with Land Transport Management Act 2003. They develop the ‘Regional 

Land Transport Strategy’ and are required to take into account the NZTS and GPS. The 

wording, ‘to take into account’ demonstrates that regional authorities have full jurisdiction 

when implementing policy at the local level. However, central government has significant 

power in influencing regional transport policy by how it distributes funds (Kelly Lowe, pers. 
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comm., 2008). District Councils are responsible for the development and maintenance of 

local roads and associated infrastructure (MfE, 2008). District Councils generally own and 

maintain infrastructure associated with PT, such as bus lanes and stops. 

 

Applying ITMs tailored to local conditions is indirectly referred to in the NZTS 2002. The NZTS 

2002 emphasises that for New Zealand to be internationally competitive, the transport 

sector must develop integrated supply and distribution networks and introduce new 

technologies (MoT, 2002). It states, “[It is imperative the transport sector can] respond to 

changes that enhance New Zealand’s competitiveness, and to use or develop our own 

innovative solutions that meet New Zealand’s needs” (MoT, 2002. p6). Fundamentally, this 

goal is tied to implementing ITMs as part of a comprehensive transport system. 

 

 

2.3 Conclusion  

 

Government policy is comprehensive and forward thinking. However, if ambitious targets 

set by central government can be achieved at the regional level has yet to be seen. If the 

targets set out in the NZTS are to be achieved, efficient PT systems will be major part of their 

success. PT is a realistic option to reduce oil dependence and mitigate negative effects 

associated with transport. However, not all cities or communities have the population or 

budget to justify high-end PT infrastructure. This should not be a deterrent for small cities, 

but a potential opportunity to utilise the latest, most innovative PT technologies and be 

flexible to the local environment.   Providing efficient, high quality PT, while designing within 

the economic and spatial constraints of smaller cities, presents multiple opportunities to 

strive for sustainability in the transport sector.  

 

This research project aims to explore the potential of various ITMs and how these 

technologies may be applied to small cities. Chapters 3, 4 and 5 will critically discuss three 

ITMs. These will be BRT, LRT and ARs. It will identify and discuss strengths and weaknesses 

associated with each mode. It will also discuss urban, spatial, demographic and economic 

characteristics necessary for each particular transport mode to be successfully implemented. 

Case studies will highlight successful transport systems in various countries.  
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Chapter 3 – BUS RAPID TRANSIT 

 

 

3.1 Definition and Introduction 

 

There are varying scales to which bus systems can be implemented in urban areas. Three 

levels of roadway bus systems are: buses that operate in general traffic with no priority, 

buses that receive limited priority such as bus lanes and at traffic signals, and, buses that 

operate on dedicated infrastructure such as ‘bus ways’ with minimal interaction with general 

road traffic (IEA, 2002). Systems that emphasize priority for and rapid movement of buses 

have become known in recent years as ‘bus rapid transit’ (BRT). BRT is also referred to as; 

‘high-capacity bus systems’, ‘high-quality bus systems’, ‘metro-bus’, ‘express bus systems’, 

‘busway systems’, and ‘surface metro systems’ (Wright, 2002). Wright (2002) describes BRT 

as high-quality, customer-orientated transit that delivers fast, comfortable and low-cost 

urban mobility.  

 

BRT systems have emerged as an important alternative to rail systems for providing rapid PT 

(IEA, 2002). While rail systems offer advantages such as greater capacity and faster speeds, 

recent advances in bus systems are closing this gap and in some cases surpassing it (IEA, 

2002). BRT started in Curitiba (Brazil) and since then has become common throughout South 

America, including Bogota (Columbia), and Quito (Ecuador) (IGES, 2004). The systems have 

proved to be a very cost effective transport alternative (IGES, 2004). The success of the 

concept has led to massive growth of BRT systems worldwide with multiple systems now 

operating in North America, Europe, Asia and Australasia (Brisbane and Adelaide) (IGES, 

2004). The extent of dedicated infrastructure and level of sophistication of different systems 

vary considerably (IEA, 2002). However, in “true” BRT systems, entire roadways are given 

over to buses, in some cases, including grade separation (“flyovers”) at intersections (IEA, 

2002).   
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  Figure 2: BRT Systems  

 

       BRT systems have some or all of the following elements: 

 Dedicated bus corridors with strong physical separation from other transport lanes. 

 Modern bus stops that are more like bus “stations”, with pre-board ticketing and 

comfortable waiting areas. 

 Multi-door buses that “dock” with bus stations to allow rapid boarding and alighting. 

 Large, high capacity, comfortable buses, preferably low-emission. 

 Differentiated services such as local and express buses. 

 Bus prioritisation at intersections either as signal priority or physical avoidance. 

 Co-ordination with operators of small buses and para-transit vehicles to create new 

feeder services to the bus stations. 

 Integrated ticketing that allows free transfers, if possible, across transit companies 

and modes (bus, tram, metro). 

 Use of locator technologies with a central control area that manages bus locations at 

all times and facilitates rapid reaction to problems. 

 Real-time information displays on expected bus arrival times. 

 Good station access for taxis, pedestrians and cyclists, and adequate storage 

facilities for bikes. 

 New regimes for bus licensing, regulation and compensation of operators. 

 Land-use reform to encourage high density close to BRT stations. 

 Park and ride lots for stations outside the urban core. 

 Well-designed handicap access, including ability for wheelchair passengers to quickly 

board buses. 

 Excellent in customer services that includes clean, comfortable and safe facilities, 

good information and helpful staff. 

 A sophisticated marketing strategy that encompasses branding, positioning and 

advertising. 

 

 (Source: IEA, 2002) 
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Photo 1: A Phileas 'under-road beacon' guided bus in Eindhoven, Netherlands. 

 

 

(Source: Smiler, 2006) 

 

Photo 2: The “Transmilenio” BRT system in Bogota, Columbia. 

 

(Source: Barry, 2008) 
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Photo 3:  A 10km BRT line operating in Beijing, China has a patronage of 150,000 per day. 

 

(Source: Chinapage.com, 2006) 

 

 

Photo 4: “New Generation” BRT vehicles are similar in appearance to LRT trains.  

 

(Source: Florida Department of Transportation, 2007)  
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3.2 Discussion on Bus Rapid Transit 

 

BRT is suitable of  cities with medium to high density where existing or potential broad 

streets have at least four lanes (IGES, 2004). This is to secure exclusive bus lanes and lanes 

for the other traffic (IGES, 2004). However, as shown in Curitiba, BRT systems can be 

incorporated with suburban bus routes with great success (IEA, 2002). Required 

infrastructure includes segregated busways, bus stations, terminals and depots, fare 

collection and fare verification systems, bus control centre, and bus fleets (IGES, 2004).  

 

The IEA (2002) goes as far to say that BRT systems offer the most affordable, cost effective, 

space-efficient and environmentally friendly mode of motorized transport.  The “World Bank 

Urban Transport Strategy Review” provides an interesting comparison between LRT and BRT 

(Fox, 2000). If BRT systems are run efficiently, the systems can carry 15,000 to 35,000 

passengers per line, per hour; even more passengers than LRT (IGES, 2004). Operating 

speeds vary from 15 to 25 km/h on average in urban areas (Fox, 2000). Curitiba’s BRT had 

average bus speed of 32 km/h for Direct-line buses, 20 km/h for express buses and 16 km/h 

for conventional services (Cervero, 1998).   

