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I think it would be beneficial for those who read this thesis to understand a bit of its 
gestation. In some ways, the research has had a rather unusual development in academic 
terms, and a description of the process of my thinking and the interdisciplinary approach the 
research takes sets a valuable context. 

Firstly, the research has been undertaken while workingfull-timefor the pastfour years for 
a local body council in New Zealand (the Canterbury Regional Council) as a Strategic 
Transport and Energy Analyst. Preliminary work and research included a comprehensive 
energy survey for Christchurch and Canterbury; the results of the energy survey led to a 
focus on transport, to identifY policy interactions affecting transport choices using a systems 
approach. Recent work tasks have included leading a team of planners and engineers, with 
significant community consultation, in developing a Public Transport Strategy for 
Christchurch, as well as developing strategic transport and land use policies for our urban 
area. 

I am also a founding member of the Christchurch City Council's Cycle Steering Group, as 
well as a member of the Transportation Group of the Institution for Professional Engineers 
New Zealand. There is no doubt that my professional experience and affiliations have 
enhanced my understanding of the subject in practical terms, and at the same time clearly 
affected my choice of research topics, including influencing some of the approaches I have 
taken in this research. 

During my work I came across what I believed were numerous planning paradigm barriers 
to reducing our city's transport energy use. These insights led me to attempt to unravel a few 
of the planning policy interactions affecting our transport choices. 

After developing the initial outline of the research, including an in depth review of transport 
and land use planning policies affecting transport characteristics in Christchurch, it was 
decided the research needed a global context to further identifY these transport and land use 
interactions using data from a larger city sample. 

The opportunity arose to expand the application of the systems theories I had developedfor 
Christchurch against newly collected data on New Zealand cities, as well as existing 
international city data collected by Professor Peter Newman and Dr. Jeff Kenworthy in 
Perth, Western Australia. This also enabled the possibility to examine New Zealand's main 
cities in transport and land use terms for the first time in comparison to over 40 cities from 
around the world. 

My four month stay in Perth was supported by a number of local and central government 
agencies interested in urban transport systems in New Zealand, with specific interest in how 
New Zealand cities compare internationally. And importantly, the work in Perth presented a 
much needed opportunity for a break from local council work to focus on finishing the PhD; 
it also provided the opportunity to prepare a reportfor local and central government on the 
city data research findings. 

In full, the process of developing and completing the research has indeed been circuitous 
(although some might argue that many academic pursuits are seldom a straight line). 
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The intent of this research was to investigate sustainable transport energy policy at a 
regional level. Transport energy use in the Canterbury region and Urban Christchurch 
provides the focus but a global context enables more far reaching conclusions. 

The research focuses on regional and district level policy influences affecting 
transport energy use, cutting across a number of academic disciplines. The analysis 
suggests that well meaning independent land use and transport planning processes 
may be producing synergistic and unintended systemic outcomes leading to increasing 
transport energy use. The holistic approach adopted in this thesis develops an 
important tenet: unless means and ways are developed which provide balancing 
feedback to increasing car use ~ these unintended outcomes will continue. 

Energy survey results for Canterbury and Urban Christchurch show that transport 
energy consumption is by far the fastest growing and largest sector. Mode split affects 
transport energy consumption as does trip length. In Christchurch car use dominates 
mode split. Cycling, public transport and walking are all declining in use while car 
trips are significantly increasing. Land use and transport planning policy factors are 
evaluated which affect transport energy use. 

A new series of data for New Zealand's main urban areas, Christchurch, Wellington 
and Auckland are collected. The data include a detailed review of urban land use 
activities and transport network efficiencies, as well as data on economic and 
environmental implications of New Zealand's transport choices. This land use, 
transport, economic and environmental city data are compared to similar data 
collected for over 46 international cities. Analysis of the data reveals key insights into 
urban and transport planning policy effects on transport energy use, including many 
unexpected linkages between key parameters. 

Utilising insights from the local planning process, literature on transport policy, and 
urban land use and transport indicators from a global survey, a systems modelling 
approach is utilised to identify and qualitatively assess feedback mechanisms affecting 
transport energy consumption. A number of positive feedbacks are found (resulting 
from planning policies) which support current transport energy trends. 

Policies are identified for further investigation to reduce these positive feedbacks, 
including the need to provide more support for sustainable transport modes and reduce 
both car use and trip length. Key policy areas to investigate include the size of the 
urban area, popUlation density and urban planning, the process of infill development, 
accessibility guidelines, traffic demand management measures, transport project 
improvement criteria (including road building), safety for slow modes, and transport 
funding. 
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1. Introd 

This research investigates the development of sustainable transport energy policy at a 

regional level, with particular reference to urban areas in New Zealand. Throughout 

the world increases in transportation demand, and specifically transportation energy 

consumption, are placing tremendous pressures on environmental resources and 

environmental sinks (Peet, 1992; Whitelegg, 1993; Meadows et aI, 1992). With 

increases in transportation energy use, subsequent local and global pollution concerns 

are increasing (MfE, 1997; MOT, 1997b; OECD/IEA, 1997). 

1 

More and more, cities are dominating our social, environmental and economIC 

activities. Globally, urban populations continue to swell (UN Habitat, 1996). In New 

Zealand, urban population growth continues to exceed rural population growth (Lee 

and McDermott, 1998), and urban issues are now a key focus of environmental and 

social debate (PCE, 1998). 

Urban areas are the focus of increasing resource consumption, including energy 

demand and use. As our cities grow, the pressure to maintain the quality of urban 

lifestyles increases. One of the key foundations of our lifestyles is transport: how we 

move people and commodities within the urban fabric has profound effects on the 

quality of our environment and social interactions, as well as our economic activity. 

Over the past few decades urban communities have come to heavily rely upon private 

transport mobility. Recent trends in urban passenger transport show increasing 

reliance on private motor vehicles for our transportation needs, with declining use in 

alternative transport modes such as public transport, cycling and walking (Newman 

and Kenworthy, 1989; Kenworthy, Laube, et aI, 1999). 
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As increasing car use dominates our lives and our lifestyles, associated effects of car 

use are increasing. Such effects include local and global air pollution, increasing 

noise from traffic and transport, and in some communities decreasing quality of our 

"community" streets (Appleyard, 1981; Elkin et aI, 1991; Engwicht, 1992). This 

increasing car dependence is placing tremendous threats on the global and local 

agenda of sustainability. (Keating, 1993; Peet, 1992; 1998). 

The tenets of sustainability often describe social, environmental and economic well

being: to enable our current and future generations to enjoy the quality of life we 

enjoy today (Brundtland, 1987). There is no question that the automobile has 

enhanced our quality of life. However, there is creeping doubt amongst many 

researchers, analysts, planners, politicians and members of our community about the 

sustainability of our growing car dependence (Zuckennan, 1991; Engwicht, 1992; 

Newman and Kenworthy, 1998). This research attempts to make a contribution to 

solving this problem. 

Lt Why Study Transport Energy? 

There are numerous reasons why understanding transport energy use is important, 

including reliance on limited fossil fuel resources, as well as global and local 

environmental, social and economic impacts associated with automobile dependence 

(Whitelegg, 1993; Goodwin, 1997). 

1.1.1 The Importance on Dependence - The ..,,,.. ... "" ... Catch 

Oil is an invaluable resource upon which current lifestyles depend, especially our 

urban transport mobility. Many of the world's nations are highly dependent on 

imported oil, generally for transportation purposes,l Although the oil price shocks of 

2 

I New Zealand imports about 64% of its total petroleum requirements (of which approximately 71% is used 
for land transport) (Ministry of Commerce, 1998). In the United States, Bernick and Cervero (1997) 
identify that imported oil made up about 40% of consumption in 1993; where transportation demand 
accounted for about three-quarters of the petroleum used, and about two-thirds of that amount was 
burned by motor vehicles. 
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1973, 1979 and 1991 seem a distant memory, there is the constant reminder that a 

huge proportion of the world's oil is influenced by a very small number ofOPEC2 

countries. 

For the past decade or so reported oil reserves appeared to be steadily increasing, 

suggesting that oil production would continue to rise for decades to come. However, 

evidence is mounting that global oil production will peak before 2010. 

3 

Similar to earlier work by Hubbert (1965) on predicted declines of US oil production, 

recent work by Campbell and Laherrere (1998) on international oil production suggest 

that international reserves have in fact been consistently over-stated.3 Instead of 

unlimited oil reserves taking us well into the next century, Campbell and Laherrere 

predict the world's oil production will begin to decline before 2010, signalling a point 

at which oil prices will rise unless demand declines significantly. This has now been 

confirmed by various different international oil companies including Shell, British 

Petroleum and the International Energy Agency (Fleay, 1998). 

The professional body representing transport experts in Australia, The Chartered 

Institute of Transport, recently acknowledged this decline in oil production. After 

their 1998 Annual Symposium they announced: "We are at the climax of the fossil 

fuel age ... A clear consensus is emerging that cheap oil production outside the Middle 

East will begin permanent decline around the year 2000, to be followed by permanent 

world decline within 15 years." The Institute then calls on the need for "constructive 

change in response to these issues" and "for their consideration in all policy 

formulation" (CIT, 1998, pI). 

2 Organization of Petroleum Exporting Countries (OPEC). 

3 Based upon an extensive inventory of oil well data collected over 40 years and covering some 18,000 oil 
fields, Campbell and Laherrere (1998) suggest that companies and countries were providing 
"exaggerated estimates", including the members of OPEC which had an incentive to "inflate their 
reports because the higher their reserves, the more oil they are allowed to export" (Campbell and 
Laherrere, 1998, p 79). 
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As a limited natural resource, even with this recent information regarding projected 

declines in oil production, it is not a question of if oil production will diminish, but a 

question of when. As Meadows et al. (1972 and 1992) argue there are "limits to 

growth", partially based on the limits of fossil fuel resources as well as the natural 

carrying capacity of Spaceship Earth. As Havlick (1974) predicted: "In the years 

ahead automobiles and jet aircraft represent major threats to environmental and 

human tranquility" (p 88). Those predicted major threats are looming larger and 

larger on our environmental horizon. 

The natural resource challenges made from huge transportation demands are caused 

by our voracious motor vehicle use. Like few other demands, our insatiable appetite 

for vehicular movement is unprecedented (Hillman, 1996). Although over the last 50 

years we have built our transportation systems, our cities and in many ways our 

lifestyles on a fervent belief of limitless oil supply (Newman and Kenworthy, 1998), 

we must acknowledge that oil is not a limitless resource, and improved approaches to 

transport will be required.4 

Global Warming Transport CO2 Emissions 

Even without the constraint on the resource (the environmental source) there is 

considerable disquiet about the continuing global impacts from fossil energy use (the 

environmental sinks). 

Air emissions from our heavy reliance on fossil fuel transportation place a tremendous 

burden on our global environment. There is growing international concern with the 

possibility of human induced global warming and a burgeoning consensus that human 

activities may be significantly altering our global climate, with major ecological, 

4 There has and will undoubtedly continue to be tremendous effort placcd on attempting to fInd or develop 
a similar quality fuel source to oil, including advances with natural gas, as well as opportunities for 
technological efficiency improvements to "fIx" the problem (see George, 1998; Sperling, 1995; 
Schipper and Meyers, 1992). However as Fleay (1995) shows there is nothing with oil's energy quality 
ratio (of energy output to energy input), where many options being suggested have energy ratios close 
to 1. 
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economic and social repercussions (e.g., crop failures, rising sea levels and associated 

coastal damage, etc.) (IPCC, 1996). Transport, and specifically land transport, carbon 

dioxide (C02) emissions make a significant contribution to this potential climate 

change. In fact, transport related greenhouse gas emissions are proving to be one of 

the most intractable areas for nations to find ways of responding to the Kyoto United 

Nation's Protocol on climate change (OECD/ECMT, 1996; Newman and Kenworthy, 

1998). 

In New Zealand, transportation energy demands make up a significant proportion of 

total energy demands: in 1996, land transport consumed 165.5 petajoules (PJ) of 

energy out ofa total national energy consumption of 432.7 PJ; or in percentage terms, 

38% of total energy consumed was for land transport (EECA, 1997). In terms of CO2, 

in 1995, New Zealand's land transport contributed 40% of the C02 emissions in New 

Zealand (MfE, 1997). If New Zealand, among other countries, is serious about 

reducing global greenhouse emissions and meeting the commitments made at the 

Kyoto summit, land transport energy use requires significant reduction. 

1.1.3 Local Effects Car Dependence 

In addition to global issues, there are numerous negative local environmental effects 

from heavy automobile dependence. Along with global air quality concerns, poor 

urban air quality is one of the significant issues facing the world's major conurbations, 

largely as a result of motor vehicle emissions (MOT, 1997b; ARC, 1998a and 1998b; 

eRC, 1997; Bernick and Cervero, 1997). 

In addition to air quality issues there are growing concerns with transport related oil 

pollution runoff into water bodies (streams, estuaries, etc.) as well as soil 

contamination (e.g., see ARC, 1998b). Berry et al (1974) show that most car 

dependent cities have the worst air quality and water quality problems. 

There have been recent technological improvements in vehicle engine technologies, 

reducing both emissions and fuel consumption. However, these technological gains 
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are being eroded by ever-increasing travel demand as we travel further and further 

each year (Bernick and Cervera, 1997; OECDIIEA, 1997; UN Habitat, 1996). 

Impacts on local communities from "excessive" motor vehicle use are also growing. 

Increasing neighbourhood concerns with traffic noise, traffic speeds and community 

severance are direct results of our auto dependence (Tolley and Turton, 1995; 

Whitelegg, 1993). 

1 Focus of Research - .JL"'''''' .... Jl.V',.,. and Local Transport 

Energy Policy 

6 

National transport energy analyses are fairly common (e.g. see OECDIIEA, 1997; 

EECA, 1997). In general national data on transport energy use are reasonably easily 

retrieved for national level research. Fewer studies appear to be conducted on local 

transport energy policy; this may be a reflection that local policy concerns are 

generally aimed at addressing other local issues (raading improvements, hospitals, 

education, etc.), whereas transport energy may generally be considered a national 

policy issue.5 In addition, gathering transport energy data at a local or regional level is 

difficult, since energy statistical reporting is generally oriented toward national 

registrars instead of regional or urban systems.6 However, a huge proportion of 

national transport energy consumption occurs at a local level made by individuals 

and cities in their daily transport choices (OECDIIEA, 1997). Cities are to a large 

extent independent of nations in their economies and means of managing impacts 

(Jacobs, 1984). Thus, the impact which individual decisions and local policy have on 

transport energy use is indeed large and is rarely well linked to national energy policy. 

5 A number of cities have conducted air-shed studies, which generally include some estimates of transport 
energy use and contributions to local air pollution (e.g., ARC, 1998a; CRC, 1997). 

6 Sporadic energy studies at a regional level have been conducted in New Zealand, but due to the 
difficulties with data collection regular reporting is very inconsistent. For example Christchurch had 
energy studies conducted in 1972, 1974, 1985, 1994 and 1996 (see Kennedy et aI, 1972 and 1974; 
Gabites et aI, 1982; Brady and Pullen, 1985; Bachels, 1994a; and CRC, 1996a). 
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Sustain ability 

As a signatory to Agenda 21 (UNCED, 1992), New Zealand along with 180 other 

countries, made commitments to pursue more sustainable transport solutions. Albeit 

these were national commitments and not legally binding, there are articles of Agenda 

21 specifically devoted to developing solutions toward reducing transport energy use; 

these articles inherently require local government implementation. As Ewing (1995) 

suggests the principal threats to sustainability from transportation are excessive fossil 

fuel consumption and subsequent air pollution. In fact, transportation energy use is an 

often cited (negative) indicator of sustainability, yielding insights into fossil fuel 

consumption, local and global air emissions, and vehicle use (Rees and Wackemagel, 

1994; Newman and Kenworthy, 1998). 

Local Policy 

In New Zealand, regional and local government agencies are charged with the 

development of a number of policies which can influence transport energy 

consumption. Among other things, these policies should integrate environmental, 

social and economic viability, while meeting the purpose ofthe Resource 

Management Act 1991 to "promote the sustainable management of natural and 

physical resources" (RMA, 1991). The RMA (1991) requires that any effects on the 

environment from human activities be avoided, remedied or mitigated (RMA, 1991, 

Section 5). 

The use of transport and associated energy consumption creates a number of 

significant effects: from the use of resources and infrastructure utilised to produce 

energy, to the effects from its use including environmental, social and economic 

impacts. By minimising transport energy use, a number of these effects can be 

reduced. 