 

Compared to many other transport systems, BRT has the advantage of flexibility. Depending 

on design, some routes can be modified relatively easily after being built; other transport 

modes tend to be inflexible after completion (IEA, 2002). On the other hand, flexibility has 

some disadvantages; developers see that there is a lack of permanent investment along a 

route and shy away from building denser projects that are marketed to buyers and renters in 

part on proximity of transit (RA, 2007). 

 

If LRT is a long-term vision, establishing BRT can provide a ‘stepping stone’ while providing 

effective PT.  Designating land for fully or partly segregated BRT systems provides the future 

possibility of further transport upgrades, such as LRT; this is especially beneficial where high 

economic and population growth is anticipated (IGES, 2004). Additionally, by integrating BRT 

with zoning policy, as in Curitiba (Brazil) further enhances cost effectiveness and overall 

success of BRT systems and future possibility of transport upgrades (IGES, 2004). 

 

Implementing a BRT system (in most cases) requires taking road space away from other 

vehicles (IEA, 2002). This is not a desirable scenario if the road traffic is already at capacity 
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(RA, 2007). Not to mention, the political pain caused by taking road space away from already 

grid-locked drivers (RA, 2007).  However, if one of the goals of adding a mass transit line is to 

encourage modal shifts away from personal vehicles, this may be encouraged by the 

removal of roadway capacity (IEA, 2002). The IEA (2002) advocates if existing road space is 

given over to BRT lines, there is often an improvement in traffic flow, both a reduction in the 

number of vehicles on the road and from removing buses that have been slowing traffic 

when stopping to pick up passengers.  Getting buses out of traffic, increasing their average 

speeds, improving their reliability and convenience, and increasing system capacities can 

ensure high ridership levels and increase the profitability of systems (IEA, 2002). BRT 

programmes in the United States have shown reduction in travel time ranging from 25-50 % 

and ridership increase from 27-100 % (IGES, 2004). 

 

Dedicated BRT lines can be designed to handle very large buses (IEA, 2002). Articulated or bi-

articulated buses increase the operational capacity of the BRT systems. Curitiba’s bi-

articulated buses have a capacity of 270 passengers and Bogotá’s articulated buses can carry 

160 passengers (IGES, 2004). These buses cannot be used on normal shared road space due 

to difficulties at intersections and the large bus stop area they require (IEA, 2002). Another 

benefit of having dedicated road space is that it allows more room for bus stops, elevated 

platforms, and rapid bus boarding using multiple bus doors (IEA, 2002). Using pre-paid bus 

“stations” instead of bus stops, with fare payment at the station entrance dramatically 

speeds boarding times (IEA, 2002). 

 

Environmental benefits are significant. If buses operate with reasonably full passenger 

numbers, each can displace from 5 to 50 motorized vehicles, in turn reducing congestion and 

pollution in urban areas (IEA, 2002).  After five months of operation in Bogotá, a 40% 

reduction in some air pollutants was reported and a 32% decline in travel time for users 

(among whom 9% used to drive to work) were reported (IGES, 2004). After one year of 

operation, a 43 % reduction in sulphur dioxide emissions was reported (IGES, 2004). If BRT is 

combined with policies for lower emission vehicles or alternative fuel vehicles, the effect of 

mitigation of air pollution in the city will be even higher since each bus runs quite long 

distances and the impacts of single vehicles is relatively higher (IGES, 2004).  

 

A report by the US General Accounting Office estimates that the average construction costs 

per kilometre for bus systems range from 2% of the cost of rail transit for buses in bus lanes 
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in urban arterial streets, to about 39% of rail for dedicated busway systems and, in some 

cases, can cost 10 times less per kilometre compared to LRT (GAO, 2001). A BRT system 

requires the initial cost of (NZ infl. adj.) $2.8 to $18 million dollars per kilometre (IGES, 

2004). According to the “Comparison of Costs between Bus, PRT, LRT and Metro/rail” report 

compiled by TRANSEK Consultants, a busway system in Zuidtangent, Amsterdam cost (NZ infl. 

adj.) $13.5 million per kilometre (Tegner, 2003). Global positioning systems are also 

becoming increasingly cost effective; they can be used to track bus position and relay this 

information to travelers in real time, so they know when buses will arrive; thus service is 

enhanced (IEA, 2002). Operating costs are manageable. BRT in Curitiba has been operating 

self-sufficiently for more than 25 years (IGES, 2004). The Bogota system, started in 2000, is 

funded entirely by fare collection (excluding the initial infrastructure cost) and no subsidies 

are provided (IGES, 2004). 

 

A problem relating to bus services is that they have a negative stigma attached. Many 

people share the perspective that “buses are for second-rate citizens” (RA, 2007). Changing 

this perspective is important to entice more people on to BRT systems. High investment in 

bus facilities, infrastructure and vehicles is key to changing traditional negative attitudes 

associated with bus transit. Many in the transport industry believe established rail systems 

provide additional advantages over BRT systems; however the cost effectiveness of BRT 

makes it a more attractive option in small cities and third world cities (IEA, 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

26 

 

3.3 Conclusion 

 

Information varies depending on the effectiveness of BRT systems; this may be an indication 

to the number of operational systems worldwide and documented case studies; and the 

varying extents of BRT right-of-way (ROW). BRT is often compared with LRT, which has 

similar characteristics in terms of capacity and speed; and there are some debates over 

which mode is better (IGES, 2004). BRT has real potential in small cities given its high 

capacity, speeds and cost effectiveness.  

 

Given that cost is a significant constraint in small cities, transport authorities may promote 

BRT as the only viable public transport option above standard bus services. Since BRT 

systems can be upgraded over time, intersection prioritisation may be the first step towards 

installing entire BRT systems with dedicated lines. The success of BRT in small cities will be 

largely dependent on whether sufficient road space is available; the extent of the ROW 

proposed; the possibility of higher density along BRT route exists; and the extent to which 

suburban feeder routes can access BRT lines. If these variables exist or can be modified to 

complement BRT systems, the prospects for effective and cheap PT in small cities may be a 

reality.  
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Chapter 4 - Light Rail Transit  

 

 

4.1 Definition and Introduction 

 

The Transportation Research Board defines light rail transit (LRT) as a “metropolitan electric 

railway system characterized by its ability to operate single cars or short trains along 

exclusive rights-of-way at ground level, on aerial structures, in subways, or occasionally, in 

streets, and to board and discharge passengers at track or [train] floor level” (ECMT, 1994. 

p14).  However this definition is considered too rigid to many in the PT industry. The 

characteristics of LRT systems vary considerably worldwide (ECMT, 1994). Flexibility in the 

definition is needed as systems vary in the extent to which they utilize exclusive ROW, with 

no grade crossings, and elevated structures or subway (ECMT, 1994). In some cases, LRT can 

be considered rapid rail or have similar characteristics to tramways or streetcars as they can 

operate in mixed street traffic (ECMT, 1994). Generally, LRT falls in-between, and combines 

characteristics of modes (ECMT, 1994).  

 

The feature that distinguishes most LRT systems from conventional tram operation is 

segregated operations, which keep vehicles separate from other forms of road traffic (ECMT, 

1994). Methods used to segregate LRT include building tunnels, using former or current 

railroad ROW, building reservations in roadways, and raising curbing on the edges of tracks 

to prevent automobiles from entering LRT lines (ECMT, 1994). LRT can operate directly in the 

street, on reservations that allow automobile crossings at key intersections, or through 

pedestrian areas that exclude automobiles (ECMT, 1994). In highly congested areas or 

corridors where surface alignments are not available, tunnels are an option (ECMT, 1994). 

This review will include trams and streetcars into the ‘LRT’ definition due to their similarities 

and have particular regard to ‘at-grade’ (street/ground level) LRT systems as elevated and 

underground LRT systems are not realistic for small cities and their transport needs; 

therefore they are not consistent with this report.  
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Photo 5: LRT system in Orleans, France 

 

 (Source: Maryland Transport Administration, 2008) 

 

 

Photo 6: LRT system in Bordeaux, France  

 

(Source: Maryland Transport Administration, 2008) 
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Photo 7: LRT system in Toronto, Canada 

 

(Source: Maryland Transport Administration, 2008) 

 

 

Photo 8: The “Luas” LRT system in Dublin, Ireland has a patronage of 90,000 per day.  

 

 (Source: Veolia Transport, 2006) 
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4.2 Discussion on Light Rail Transit 

 

Richards (2001. p13) describes LRT as “one of the success stories of public transport in 

recent years”. LRT systems are now operating in over 100 cities worldwide, mainly in Europe 

and North America (Richards, 2001; Cervero, 1998). Throughout Germany, LRT systems are 

the backbones of many transit systems in large and small urban areas (ECMT, 1994). The 

best example is Frankfurt/Main, where 88% of all PT journeys are on LRT (ECMT, 1994). 

Traditional trams, in the past, were often removed because they impeded traffic through-

fare (Richards, 2001). Today, with much improved vehicles carrying 200 to 280 passengers, 

any well-planned system gives LRT priority over other traffic (Richards, 2001).  

 

According to ECMT (1994), when comparing seven case studies, light rail average operating 

speeds varied from 17.9 to 36.8 km/h; the median average was 24.4 km/h. The Maryland 

Transport Administration (2008) maintains that average operating speeds can be as high as 

72 km/h, but this would be for highly segregated routes as shown in photographs 5 & 8. 

Travel speeds are largely proportional to the extent of the ROW (ECMT, 1994). LRT systems 

operating in city centres on un-segregated routes averaged much lower speeds as shown in 

“Photo 6 & 7” (ECMT, 1994). Although no threshold figures were found, LRT systems 

perform better in areas where there is significant traffic congestion and high population 

densities (ECMT, 1994).  

 

According to Reconnecting America (RA) (2007), LRT does not have the negative stigma of 

buses. A 1989 study by Tennyson for the Transportation Research Board found that rail 

vehicles have a ridership bonus over equivalent bus services of 34% to 43% (Tennyson (Ed.), 

1989 in RA, 2007). LRT have greater success in attracting people out from driving, possibly 

because of their greater reliability, speed and comfort (Richards, 2001). Higher speeds 

contribute to greater patronage and better service (ECMT, 1994). This can be achieved by 

the provision of separate ROW where possible (ECMT, 1994). Additionally, higher speeds 

and better reliability were accomplished by allowing LRT vehicles to have signal priority, 

further reducing delays (ECMT, 1994). Electric power allows LRT to have greater acceleration 

and power than buses, less maintenance, noise and pollution (RA, 2007; Cervero, 1998). LRT 

is less dependent than buses on the availability of petrochemical fuels and electricity can be 

generated from renewable sources (RA, 2007; Cervero, 1998). 
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LRT lines can act as a catalyst to urban growth. Due to the commitment of investment and 

the permanence of infrastructure, developers are more likely to build along LRT routes 

(Ohland et al (2006) in RA, 2007). After investing in LRT, cities have had development returns 

on their investments of over 1000% (Ohland et al (2006) in RA, 2007). LRT can be an 

attractive option when creating pedestrianised streets as shown in Photo 6 (Richards, 2001). 

The systems are welcomed by shopkeepers as they bring vitality and business to the streets, 

providing access to large numbers of people with little noise and no pollution (Richards, 

2001). LRTs permanence has advantages; however its inflexible characteristic is also a 

disadvantage. Once installed, routes cannot be adjusted or expanded without significant 

costs (RA, 2007). New exclusive ROW is often difficult and expensive to negotiate and 

construct and, in some cases has only been economically feasible where existing ROW could 

be purchased (ECMT, 1994). Cities with extensive ‘mode mixes’ on their ROWs are unwise to 

invest in the costly means to totally segregate lines, such as tunnel and bridge construction, 

as these costs can render systems unaffordable (ECMT, 1994). 

 

Among the factors behind the growing popularity of LRT and refurbished tramways are their 

lower costs relative to heavy rail investments and their ability to adapt to the streetscapes of 

‘built up’ areas without too much disruption (Cervero, 1998). They can be developed 

incrementally, a few miles at a time, eliminating the need for the long lead times associated 

with heavy rail construction (Cervero, 1998).  Medium size US cities with fairly low densities 

such as Sacramento, California, have managed to build LRT for as low as (NZ infl. adj.) $17.9 

million per kilometre (Cervero, 1998). In Sacramento’s case, costs were slashed sharing a 

freight railroad ROW, building ‘no-frills’ side-platform stations, and relying predominantly on 

single-track services (Cervero, 1998). According to the “Comparison of Costs between Bus, 

PRT, LRT and Metro/rail” Report compiled by TRANSEK Consultants, LRT systems cost 

between (NZ infl. adj.) $31.6 to $47.9 million per kilometre, with a median price of $43.9 

million per kilometre (Tegner, 2003).  The report uses four built examples from Stockholm 

and Montpellier; these are high density cities. The LRT systems used here have been 

integrated into the existing street with other transport modes. Comparing the Sacramento 

example to European cities demonstrates mode segregation is very expensive if none exists 

beforehand. All above examples use at-grade infrastructure. If case studies had elevated or 

underground sections costs would be much higher. 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

32 

 

According to the ECMT (1994) as of 1990, when comparing seven case studies, only two 

(Manchester and Grenoble) recovered their annual operational costs through ridership 

revenue. Operating cost recovery varied from 66% in Hanover to 126% in Grenoble (ECMT, 

1994). It is important to note, these figures exclude capital costs which are relatively high 

per kilometre (RA, 2007; IEA, 2002; RG Consultants, 2007). When construction and 

operational costs are considered, LRT systems hardly compare on an economic basis with 

BRT or Aerial Ropeways (RG, Consultants, 2008; RA, 2007; IEA, 2002). Another problem is 

that site preparation and build times are much longer compared to other transport types 

(RA, 2007).  