Understanding the interaction and integration of factors affecting transport energy 

consumption is a complicated task. The breadth and scope of influences include 

social, economic, technological and planning policy elements. This research 

explores planning policy factors which affect urban transport energy 
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consumption. Social, economic and technological elements are touched on 

throughout the research, but are not themselves a primary focus. 
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There is a great deal of debate surrounding our reliance on private motor vehicles, and 

specifically what planning tools or paradigms are appropriate for the next century 

(Owens, 1992; Kissling and Douglass, 1993; Banister, 1994; May and Roberts, 1995; 

DOEIDOT, 1994; Newman and Kenworthy, 1998; McShane, 1997 and 1998). 

Thus, one goal of this research is to improve our understanding of what regional 

policy issues are important for the development of more sustainable transport energy 

use, with particular focus on appropriate local council policies in New Zealand.7 For 

example, the Canterbury Regional Council's brief includes the appropriate 

development of integrated and co-ordinated energy, transport, air and settlement 

policies (CRC, 1998a).8 In addition, local district and regional councils determine 

such issues as urban planning and land use, transport planning policies, traffic 

management priorities, and the provision of transport infrastructure and services (e.g., 

roading and public transport). To investigate planning policy influences on transport 

energy use, as an appropriate case study, Canterbury and urban Christchurch were 

chosen. 

Research 

There is a global search for answers to the question of how to reduce transport energy. 

Researchers are looking for the key policy levers to pull so that cities will know how 

best to tackle this highly interdisciplinary area. This thesis tries to make a 

contribution (as set out in the next section) on two fronts: a) the local insights from 

Christchurch and b) global insights by comparing New Zealand cities to urban 

transport indicators for 46 other world cities. For the first time, insights are made as 

to how New Zealand cities compare in terms of transport and land use, investment in 

7 With respect to transport energy use, urban land transport energy (excluding air and marine fuel use ), is a 
significant portion of a city's energy use. As is discussed later, in Christchurch, land transport 
consumes approximately 50% of urban energy demand (Bachels, 1994a; CRC, 1996a). 

8 The research described in this thesis was supported by the Canterbury Regional Council. 
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transport, transport energy use, and environmental effects of transport including 

emissions to air. 

The international city comparisons are primarily used to gain insight into the 

relationships between urban transport and land use policies and their transport 

outcomes. 

The intention of this city comparison analysis is not to predict or prescribe outcomes, 

but to add to our general understanding of how cities, and especially New Zealand 

cities, compare in quantitative transport terms to a number of other cities throughout 

the world. Insights are made in key research areas, focusing largely on transport and 

land use planning policies which may lead toward improving our urban transport 

choices and transport systems, to reduce transport energy use. 

Overall 

Often transport energy research programmes focus on technological improvements as 

a means toward reducing transport energy use (e.g., see OECDIIEA, 1997). Rather 

than just looking at technological efficiency there is also a need to look at urban 

efficiency in terms of how land use and transport are integrated, the level of travel that 

settlement patterns generate and the kind of priorities that are in operation in terms of 

transport infrastructure provision and traffic management priorities. As Ewing (1995) 

suggests: "the land use-transportation system is universally acknowledged to be a 

'system' of interdependent elements (even if it is seldom planned or managed as 

such)" (p 100). 

This research will explore this urban 'system', and specifically the importance of the 

interconnections or "feedbacks" between transport and land use planning policies and 

the effects on our urban transport energy use. 
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1 Aims, Hypothesis Guiding 

The research focuses on improving insights into what policy factors at a local or 

regional level are affecting transport energy use. As discussed above, there are 

significant global and local threats associated with continuing growth in private motor 

vehicle use. 

What this research attempts to identify is whether there are planning tenets and 

approaches that although well meaning, may actually be increasing our social 

propensity for reliance on private motorised transport. 

The development of this thesis is based on the following hypothesis: 

Independent uncoordinated urban transport and land use planning 

processes are producing synergistic and unintended systemic 

outcomes, leading to increasing car use and associated transport 

energy use. 

The holistic approach adopted in this thesis develops an important tenet: unless means 

and ways are developed which provide balancing feedback to increasing car use -

these unintended outcomes will continue. 

To address this hypothesis the following questions are raised: 

1) What can a study of Christchurch, as a typical New Zealand city, reveal 

about local planning policy factors and their effect on trends and patterns of 

urban transport energy use? 

2) How can a global study of city comparisons further develop an 

understanding of this set of factors and interactions affecting transport 

energy use? 
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3) Can systems theory and use of qualitative systems models assist in developing 

a way of thinking (a conceptual model) about the interactions of planning 

policies on transport energy use, to enable a more sustainable approach to 

adopted? 

In answering these questions it will be shown that Christchurch has experienced rapid 

growth in transport energy use; that planning policy factors affect transport energy 

use; that there are complex interactions between these planning policies which suggest 

that positive feedback is increasing car use; that the use of systems models suggests a 

way of modelling these interactions to recognise feedback; and finally that analysis of 

new data collected on New Zealand cities, combined with a Global Cities Data set 

(Newman and Kenworthy, 1998; Kenworthy, Laube, et aI, 1999), reveals that positive 

systemic feedback from planning policies is in fact occurring and supporting 

unchecked car use (and associated transport energy use). 

The approach used to develop this thesis is described next. 

The Approach 

With a focus on land transport energy use, key planning policy trends which affect 

transport energy consumption are investigated. This review of trends and factors is 

conducted at a broad-brush or strategic level with the intention of understanding key 

driving influences. In so doing, the research adopts the premise that a macroscopic 

understanding of a whole system is more important than a microscopic understanding 

of a single part. Or in Herman Daly's terms: 

"it is better to deal incompletely with the whole than to deal wholly with the 

incomplete" (Daly, 1980, p 12). 

What is implicit in this approach is that there is a need to recognise that traditional 

planning policy approaches generally follow a linear decision-making process, where 

first the problem is encountered, options are then evaluated, and lastly a 

decision/action is taken. As Owens (1995) suggests this "predict and provide" 
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approach is rife in transport planning and seldom reviews in a holistic sense the 

effects of those linear and often independent planning policy decisions. In essence, 

this traditional linear evaluation/action process fails to take into account the 

feedback effects of those decisions. A good example is the recent findings that 

"induced traffic" from road capacity increases does indeed exist (SACTRA, 1994; 

Goodwin, 1997), and that the process of road construction should in fact include in its 

evaluation procedure the effects of the proposed developments - that is the feedback to 

the proposed action/decision should be assessed and taken into account before a final 

decision is made.9 

Calling for a more holistic approach for transport planning and development in New 

Zealand, Kissling and Douglass (1993) suggest: 'There is a danger that land use 

planning, urban design and transport planning will continue to be considered in 

separate boxes" (p 40). 

Thus, this research approaches planning policy as a necessary integration across what 

are traditionally independent academic fields in land use or town planning, transport 

planning, transport engineering, and transport economics. It brings together a number 

of different planning paradigms and practices which affect land, transport energy 

consumption to provide a broad synthesis of interconnections and feedbacks. 

Using this tenet of holism, planning policy tools are investigated which could bring 

about more sustainable solutions for urban transport energy use. 

What systems analysis and the use of these influence diagrams enables is a far more 

holistic view of the effects of those decisions identifying possible feedback 

9 In 1974, Havlick (1974) suggested a similar line of reasoning: "Perhaps travel-demand projections may 
be leading to an overinvestment in the wrong kind of urban transportation facilities because 
understandably not all predictions are accurate. Certainly people are somewhat flexible and when 
they are deprived of convenience they may readjust their style of living." (p 92). Havlick's insights 
now seem to have empirical support as shown by the result of road capacity reductions and the apparent 
disappearance of traffic (see Cairns, Hass-Klau and Goodwin (1998) discussed later in section 6.7). 
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mechanisms involved in what are otherwise often linear and independent planning 

policy decisions. 

1.4 Thesis Structure 

The thesis is separated into three sections: 
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Section 1 identifies urban transport energy use and statutory transport and land use 

plans which intend to address transport energy use, using Christchurch as a case 

study; 

• Section explores mode split and energy use implications, and provides a 

detailed review of the trends in land use and transport planning policies which 

affect transport energy use; generally focusing on Christchurch, the section also 

uses examples and data from numerous other sources; 

• Section compares transport and land use data gathered for New Zealand's 

main urban centres, and compares the data to similar data collected for 46 cities 

world wide. The section focuses on identifying what factors appear to have the 

greatest influence on transport use (and associated transport energy consumption); 

., Section IV uses a systems approach and qualitative systems modelling to build a 

number of conceptual models of interacting planning policies affecting transport 

energy use; it then utilises regression analysis to test these proposed system 

models using the New Zealand city and Global Cities Data sets; 

• Section V provides the key findings, policy implications and conclusions to the 

research. 

Each of these sections and its relevant chapters are discussed below. 

Section 1: Local Context 

Section I provides a context for the thesis, with Christchurch used as a case study of a 

"typical" New Zealand city. The section includes the results of an energy survey of 

Christchurch with particular emphasis on transport energy use, and a brief review of 

statutory policies and plans which could affect transport energy use. 
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Urban transport energy use is a critical detenninant of a country's total energy use. To 

provide an energy use context, the author conducted a fuel and energy use survey 

across all sectors, including transport, domestic and industrial/commercial for 

Canterbury and urban Christchurch (recent energy consumption trends in the region 

and the city were unknown) (Chapter 2). 

A brief review of regional and district level policies and plans is conducted to reveal 

what local Christchurch planning policies can affect transport energy use (see Chapter 

3). 

Section 11: Local Planning Policies Affecting Transport Energy Use 

This section identifies planning policies and their effects on transport energy use. 

Specifically the effects on transport energy use of local planning policy, land use and 

transport planning paradigms are investigated, as well as resulting trends and 

interacting factors affecting transport energy use. Relevant data for Christchurch are 

presented where available and/or recent findings from appropriate research are cited. 

Trends investigated which affect transport energy use include current transport mode 

split, transport energy efficiency between relevant modes, and general trends in travel 

by mode (see Chapter 4). 

Next, land use planning policy factors are investigated which affect transport energy 

use, including: the effects of urban area, land use population and activity distribution 

within the urban environment; trip length and mode split as a result of land use and 

population distribution policies; and elements of accessibility in tenns of both the 

overall design of the urban area and the accessibility of specific sites or locales. (See 

Chapter 5) 

Transport planning policy factors affecting energy use are then reviewed, including: 

traditional transport planning paradigms; transport project improvement criteria; 

transport project funding; public transport provisions; transport safety and specifically 
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slower mode safety (cycling and walking); and developments in traffic demand 

management approaches and techniques. (See Chapter 6) 
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In addition, a specific review of the current Proposed Christchurch City Plan is 

conducted with respect to its land use and general transport planning elements. The 

policies which are developed in the City Plan will have a direct bearing on transport 

energy use. Planning issues, trends and factors reviewed in the Proposed City Plan 

include: urban growth analysis; recent population growth; infill and redevelopment 

policies; and a brief review of the transport planning policies and rules. (See Chapter 

7) 

A brief review of other non-planning policy factors affecting transport energy use is 

included (see Chapter 8). 

Sections I and II (Chapters 2 through 8) provide answers to Question 1 stated on page 

10. 

Section III: New Zealand Cities International City Comparison 

This section introduces original data on New Zealand's main urban centres, including 

a brief comparison to how New Zealand's cities compare to a Global Cities Data set. 

Data on transport and land use patterns, including transport energy use, are presented 

and analysed for New Zealand's main urban centres: Christchurch, Auckland and 

Wellington (Chapter 9). The methodology applies transport and land use indicator 

data developed by Newman and Kenworthy (1989) and Kenworthy et al (1997). 

Results are compared for the main New Zealand cities against data collected for 46 

cities from the USA, Australia, Canada, Europe, and Asia (Chapter to). This is the 

first time such comprehensive data on New Zealand cities have been gathered, and the 

first international city comparison of how New Zealand's main urban centres compare 

on such urban transport and land use indicators. The indicators gathered also include 

some economic and environmental data, although these are not a main element of this 

research. 
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General comparisons between the New Zealand cities, as well as comparisons to the 

international city data are made. Data are reviewed for such land use and transport 

planning factors as urban area, urban density, transport system characteristics, 

provision of both public transport and roading services, car ownership, car use, public 

transport use, cycling and walking, and overall transport energy consumption in urban 

areas, The data collection, its methodology and general city comparisons are 

presented (see Chapters 9 and 10). 

Chapters 9 and 10 provide some answers to Question 2 stated on page 10. 

Section IV: Systems Modelling 

The complexity of interacting land use and transport policies and their impacts on 

transport energy consumption are indeed vast. Systems modelling is employed to 

provide insight into the effects of some of these influences, with specific reference to 

including the feedbacks of what are traditionally linear planning policy processes. 

Subsequently regression analysis is conducted on the New Zealand city and other 

global city data to determine whether the proposed positive feedbacks identified in the 

systems models are supported by the international city data statistical comparisons 

Systems models have been utilised in a number of fields to identify the interaction of 

influences, including feedback loops, which are not easily detectable in complex 

systems. A brief introduction to systems theory and systems modelling is provided 

(Chapter 11). 

Qualitative systems modelling is used to explore the influences and the complexity of 

planning policy factors affecting urban transport energy consumption. Specifically, 

qualitative systems models are developed which include feedback; these influence 

diagrams suggest that unintended planning policies are leading to positive feedback 

for increasing car use (see Chapter 12). 
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Finally, statistical regression analysis is performed, using the New Zealand city and 

global city data set, to deternline the extent to which the proposed qualitative systems 

models can be confirmed or rejected. The extensive land use and transport data from 

the 49 city data set (including New Zealand cities) are used to test correlation results 

between interacting variables suggested by the development of the qualitative system 

models. In addition, the process of building and using diagrammatic system models 

provides both learning insights into the interactions, and a useful visual tool for 

representation of interactions and feedback. (See Chapter 13) 

Thus Chapters 11, 12, and 13 provide answers to Questions 2 and 3 stated on page 11. 

Section V: Policy Recommendations and Conclusions 

From the results of the qualitative influence diagrams and the regression analysis, key 

policy recommendations are identified which could provide more sustainable transport 

energy outcomes (Chapter 14). And finally overall conclusions of the findings of the 

research are presented (Chapter 15). 

A diagram is included below to assist the reader in following the flow of the research. 
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SECTION I: URBAN AND 

Y STATUTORY PLANS 

This section provides a brief context for the case study of Christchurch, New Zealand, 

by providing the results of an energy survey (Chapter 2) and reviewing statutory plans 

and policies available which can affect transport energy use (Chapter 3). 

SECTION I: URBAN ENERGY USE AND CASE STUDY STATUTORY PLANS 
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u po ptio 

As previously discussed increasing transport energy use yields significant threats for 

sustainability. This chapter will briefly investigate transport energy trends 

internationally and nationally. It will then tum attention to the results of an urban 

energy survey conducted in the case study city of Christchurch, New Zealand. 

The Importance of Transport Consumption 

In the Organisation for Economic Co-Operation and Development (OECD) nations 

transport's total contribution to CO2 (including land, sea and air transport) increased 

from 19% in 1960 to 28% in 1994 (OECDIIEA, 1997). Of three energy use sectors 

reviewed by the OECDIIEA (1997) transport is the second fastest growing sector 

(behind electricity and ahead of stationary sources). National land transport energy 

consumption is made up largely of urban transport energy demand (OECDIIEA, 

1997). Thus to address national transport energy demand including issues like global 

warming, as well as specific urban issues associated with transport energy use (e.g., 

local air and water pollution, etc.), it is imperative we understand the context of urban 

transport energy demand. 

Urban Transport Energy 

In its report, the OECDIIEA (1997) identified three mitigation areas or options for 

reducing transport energy use: 

• Reducing mobility 

• Reducing modal energy intensity (e.g., energy use per passenger or freight km) 

• Reducing the fuel mix carbon content of the fuel used (e.g., fuel-switching) 

The report states that "ovelWhelmingly, the drivingJorce behind rising transport 

energy use and emissions is strong growth in the demand Jor the service oj mobility 
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(passenger and freight tonne kilometres" (p 16), especially in urban/peri-urban areas. 

In a review often countries I 0 and their respective increases in transport energy 

between 1973-1993 the OECD reported that increasing mobility was in fact the 

strongest driving factor affecting energy consumption within passenger transport: 

"across all modes, themost important reason for increasing emissions in the 

passenger sector has consistently been changes [increases} in mobility 

(passenger kilometres travelled)" (OECDIIEA, 1997, P 34). 