 

LRT systems have been criticized by some in the transport industry on many levels (Cervero, 

1998). Some suggest that a reason taxpayers vote in support of rail transit is a naive belief 

that “the other guy” will now start riding transit, freeing up more road space so they can 

drive their cars unimpeded (Cervero, 1998). Critics charge that some LRT projects have had:  

 

“nothing to do with economics and everything to do with politics: civic boosterism; 

political monument building; a “make no small plans” mentality; ...a belief that, like 

being home to a professional baseball or football team, all “great cities” must have a 

metro; the prospects of job creation through federally funded capital grants; and the 

self interests of downtown merchants bent on stemming the tide of retail losses to 

suburban malls (Kain (1990); Pickrell, Simon, Lave, Vuchic (1991); in Cervero, 1998. 

p440).” 

 

In addition to this criticism, some studies have shown that new-generation rail systems have 

failed to produce the ridership that was promised and ended up costing far more than 

forecast (Pickrell, 1989). Still, LRT provides an affordable alternative to expensive heavy rail 

systems, particularity in medium size metropolitan areas of under 3 million people (Cervero, 

1998). 
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4.3 Conclusion 

 

Even though LRT has high installation costs and struggles economically without government 

subsidies it has a positive image associated with it that other PT modes struggle to match. 

LRT is often portrayed as an urban ‘showpiece’ and sometimes is marketed to tourists for 

ease of transportation in that particular city. In some cases, LRT is a tourist attraction itself. 

LRT provides the significant environmental benefits and no noise pollution. The permanence 

of LRT infrastructure encourages developers and businesses to undertake high quality 

developments in close proximity to routes; in turn, increases urban density.  

 

While LRT has significant benefits, the biggest obstacle in incorporating them into small 

cities is cost as they are significantly more expensive than other transport modes. If high 

density exists along potential routes, it may be more viable but, given that small cities are 

generally lower to medium density, other transport modes may be cheaper with similar 

benefits. Some would argue it is necessary to judge the economic sustainability of LRT over 

generations rather than political years. 
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Chapter 5 - AERIAL ROPEWAYS 

 

 

5.1 Definition and Introduction 

 

There are many different types of cable-drawn systems used in transportation; the most 

commonly used systems are aerial ropeways (ARs) and funiculars. The difference is the track 

(carrier) system used. ARs are suspended and propelled by overhead cable(s), while funicular 

railways travel on tracks and are propelled by a cable (Hoffman, 2006). ARs and funiculars 

are then split into various technical systems used for different applications (see Figure 3). 

Names of various technical systems are frequently interchanged over countries and regions.   

 

ARs are widely employed as PT systems in alpine systems (Hoffman, 2006). However, in 

recent years these transport systems have been increasingly used in urban areas and more 

are proposed (Hoffman, 2006; Reconnecting America, 2006; Ogden City Council, 2006; BBC, 

2007).  This analysis will focus on ‘continuous movement aerial ropeways’ (see Figure 3) 

hereafter referred to as AR/ARs. These are commonly referred to as ‘gondolas’ in New 

Zealand. ARs are fully or partially automated, meaning they can also be referred to as an 

Automated People Mover system.  An Automated People Mover is defined as a system of 

passenger transport in which driverless vehicles are guided by modern communications and 

controls over exclusive guideways (Fabian, 2002).  

 

 

 



 Ryan O’Connor (04253574) 
  Honours Project 
 

35 

 

Figure 3: Classification of Ropeways: 

 

 

         

(Source: Hoffman, 2006) 
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Photo 9: Aerial Ropeway in Lisbon, Portugal 

 

(Source: Flickr.com, 2008) 

 

Photo 10: The ‘Metrocable’ in Medellin, Colombia has a patronage of 50,000 per day. 

 

(Source: Imagenes Medellin, 2007; BBC, 2007) 
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Photo 11: Terminal Station on the Metrocable in Medellin, Columbia  

 

(Source: SkyscraperLife, 2006) 

 

 

Photo 12: Aerial Ropeway in Telluride, Colorado (US) 

 

(Source: TellurideCafe.com, date unknown). 
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5.2 Discussion on Aerial Ropeways 

 

ARs can be split into two classifications being continuous movement “mono-cable ARs” and 

“bi-cable ARs” (Hoffman, 2006). The difference between the two is the number of cables 

supporting the cars (Hoffman, 2006). Bi-cable ARs are more expensive but provide high wind 

stability and travel speed (Hoffman, 2006). Bi-cable ARs have a maximum speed of 27.5 

km/h compared to 22.5 km/h for mono-cable ARs (Reconnecting America (RA), 2007). The 

advantages of AR systems are: high safety, high carrying capacity, long routes can be 

implemented, adaptability to the terrain, continuous passenger flows and there is no 

overlap with other forms of transportation (Hoffman, 2006). The “Metrocable” AR system in 

Medellin, Columbia, carries up to 50,000 people per day (BBC, 2007). Carrying capacity is 

independent of track length (Hoffman, 2006).  Ropeway systems are suitable for covering 

long distances in inner urban areas; up to 6 kilometres for a ropeway section (Hoffman, 

2006). The Ogden Gondola (Colorado, United States) proposal may indicate longer distances 

may be possible (7.24km) (Ogden City Council, 2006; RG Consultants, 2005).  

 

Environmental impacts are minimal as ropeway systems leave a small footprint, require little 

space for a guideway and towers, and can be easily retrofitted into existing streets (RA, 

2007; Hoffman, 2006). The small land area needed for the infrastructure means little 

property condemnation is required (RG Consultants, 2008). This can lead to less opposition 

and cost in the planning stages of ARs compared to other transport alternatives. 

Construction impacts are minimal except for a limited number of foundations for towers and 

terminals; much less site preparation is necessary compared to other types of fixed 

guideway transport (RA, 2007).  ARs also have the shortest construction time of all ‘built’ 

transit infrastructure; systems are engineered and constructed in 9 to 15 months (RG 

Consultants, 2008).   

 

According to a report done for the International Organization for Transportation by Rope by 

researchers at West Virginia University, the greatest potential for AR systems exists under 

the following conditions: financial resources are severely constrained; major natural or 

manmade obstacles exist which, coupled with budget constraints, limit the feasibility of 

structures for bottom supported systems; quick completion is required, a straight alignment 

is possible; there is a clear need to connect two points by the most direct means available; 
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and no extensive expansions are expected in the near future (Bondada et al (1987) in RA, 

2007). 

 

According to Dr Klaus Hoffmann (pers. comm.) of Vienna University of Technology, it is 

possible to have intermediate stations with continuous movement ropeways, but they are 

expensive (Hoffman, 2006; Hoffmann, 2008). Angle stations (where an AR makes a turn) are 

also possible (RG Consultants, 2005; Baltimorelift.com, 2008). In fact, intermediate stations 

can double as angle stations further reducing costs (RG Consultants, 2005; Baltimorelift.com, 

2008). However, alignment tends should be limited to a straight line as angle stations 

significantly increase costs (RA, 2007). According to the Hercules Aerial Tram/Mobility Study 

& Report, there are very few instances of mid-terminals being used for dropping off or 

picking up passengers between the drive and return terminals (RA, 2007). However, the 

Metro-cable in Medellin, Columbia, has two lines for use in PT, both with intermediate 

stations. (Poma News, 2005).  

 

Capital costs are low (RA, 2007), when compared to other fixed guideway technologies such 

as LRT, ARs have the lowest capital cost on a per kilometre basis (RA, 2007). RG Consultants 

(2008) state that ARs are 20% to 30% the capital cost of LRT with the same carrying 

capabilities. The Hercules Aerial Tram/Mobility Study states the average cost per kilometre 

for continuous movement mono-cable ARs is (NZ infl. adj.) $16.8 million (RA, 2007). Some 

estimates are lower. A 1992 Transport Research Board estimated that a one kilometre 

detachable ropeway costs between (NZ infl. adj.) $8.6 million to $15.5 million (Newman & 

Edward, 1992).  

 

The proposed Ogden Gondola consisted of 6 terminals along its 7.24 kilometre route and 

was priced between (NZ infl. adj.) $9.6 million to $10.7 million per kilometre (R.G. 

Consultants, 2005). It may be that the long route proposed may have led to better 

economies of scale, hence lower costs per kilometre. Another possible, but very significant 

factor, is that ropeway components have become more standardised in recent years leading 

to lower component costs. Still, figures are based on a cost estimate and it is possible the 

project has been underpriced. A factor impacting all past cost estimates is increasing steel 

prices, which have skyrocketed in the past year (The Dominion Post, 2008). This will impact 

installation costs for ARs; however other transport alternatives are similarly affected.  Most 

capital costs for ARs are tied up in the terminals given the simple costs for tower and rope 
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guideway (RA, 2007).  If passenger growth is anticipated it is possible to design a ropeway to 

accommodate more cabins at a later date, hence reducing costs further (RA, 2007). 

Operating and maintenance costs are also low (RA, 2007). Telluride Gondola in the United 

States has an operating budget of (NZ infl. adj.) $1.17 million per kilometre (RA, 2007). As 

ARs are largely automated, staff costs are low (RA, 2007).  

 

Disadvantages include weather sensitivity as safe operation cannot be maintained in the 

event of high winds or electrical storms, and heated cabins are hardly feasible (Hoffman, 

2006; RA, 2007). According to Ian Wilson (per. comm., 2008), ‘cut-off’ wind speed for the 

mono-cable AR in Christchurch is 80-90 km/h depending on wind direction. Another problem 

is that expandability of the system is impossible or difficult (RA, 2007).  Availability is not as 

great as other transport modes such as LRT or buses which are more flexible to varying 

passenger demand (RA, 2007). ARs are generally not suitable for commuter transport as 

they cannot withstand large peaks and troughs in traffic demand. Major activity centers like 

shopping malls, tourist attractions, airports, transport hubs, universities and other large 

institutions are much more suited to ARs as they tend to have consistent or small variations 

in traffic demand.  With current technology, ARs are constrained to maximum carrying 

capacity of 3600 people per hour (RA, 2007). Another issue is the intrusion of privacy of 

households located within close proximity of an AR.  

 

If an AR malfunctions, evacuation techniques can be dramatic and unnerving for passengers 

(RA, 2007). Although the techniques are proven safe and effective, overseas experience 

would indicate that the media tend to emphasize their dramatic aspect (RA, 2007). Current 

systems tend to have secondary engines to minimize the possibility of total breakdown (RA, 

2007). Rigorous maintenance can also pre-empt the possibility of breakdown 

(Mendellininfo.com, 2007). The Metrocable in Medellin generally operates 20 hours a day, 

allowing 4 hours available for general maintenance. In addition,  10 days a year the entire 

system is shut down for a thorough overhaul (Mendellininfo.com, 2007).  

 

Given the potential benefits of ropeway technology in urban areas, it is interesting that so 

few systems exist worldwide. Researchers at the West Virginia University, on a study on why 

ARs are not included as an alternative transit mode, have concluded that engineers are 

generally not familiar with ropeway technology or specifications and tend to exclude ARs as 

an alternative even though there may be advantages in certain applications (Bondada et al 



 Ryan O’Connor (04253574) 
  Honours Project 
 

41 

 

(1987) in RA, 2007). While the ski industry is very proficient in understanding the different 

ropeway technologies available, transport planners and engineers are often not so 

enlightened (Bondada et al (1987) in RA, 2007). Bondada et al (1987) argue that is why such 

few systems exist in urban areas for transportation (RA, 2007). 

 

 

5.3 Conclusion 

 

ARs are a suitable transport option for small cities if certain conditions can be met. Unlike 

LRT in most circumstances, ARs are within the financial grasp of small cities. Due to their 

small land foot print, land acquisition is not a major obstacle, further reducing potential 

costs. With panoramic views, comfortable interiors, smooth ride and little noise they provide 

ridership experiences on par with LRT but without the large capital costs.  

 

ARs are generally not suitable for commuter transport. However, they may be effective 

when moving people to and from major ‘activity centres’ continuously for long periods of 

time. Airports, universities, hospitals, research institutes, public attractions, major transport 

hubs and shopping malls are the most realistic candidates.  Moreover, if city authorities aim 

to achieve less congestion in the CBD, it is possible to service car parks or PT hubs, i.e. train 

stations on the periphery of the central city while providing efficient and continuous access 

to various points in the CBD. If transport planners wish to add transport capacity, aerial 

ropeways can be integrated into the street without taking away road space from other users. 

If using ARs to address a transport problem, the main limitations faced are the limited length 

of the system and the cost of angles and intermediate stations.   

 

The potential of ARs is large and this system can successfully be applied in the right 

conditions. It is imperative that planners and transport engineers become aware of the 

benefits of all ITMs on the market, especially if cost is a limiting factor.  
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5.4 Transport Matrix 

 

A transport matrix has been created to summarize and compare the reviewed ITMs. It  is 

designed as guide and has been created from various sources. References will not be 

included for this matrix as the information is indicative only and relatively broad. It is 

important to note that significant variation exists in the information and specifications 

associated with each particular transport mode, i.e. ROW allocation, level of automation, 

age of technology etc. It aims to provide the approximate values that constitute each 

specific transport mode. It does not consider the extreme outliers, but the majority of 

variance found in the typical system. 

 

 
 

Transport 
Matrix 

BRT 
LRT / Trams 
(at grade) 

Aerial Ropeways 

Cost ($NZ) 
(million/km) 

$3m - $18m 
$18m - $48m. Generally 

$40m + 
$9m - $17m 

Possible 
length 

N/A N/A 6km 

Average 
Operating 

Speed 

Generally, 15 to 25 
km/h. Sometimes, up 

to 35 km/h. 

Largely dependent on 
ROW. Generally, 15 to 25 
km/h.  Sometimes, up to 

70km/h. 