Mobility Increases May Reduce Technical Efficiency Gains 

OECD/IEA (1997) identifies that in many countries the improvements in energy 

efficiency vehicle technologies have been eroded by the consumer's choice to add 

other "parasitic" energy consuming elements (e.g., air conditioning, sport utility 

vehicles, etc.), essentially increasing relative transport energy intensity: 

"in come cases (US, UK and Sweden), improvements in intensity offset the effect 

of increasing mobility and in the other cases rising energy intensity resonated 

with increasing activity to significantly increase emissions" (OECD/IEA, 1997, 

P 34). 

The report identifies that reducing transport energy use is in fact a very difficult area, 

suggesting that both reducing mobility and/or increasing fuel prices to reduce 

transport energy use are at present fairly politically untenable. I I The report focuses 

10 Countries included: USA, Japan, France, Gennany, Italy, UK, Norway, Sweden, Denmark and Finland. 

11 DECD/lEA (1997) identifies that in a number of countries the idea of either reducing mobility andlor 
increasing fuel prices to reduce energy use is both socially (and thus politically) a difficult challenge. 
With respect to mobility the report suggests that there are behavioural rules which might dictate travel 
including that "citizens tend to preserve their mobility" (p 39); this statement is presumably based on 
the fact that very few if any nations are travelling less per capita than they did 10-20 years ago 
(Whitelegg, 1993) (however it is difficult to identify the exact inference made regarding preserving 
mobility as no figures are provided in OECD/IEA, 1997). With respect to the political/cultural 
difficulties associated with fuel price increases the report refers to a proposed increase in gasoline taxes 
in the US of 4.2 cents per gallon which met with extreme opposition (p 45), although fuel price 
increases in the UK and Denmark appear to be more readily accepted. 
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most of its effort on reducing energy intensity through improving vehicle 

technologies, and introducing much needed economic instruments (e.g., fuel taxing, 

road pricing, parking pricing, etc.). 

The OECDIIEA (1997) makes some important points in the transport energy policy 

debate: 

G "Integrating environmental criteria into decision making on energy use in the 

transport sector does not take place in the energy sector. Instead it takes place 

through the integration of environment and transport policy. " (p 32) 

III "The most important lesson for policy makingfrom the country case studies 

conducted in support of this report was that packages of measures seem the 

strongest way to restrain emissions. " (p 30) 

There is undoubtedly a suite of potential policy initiatives to address transport energy 

use. These should include what could be tenned the three tenets of integrated energy 

policy: 

" Economic pricing signals; 

" Technological/efficiency improvements; and 

III Transport and land use planning policies. 

2.2 Energy Survey Case Study of Canterbury 

Christchurch 

2.2.1 Transport Energy in Context 

Urban 

As identified, energy use has tremendous environmental, social and economic effects. 

To better understand the importance of transport energy consumption at an urban 
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level, the city of Christchurch was selected. Christchurch, New Zealand, is a city of 

approximately 350,000 people and is the South Island's largest city, and is depicted in 

Figure 2_1.12 

New ,"-"", .. ,un", 
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; 
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Figure 2-1: Christchurch, New Zealand 

To identify transport energy use in the context of total energy use in both urban 

Christchurch and Canterbury, an energy survey was conducted for the Canterbury 

Regional Council (CRC). The CRC is charged, among other things, with developing 

integrated energy, transport, air and settlement policies (RMA, 1991). 

12 New Zealand is comprised of two large islands, the "North" and the "South" island. Christchurch is the 
metropolitan hub in the Canterbury Regional Council's (CRC) jurisdictional boundary (an area which 
includes approximately 465,000 people) located in the eastern middle half of the South island" 
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This chapter identifies the relative importance of transport energy consumption as a 

proportion oftotal regional and urban energy consumption. A brief synopsis of the 

survey's methodology and results follows. The complete survey is included in 

Appendix B - Energy Survey. 

2.2.2 and Methodology 

24 

The survey included fuel consumption by sector for transportation, 

industrial/commercial and domestic markets. There are two methods of gathering fuel 

consumption data: contact with the consumers or contact with the suppliers. As with 

previous surveys made in Christchurch it was determined that contacting fuel 

suppliers and merchants would provide an adequate assessment of trends in energy 

use.13 Data were retrieved from a number of sources, depending upon fuel types and 

sectors of the economy. 14 

Transportatioll Fuel Sales 

Transport fuel types included petrol, diesel, liquid petroleum gas (LPG), air fuels, and 

marine fuels. 15 

13 Individual consumer surveys were considered to be too costly in time and resources; in addition, 
contacting consumers might not be prove more accurate since estimates would need to be made by 
individual residents or businesses as to their fuel consumption. 

14 For example, some information was readily available from government departments (e.g., electricity 
sales), whereas other data required direct contact with merchants (e.g., oil products). In some instances 
extensive merchant surveys were conducted (for wood and coal). In the interest of maintaining 
commercial sensitivity, company names and contacts were purposefully omitted. In each instance, 
contact was made with appropriate personnel, and if requested, a letter documenting the data 
requirements and assurances of commercial confidentiality was provided. 

15 Transportation fuel demands for vehicles were retrieved from the three district councils in charge of 
distributing the local area petrol tax filing for petrol and diesel; LPG sales were provided by the 
national delivery company; aviation fuel consumption came from sales made by oil companies and were 
confirmed with Christchurch International Airport; rail fuel consumption came from New Zealand Rail; 
marine fuel consumption was estimated based upon deliveries to the ports, less known on-land oil 
product consumption. 
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2.2.2.2 Industrial/Commercial and Domestic Fuel Sales 

Industrial/commercial and domestic fuel sales were comprised of electricity, coal, oil 

products and wood, and come from numerous different sources (refer Appendix B 

Energy Survey). 

2..z.2.3 Definitions 

Energy Units 

The Systeme International d'Unites (SI unit) of energy is the Joule. 16 The unit of Tera 

Joule (TJ) is used extensively in this chapter and is equivalent to lxlOI2 Joules. 

Fuel 

For the purpose of this chapter, "fuel" refers to products containing hydrogen and 

carbon which are burnt to generate heat for some useful purpose. Wood, coal and oil 

products (including LPG) are included in this category, whereas electricity is not. The 

term "energy source" or "energy carrier" (Peet, 1992) is more general and refers to all 

of these energy sources. 

Reporting Period 

All data are for calendar years, with the following exceptions: 

1) Electricity data are for years ended 31 March, where" 1994" represents the year 

ended 31 March 1995. 

2) Rail data are for years ended 30 June. In this case "1994" represents the year 

ended 30 June 1994. 

Data for all energy sources except electricity were obtained for 1995. Due to this 

exception, some of the graphs presented end in 1994. 17 

16 louIe is the work done or the energy expended when a force of one Newton moves the point of 
application a distance of one metre in the direction of that force (Baines, 1993). 

17 Note following on from the methodology established in Bachels (1994a), the Canterbury Regional 
Council (CRC) now conducts the energy survey on a biennial basis (see CRC, 1996a). At the time of 
fmalising this thesis a 1998 CRC energy survey was just being completed. 
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Reported Growth Rates 

F or the majority of the data, statistics are provided for the average percent per annum 

growth rate and the slope of the least squares best fit line. IS The percent (%) p.a. 

growth over the twelve year period 1983-1994 is the average annual growth rate 

starting from a 1982 base year; growth as reported for the two year period 1993-1994 

begins with the base year 1992. 

Transport Sector 

The transport sector includes the following categories: 

" Vehicle transport (private, commercial freight and commercial passenger); 

• Rail transport (passenger and freight); 

" Marine transport (national and international passenger and freight); and 

<!II Aviation transport (national and international passenger and freight). 

In brief, the energy consumed in the transport sector includes all modes of transport 

involved in the movement of people and goods, excluding "people powered" modes 

(such as cycling and walking). 

Industrial/Commercial Sector 

This represents fuel and energy consumed for industrial, commercial, farming, public 

lighting, and other uses. It is the remainder of total energy consumption, after 

subtracting that used for transport and domestic purposes. 

Domestic Sector 

This includes fuel or energy consumption in private dwellings. Private transport is not 

included. 

18 Discretion is advised with such statistics as they may not always be appropriate. A linear growth rate is 
not applicable if a linear trend is not evident. Likewise, a percent per annum growth rate gives a fair 
representation only if the curve is of an exponential nature. In some cases neither statistic may be 
appropriate (for example, if a sudden change occurred during the period under investigation). 
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Region Boundaries 

The Canterbury region and the jurisdiction of the Canterbury Regional Council is 

broadly described as lying north of the Waitaki River, south of Kaikoura and east of 

the Southern Alps. Urban Christchurch refers to the Christchurch metropolitan area. 19 

Study 

Energy Consnnlption Sector 

and 

The author conducted a reasonably extensive energy survey to identify trends in 

energy use in Canterbury and Christchurch for the period 1983-1992 (refer Appendix 

B - Energy Survey), with an update by the Canterbury Regional Council in 1996 

(CRC, I 996a). As described elsewhere, the methodology followed previous work by 

Kennedy et aL (1972 and 1974) and Brady and Pullen (1985). For simplicity, 

summary results on energy consumption data are reported below for total energy 

consumption and for each sector. More detailed fuel and energy source sales (and 

trends) are notreported (for details refer to Bache1s (1994a) and CRC (1996a)). 

19 From a systems point of view, only traded fuel and energy is included. Other forms of energy entering 
and leaving the system (such as solar) are not included. Wood is the exception to this, where estimates 
are made for self-collection. There were also limits to accounting for transport fuel purchases: if 
purchased within the region the fuel was considered consumed within the region; conversely, transport 
fuels purchased in other regions and used for travel in Canterbury were not included. 
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2.3.1 Canterbury Energy Consumption 
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Figure 2-2: Canterbury Energy Consumption by Sector 

Table 2-1: Changes in Canterbury Energy Consumption by Sector 

r~Total 
-.-Transport 

....-lndJComm, 

-It- Domestic 
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Transport Industrial/Commercial Domestic Total 

1983-1994 Mean increase (% p,a.) 4.6% 1.5% 1.0% 3.0% 

1982 % of total 49% 30% 21% 100% 

1994 % of total 59% 25% 16% 100% 

\It The transport sector represents the largest proportion of total energy consumption 

in Canterbury; market share increased from 49% in 1982 to 59% in 1994. 

l1li The transport sector was also the fastest growing sector increasing on average by 

4.6% p.a. between 1982 and 1994. 

• The industrial/commercial sector showed the second fastest growth rate at 1.5% 

p.a. over the twelve year period (and the most rapid growth rate 1993-1994). 

<III The domestic sector showed the slowest growth rate at 1.0% p.a. over the period 

(with a decline in 1993-1994 possibly due to the very cold winter of 1992). 
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Figure 2-3: Canterbury Transportation Energy Consumption by Mode 

Table 2-2: Changes in Canterbury Transportation Energy Consumption by Mode 

Vehicle Aviation Marine Rail 
---... ---~- . ' 

1983-1994 Mean increase (% p.a.) 2.2% 10.0% 16.8% 2,7% 

1982 % oftotal 82% 9% 6% 2% 

1994 % of total 62% 16% 20% 2% 

• Vehicle energy consumption comprises the largest mode of transport energy 

consumption; as a percent of total, vehicle energy consumption declined from 

82% in 1982 to 62% in 1994, mostly due to extensive increases in 

international/inter-regional aviation and marine energy consumption.20 

29 

Total 

4,6% 

100% 

100% 

20 Christchurch has become the south island's main hub for both international tourists and marine shipping 
activities. 
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Figure 2-4: Canterbury Vehicle Energy Consumption by Product 
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Table . Changes in Canterbury Vehicle Energy Consumption by Product 

1982 % of total 

1994 % of total 

increase (% p.a.) 

Petrol 

1.2% 

67% 

60% 

Diesel 

3.7% 

33% 

39% 

LPG 

10.9% 

0% 

1% 

Total 

2.2% 

100% 

100% 

e Petrol makes up the largest portion of vehicle energy consumption by product 

accounting for over 60%; this proportion has declined with increasing market 

share taken by diesel particularly since 1991 (reflecting increases in the diesel 

vehicle fleet and the removal of the diesel excise duty in 1991). 

30 

• LPG consumption appears to be in decline; industry sources estimate consumption 

is currently declining at 5% - 10% p.a. This is due, in part, to the end of the 

subsidy which was in place for vehicle conversions to use LPG. Factors favouring 

diesel consumption may also have contributed to this decline. 

• Diesel fuel use has also significantly increased. 

21 LPG sales started in 1985, thus statistics are for the period 1985-1995. 
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Figure Urban Christchurch Vehicle Energy Consumption 

" Urban Christchurch vehicle consumption shows similar trends to those for 

Canterbury as shown in Figure 2_4.22 

2.3.3 Air Emission Estimates 

2.3.3.1 Urban Christchurch Air Emission Estimates 

31 

Estimates of air emissions in Urban Christchurch were also made during the 1994 

survey (Bachels, 1994a); these were based upon fuel consumption data and estimated 

air emission factors. 23 Data are based upon total fuel consumption. Emission factors 

22 Note the area defmed as urban Christchurch in the energy survey is a slightly smaller area than that used 
in the transport data presented later in Chapter 9. 

23 Data for 1972 to 1983 are based upon Brady and Pullen (1985), with changes in estimated wood 
consumption for 1982 and 1983; in addition, corrections to vehicle diesel were made using units of gallons 
and not Htres as Brady and Pullen (1985) used. See Bachels' (l994a) relevant discussions in the sections 
on wood fuel and vehicular diesel consumption for details. 

Chapter 2 Urban Transport Energy Consumption 



are taken from Brady and Pullen (1985) which rely upon fairly dated material, 

particularly for transportation emissions.24 

32 

• Transportation emissions dominate the carbon monoxide (CO), nitrous oxides 

(NOx) and hydrocarbon (HC) estimated emissions (Figure 2-6 through Figure 

2-7). Note that with increasing transportation fuel consumption, there have been 

steady increases in these three pollutants over the past twenty years. 
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Figure 2-6: Estimated Carbon Monoxide (CO) Emissions by Sector 
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Figure 2-7: Estimated Nitrous Oxide (NOx) Emissions by Sector 

24 Perfonning an update of emission factors goes beyond the scope of this research and was not included in 
either the 1994 smvey (Bachels, 1994a) or the 1996 update (CRC, 1996a). Transport emission factors in 
New Zealand have certainly changed with alterations in the vehicle fleet and heavy reliance on second
hand imported vehicles; however, it is believed that use of emission factors from Brady and Pullen 
(1985) are reasonably indicative of total emissions by sector and emission category, and are thus 
relevant to report here. 
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Figure 2-8: Estimated Hydrocarbon (He) Emissions by Sector 
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• Estimated emissions of smoke and particulates are dominated by domestic energy 

consumption, predominantly from wood and coal. Smoke and particulate 

emissions in total, and specifically smoke from the domestic sector, are estimated 

to have decreased over the past ten or so years due to a decline in the use of 

coal.25,26 

e Estimated emissions of sulphur dioxide are dominated by the 

industrial/commercial sector. Estimated sulphur dioxide emissions decreased over 

the past twenty years, predominantly due to less fuel oil usage in the 

industrial/commercial sector. 

25 Note that increases in smoke emissions in 1992 correspond to the electricity crisis of 1992 and 
Electricorp's concurrent request to reduce electricity consumption; declines in domestic electricity 
consumption were replaced by increases in coal and wood consumption which increased estimated smoke 
emissions. 

26 These emission estimates are annual figures: domestic smoke emissions would be significantly more 
dominant as a percent of total winter time emissions corresponding to peak domestic fuel consumption 
for heating purposes. A number of studies point out that inversion periods in Christchurch typically 
occur in the winter season when domestic heating fuel consumption peaks, see Kennedy et a1. (1974), 
Brady and Pullen (1985), Newman and Scott (1986), CRC (1997). 
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2.3.3.2 Emissions by Sector 

Estimates of gross CO2 emissions for Canterbury were derived from the energy 

consumption data and used emission factors for the different fuels per Baines 

(1993).27 
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Figure 2-9: Canterbury CO2 Emissions by Sector 

Table 2-4: Changes in Canterbury CO2 Emissions by Sector 

Transport Industrial/Commercial Domestic 

1983-1994 Mean increase (% p.a.) 4.7% -1.3% -6.8% 

1982 % of total 66% 29% 5% 

1994 % of total 81% 17% 1% 

• Transport accounts for all ofthe growth in CO2 emissions in Canterbury. In 

addition, it fOTIns the largest part of total emissions (81 % by 1994). 

34 

Total 

2.9% 

100% 

100% 

• The decline in CO2 emissions in the industrial/commercial and domestic sectors in 

. the early 1980's may be the result offuel switching (to electricity). 

27 The emission factors used were (tonnes CO2/TJ): Petrol/AvGas 100 = 7l.7; Kerosene/Jet AI= 73.5; 
AvGas 100 = 70.8; Diesel (AGO) = 73.3; Diesel (MGO) = 73.5; LFO = 77.0; lIFO = 78.5; LPG = 5.5; 
Coal 95.2. The key assumptions made in the estimation of gross CO2 emissions were: 1) all the 
carbon in the fuel is oxidised to CO2; 2) electricity generated for use in Canterbury does not result in 
emission of CO2 (all hydro); 3) wood consumption as an energy source has zero overall emissions. 
Note data presented in the city's comparison, Chapter 10, uses CO2 emission factors used by Newman 
and Kenworthy (1989, 1998) which are c 5% lower than these factors. 
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2.3.4 Summary Energy 

Over the period 1983-1994 total Canterbury energy consumption grew by 

approximately 3.0% p.a.~ and by 4.6% pa between 1992-1994. Oil products, 

predominantly transport related, were the dominant fuel source both in absolute 

growth and in market share. Increasing reliance on non-renewable energy sources 

(specifically oil) has significant implications for sustainable resource use as well as 

significant environmental effects (such as pollution). 

35 

Transport energy consumption dominated total energy consumption in the region and 

in Urban Christchurch. By 1994 transport energy consumption accounted for 59% of 

total regional energy consumption, up from 49% in 1982. In addition~ transport 

energy consumption is the fastest growing sector, increasing by 5.6% pa between 

1992-1994, and increasing by4.6% between 1982-1994. Vehicle energy consumption 

dominated the transport sector accounting for 62% of total transport energy in 1994 

with a growth rate of 4.5% between 1992-1994. 

Industrial/commercial sector energy consumption in Canterbury increased by 1.5% 

p.a. 1982-1994, and declined from 30% to 25% of the total energy consumption 

market; domestic sector energy consumption in Canterbury increased by about 1.0% 

p.a. between 1982-1994, and declined from 21 % to 16% total of energy consumed (for 

more detailed results see Bachels (1994a and 1994b) and CRC (1996a». 

=> These results suggest that the largest threat to sustainable energy use in 

Canterbury and urban Christchurch is the transport sector, Transport is the 

largest energy sector (even excluding air and marine transport) and it is 

experiencing the fastest growth. 

For local estimated air pollution emissions by sector~ transport appears to dominate 

the carbon monoxide, NOx and hydrocarbon emissions; the industrial/commercial 
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sector appears to dominate sulphur dioxide emissions; and the domestic sector appears 

to dominate estimated particulate emissions.28 

Reducing the risk of global warming is a noted policy concern in New Zealand (MfE, 

1996); transport makes a significant contribution in terms of energy use in the region. 

In terms of global air pollution, CO2 emissions in Canterbury for 1995 were estimated 

at 2.7 million tonnes. This is approximately 20% higher than the 1990 level used as 

an international benchmark, and as adopted by New Zealand (MfE, 1996). As a result 

of energy consumption trends, CO2 emissions in Canterbury are dominated by the 

transport sector: the transport sector's contribution of Canterbury C02 emissions rose 

from 66% in 1982 to 82% by 1995. 

28 As mentioned previously these estimates are based on emission factors developed in the mid-1980s 
(Brady and Pullen, 1985); an update of emission factors was not included in this thesis. Transport 
emission factors in New Zealand have certainly changed with alterations in the vehicle fleet and heavy 
reliance on second-hand imported vehicles; however, it is believed that these figures are still indicative 
of total emissions by sector and emission category, and are thus relevant to report here. 
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3,,1 Why Urban Important 

More and more, cities are·dominating our social, environmental and economic 

activities. Globally, population growth in metropolitan areas is outstripping growth in 

rural areas (UN Habitat, 1996). 

In New Zealand, Lee and McDermott (1998) show that between 1981 and 1996, urban 

and peri-urban areas continue to receive most of the population growth. Between the 

1991 and 1996 census periods, population growth in cities outstripped rural and small 

town population growth by a factor of more than 2.5 to 1 ("main urban areas" grew by 

8.1 % while "secondary urban areas" grew by only 3.1 %).29 

As our cities grow, the pressure to maintain the quality of our urban lifestyle 

increases. One of the key foundations of our urban lifestyles is transport: the 

movement of people and goods within the urban fabric has profound effect on the 

quality of our environment and social interactions, as well as our economic activity. 

The effects of urban transport use are well documented. With increasing car 

dependence these effects, particularly the environmental consequences of our 

transport decisions, are increasing (Whitelegg 1993; Tolley and Turton, 1995). The 

global consequences of these choices are presented in Chapter 1. This chapter looks 

more at the local policy implications. 

Planning policies affect our transport demands and choices. There is a great deal of 

debate surrounding our reliance on private motor vehicles, and specifically what 

planning tools or paradigms are appropriate for the next century (Owens, 1992; 

29 Department of Statistics New Zealand, Usually Resident Population. 
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Banister, 1994; May and Roberts, 1995; DOE/DOT, 1994; Newman and Kenworthy, 

1998; McShane, 1998). 

As a signatory to Agenda 21 (UNCED, 1992), one of the key challenges facing New 

Zealand is how the global Agenda 21 framework is translated into actions at the local 

and community level: implementation by local authorities in their plans and practices 

is a critical link to reaching the goals established at the Rio conference. 

Agenda 21 includes numerous references to sustainable transport activities, and 

associated transport energy use. A few key sections are quoted below: 

Chapter 7 - Promoting Sustainable Human Settlement Development Programme 

area E - Promoting sustainable energy and transport systems in human 

settlements. 

Activities: 7.52. 

Promoting efficient and environmentally sound urban transport systems in all 

countries should be a comprehensive approach to urban-transport planning and 

management. To this end, all countries should: (a) integrate land-use and 

transportation planning to encourage development patterns that reduce transport 

demand; (b) adopt urban-transport programmes favouring high-occupancy public 

transport in countries, as appropriate; (c) encourage non-motorized modes of 

transport by providing safe cycleways andfootways in urban and suburban centres 

in countries, as appropriate; (d) devote particular attention to effective traffic 

management, efficient operation of public transport and maintenance of transport 

infrastructure; (e) promote the exchange of information among countries and 

representatives of local and metropolitan areas; (f) re-evaluate the present 

consumption and production patterns in order to reduce the use of energy and 

national resources. 

Planning policies which can affect our transport choices include land use planning 

(where people live, work, recreate, etc.), transport planning (infrastructure provision 
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roading, public transport, cycle and walk services) and traffic management policies 

(priority for cars or people, heavy goods, etc.). 
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This research will focus on urban transport issues, excluding inter-regional and inter

national transport such as marine, air and rail transport (urban passenger rail transport 

is included).30 

Using Christchurch as a typical New Zealand city, this chapter briefly examines the 

specific context of local statutory planning structures and relevant policies. A number 

of regional and local statutory documents are reviewed with respect to transport 

energy use. The intent of this chapter is to set a planning policy stage, to identify the 

policy influences (and intentions) which local bodies have toward affecting transport 

choices and energy use. Chapters 4-7 will investigate in detail the actual trends and 

effects of local planning policies on transport energy use. 

Relevant Policies and Plans 

This research was undertaken to better understand what policies local and regional 

councils in New Zealand might pursue to improve sustainable transport energy 

consumption. Thus, it is important to establish the policy context. 3 1 

There are a number of statutory policies and plans affecting transport energy use in 

New Zealand. 

At a national or central government level the Resource Management Act 1991 (RMA, 

1991) and the Transport Act (i.e. the Land Transport Act 1995 and Transit New 

30 Aviation, marine and to a lesser degree rail fuel consumption tend to be largely based on inter-regional or 
international changes in commerce, tourism, etc. Both aviation and marine fuel consumption are 
largely driven by international activities and economic trade, mostly out of the "boundary" of control of 
a local/regional council. Rail fuel consumption also heavily relies upon both inter-regional and 
international markets (as seen in the energy survey results where there were significant increases in rail 
fuel consumption with increases of coal export via the primary Christchurch port at Lyttelton for 
overseas energy markets), 

31 A preliminary policy review was conducted in Bachels (1 994b). 
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Zealand Act 1995 and their amendments) are the most relevant planning policy acts 

affecting local/regional transport and land use planning policy implementation.32
, 33 

At a regional/local council level the following statutory plans are relevant: 

Regional Policy Statement (RPS); 

District/City Plan; 

• Regional Land Transport Strategy (RL TS); and 

!II Passenger Transport Plan. 

The relationship between central government, regional council and local council 

transport and land use policies and plans is identified in Figure 3-1. 

40 

32 There are of course numerous other central government policies and acts affecting transport, (e.g., the 
Passenger Services Licensing Act, etc.). This is not intended as a complete review of central 
government acts or policies affecting transport. However the central government acts included here are 
intended to provide a general outline of relevant 10caVregionai statutory requirements directly affecting 
transport choice. 

33 A recent parliamentary select committee review of environmental effects of road transport in New 
Zealand identified some limits to the RMA in dealing with either cumulative effects from transport or 
ensuring that integrated transport is pursued to reduce the environmental effects of transport (NZ House 
of Representatives, 1998). 
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Figure 3-1: New Zealand Statutory Transport and Land Use Policies and Plans34 

Focus on Canterbury Regional Council and Christchurch City Council Policies 

41 

As discussed, the metropolitan area of Christchurch was chosen as a reasonably 

typical New Zealand city. The greater urban area of Christchurch includes the entirety 

of the Christchurch City Council, and portions of a number of neighbouring district 

councils including Waimakariri, Selwyn and Banks Peninsula district councils. The 

Christchurch City Council area dominates both the population and jobs of greater 

urban Christchurch, thus playing a far larger role than the other district authorities in 

affecting transport demand and related transport energy use.35 

The population of urban Christchurch is encompassed within the Canterbury Regional 

Council's jurisdictional boundary. Thus, with respect to relevant transport and land 

use policies and plans, this chapter will focus on policies pursued by the Christchurch 

City Council (due to its near total dominance of population (and jobs)) and the 

Canterbury Regional Council (as the relevant regional council). 

34 "Roading and Public Transport Infrastructure" and "Transport Strategies" are non-statutory plans; 
however they must not be inconsistent with the statutory policies and plans as indicated by a linking 
arrow. 

35 In 1996, about 89% of the urban area population of Christchurch resided in the Christchurch City 
Council territorial boundary; an additional 7% were in Waimakariri, 1 % in Banks Peninsula and 3% in 
Selwyn districts. 
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There are a number of Canterbury Regional Council (CRC) policies which may affect 

regional land transport energy consumption including the CRC Regional Policy 

Statement (CRC, 1998a), the CRC Regional Land Transport Strategy (CRC, 1996b), 

and the CRC Passenger Transport Plan (CRC, 1994). In addition, there is the 

Christchurch City Plan which will have considerable effect on transport policy and 

associated energy consumption in Urban Christchurch. A brief overview of relevant 

policies is presented below. 

3.2.1 Canterbury Regional Council - Regional Policy Statement 

In 1991 New Zealand passed the Resource Management Act (RMA, 1991) in an 

attempt to implement more sustainable management policies.36 

Regional and local authorities are required to develop their respective plans, 

objectives and policies to be "not inconsistent" with the purpose of the RMA. 

The Regional Policy Statement (RPS) is a 1 O-year planning document required under 

the Resource Management Act 1991 (RMA). The intent of the RPS is to signify future 

policy directions and objectives in each regional territory. Selected policies and 

objectives from relevant chapters ofthe Canterbury Regiona! Gouncil's RPS (CRC, 

1998a) are presented below. 

Energy (Chapter 14) 

Objective 1: Reduce Canterbwy's dependence on non-sustainable energy sources. 

36 Section 5 of the RMA states that: I. The purpose of this Act is to promote the sustainable management 
of natural and physical resources. II. In this Act, sustainable management means managing the use, 
development, and protection of natural and physical resources in a way, or at a rate, which enables 
people and communities to provide for their social, economic and cultural well being and for their 
health and safoty while -1) Sustaining the potential of natural and physical resources (excluding 
minerals) to meet the reasonably foreseeable needs of future generations; and 2) Safeguarding the life
supporting capacity of air, water, soil and ecosystems; and 3) Avoiding, remedying, or mitigating any 
adverse effects of activities on the environment. (RMA, 1991, Part II) 
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Policy 1: Promote the use of energy from renewable sources ... including 

promotion of the substitution of fossil fuels. 

Policy 2: Promote energy conservation and efficient energy use. 

Transport (Chapter 15) 

Objective 1: Enable a safe, efficient and cost-effective transport system to meet 

present and future regional, interregional and national needs for transport. 

Policy 1: Protect Canterbury's existing transport infrastructure and land 

transport corridors necessary for future strategic transport requirements 

by avoiding, remedying or mitigating the adverse effects of the use, 

development or protection of land and associated natural and physical 

resources on the transport infrastructure. 

Objective 2: Avoid, remedy or mitigate the adverse effects on the environment of 

transport use and provision. 

Policy 2: Promote the use o.ftransport modes which have low adverse 

environmental effects. 

Policy 3: Promote changes in movement patterns, travel habits and the 

location of activities which achieve a safe, efficient and cost-effective use 

of the transport infrastructure and reduce the demand for transport. 

Policy 4: Ensure that in the provision, realignment or maintenance of 

transport infrastructure, adverse effects on natural resources that meet 

the criteria of sub-chapter 20.4 are avoided, remedied or mitigated (sub

chapter 20.4 addresses issues of regional significance). 

Settlement and the Built Environment (Chapter 12) 

Objectives 1: Enable urban development and the physical expansion of settlements 

and the use and provision of network utilities to occur while avoiding, remedying or 

mitigating adverse effects on the environment, including in particular effects on: (k) 

energy use. 

Policy 1: Promote settlement and transport patterns and built 

environments that will: 
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a) result in increasingly effective and efficient use of resources, 

particularly energy; 

b) reduce the rate of use of non-renewable energy sources,' 

c) minimise the adverse effects of emissions into the atmosphere 

resulting fi'om the use of motor vehicles and building heating. 

Policy . Encourage settlement patterns that will make efficient use of the 

regional transport network. 

Air (Chapter 13) 

Objectives 1: Reduce emissions of greenhouse gases and stratospheric ozone 

depleting substances. 

In general the eRe's RPS (eRe, 1998a) identifies a distinct need to develop policies 

which: 

e reduce unsustainable fuel use; 

" increase reliance on modes with lower environmental effects; 

• ensure efficient use of transport infrastructure; 

• reduce transport demand and transport energy consumption. 

3.2.2 Canterbury Regional Council - Regional Land Transport 

Strategy 

The Regional Land Transport Strategy (RL TS) is a 5-year strategic document required 

under the Land Transport Amendment Act 1995 (Land Transport Amendment Act 

1995). In planning tenus, the RL TS is not to be inconsistent with the RMA or the 

regional policy statement. In general the RL TS is to set strategic direction for 

transport policy developments in the region. There are specific funding programmes 

developed which are not to be inconsistent with the RLTS: state highway, district 

roading and regional (public transport) programmes. Thus there are a mix of 

infrastructure funding programmes and planning policy guidelines which the RL TS 

can affect. 

Chapter 3 Policy Framework 



There were a broad range of issues, policies and objectives identified in the most 

recent Canterbury RL TS (CRC, 1996b). As presented in the current CRC' s RL TS, 

under a "business-as-usual" approach it appears the transport system will present 

some very unsustainable outcomes including increased road congestion, further air 

quality reduction, increased energy use, increased infrastructure funding demands, etc. 

As a result the following "short-term" objectives were identified (CRC, 1996b): 

11\ Protect and enhance (transport) infrastructure (e.g., roads, railways, etc.); 

II Maintain and where possible improve system operational efficiency and 

effectiveness; 

• Provide for sustainable economic development; 

.. Reduce adverse environmental conditions; 

., Move to sustainable energy sources; 

II Improve people's quality of life; and 

It Provide equitable access. 

The RL TS indicates a need to balance between meeting immediate short-term 

demands for new infrastructure (predominantly car based demand) and providing 

adequate signals to improve more sustainable mode use in the future. 

To date many of the RL TS' s throughout New Zealand have remained rather general, 

indicating broad policy arenas but without specific rules.37 There is some expectation 

that through time the RL TS will become more specific and possibly more rules 

oriented (per discussion with regional council staff in Canterbury and Auckland).38 

37 Each RL TS is developed independently in each region of New Zealand. A review of different RL TS' 
indicates quite a broad range of transport project specificity. For example, the Canterbury RLTS was 
rather broad and non-project specific, whereas, the Wellington RL TS identified specific transport 
projects which would receive higher approval or "consistency" with long-term stated goals in its RLTS 
(Brennand, 1997). 