Current systems can 
achieve: 22.5 km/h for 
mono-cable ropeways 

and 27 km/h for bi-
cable ropeways. 

Route 
Flexibility 

Flexible 
None, but system can be 

expanded in stages 
None, system cannot 
feasibly be added to. 

Passenger 
Capacity 
(per lane, 
per hour) 

15,000 to 35,000 10 ,000 to 20,000 Up to 3600 

Adaptability 
to Demand 

Low - High Medium - High None 
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Powered by Fossil fuels (generally) Electricity Electricity 

Car Capacity 

Up to 70 people 
(Standard Bus) 

Up to 160 people 
(Articulating Bus) 
Up to 270 people 

(Bi-articulating Bus) 

200 – 280 people  
(per train) 

4 – 15 people 
(per cabin) 

Land 
Footprint 

Generally, at least two 
road lanes 

Road Lane per line 
Very Small, except 
Terminal and Angle 

Stations 

Construction 
Time 

Short – Medium 
(depends on extent of 

ROW) 

Medium 
 (depends on extent of 

ROW) 
Short 

Significant 
Benefits 

Cheap, easily 
expandable and 
flexible. 

No pollution, quiet, 
passenger experience, 
low operating costs, 
Encourages quality and 
dense property 
development. 

Cheapest form of 
‘built’ transport 
infrastructure, no 
pollution, small land 
footprint, fast build 
time, low operating 
costs, passenger 
experience and 
exclusive aerial ROW. 

Significant 
Limitations 

Negative ‘stigma’, 
ROW required, 
uncomfortable ride 
and pollution/noise 

Build cost, ROW required 
and little flexibility. 

Length of route, cost 
of ‘turns’ and 
intermediate 
terminals, weather 
sensitive, privacy 
issues, threat of 
breakdown and little 
flexibility. Not suitable 
for commuter 
transportation. Costly 
to heat cabins. 

Well-known 
Examples 

Curitiba, Brazil 
Bogota, Columbia 

Beijing, China 

Toronto, Canada 
Grenoble, France 

Dublin, Ireland 

Medellin, Columbia 
Telluride, US 

Lisbon, Portugal 
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Chapter 6 – THE APPLICATION OF ITMs TO PALMERSTON 

NORTH 

 

 

6.1 Introduction 

 

Palmerston North (hereafter referred to as ‘the city’) is located in the North Island of New 

Zealand, approximately 2 hours drive north of Wellington. It is located at the foothills of the 

Tararua Ranges on the banks of the Manawatu River. It is the sixth largest city in New 

Zealand and the largest city in Manawatu province with approximately 78,400 people (PNCC, 

2008). The population is expected to reach 100,000 people in 2026 (Horizons Regional 

Council (HRC), 2006). The main industries are tertiary education, research and distribution. 

The city has a large student population of approximately 30,000 tertiary students (Vision 

Manawatu, 2008). Massey University (MU) alone has approximately 11,936 staff and full-

time students (Tim Wong (pers. comm.), 2008). The tertiary education sector contributes $1 

billion dollars to the economy every year through direct and indirect spending (PNCC, 2008). 

 

Map 1: Location Map of Palmerston North 

 

 

       (Source: Google Maps, 2008) 
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Map 2: Map of Palmerston North City including major traffic ‘attractors’ 

 

  

       (Source: Google Maps, 2008) 

 

 

6.2 Transportation in Palmerston North 

 

The city has four main arterial routes radiating out from a central ring road. The roading 

network is very efficient and the city is largely accessible under 15 minutes driving. Large 

traffic attractors include (see Map 2); the CBD (1), MU Turitea Campus (2) and Palmerston 

North Hospital (3). Other significant traffic attractors include; MU Hokowhitu Campus (4), 

UCOL (5), Palmerston North International Airport (PNIA) (6), International Pacific College 

(IPC) (7), the Warehouse (8) and Ezibuy Distribution Centre (9). The direction of the new 

bridge location is also indicated on the map (B).  

 

The city has relatively well serviced PT system given, its geographical size and low population 

density (HRC, 2006; Western Bay of Plenty, 2008). Even though an extensive bus system is 



 Ryan O’Connor (04253574) 
  Honours Project 
 

46 

 

operating, ridership is low though it has increased with recent increases in fuel prices. The 

proportion of people using PT for work has declined from 3% to 1% in the last 20 years (HRC, 

2006). The ‘Regional Land Transport Strategy’ aims to increase commuter transport to 3% by 

2016 (HRC, 2006).  In 2004, 1,036,000 trips were taken on PT (HRC, 2006). The ‘Regional 

Land Transport Strategy’ aims to increase this to 1,700,000 by 2016 (HRC, 2006).  

 

One major proposed roading project in the city is a second bridge to alleviate future 

pressures on the Fitzherbert Avenue Bridge and associated intersections, to accommodate 

future growth proposed for the eastern corridor of the city and to remove east-bound traffic 

originating in the Manawatu District from within the city boundaries (HRC, 2006). The cost of 

the bridge is estimated at $50 - $60 million dollars (David Lane, 2007).  

 

MU students and staff are large users of the bus service because of subsidized, free ridership 

incentives and the clustering of student residence on the southern side of the city, close to 

the CBD (see Map 3). Most students are located centrally (see Map 3) and require transport 

on a daily basis to MU. For this reason, Fitzherbert Avenue has significantly more bus traffic 

compared to other streets due to MU Turitea Campus being located on the edge of the city. 

During the university semesters, student bus patronage can be as high as 65,000 per month 

(Ken McEwen, 2008).  Even with the bus service operating; over 24 hours, the Main Drive 

entrance at Turitea Campus has on average 7249 vehicle movements (Opus, 2006).  

 

As of 2007, 26% of MU students were regular users of the bus service; in 2008 this jumped 

to 31% (Ken McEwen, 2008). This figure has most likely increased due to increased petrol 

prices, increased familiarity with the service, and demographic shifts to flats near bus routes 

(see Map 4 and Figure 4). Routes; 12, 12A, 12B, 12C, 12D, 14 and 15 all receive high 

passenger numbers as they offer direct trips to MU (see Map 4 and Appendix C).  

 

Figure 4: Proximity to bus routes (2004 – 2006) 

 

      (Source: Opus International Ltd, 2006) 

 

The “Massey University Palmerston North Transport Review 2006”, undertaken by Opus 

International Consultants Ltd (Opus), identified various changes that might increase bus 
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usage. They state “further enhancements to the existing bus service identified by both 

current users as well as by non-bus users (that may encourage them to switch modes) 

include quicker journey times and more frequent services” (Opus, 2006. p4). Based on 2006 

data, estimated travel times to Turitea Campus for buses were 22 minutes compared with 

16 minutes for cars (Opus, 2006). While the free bus service has proved to be a huge success 

in changing the overall method used by staff and students to travel to and from University, 

scope exists to further increase the bus share of the travel market for both MU Campuses by 

improving its level of service (Opus, 2006).  