38 As an example, the Auckland Regional Council as part of its Regional Land Transport Strategy produced 
"Passenger Transport Guidelines" (Kingston and Morrison, 1995), which recommended land use 
guidelines which support passenger transport; however, even these guidelines are recommendations 
only and not regulations. 
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Specific recommendations in the CRC' s current RL TS include: 

iii appropriate infrastructure investment - meeting short-term requirements 

but not undermining long term sustainable outcomes; 

.. land use planning - supporting alternative modes, reducing car use 

(including addressing urban form, parking policies, improving access); 

mode shifting to more sustainable modes; 

emissions reductions; 

Ell integrated planning and transport management systems; 

,. safety improvements; and 

III securing adequate funding. 

3.2.3 Canterbury Regional Council - Passenger Transport Plan 

46 

The Canterbury Regional Council's Passenger Transport Plan 1994 (CRC, 1994) sets 

5-year objectives for passenger transport and is required legislation under the 

Transport Services Licensing Act 1989 (section 47) and the Land Transport 

Amendment Act 1995 (section 29f). It is generally viewed as a document which sits 

along-side and is not to be inconsistent with the Regional Land Transport Strategy (as 

depicted in Figure 3-1). 

The goals stated in the Canterbury Passenger Transport Plan 1994 (CRC, 1994) which 

relate to energy and transport include the following (p 20): 

.. contribute to environmental objectives, Jor instance reduced greenhouse 

gas emissions, reduced congestion; and 

.. contribute to reduced transport energy demand. 

These goals contributed to the overall vision statement for passenger transport in 

Canterbury (CRC, 1994, p 5): 
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"A sustainable, affordable, customer oriented passenger transport system 

which meets accessibility needs for all sections of the community and 

contributes to environmental objectives, reduced transport energy demand and 

an efficient regional economy." (emphasis added) 

New Zealand Passenger Transport Plans required by each regional council specifically 

outline public transport service provisions levels, including such elements as trip 

frequency and location, fares, service quality requirements, and targets for cost 

recovery and often mode split. 39 

Christchurch City Council - Proposed City Plan 

District and city plans are intended to enable various types of land uses to occur, while 

"avoiding, remedying or mitigating" for the effects of those uses (per the RMA, 

1991). Importantly, a district/city plan cannot be inconsistent with a regional policy 

statement (RPS) or a regional land transport strategy (RL TS), as shown in Figure 3-1. 

In addition, and fundamental to this thesis as described later, city plans provide the 

critical integration between transport planning and land use (e.g., identifying potential 

roading improvements, parking policies, identified areas for population and job 

growth, mixed use development options, roading hierarchies, etc.). 

Christchurch Proposed City Plan 

The Christchurch Proposed City Plan is a voluminous and lengthy plan (four volumes 

and well over 1000 pages). Although not covered in detail here a number of relevant 

sections are identified from the Christchurch Proposed City Plan which directly relate 

to transport planning and land use, and associated transport energy use. 

39 As will be discussed in subsequent sections of this thesis, public transport service levels directly relate to 
public transport use. 
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The Christchurch Proposed City Plan expresses some specific "visions" which 

directly relate to transport, including (CCC, 1995a, Volume 111)40: 

48 

An accessible City that provides good and efficient transport links between 

all parts of the city accessible to residents, visitors and businesses alike; 

It A healthy City that has clean air and water, low noise levels, minimises 

wastes and the effects of natural hazards; 

III A safe City that protects the community, personal health and security and 

avoids crime and injury; 

• A sustainable City that recognises the limits of the natural environment and 

takes account of the needs of future generations; 

III An efficient City that recognises the benefits of resource recycling and 

energy conservation. 

Examples of particular goals and objectives in the City Plan which relate to transport 

and land use include (CCC, 1995a, Volume 2): 

Natural Environment Goal: Maintenance and enhancement of the quality of 

natural resources and their ability to meet the needs of present and future 

generations. 

• Objective: Air (2.3) -Improvement of the standards of air quality over the 

City, influenced by the location and nature of land use activities. 

Energy Goal: The sustainable use of energy. 

• Objective: Energy Conservation (3.1) - The efficient use of energy, in both 

supply and consumption, whilst promoting the development of alternative 

renewable energy sources. 

Urban Growth Goal: Urban development patterns that promote sustainable 

resource management. 

40 The Christchurch Proposed City Plan includes a number of "visions" for the future of the city, many of 
which pertain to transport, but none of which explicitly are about transport per se. This is an important 
distinction made in the City Plan, where "transport is a means to an end" not an end in itself (similar to 
arguments raised by Banister (1994) and May (1996)), 
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• Objective: Urban Consolidation (6.1) - To accommodate urban growth 

through consolidation of the existing urban area. 

Transport Goal: An efficient, safe and sustainable transport system in the City 

which provides for ease of accessibility for people and goods . 

• Objective: A Sustainable Transport System (7.1) - Minimisation of the 

adverse effects of the use and development of the transport system on the 

environment. 

49 

In general, Christchurch Proposed City Plan objectives and policies support 

sustainable management including explicit reference to reducing energy use and 

improving transport efficiency. In addition, many of the objectives and policies in the 

Proposed City Plan identify the need to maintain or improve transport accessibility 

while maintaining social amenity and environmental sustainability. Finally, as shall 

be discussed in detail later, one of the key tenets of the Christchurch Proposed City 

Plan was to address urban growth with a focused policy on "urban consolidation"

that is attempting to avoid significant peripheral expansion or large non-contiguous 

new land use development.41 

3.3 Planning Policy Options 

There is dispute among transport analysts whether planning policies, economic 

signals, or technological improvements will provide a more sustainable transport 

solution (e.g., for example see Owens, 1992; Banister, 1994; Sperling, 1995; 

OECDIIEA 1997; Newman and Kenworthy, 1989 and 1998). Local and international 

knowledge, including the officer reports in the city plan hearing (CCC, 1997a), 

suggest there are a number of factors affecting transport mode choice and associated 

environmental effects. Some of these issues come directly under local council 

"control" and some are more directly affected by central government or industry (or 

commerce). 

41 As will be discussed in detail later, land use has a direct relationship to transport use and associated 
transport energy use. 
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In the local body policies cited above, there are general indications of support for 

reductions in reliance on unsustainable transport fuels (and modes). However, there 

tends to be very little focus on either technological or economic measures, recognising 

that, for the most part, technology and economic measures are beyond the influence of 

local authorities (e.g. fuel taxation is set by central government as are vehicle 

technology standards). 

There are a number of policies available to local government (district and regional 

councils), central government and commerce (industry) affecting transport and land 

use, and associated transport energy use. These are broadly categorised and identified 

in Table 3-1. 

Table 3-1: Policies Affecting Transport Energy Use 
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Land Use Planning Policies V' 

Transport Planning: traffic management, parking charges and 

availability, etc. 

Infrastructure Funding and Provision (roads, cycle-ways, public 

transport infrastructure, etc.) 

Public Transport Provisions: routes, fares, frequency, etc. 

Automobile Costs (including licensing, fuel costs, etc.) V' V' 

Technology (vehicle/engine efficiency, etc.) V' V' 

Employment (location and type) 

Population and Housing Demands V' 
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depicted in Table 3-1, there are a multitude of organisations potentially involved in 

affecting transport energy use. It is also clear, there is no simple or single solution to 

our growing transport problem there is no "magic bullet". 

What is required is an integrated approach which utilises a number of techniques 

including more appropriate pricing, improvements in vehicle technologies, as well as 

more appropriate transport and land use planning policies (May and Roberts, 1996; 

Bernick and Cervero, 1997; OECDIIEA, 1997). 

This research focuses on regional/local planning policy development, acknowledging 

that economics and technological improvement also affect transport energy demand 

but remain largely beyond local and regional policy influence. 

Summary - Policy Framework 

There are a number of policies in both regional and local body planning documents 

which support more sustainable transport and reductions in environmental effects of 

transport in generaL Understandably, these policies focus on measures which local 

authorities can directly control (land use, transport planning, public transport provisions, 

etc.). There is very little direct indication of policy actions on economic signals or 

technological research, largely because these are beyond local influence.42 

42 There are of course numerous indications in the documents that where and when appropriate, submissions 
shall be made on relevant central government policies on economics and technological improvements 
affecting transport energy use. 
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Overall, summary regional and local policies relevant to transport energy use 

include the following: 

(I) increase use of more sustainable transport modes 

• reduce the demand for transport 

Ell improve land use planning and development patterns 

increase efficiency of use of transport infrastructure 

ill increase efficiency of use of energy resources 

III reduce transport air emissions (global and local) 

What some of these broad policies (and in fact the associated rules supporting some 

of the plans) fail to elaborate on is the interacting influences and feedback 

complexity in policy implementation. 

In the next section, this research will investigate particular planning trends and 

factors affecting transport energy consumption, and explicitly explore some of 

the unstated or "hidden" planning policy influences. 
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SECTION II: PLANNING FA 

TRANSPOR 

This section explores key land use and transport planning factors affecting transport 

energy use. The interaction between land use and transport has been a topic of long

standing research and debate (see Jacobs, 1961; May, 1990a; Pushkarev and Zupan, 

1977; Bernick and Cervero, 1997; Newman and Kenworthy, 1989 and 1998; Bachels, 

1996 and 1998). Some research suggests there are strong interactions between land 

use elements like urban form, density, design, location, etc. and transport choices 

(Kissling and Douglass, 1993; Calthorpe, 1994; Katz, 1994; Bernick and Cervero, 

1997; Newman and Kenworthy, 1989; Kenworthy et aI., 1997). Other research 

suggests that transport infrastructure has and will continue to shape land use (Cervero, 

1989; Bernick and Cervero, 1997). A number of studies point to "sprawling" 

residential suburbs as creating significant transport and economic problems (Bank of 

America et aI., 1995; UN Habitat, 1996), and how large roading projects may actually 

induce additional traffic demand (SACTRA, 1994; Goodwin, 1997). Still others 

argue that the connection between land use and transport is diminishing, suggesting 

that more and more people are choosing locations based upon such issues as security 

and schooling, with less emphasis on transport (see Altshuler, et aI, 1979 and 1984; 

Wachs and Crawford, 1991). 

Recent regulations in a number of countries point to the need to directly integrate 

transport and land use planning and development (ISTEA, 1991; TEA-21, ] 998; 

CAAA, 1990; DOEIDOT, 1994). As a result of increasing transport pressures on 

limited world and urban resources, the transport-land use debate will undoubtedly 

continue to be of considerable interest. 

In urban areas a key issue is diminishing air quality, and whether land use and 

transport policies and planning can contribute to reducing air emissions (ECOTEC, 

1993; Bernick and Cervero, 1997). As well as factors like topography and driving 

conditions, urban air quality problems directly from both the amount and type of 
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fuel consumed by urban transport. The need to reduce transport energy use is an often 

stated goal in many air quality improvement plans and strategies (e.g., see CRC, 1997; 

CRC, 1998a). 

In addition, although not discussed extensively in this research, a number of authors 

discuss and describe the interactions between land use and transport on urban social 

issues (personal security, the available mix of jobs, schools, and recreation 

opportunities, social equity, etc.) as well as the private and public economics 

associated with different transport infrastructure, transport planning and associated 

land uses (Bernick and Cervero, 1997). 

Problems associated with increasing car dependence are indeed vast (see Newman and 

Kenworthy, 1998; OECDIIEA, 1997), including: threats to long-term fossil fuel 

reserves (and particularly national supply where many countries currently import far 

more oil than they produce domestically); local and global air pollution problems 

resulting from transport energy consumption; significant increases in urban 

congestion43
; increasing social isolation in some suburban communities lacking a 

"sense of place"; there are also growing concerns about the social affordability of 

meeting what at times appears to be an insatiable appetite for faster further travel 

(Hillman, 1996). All of these issues contribute to a growing tide of concern that 

alternatives to car dependence need to be provided. As Bernick and Cervero (1997) in 

America suggest there is a "growing recognition of the limits of auto mobility in 

America" (p 13). 

In an attempt to address these issues, land use and transport interactions are currently 

vigorously debated posing questions like: 

• Can land use development affect transport choices (that is do such factors as 

location, density, and design affect transport mode choice)? or 

43 A number of cities indicate traffic congestion as the number one public opinion poll concern (see 
Bernick and Cervero, p 43). 
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iii Do transport investment decisions affect transport choices (e.g .. , do new 

roads or public transport investments affect our transport choices)? 

@ Do transport planning and traffic management policies affect our transport 

decisions? 

Newman and Kenworthy (1998) suggest there are four important factors affecting 

transport fuel use: technology, economics, infrastructure and urban form (these are 

depicted in Figure IT-I). This research as indicated focuses on local planning policy 

issues, thus appropriately issues regarding infrastructure provision and urban form 

will be addressed, whereas technology and economic issues will be touched on but not 

reviewed in detail; in addition as included in Figure IT-I, transport planning policies 

such as traffic management also affect transport fuel consumption. 

URBAN FORM 
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Centra lisation 

INFRASTRUCTUR~ 
Provision for different 
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public transport URBAN 

TRANSPORT FUEL 
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PLANNING POLICIES 
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and Mode Priorities 

~ 
TECHNOLOGY 

Vehicle 
Efficiency and 
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ECONOMICS 
Prices and 
Incomes 

Figure IT-I : Factors Affecting Urban Transport Fuel Consumption 44 

44 After Newman and Kenworthy (1998) with the addition of "transport planning policies". 
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In an effort to better understand the interaction between land use and transport polices 

and plans, and their effect on transport energy use, with a focus on Christchurch, this 

chapter will address: 

(jJ) Modal share, travel trends by mode, and associated modal energy use; 

• How land use policies and planning affect our transport choice (and associated 

transport energy use); 

How transport policies and planning affect transport choice (and associated 

transport energy use). 

Consistent with the case study approach, relevant data and planning processes for 

Christchurch are provided where available 45; however, a number of identified 

transport-land use interactions rely upon research conducted elsewhere. 

The general flow of the section includes: 

., Energy use by different transport modes, including recent trends in mode 

share and general travel trends (Chapter 4). 

(jJ) Land use planning elements including urban form, population density, and 

associated trip making patterns (Chapter 5). 

II Transport planning factors including transport project improvements, public 

transport provisions, safety, accessibility and traffic management planning 

(Chapter 6). 

II The Proposed Christchurch City Plan with respect to urban growth issues 

and briefly with regard to transport planning policies (Chapter 7). 

(jJ) A brief section on "other signals", such as social, economic and 

technological trends and factors (Chapter 8). 

45 Some of the ideas examined in this section were originally explored in Bachels (1996 and 1998). 
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Due to the length of this section, a flow diagram is provided for clarity. 

Chapter 4 

Modal Energy Use, Mode Split and Travel 

'T'_~_ ,;1~ 

I 
Chapter 5 

Land Use Planning Policies 

I 
Chapter 6 

Transport Planning 

I 
Chapter 7 

Proposed Christchurch City Plan 

I 
Chapter 8 

Other Signals 
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This section reviews general energy use of different modes of transport, as well as 

modal split changes and travel trends by mode in Christchurch over time. 

Energy Use by Mode 

58 

In transport terms, modal choice refers to the transport mode used for journey making. 

For instance, as we will see later, the most common mode to work in Christchurch is 

by car. Different modes consume different amounts of energy. Figure 4-1 shows the 

relative energy use per passenger km for different modes, where walking and cycling 

are the most fuel efficient, followed by bus, rail and then car. Occupancy levels also 

affect this relationship: where higher occupancy levels improve transport mode 

efficiency. 

46 ECOTEC, 1993. 
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Figure 4-1: Energy Use per Passenger Transport Mode 46 
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The important point in energy use terms is mode shifting. If more trips can be made 

by more efficient modes, energy use and air pollution effects can be reduced. Of 

course, the reverse is also true: if mode preference increases toward less efficient 

modes, e.g. increasing car use (particularly with low occupancy), energy use and 

resultant environmental effects of transport will increase. 

JL'<,"'._ Split in Christchurch 
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Figure 

1996: 

shows historic work journeys in Christchurch by mode between 1971 and 

I> the proportion of work trips made by car has been steadily increasing (from 

about 60% in 1971 to about 80% by 1996); 

.. work trips made by bus have declined (from about 15% tounder 5% for 

1996); 

.. work trips by cycle have remained relatively constant at about 10% with 

some decline in the past few census periods (CCC, 1996d); 

.. work trips by walking have declined from about 10% in the 1970s to about 

5% in the 1996 census. 
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Modal Split for Work Journeys in Christchurch Urban Area 
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Figure 4-2: Modal Split for Work Journeys in Christchurch 

The increase in car work trips and the decrease in work trips by public transport are 

common trends in all major cities in New Zealand. In fact nationally between 1981 

and 1991 car work trips increased from 55% to 70% and public transport trips halved 

from 11 % to 5% (MOT, 1995b). 

Unfortunately long tenn trends for other trip types (e.g., shopping, social, recreation, 

etc.) for Christchurch are not readily available. 

Mode split for all trip types, not just work trips, are available from surveys conducted 

in 1991 for the Christchurch Transport Study (CCC, 1996a; CCC, 1997c)o A 

comparison of Christchurch mode split data for work trips and for all trip types is 

shown below. 
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Table 4-1: Mode Split for Work and All Trips 

Mode % Work Trip/7 % All Trip/8 

Car Driver 65% 70% 

Car Passenger 6% 6% 

Bus 4% 5% 

Cycle 8% 10% 

Walk 6% 5% 

Other 11% 4% 

Table suggests that mode split in 1991 was about the same for work trips as it was 

for "all trip" types. However, the number of trips being made for purposes other than 

work is rapidly increasing, as discussed below. 

4 .. 3 Travel Trends by Mode 

4.3.1 Car Trips Christchurch 

Since the 1960s there has been an approximate five-fold increase in trip making 

within the Canterbury region (CRC, 1996b); between 1989 and 1995 many regional 

state highways showed traffic increases between 25-60%; between 1989 and 1994 

traffic on major and minor arterial roads in Christchurch increased by about 16%. 

More recent evidence suggests there has been a 4% traffic growth rate on "radial" 

routes and a 6-12% increase in "link" routes (paul Roberts, Christchurch City 

Council, personal communication). 

Empirical data indicate that home-based work trips accounted for 12-13% of total 

trips, and between 1981 and 1991 grew at between 2.9% and 3.5% p.a. (CCC, 1996a). 

The result of recent analysis suggests that traffic growth in Christchurch is expected 

47 1991 Census (CRC, 1996b). 

4& Data are from surveys done in 1991 (CCC, 1996a and CCC, 1997c). 
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to continue to grow at approximately 3% per year (CCC, 1996a; CCC, 1997a), which 

if maintained would suggest a doubling of traffic in approximately years. 

Bus Patronage - Historic Christchurch Public Transport 

Patronage 

Figure 4-3 shows there has been a long-term decline in public passenger patronage in 

Christchurch since the 1950s (CRC, 1993). This decline in patronage is true 

throughout New Zealand49 (with similar trends in many western countries). The most 

common explanations include: increasing mobility usually met by increasing car use; 

increasing car ownership; relatively stable if not decreasing real fuel costs; and land 

use and planning decisions which support car use (see CRC, 1996b; Banister, 1994). 
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Figure 4-3: Christchurch Historic Bus Patronage 

Figure 4-4 shows the decline in passenger transport patronage in Christchurch in the 

past few years has levelled off and in fact slightly increased (CRC, 1998b). The 

49 Auckland public transport carried 62 million patrons in 1984 and by 1996 patronage had declined to 39 
million (see "Metro" magazine March, 1997, p 61 verified with Auckland Regional Council staff, 
Ken McLeod, personal communication). 
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decline continued rapidly through 1991 following deregulation of the industry. 

Recent increases are generally attributed to what is now a relatively stable tendering 

system, stable fares, increased economic activity in Christchurch, and possibly the 

provision of better quality services by the industry (CRC, I 996b). However, it is 

important to note that even with the recent increases, patronage is still below the 

levels of the late 1980s and far short of previous decades. 
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Figure 4-4: Christchurch Bus Patronage 1987-1996 

4.3.3 Cycling and Walking Trends in Christchurch 
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Trends in cycling and walking trips in Christchurch have not been well documented 

over the past decades (Alix Newman and Mike Thompson, Christchurch City Council, 

personal communication). In general, there appears to be a general decline in cycling 

and walking activities. For example, photographs from Christchurch in the 1950s 

show heavy cycle use, in what appear to be roads "congested" with cycles - a sight 

seldom seen today. 

Whitelegg (1993) suggests there have been similar decreasing trends with cycling and 

walking, as well as public transport, in the UK: "over the last fifty years there has 

been a steady decline in the ease with which the majority of people of all ages and 
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social classes can make contact with basic facilities and walk, cycle or usepublic 

transport. " (p 77) 
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As seen from Figure 4-2, walking trips have declined by over 50%, as a percentage of 

trips to work from the figures in the 1970s. As discussed later, there would be a 

number of reasons for the decline in walking including increasing car ownership and 

use, changes in land use patterns with trip length increases difficult to make by 

walking (Whitelegg, 1993), as well as increasing traffic volumes leading to decreasing 

safety for pedestrians (Hillman and Whalley, 1983; Goodwin, 1997) and increasing 

traffic reducing the "pleasurable" aspects of walking (Tolley and Turton, 1995; 

Hillman and Whalley, 1979 and 1983). 
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4.4 Summary 

Trends 

Efficiency, and Travel 

Some key points emerge from the review of transport energy efficiency, mode split 

and travel trends. These are summarised below. 

65 

,. Mode split matters Although a basic point, it is imperative to understand 

that transport energy efficiency is far higher for public transport, cycling and 

walking and far worse for trips made by car. Thus, mode split is important 

in transport energy use. 

III Car dominates current mode split - Mode split in Christchurch is heavily 

dominated by car use, and indications are that car use will continue to take a 

larger portion of modal share. 

GIl Increase in travel- There is a general increase in the propensity to travel (3-

4% growth in traffic in Christchurch), and as will be discussed in section 

5.4, an apparent increase in trip lengths and travel distances. In transport 

energy terms, even if modal split remains the same, if average trip lengths 

increase or if overall travel distances increase, transport energy consumption 

mcreases. 

Thus there are two important land use and transport planning elements to address with 

respect to decreasing transport energy consumption and associated policies identified 

in Chapter 3: 

=> Increasing the share of trips by more efficient ............... ,"'. 

=> vehicle trip length, demand and 

distances. 
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This section investigates the relationship between land use and transport, specifically 

reviewing how transport mode use may change with different land use planning and 

policies. 

There are a number of specific trends and factors this section will investigate with 

respect to land use planning and its affects on transport energy use including: 

III The evolution of cities; 

«I city area, population density and fuel use; 

III density, travel distance and mode choice; 

• trip length, travel distance and mode choice; 

III accessibility; 

• urban form 

The Evolution of Cities 

It is quite clear that cities have undergone what could be termed a transport-based 

evolution; that is, as faster forms of transport have been developed, our cities evolved 

into quite different city types. This relationship is largely the result of a consistent 

travel time to work of about 30 minutes, even over the past few centuries (Mannering, 

1978; Pederson, 1980; SACTRA, 1994). Essentially, as technology and transport 

infrastructure have improved transport speeds, the 30 minute "travel time budget" has 

carried us further and further: from walking, to using trams and buses, to automobiles 

our trips are generally longer and our overall travel distances per year have 

significantly increased (Whitelegg, 1993). 

Newman and Kenworthy (1996) suggest this travel time budget combined with the 

ability to travel faster has produced the evolution of our cities: from a walking city, to 
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a public transport city, to an auto-city as depicted in Figure 1, Figure 

5-3 respectively. 

• High Density 

• Mixed Use 

• ShOit distance origin and destination 
patterns, highly dispersed 

throughout the city 

Figure 5-1: Walking City'° 
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and Figure 

Essentially the walking city as shown in Figure 5-1 was a city based upon travel by 

foot and characterised by: narrow roads and lanes often laid out in a penneable 

pedestrian-friendly grid system; "mixed use" land use of homes and shop fronts which 

generally faced the street, and the pedestrian activity; and a close proximity and 

reasonably high density of people, jobs and activities enabling most trips to be made 

on foot. 

50 Source: Zeibots, 1994 (adapted from Newman, 1993). 
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• High Density Core 
Mixed Land Use 
• Short distance origin and 
destination patterns within 
core distric ts 

• Medium density pedcstlian pockets around rail stations 
radial and destination 

Figure 5-2: Public Transit CitY l 
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The "public transit city" depicted in Figure 5-2 developed around what was the core 

"walking city". With the advent of trams and rail in the late 1800s and early 1900s, 

public transport lines allowed people to live in clusters of "pedestrian pockets" like 

"beads on a string" further from the city's centre, while still maintaining the 30-

minute travel to work "rule" (Bernick and Cervero, 1997).52 With higher speeds of 

public transport, the city's area began to grow, inner city areas might spread 10-15 km 

in radius, with 20-30 km lengths along the suburban railway lines. Newman and 

Kenworthy (1996) characterise the public transport city as one of medium density, still 

with a grid road network, wider streets than the walking city, and generally very 

centralised facilities around main public transport nodes. 

51 Source: Zeibots, 1994 (adapted from Newman, 1993). 
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.. High Density Commercial Use Core 

.. Commercial, Retail and Industrial Land Use separated and dispersed throughout 
metropolitan area 
• Long distance origin and destination patterns highly dispersed throughout the 
metropolitan area 

Figure 5-3: The Automobile Cio/3 
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The "auto city" then followed the "public transit" city, accommodating and planning 

for massive adoption of car ownership and use. With the automobile's increased 

speed, major roads were constructed becoming freeways well into what were the 

hinterlands of the city. The size of cities extended to generally a 30 km radius. 

Suburbs sprung up, partially in response to these new fast expressways, and 

commensurately the city's land area grew dramatically - often filling what were the 

gaps between the tram and rail lines with "cul-de-sacs" or "curvilinear" suburban 

development. The roading system was developed to accommodate swift vehicle 

movements, and included a hierarchy of access from freeways, to arterial roads to 

collectors and lastly local cul-de-sacs. Generally these areas are characterised by low 

53 Source: Zeibots, 1994 (adapted from Newman, 1993). 
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population densities, separated land uses and overall the city took on a far more 

dispersed and de centralised nature. 

Christchurch Evolution 
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The "evolution" of Christchurch fits this progression as identified in Figure 5-4, where 

the central area of the city shows a clear grid road network and later suburban areas 

exhibit more cul-de-sacs and curvilinear road network patterns. 

Christchu.rch Road Nehvork 
~ 

Figure 5-4: Evolution of Christchurch Road Development 

+ 

Although only partially depicted in Figure 5-4, the roading system in Christchurch 

shows very distinct "evolutionary" development patterns: higher density narrow 

streets and lanes at its core, strong tram lines developed with mixed use shopping 

nodes along the main arterial tram routes/roads (Papanui, Riccarton, Ferry Roads - not 

shown) during the early part of the 20th century, and then followed by a "filling" in of 

the gaps between these areas with cul-de-sac developments and a general sprawling 

nature with the advent and wide adoption of the motor car. 
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Evolution: Complexity of Land Use 

What this evolution of cities suggests is a strong relationship between transport and 

land use, both in teIDls of infrastructure provision and planning. 

71 

The integration of land use and transport is quite strong, as witnessed in the United 

States where the development of tram lines and mixed use development in the early 

20th century was led by a consortium of transport and land use developers, reaping the 

financial rewards of integrated land use and transport (Bernick and Cervero, 1997). 

Some General Transport-Land Use Relationships 

Newman and Hogan (1987) suggest there are general relationships associated with 

each of the city archetypes identified in Figure 5-1, Figure 5-2, and Figure 5-3with 

respect to car ownership, urban density, petrol consumption and public transport use. 

These are shown in Table 5-1. 

Table 1: Possible City Types - Land Use and Transport Relationships54 

City Type Urban Car Ownership Petrol Public Transport Utilisation 
(Cars/lOOO (passenger trips/yr/capita) 

eo Ie 
Auto City High Low 

(c. 400) (c. 90) 

Public 30-130 Medium Medium 
Transport (c. 90) (c. 170) (c. 220) 
Walking 130-400 Low Low 

c. 120) c.60) 

As well as suggesting potential city archetypes, Table 5-1 also suggests there may be a 

complex relationship between land use and transport (where changes in density may 

relate to changes in car ownership, public transport utilisation and petrol consumption; 

some of these relationships are specifically explored for New Zealand's cities in 

Chapter 9), 

54 Newman and Hogan, 1987. 
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Christchurch as an "Auto-City" 

Newman and Hogan (1987) suggest that an "auto city" correlates with low density, 

high car ownership, high petrol consumption and low public transport use. lfthe 

above figures were used as general guidelines, Christchurch would appear to fit 

Newman and Hogan's (1987) "Auto City" category (where specific Christchurch 

figures are derived in Chapter 9): 

• Christchurch urban residential population density is approximately 16 

persons/ha (1991); 

• car ownership is about 527/1000 people (1991); 

• annual petrol consumption is about c. 550 kg per capita (1991); and 

III annual public transport passenger trips per capita are about 28 (1991). 

5.2 Urban Form (Area and Density) 

Consumption 

Transport Fuel 
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Pushkarev and Zupan (1977) developed a set of land-use thresholds necessary for 

developing good public transport services. Largely based upon analysis of the New 

York metropolitan area, Pushkarev and Zupan found that key determinants for 

determining public transport use (and investment) included the size of the central city 

job market (commercial floor-space area), distance from the central city, and 

residential densities. These results suggested a strong relationship between public 

transport services and density, where higher densities supported public transport and 

thus would imply reduced transport energy use. 

International City Comparison 

In a seminal international city comparison study of 32 international large cities, 

Newman and Kenworthy (1989) suggested there is a direct relationship between 

population density and transport fuel use. The results are presented below in Figure 
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Figure 5-5: Petrol Use per Capita Versus Density (1980)55 
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From their graph Newman and Kenworthy (1989) inferred a possible strong negative 

exponential relationship for cities with population density below 30 persons per 

hectare. They suggested that "if cities of around 10 personlha were able to 

consolidate and move to densities around 30lha then fuel consumption could be 

reduced by half or even to around one third of its low density value" (p 47). 

Newman and Kenworthy's (1989) tenet is that land use has a large effect upon modal 

choice, transportjoumey length, energy consumption and associated environmental 

effects (including air pollution). The ideas of land use affecting transport mode 

choice are not new and have been explored for some time (see Meyer et al. 1965; 

TRRL, 1980). However, Newman and Kenworthy's (1989) city comparison figures 

55 Newman and Kenworthy (1989). 
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were some of the first to show an international comparison and amongst today's city 

and transport planners are widely cited in New Zealand (see Christchurch City Plan 

Volume I and II (CCC, 1995a); Waitakere City Plan (Magee, 1996; PCE, 1998). 

Inter-Cities Comparisons 

In analysis of the San Francisco Bay Area, Bernick and Cervero (1997) report a 

"strong inverse correlation between 'percent commute by drive-alone auto' and 'net 

residential densities 'for 34 Bay Area subregions ... every doubling of mean residential 

densities was associated with roughly a 20 to 30 percent decline in the share of 

commute trips by drive-alone auto" (p 82-83). 

In a study of 28 California communities, Holtzclaw (1994) found that the number of 

automobiles and the use of those autos (vehicle miles travelled per household) fell by 

one-quarter as densities doubled. 

Investigating 19light rail lines (and 261 stations) across 11 different US cities, the 

National Research Council researched the effects of residential density and Central 

Business District employment, controlling for a number of different other variables 

including income, and found that "ridership increases exponentially with both central 

business district employment and employment density, controllingfor a host of other 

variables including income" (Bernick and Cervero, 1997, p 75). The elasticity 

between public transport patronage and density was 0.592 implying that every 10 

percent increase in population densities surrounding the train stations resulted in an 

increase of 6% in boardings at the stops. 

These results suggest there is an exponential relationship between density (population 

and jobs per net residential hectare) and either car trip reductions or increases in 

public transport patronage. 

Importantly, Bernick and Cervero (1997) point out that the largest reductions in car 

use and commensurate increases in public transport are found by only slightly 

increasing the density of low density urban areas: "benefits come from going from 
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velY low to moderate densities .. .fi'om a setting of quarter-acre estates to one with a 

mix of small-lot single-family homes and duplexes/triplexes. Increasing densities to 

mid- and high-rise apartments add relatively smaller benefits in terms of trip 

reduction. One doesn " need Hong-Kong like densities to sustain mass transit. " (p 

83). 