 

Map 3: Distribution of Student Population in Palmerston North 

 

 

      (Source: Opus International Ltd, 2006) 
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Map 4: Bus Routes in relation to Student Population 

 

 

      (Source: Opus International Ltd, 2006) 
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6.3 Can ITMs be applied to Palmerston North? 

 

Palmerston North is considered a medium size city in the New Zealand context. In 

comparison to the population of international cities it is on the lower end of the spectrum. 

This section will explore if Palmerston North has the characteristics that make ITMs a viable 

transport option. Map 2 shows the roading and spatial layout of the city. Given its small 

population size, the fact it is non-linear is another obstacle in implementing an ITM as linear 

shaped cities can maximize the financial viability and efficiency of dedicated PT routes. It is 

an oval shaped city, with a distinct roading grid pattern that radiates from a central square.   

The city is largely low density by New Zealand standards as shown in the diagram in 

Appendix B.  

 

Unless there are significant rises in petrol and parking costs, it is unlikely that significant 

numbers of the general public would ride PT. Even at $2 a litre for petrol among other 

factors, only 1% of general public use PT for commuting compared to 31% of MU students. 

Student populations are agglomerated at the southern edge of the CBD and share a common 

destination. It seems likely that students are more easily ‘swayed’ to use PT than the general 

public who are sparsely located and have multiple trip destinations. Since PT funding is finite, 

it seems logical to invest in areas where the greatest impact is achieved at the least cost. 

Persuading the remaining 69% of students to use PT would achieve the most optimum 

results.  

 

This does not mean the general public should be excluded from an efficient PT system. If 

ITMs with substantial capital investment are to be involved, they need to achieve the biggest 

‘bang for buck’ otherwise they would be completely unfeasible. The most travelled route by 

PT is Fitzherbert Ave/Tennent Drive between the CBD and the University by bus route 12, 14 

& 15 (see Map 4 & Appendix C; the route is also used by bus route 12A, 12B, 12C and 12D. 

The most likely candidate if an ITM can be applied in Palmerston North is Fitzherbert 

Ave/Tennent Drive from the CBD to MU. 

 

Since this route has been identified as the most optimum route for an ITM, this next section 

will discuss what mode may be the most appropriate. 
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Bus Rapid Transit 

BRT is economically feasible, but the benefits gained may not justify investment. The four 

main arterial roads of the city (Rangitikei St, Main St/Napier Rd, Main St/ Pioneer Hwy, 

Fitzherbert Ave/Tennent Rd), the Ring Road and John F Kennedy Drive are most suitable for 

BRT because they have two lanes in each direction. In saying that, the city has very large 

road reserves compared to other cities: 22-30 m for Arterial Roads, 20 m for Principal Roads 

and 17-20 m for Collector Roads (John Lieswyn (pers. comm.), 2008). Hence, BRT routes may 

be able to be integrated into other streets.   

 

The efficiency of the city’s roading network may be the biggest obstacle in the viability of 

BRT. Since little traffic congestion exists and the street layout is very efficient, prioritization 

will not provide significant gains over standard bus services. The prioritization that would 

bring the greatest gains at the least cost is intersection signal priority. However, better bus 

stops, especially the main stops, i.e. central bus terminal and the main stop at Massey, could 

be enclosed, furnished and comfortable with electronic up-to-date bus information. Some 

level of BRT may be viable in Palmerston North; however this project is going to disregard 

this option as an AR system may provide greater potential. 

 

Light Rail Transit 

LRT has been considered and ruled out. The high cost per kilometre makes it completely 

unfeasible for this situation. The system would have to be built from scratch and could not 

utilize an existing ROW. Costs would be in excess of $40 million per kilometre. Thus it will 

not be considered an option. 

 

Aerial Ropeway  

An AR from the CBD to Massey University with intermediate stops located on the corner of 

College/Fitzherbert and the end of Huia Street (just off Park Rd and adjacent to Palmerston 

North Girls High School, major sports facilities and the Esplanade) may be viable given the 

amount of traffic, particularly current public transportation along the route. This report will 

focus on this route for the scope of analysis required. However, other options include 

extending the route to have an extra terminal at MU and/or the Plaza Shopping Mall and 

UCOL. 
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Given the system has an exclusive ROW; a mono-cable system would achieve trip speeds of 

between the CBD and Massey University of 9 minutes. This would achieve gains over land 

based transport as the system could take more direct route and be routed into the centre of 

MU, just off concourse.  A large proportion of students are located within 400 metres of 

terminal buildings, the remainder can be serviced by a cycle and modified bus network. The 

cost of the system is manageable considering a new bridge is being planned at a cost of up 

to $60 million. According to literature, a ropeway system on the CBD to MU route has a 

potential cost of $28 to $52 million, as well as the ability to generate revenue from ridership. 

 

Most importantly, MU has relatively constant traffic flows though out the day (see Figure 5). 

Main Drive is located within the main entrance of MU. Even though there is a distinct peak 

at 8.30am and less distinct peaks at 12:00 to 2:00pm and 4:30pm it will be possible to install 

capacity to handle these peaks. These unique characteristics are ideal for an AR as a 

potential option for public transport in Palmerston North. 

 

 

Figure 5: Traffic Flows at Main Drive, Massey University Turitea Campus 

 

 

(Source: Opus International Consultants Ltd, 2006) 
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6.4 Potential for Aerial Ropeway? - Challenges and Opportunities  

 

An aerial ropeway may be feasible in Palmerston North if could be made to work in 

conjunction with a re-designed student/public bus network. The system would primarily 

cater for MU students and staff on Turitea campus. Although Hokowhitu campus is not on 

the direct route, students and staff could use a frequent bus route operating from the Huia 

Street (Esplanade) terminal. However, it is possible at some point in the future Hokowhitu 

campus could be relocated to join Turitea campus (John Lieswyn (pers. comm.), 2008). This 

would further enhance the feasibility of the concept.  

 

Cycling is a viable option for some mode share of transportation to MU. As of 2006, 10% of 

students cycled to the university (Opus, 2006). But cycling has limitations. Firstly, people 

generally do not like to cycle in bad weather conditions while the ropeway would offer 

comfortable, enclosed cabins and terminals, thus proving a more appealing transport option. 

Secondly, cycling does not compete with the 9 minute travel time from the CBD to MU. 

Thirdly, cycling has some element of risk which discourages some people from using it. In 

saying this, the aerial ropeway is not intended to discourage people from cycling instead it 

may encourage people. All terminal stations (except the University terminal) would have 

cycle lanes directly routed into cycle storage facilities. Students living outside walking 

distance of terminals may choose to cycle to their nearest terminal instead of catching a 

feeder bus.  

 

While the system primarily provides service for students and staff at MU, the system would 

also cater for high school students, tertiary students, sports people, swimmers, 

recreationalists, tourists and families. Not all benefits are transport related. It could provide 

tourists access to some of Palmerston North’s attractions like the esplanade and CBD while 

providing an enjoyable passenger experience.  Few continuous movement aerial ropeways 

exist worldwide for public transportation especially in ‘built up’ urban areas. Palmerston 

North would be the only city in the southern hemisphere to utilize this technology for public 

transportation in an urban area. It would be one of three worldwide (Medellin, Columbia 

and Lisbon, Portugal are the others), operating solely in urban areas.  
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Map 5: Potential route for Aerial Ropeway in Palmerston North 

 

 

(Source: Google Maps, 2008) 
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The potential route is 3.08 km long and has 4 terminals (See Map 5). While 1 km of the route 

will pass over ‘built up’ urban areas, 2.08 km passes over parkland, a native tree reserve, the 

river and farmland before arriving at MU. In contrast, the same route by road is 3.87 km long 

and has to negotiate 4 sets of traffic lights. On Map 5, the red line is the ropeway route; the 

red dots are terminals, and the green lines show potential bus routes. Each terminal site, 

apart from the CBD terminal, is a clear site with no competing structures. Also, Fitzherbert 

Avenue has sufficient width of 30 m (John Lieswyn (pers. comm.), 2008) to accommodate 

the 1 m wide towers that would be positioned every 223 metres on the western side of the 

street (RG Consultants, 2005). 

 

Major requirements for ARs is the need to directly link to points by the most direct way 

possible and that straight alignment is possible (Bondada et al (1987) in RA, 2007). In 

Palmerston North’s case, this is to connect the CBD and large centralized student population 

(see Map 3) with MU on the edge of the city. It will also provide access to the CBD for the 

1200 halls of residence students. The route also serves the Palmerston North Girls High, with 

a population of approximately 1275 and the general public by provided a link between the 

CBD and the Esplanade, River Track, Lido Aquatic Centre and Wallace and Awatea Parks 

(containing a range of different sports fields).  While straight alignment is not possible, only 

one turn is required, and this could be integrated into an intermediate station, thus reducing 

costs. While this is not desirable it is feasible as one bend will not compromise financial 

viability.    

 

One of the criteria which make ropeways more feasible than other transport modes is when 

they are presented with a natural obstacle (Bondada et al (1987) in Reconnecting America, 

2007). In Palmerston North’s case, this would be the Manawatu River. Not only that, it 

would take congestion from Fitzherbert Avenue reducing the need for a second bridge. With 

appropriate design the system could operate in a flood event providing another link across 

the river. 

 

Other criteria include the fact that financial resources are severely constrained and quick 

completion is required. Given the population size of Palmerston North, the ability to provide 

efficient public transport is restricted by cost, an AR may be in the financial grasp of the city. 

While quick completion is not essential, it is desirable as 1km of the ropeway will be in an 
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urbanized ‘built up’ area and is along a major arterial route, hence the faster it can be 

completed the less disturbance to traffic and land owners.   

 

The biggest obstacle is the cost of the system and whether this can be justified by the 

passenger load. Not only that, but the question needs to be asked whether  the benefits 

justify the cost given a reasonably effective bus network is already catering for 31% of 

students? The Telluride gondola provides public transportation between Mountain Village 

(pop. 950 approx) and the historic town of Telluride (pop. 2200 approx) (Telluride.net, 2003). 

It has proved to be hugely successful, moving 2 to 2.5 million local and tourist passengers a 

year (Telluride.net, 2003; The Watch Newspaper, 2006). The length of the system is 4 km 

long (opposed to 3.08 km in Palmerston North) and it is free to ride (Telluride.com, 2007; 

Telluride.net, 2003). MU has a total of 12,728 people (full-time students, full-time and part-

time staff), the city has a population of 78,400 and has approximately 1.5 million tourist bed 

nights a year (Tim Wong (pers. comm.), 2008; PNCC, 2008; Cathy Gibson (pers. comm.), 

2008). Comparing these numbers with Telluride, Colorado, it may be feasible to implement a 

successful system in Palmerston North. 

 

One major perceived challenge with an AR in Palmerston North is weather sensitivity as the 

systems can only operate under 80km/h, sometimes 90km/h wind speed depending on wind 

direction. According to Palmerston North City Council (PNCC)(2008), the city has gale force 

winds (63km/h +) on average three days a year. The PNIA “Percentage Wind Rose” the 

highest-mean hourly average wind speed recording over a 10 year period from 1991 to 2001 

was 66.7km/h (PNIA, 2001)(see Appendix D).  In fact, average hourly wind speeds exceeded 

50km/h only 0.2% of the time (PNIA, 2001). This would indicate that the system would very 

rarely be shut down for high wind speeds.  
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Chapter 7 - CONCLUSION 

 

 

ITMs can be applied to small cities providing several requirements can be meet. Firstly, they 

are financially viable and provide justifiable benefits over standard bus services. Secondly, as 

the strengths and weaknesses of each system vary considerably it is important to thoroughly 

scrutinise the existing characteristics of the urban form, transport routes and patterns, and 

present and future traffic demands to ensure the most effective transport mode can be 

applied.  Thirdly, land use patterns complement the selected transport mode. If not, land 

use planning be utilised to increase density around PT routes with functional and attractive 

urban design.  

 

What is most evident from my research is a need to provide a transportation system that 

can equal or exceed the convenience and comfort of the private motor vehicle. ITMs play an 

essential role in shifting people on to PT. Providing a quality PT system is not always enough, 

and a series of ‘push - pull’ methods is necessary such as creating congestion and financial 

incentives and disincentives.  

 

While LRT is out of the financial grasp of many small cities. It is evident from my research 

BRT is competing, and in some cases, out competing LRT.  BRT may not provide the same 

passenger experience but it is cheap and effective.  If an LRT system is a long term goal, a 

BRT system can provide a good stepping stone.  ARs have been applied in significantly less 

applications than BRT and LRT. While they can only be applied in unique circumstances and 

not for commuter transport, they are a cheap and effective transport mode and provide 

operating speeds similar to BRT and LRT. Also, the passenger experience is on par with LRT. 

ARs are often not considered as a transport option simply due to the fact transport 

engineers and planners are not familiar with the technology. It is important that transport 

authorities are aware of all technologies and their merits.  

 

Another conclusion I have drawn is that the application of ITM along one major transport 

route can act as a seed towards growing entire PT networks. Medellin, Columbia; Curitiba, 

Brazil and Toronto; Canada are prime examples of this effect. Demonstrating PT can work, is 



 Ryan O’Connor (04253574) 
  Honours Project 
 

57 

 

affordable and fast and efficient can rally public and political support for expansion. ITMs are 

key in reducing carbon emissions and pollution from the transport sector. They play an 

integral role in addressing challenges we face from peak oil and climate change.   

 

 

 

(11,020 words) 
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Appendix A: The New Zealand Transport Sector  

 

 

Land Transport NZ's role in the transport sector 

 

(Source: LTNZ, 2005) 

 

Ways in which Land Transport NZ can influence the land transport system 

 

(Source: LTNZ, 2005) 
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Appendix B: Residential Density in New Zealand  

 

 

 

    (Source: Western Bay of Plenty Regional Council, 2008) 
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Appendix C: Massey / IPC / Hokowhitu Route Map 

 

 

     (Source: Opus International Consultants Ltd, 2006) 
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Appendix D: Palmerston North Percentage Wind Rose 

 

 

(Source: PNIA, 2001) 