75 

For the first time in New Zealand, data on population density, vehicle use and 

transport energy use for Christchurch, Wellington and Auckland are gathered, 

analysed and reviewed in Chapter 9. Although not presented in this chapter the data 

comparing these New Zealand cities to 46 other international cities confirms that 

density does matter as far as transport energy use goes: increasing density directly 

relates to reducing transport energy use. 

and Use 

Through re-analysis of Newman and Kenworthy's (1989) "32 cities" data for 1980 

Brindle suggests there is a very high linear correlation between area of a city and fuel 

use as Figure 5-6 suggests. 
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Figure 5-6: Correlation of Fuel Use to Area of City (32 City Comparison) 
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Brindle (1994) suggests that urban area may be a significant explanatory variable for 

fuel use - as a city gets larger, fuel use increases - and suggests that in fact the 

arguments for urban containmentS6 are strongly supported by the 32 cities data. 

The important result from this international city data analysis is that some elements of 

land use do matter in energy policy - there is strong correlation between city area size, 

density and transport energy consumption. 

The mix of social, land use, and transport alternatives is not easily separated. 

However, Newman and Kenworthy's (1989) data indicate there may be significant 

potential for improving our land use to reduce energy consumption. 

56 Where urban containment would include such policies as a "greenbelt" surrounding the city or urban area 
grow1h limits to prevent a sprawling city size. Such policies are explored in greater detail in subsequent 
chapters. 
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Travel Distance and Mode Choice 

A number of studies suggest that as density increases, particularly in appropriate 

locations, alternative transport modes such as public transport become more viable 

(Newman and Kenworthy, 1989; DOEIDOT, 1994; Owens, 1992; Cervero, 1989). 

ECOTEC (1993) identifies that density is an important criterion in mode choice and 

travel distance. Unfortunately, detailed population density and transport analysis on 

travel distance and mode choice has not been conducted for Christchurch or other 

New Zealand cities.57 
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As shown in Figure 5-7, in the UK, distance travelled by car consistently declines with 

increasing population density (ECOTEC, 1993). In addition, although difficult to 

detect in Figure 5-7, data shown in Table 5-2 suggests that bus and walk journeys 

slightly increase as a function of population density.58 
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57 The results on urban transport characteristics of New Zealand cities presented in Chapter 9 provide 
insights in to a city's overall urban fonu, but not a detailed neighbourhood level as analysed by 
ECOTEC (1993). 

58 These results are reported for 1985/86 travel surveys done in the UK (ECOTEC, 1993). In earlier 
research, similar results for the UK were reported by TRRL (1980, p 173) and Newman and Kenworthy 
(1989). 
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Table 5-2: UK Distance Travelled per Person per Week 
by Mode and Population Density: 1985/659 

(kilometres) 
Density All Car Local Rail Walk 

(Persons per Modes Bus 
Hectare) 

Under 1 206.3 159.3 5.2 8.9 4.0 
1-4.99 190.5 146.7 7.7 9.1 4.9 
5-14.99 176.2 131.7 8.6 12.3 5.3 
15-29.99 152.6 105.4 9.6 10.2 6.6 
30-49.99 143.2 100.4 9.9 10.8 6.4 
50 and over 129.2 79.9 11.9 15.2 6.7 

All Areas 159.6 113.8 9.3 11.3 5.9 

From the UK travel surveys, increasing popUlation density: 

III decreases overall travel requirements; 

" decreases car travel; and 
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Other 

28.8 
21.9 
18.2 
20.6 
15.5 
15.4 

19.1 

@ increases the use of more environmentally friendly transport (local 

bus, rail and walk). 

Unfortunately, cycling does not make up a significant proportion of mode share in the 

UK and thus comparison to density and trips made by cycle are not readily available. 

This is important in the context of Christchurch where cycling makes up 

approximately 10% of work trips, where public transport makes up only about 4% 

(cycling is a very important transport element in Christchurch as explored later in this 

research). 

Additional evidence from these UK neighbourhood surveys showed that those areas 

with higher density had a larger percentage of shorter-distance trips to local facilities; 

however, the "range and quality offacilities offered at local centres ... is an important 

determinant of the extent to which people use neighbourhood centres" (ECOTEC, 

1993, P 35). 

59 ECOTEC, 1993, P 33. 
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Note that land use changes fonn very slowly (ECOTEC (1993) suggests about 1-2% 

per year in the UK). Thus land use policy changes may be a better long-tenn solution, 

whereas pricing mechanisms or parking controls may be more appropriate in the 

short-tenn (see Mackett, 1995; Dasgupta et al., 1994). 

Importantly, the report cautions that simple reliance on increasing density may be 

misleading and integrated approaches will be necessary: 

"the potential benefits, in terms of energy consumption, from focusing 

development at high density in urban areas may be reduced by lower vehicle

operating efficiencies associated with more congested conditions and increases 

in distance travelled due to rerouting. Complementary policies will thus be 

requirecf' (ECOTEC, 1993, p 38). 

Distance, Length Time 

5.4.1 Travel Distance 

Table shows growth in UK popUlation, journeys per person, km per journey, and 

overall person-km between 1965 and 1991 (May, 1996). The increases in journeys 

per person and km per journey are significant at slightly over 30%; however, the 

resultant person-km per year increases are rather staggering at over 80%, with much of 

the growth occurring in the five years between 1986 and 1991. 

Chapter 5 - Land Use Planning Policies 



80 

Unfortunately, comparable figures for Christchurch are not readily available. 

Table 5-3: UK Growth in Person Travel per Year 
(index 1965=lOO) 

(Source: May, 1996, from UK National Travel Survey) 

1975/76 1985/86 1990191 % Growth 
1965-1991 

Population 100 102 104 106 6% 
JourneyS/Person 100 113 118 132 32% 
Km(journey 100 114 120 131 31% 
Person-km 100 129 148 183 83% 

Across New Zealand, increases in travel distance are also occurring: kilometres 

travelled per year per capita showed a 1.5%-2.5% per year increase in overall travel 

between 1970 and 1987 (Beca et aL 1994), equivalent to an overall increase of 40% in 

traveL 

In an international city comparison, Newman and Kenworthy (1998) show there have 

been significant increases in car use per capita in a number of urban areas studied as 

shown in Table 5-4. This data and comparison to New Zealand city results will be 

explored in greater detail in Chapters 9 and 10; however, it is presented here to 

identify the significant increases in car travel per capita per year between 1980 and 

1990 (where US cities studied had the largest increase, averaging over 2000 km per 

year more between the 1980 and 1990 periods, more than twice the increase of any of 

the other country/area averages studied), 
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Table 5-4: Trends in Car Use 1980-1990 International City Comparison60 

Annual car Annual car 
use per use per 

Cities capita capita 
(km,1980) (km, 1990) 

United States 8,806 10,870 
Australian 5,794 6,536 
Toronto 4,238 5,019 
European 3,526 4,519 
Asian (wealthy) 923 1,487 

5.4.2 Trip Length 

Short trips made by car are generally energy and emission inefficient due to higher 

emissions with cold engines, and the stop and start traffic often associated with short 

trips (Eggleston, 1992). In tum, as shown in this section, short trips are the most 

likely to be made by more environmentally friendly modes such as cycling, walking 

and public transport. In terms of taking advantage of mode shifting and reducing 

transport energy use and air emissions, facilitating shorter trips should be strongly 

supported by local authorities in New Zealand through improving land use and 

transport planning. 61 

Trip Length Travel Patterns in the UK 

There is significant potential for improving use of more friendly environmental 

transport modes in the UK, particularly for short trips. UK Travel Survey data for 

1989/91 showed that for all journeys, 73% were less than 5 miles in length, and 45% 

of journeys less than 5 miles in length were made by car (Merry, 1995). These results 

are similar to those found in Christchurch (see Figure 5-9 below), where shorter 

journeys are more likely to be made by more environmentally friendly modes such as 

walking and cycling. 

60 Newman and Kenworthy (1998). 

61 It is clear that land use is not the only factor affecting trip choice; for example, as discussed later in 
section 6.4, elements like traffic safety also affect transport choices including travel by children. 
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However, UK travel surveys show that recently walking, cycling and bus mileage per 

person declined by 11 %, 18% and 35% respectively, while car driver mileage 

increased by 57% (Merry, 1995). The report suggests that: "land use changes in the 

last Jew decades have increased the propensity to use cars" (Merry, 1995, p 4). 

Merry (1995) identified three key factors which affect short-trip mode choice: 

distance; time; and availability of other modes. These factors are addressed below. 

Length, Density and Trip Purposes 

May (1996) relies on data from ECOTEC (1993) to show that as density increases 

journey length decreases for all trip purposes (see Figure 5-8). These results support 

the contention that there is a strong relationship between physical land use, popUlation 

density and journey lengths. 

-+-Worklalucatlon 

__ Personal Business 

-.t.- Leisure 
--- .... --

o ~ ..... --- -~- .... ---... ,--;-
o 10 20 30 40 50 

Population Density (persons/ha) 

Source: May1996 (from EcoTec 1993) 

60 70 

Figure 5-8: Journey Length and Population Density 

Trip Length and Mode Choice 
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Table 5-5 below suggests that journey length also has a significant effect on mode 

choice in the UK. Short journeys are dominated by walking (57%). The car and bus 

become dominant modes for 1.6-5 km trips. Interestingly, for journeys greater than 5 

km, bus travel becomes the dominant travel mode from results of these 

neighbourhood travel surveys. As ECOTEC (1993) suggests, the data are highly 

related to such factors as socio-economics and the availability of transport modes; in 
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this case it is apparent that bus travel is a significant alternative to car travel (the case 

would clearly be different in many New Zealand cities). 

Table Mode Split by Journey Length for Neighbourhood Travel Surveys (UK) 

Distance (kms) Car Bus Train Walk Cycle Total 
<1.6 27% 14% 0% 57% 2% 100% 
1.6-5 44% 43% 0'% 12% 1% 100% 

>5 45% 48% 4% 2% 1% 100% 

Source: ECOTEC 1993 

Christchurch Trip Length and Mode Choice 

Similar figures for Christchurch also reflect the relationship between journey length 

and mode choice. Figure 5-9 shows trip distance and mode split in Christchurch (data 

for 1991 per CCC, 1996a). As would be expected, shorter trips are more conducive to 

walking and cycling. Walking trips account for about 15% of 1-2 km trips; however, 

very few trips are walked if longer than 3-4 km, and none if longer than 5 km. 

Cycling accounts for about 15% of trips less than 4 km, and declines to less than 10% 

for trips 4-10 km.62 Overall, car trips decrease with decreasing trip distance (or 

conversely increase with increasing trip distance), 

62 Cycle use in Christchurch is extremely high in comparison to most cities (e.g., Auckland and Wellington 
have less than 3% work trips by cycle, Census data 1991 and 1996); from such a large base, there is 
significant opportunity for improving cycle use and mode share in Christchurch. 

Chapter 5 - Land Use Planning Policies 



100% 

90% 

80% 

G::lr 
70% 

60% 
.... 
Q 

50% 

40% 

30% 

20% 

10% 

0% 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Trip Length (km) 
Sotxce: 1991 fJ/::)fre Interview SUrveys tor CTS Model 

Figure 5-9: Christchurch Mode Share versus Trip Length 

:::::> The important point from these results is that as trip length increases we are 

more prone to use our car; or conversely as trip length decreases we are more 

likely to walk, cycle or in some circumstances use public transport. 

Increases in Trip Length (Journey-to-Work) 
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Table 5-6 shows how average journey-to-work trip lengths have steadily increased 

between 1980 and 1990 for over 35 cities in an international study done by Newman 

and Kenworthy (1998). Although this international cities data will be explored in 

greater detail in Chapter 9, journey-to-work trip length data are presented here as a 

clear indication of overall trip length increases. As is discussed below, as trip lengths 

increase (and as the city area spreads), it becomes more and more difficult to make 

journeys by cycle or walk (as well as more difficult by public transport depending 

upon service level, traffic priority and land use issues), thus "forcing" more and more 

trips to be made by car. 
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Table 5-6: Journey-To-Work Trip Length 1980-1990 in International City Comparison 

Journey-To Journey-To 
-Work -Work 

Cities Length Length 
(km, 1980) (km, 1990) 

United States 13.0 15.0 
Australian 12.0 12.6 
Toronto 10.5 11.2 
European 8.1 10.0 
Asian (wealthy) Na Na 

It is important to note that in the US some research has predicted thatjourney-to-work 

journey lengths would stabilise, suggesting that with dispersion of jobs to the suburbs, 

following the dispersion of housing, eventually travel patterns would adjust and travel 

distances would decrease (Gordon, Kumar and Richardson, 1989; Gordon, Richardson 

and Jun, 1991). However, the data presented in both Table 5-4 and Table 5-6, show 

that neither travel distance nor journey-to-work trip distances are decreasing in US 

cities. 

and Trip Speed 

Trip time is a well known and often cited factor in determining mode choice as well as 

funding transport improvements (e.g., see Sheppard, 1995; Luk, 1992; van Vuren et 

a1. 1995). Davis (1994) suggests that "the issues of speed and time pervade the 

thinking of current transport policy. The use of speed enables longer distances to be 

travelled while attempting to consume the same amount of time as for previous 

shorter journeys" (p 570). 

As previously indicated, commute travel time per day in total (both journeys) is very 

consistent at about 1 hour per day or 30 minutes in each direction (see Manning, 1978; 

Pederson, 1980; Neff, 1996; SACTRA, 1994). Improvements in transportation 

technology and infrastructure provision have essentially allowed us to travel further in 
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the same amount of time (with a logical progression from walking, to horses, to 

bicycles, to trams/rail, to automobiles). 63 
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Figure 10 shows travel time by mode with respect to residential density in the UK. 

Note there is a very consistent total travel time per data from this data of about 60 

minutes. With increasing density there is a shift from car travel to bus or walking. 

60 
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Figure 5-10: UK Travel Time per PersonlDay by Mode Versus Population Density 

With a consistent time "willingness" to travel, the result has been two fold -generally 

trip speeds have increased as have journey lengths. Unfortunately, as trip speeds 

have increased to maintain this consistent travel time budget, slow modes like cycling 

and walking have received the negative effects of the increases in the speed of 

traffic.64 

63 This progression of increasing travel speed, with a reasonably constant travel time budget, suggests that 
increasing speeds may lead to increasing resource use (especially when reliant on limited resources like 
fossil fuels) and not an overall time saving in travel (as discussed later in sections 6.1 and 6.2). 

64 As discussed later, sharing road space with high speed traffic generally deters pedestrians and cyclists, as 
a result of decreasing safety (both real and perceived) and decreasing enjoyment of the street 
environment. 

Chapter 5 - Land Use Planning Policies 



5.5 Accessibility 

Accessibility can affect modal choice. Accessibility includes at least two issues -

proximity to attractions and design access within a site or area (see May, 1996; 

DOEIDOT, 1994; Caimcross, 1996). 

Over time transport planning has catered for increasing car use, utilising town 

planning to design new and old areas of a city to cater for car use - both in general 

proximity to "attractions" and in design guidelines (see Paterson, 1927; Meyer et al. 

1965; Hutchinson, 1974; Hanson, 1995; Davis, 1994). 

In general, traditional urban planning has poorly catered for cyclist or pedestrian 

access (Hillman and Whalley, 1979; Haus-Klau, 1990; Engwicht, 1992). 
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Following this transport planning trend, many of the land use planning rules in the 

Christchurch City Plan designate specific design criteria for improving car use 

including access issues (driveways, and car parking access), numbers of car parks per 

residential or commercial activity (to improve or maintain arterial road flow), etc. (see 

Volume III, Proposed City Plan (CCC, 1995a)). In addition, there have been 

significant land use planning elements which give traffic priority to cars, including 

increasing car accessibility in suburban design "cul-de-sacs", motorway 

developments, car parking requirements to maintain arterial network speeds, etc. 

(Hutchinson, 1974; Hanson, 1995). 

General access for public transport planning in Christchurch appears to be decreasing. 

There have been a number of occasions in reviewing possible public transport 

improvements in Christchurch where either suburban street design, arterial road flow, 

or mall development design limited public transport service improvements (Wayne 

Holton-Jeffreys, Canterbury Regional Council staff, personal communication). 
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In addition as the city spreads out in size (and as density appears to be stable ifnot 

decreasing over time), both public transport and cycling become less likely 

alternatives. 

UK Planning Policy Guidelille: Transport (PPG 13) 
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Planning Policy Guideline 13 (PPG 13) is part of a series of planning policy 

documents which attempt to provide guidance to local planning authorities in the UK 

(DOEIDOT, 1994). In North America, similar guidelines to support public transport 

have also taken root, where a 1993 survey found 26 examples of completed design 

guidelines prepared by public transport agencies which promoted transit-friendly 

development (Bernick and Cervero, 1997). 

Although there does appear to be an obvious need, there are to date no equivalent 

New Zealand wide guidelines. 

In the interest of adequately capturing what appears to be a significant shift in 

determining land use guidelines of accessibility in the UK, this section quotes 

extensively from certain portions of the document. 

Specifically, PPG 13 (DOEIDOT, 1994) provides 

"advice on how local authorities should integrate transport and land-use 

planning. The key aim o/the guidance is to ensure that local authorities 

carry out their land-use policies and transport programmes in ways which 

help to: 

• reduce growth in the length and number o/motorisedjourneys; 

I!!/ encourage alternative mealls o/travel which have less 

environmental impact; and hence 

.. reduce reliance Oil the private car. 

In this way, local authorities will help meet the commitments in the 

Government's Sustainable Development Strategy to reduce the need to travel; 
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influence the rate of traffic growth; and reduce the environmental impacts of 

transport overall. " (p 1, emphasis added). 

PPG section 1.8 states (DOEIDOT, 1994): 

"To meet these aims, local authorities should adopt planning and land-use policies 

to: 

promote development within urban areas, at locations highly accessible by 

means other than the private car; 

locate major generators of travel demand in existing centres which are 

highly accessible by means other than the private car; 

• strengthen existing local centres - in both urban and rural areas - which 

offer a range of everyday community, shopping and employment 

opportunities, and aim to protect and enhance their viability and vitality; 

III maintain and improve choice for people to walk, cycle or catch public 

transport rather than drive between homes and facilities which they need to 

visit regularly; and 

III limit parking provision for developments and other on or off-street parking 

provision to discourage reliance on the car for work and other journeys 

where there are effective alternatives" (emphasis added). 

It is amazing how focused the PPG 13 (DOEIDOT, 1994) guidelines are in their basic 

goal to reduce travel, and especially car traveL There is effectively no "balancing" act 

suggested, that is, trying to meet car driver needs while also providing alternatives. 

Instead the document states very clearly the importance of reducing travel by cars. 

PPG 13 provides many general guidelines in terms of principles; however, it does not 

provide specific numbers in terms of such parameters as car parking provisions or 

density of housing, etc. required to reduce car use. 

Land New 

As yet there are no specific land use guidelines produced for New Zealand as a whole, 

and particularly not with respect to sustainable transport provision. There have been 
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some studies which indicated land use can have a significant effect on transport 

energy use in New Zealand (Allan, 1994). 
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Land use guidelines to support alternative transport modes (public transport, cycling 

and walking) have been identified in what is commonly now referred to as a "new 

urbanist" approach to urban design (Katz, 1994; Bernick and Cervero, 1997). This 

approach attempts to develop an integrated urban fabric which supports mixed land 

use, improved accessibility for all modes (not just the car), and addresses social 

community interactions by slowing car traffic and providing improved amenities for 

walking and cycling activities (see Engwicht, 1992; Kaufman, 1997; Cairncross, 

1996; Calthorpe, 1994). 

An example of land use guidelines in New Zealand was produced in Auckland, where 

guidelines for improving public transport access were developed for the Auckland 

Regional Council by Kingston Morrison (1995) and included the following principles: 

III improve general land use policy commitments to passenger transport; 

• develop a review process which allows for critique of plans and proposed 

developments from public transport providers, ensuring development 

supports passenger transport; 

III establish urban boundaries to provide some limits to the area to be 

"serviced"; 

III establish appropriate target development densities; 

III designate mixed-use, high density "activity nodes" in urban areas; 

• designate medium density, mixed use "activity corridors"; 

III placement of residences, jobs, and other activities/uses within reasonable 

walking distance (400m) of potential corridors and nodes; 

III general criteria for pedestrian supportive design to enhance access; 

Ii reduce or eliminate minimum parking and establish maximum parking 

requirements (particularly those well served by public transport); and 

III encourage site development which supports public transport (reduce 

setbacks, improve access to stops, etc.). 
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Many of these same general principles could be adopted for cycle and pedestrian 

friendly land-use planning guidelines for Christchurch (and have been proposed for 

Wellington (WRC, 1997)). 

5.6 Urban Shape and Form 
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From the findings presented in the previous sections, it is apparent that land use has a 

relationship to transport energy consumption. What then are the important parameters 

of land use, for example in what density, form and location can we expect to see 

dominant transport patterns and modal splits? 

5.6.1 History: Changing Urban Shape 

Urban form and density have been studied for some time. Bleicher (1892) found that 

the density of a city falls with the distance from its centre. Bussiere (1975) showed 

that density declined with increasing distance from the city centre; this was also linked 

in time with transport improvements. Mills and Hamilton (1989) found similar results 

(cited in Giuliano, 1995). As discussed in section 5.1, Newman and Kenworthy 

(1996) suggests there has been a distinct evolution of our modem cities from 

"walking", to "public transport", to "auto-dependent" cities. 

5.6.2 City Form and Transport Demand 

City structure, shape and size has a profound effect on transport demand, provision 

and use. In a study of major cities and their transport/land use interactions, Thomson 

(1977) identified five city strategies or archetypes namely: full motorisation strategy, 

strong-centre strategy, weak-centre strategy, low-cost strategy, traffic limitation 

strategies. 

There is a strong indication that Christchurch fits Thompson's (1977) "weak-centre" 

category, with significant job loss over the past few decades and growing suburban 
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sprawl, and what appears to be a transport policy (or at least outcome) advocating 

both the advantages of an enjoyable centre city and free unhindered private motor car 

use (CRC, 1995b). 

Kissling and Douglass (1993) emphasise the importance of urban form in determining 

future sustainability: "the shape and outer limits of the urban area and the density of 

the inner core are the two major issues determining transport energy requirements. 

Urban form and land use dispositions made possible from unrestricted vehicle use 

still provide the major handicap for future sustainability." (p 52) 

Suburban Car-Based Shopping 

The growth in suburban mall development with its pervasive provision of parking 

"has led to changes in accessibility and thereby patterns of travel, and especially to 

an increase in car-borne shopping" (Elkin et a1. 1991, p 67).65 

Elkin et a1. (1991) argue: 

"As a result of these developments, retailers impose on their customers an 

obligation to travel further to get a wider range of goods at lower cost, 

because their customers can disregard the impact of that longer travel on 

everyone else. Similarly, the retailer can draw the profits from imposing that 

additional burden of requiring people to travel further" (p 68). 

This seems like a rather harsh argument - it is not the retailer who is imposing the 

burden of travelling further, but the council which allows the development and in fact 

the customer who chooses to travel that extra distance. The important point of this 

argument is that retailers who are developing in what have been hinterland low rate 

areas are: 

65 Riccarton Mall in Christchurch was revamped in 1995 nearly doubling its retail capacity; results quickly 
showed a significant increase in local traffic with associated parking problems, and residential amenity 
complaints (see The Press, October 5,1995; NBR, 1995). 
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possibly able to charge a lower cost than their centre city counterparts 

(because of lower land rates), 

• provide more car parking which centre city retailers cannot do (due to 

space limitations), and 

• take advantage of newly constructed arterial roads or even motorways as 

compared to more congested centre city streets. 

Suburban retailers may in fact be profiting from the externality costs imposed on the 

rest of society (both the infrastructure costs and the effects costs) (see NBR, 1995). 

This would suggest that suburban developments may require pricing "externalities" 

such as social and environmental costs of transport (see OEeD, 1994; Peet, 1992; 

Tolley and Turton, 1995). 

5.6.3 Distance Centre 

A number of studies have shown that increasing residential distance from city centre 

relates to both increases in the mode share of cars, and decreases in use of public 

transport, cycling and walking. As Figure 5-11 below shows for London (based upon 

Mogridge (1979) in TRRL, 1980), the further from city centre the larger the share of 

trips made by car. 
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Figure 11: Mode Split Versus Residential Distance from London's City Centre 

5.6.4 Nodes or Sub-Centre Development 

A number of studies have researched centralised versus decentralised urban 

development patterns (where centralisation could include nodal or corridor 

development within the existing urban area). 
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With respect to energy use, Owens (1992) suggests that a decentralised (almost 

suburban sprawl) pattern could be a "relatively efficient pattern in energy terms if low 

mobility is assumed, but less efficient than centralisation if mobility is high" (p 95). 

Rickaby (1987) performed a hypothetical analysis of six patterns for an archetypal city 

region in the UK, using an integrated land-use and transport model (TRANUS). 

Rickaby's findings suggest that a robust pattern might be one in which "the existing 

urban area is surrounded by a cluster of spatially separate but economically 

dependent subcentres." 
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Owens (1992) suggests that such a robust pattern of sub-centres would need to 

provide access to a reasonable choice of jobs and services without the need for long 

journeys, where journey mode is another important factor. Owens (1992) suggests 

that density/clustering of trip destinations could facilitate better use of public transport 

and possibly reduce energy use up to 20% (although the analysis is fairly vague). 

Following this premise, the Proposed Christchurch City Plan includes policies to 

increase residential densities at select focal points, although the density increases are 

still at low-medium densities (CCC, 1995a). 

Tegner et al. (1974) developed a model of Stockholm to investigate the relationship 

between the number of workers who are employed locally (i.e., within their zone of 

residence) and the level of availability of local jobs. The results indicated that the 

actual amount of local commuting was far less than the availability of local jobs. 

The analysis indicates the difficulty in attempting to apply land use planning to reduce 

trip lengths; they may also conflict or even contradict Owens' (1992) theoretical 

contention that sub-centres may provide a very "robust" form of future urban 

development. The range of sub-centre quality Gobs, shopping facilities, etc.) may be a 

key determinant in the attraction or trip rate, where neighbourhood or sub-centres with 

larger ranges of attraction would increase local use (ECOTEC, 1993). 

Corridors 

For certain modes, particularly fixed rail and bus, there is a positive relationship 

between population density along a route and public transport use. In a theoretical 

model, Bland (1979) indicated that increasing density along corridors for a medium

sized English town could potentially increase modal share by bus. 

As a guide for UK transport and land use planning DOEIDOT (1994, section 3.3) 

suggests that local authorities should: 
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"concentrate higher-density residential developments near public transport 

centres, or alongside corridors well served by public transport (or with the 

potential to be so served) and close to local facilities ". 

5.6.6 Satellite Settlements (Con-Urbanisation) 
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As urban areas grow an argument often arises for new satellite town development (see 

working paper on Urban Growth and indications of siting a "new town" in such places 

as Rolleston on the outskirts of Urban Christchurch (CCC, 1996c)). The size and 

location of these proposed satellite towns or extensions of existing small towns needs 

to be considered. 

In the UK, in a study reviewing transport emissions, ECOTEC (1993) found that 

settlements ofless than 50,000 residents produced more transport emissions per 

passenger-km than larger settlements. ECOTEC (1993) further suggests that the 

building of new small settlements is ill-advised in transport emissions terms, 

especially if the development is not well served by public transport and if it is not 

largely self-sufficient in terms of jobs, shopping and recreational provisions. 

With respect to the build out of existing small areas, DOEIDOT (1994) suggests that 

local authorities should avoid incremental expansion in small towns where it is likely 

to result in increased car trips to larger urban centres (especially for work/commute 

trips). 

5.6.7 Total Urban Area - The Containment of Urban Sprawl 

Total urban area appears to have a strong relationship to transport demand. As 

indicated previously, Brindle (1994) used international data from Newman and 

Kenworthy (1989) to show that city area had a high correlation to fuel use. As a 

result, Brindle (1994) states there is strong "evidence from this data for a policy of 

urban containment" (P127). 
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In the US there has been and continues to be in some states a strong use of land use 

controls (growth management) to control urban sprawl as well as suggested guidelines 

for improving land use in an attempt to reduce travel demand, transport energy use 

and transport air emissions (Ewing, 1995; CEC, 1993; Pierce, 1998). 

In an effort to curb urban sprawl and "big-box" retailing at the urban periphery, a 

number of US states are implementing growth management mandates which require 

local councils to develop a growth management approach which limits where and 

what type of development can occur (with in some cases fairly strong financial dis

incentives if appropriate plans are not developed). Pierce (1998) reports that the US 

state of Tennessee passed legislation in May 1998 which requires each city and county 

to establish an agreed urban growth boundary by 2001 to guide development, 

including the production of a unified community design guide, and requirements to 

show how development will encourage compact and contiguous high-density 

development. According to Pierce (1998), if these Tennessee cities and counties don't 

produce adequate individual growth management plans, they may face termination of 

all state subsidies for highways, community development and even tourism. Similar, 

although not as strong, legislative requirements for growth management exist in 

Oregon, Washington, Vermont, Maine, Delaware, Minnesota, New Jersey, Florida, 

Rhode Island, Georgia, and Maryland. 

A number of cities (including Christchurch) have over time used a growth 

management boundary in an attempt to reduce the sprawling tendency of automobile 

cities. However, as Calthorpe (1994) points out many urban grqwth boundaries are 

often jumped by greenfield development encouraged in the next adjoining urban 

area.66 Cities like Portland (Oregon) implemented a regional growth boundary, 

combined with significant improvements in public transport (transit) to support more 

66 One analyst at New Zealand's Ministry for the Environment indicated he believed that was one of the 
major failings of the urban greenbelt in Christchurch: that development proceeded in the next adjoining 
urban areas on the other side of the Christchurch "greenbelt" boundary, thus encouraging even longer 
trips for travel into the central area of Christchurch than if development had been allowed on the 
periphery of the existing urban area. 
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intensive use of existing reasonably low density areas and to reduce car use and its 

associated effects (Bartholomew, 1995). 
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Very clearly there is a need to address the mix of urban and regional needs, while 

attempting to reduce our need for car travel. Urban areas have continued to spread, 

partially as a result ofroading infrastructure (and funding) which has supported that 

sprawl (see Havlick, 1974). This sprawling tendency suggests that much larger 

regional growth boundaries need to be established - one could argue these regional 

boundaries would require rather well defined and "fierce" limits (not moveable over

time as many urban boundaries have just shifted as the need arises). There are of 

course problems with such restrictive limits and certainly in New Zealand there are 

statutory requirements that the effects of such limits need to be weighed against the 

costs (both social, environmental and economic). Even 25 years ago the complexity 

of such effects and costs were identified by Havlick (1974) when he suggested that 

although complicated, a reasonably robust assessment could be completed (but seldom 

was). A recent New Zealand court case upheld the right of a regional council to 

establish a growth boundary limit, but where exactly that line will be drawn will be 

based upon identified natural, social and economic effects of alternative patterns of 

development (see below). 

Growth Management in New Zealand 

In Christchurch there was a long-standing urban city limit or "fence" implemented as 

a planning tool since at least the mid-l 970s by the Canterbury United Council (CUC, 

1979; CUC, 1985), under the Town and Country Planning Act, 1977. The overall 

regional scheme attempted "to concentrate the population growth within the present 

urban area, Jocused on the city centre (within 5 km oj the [town/Cathedral] Square) 

and the rest at selected townships beyond the city's 'Green Belt', that is, 20 to 30 km 

away" (Kissling and Douglass, 1993, p 53). The urban fence and general prescriptive 

planning scheme was not continued by the Canterbury Regional Council in its 

Regional Policy Statement (CRC, 1998a), apparently as a result of the introduction of 

effects based planning under the Resource Management Act (RMA, 1991) (which 

replaced the Town and Country Planning Act, 1977) and the interpretation that it 
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communication, Laurie McCallum, Canterbury Regional Council). 
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In contrast, the Auckland Regional Council (ARC) did pursue in its Regional Policy 

Statement an urban limit or "fence" for greater Auckland. A number of local 

territorial bodies challenged the ARC's right to "draw" an urban limit under the 

Resource Management Act (RMA, 1991). However, in a legal ruling the court upheld 

the ARC's right to define an urban limit under the RMA (North Shore CC & Others v 

Auckland Regional Council, 1996). Where exactly that limit should be is still to be 

resolved and is the major outcome expected of an urban growth committee established 

between the Auckland Regional Council and the district councils in Auckland (Craig 

Shearer, Auckland Regional Council, personal communication; see also ARC, 1998b). 

5.7 Christchurch - Urban Growth 

Figure 5-12 shows the spread of the Christchurch urban area and its related population 

growth from 1886-1986 (CRC, 1995a). 
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Figure 5-12: The Pattern of Christchurch Growth 1886-1986 
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Like many cities of the west, dominated by car use, Christchurch has developed and 

appears to continue to be developing a strong "sprawling" tendency.67 

This sprawling city size is common in most western cities, and relates to both absolute 

population growth, land use and transport planing, and increases in mobility - as our 

transport mobility has increased, with technology and supporting infrastructure (roads, 

etc.), our cities have continued to "grow". 
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Transport Demand Witb Use 

Increasing transport demand causes a number of effects including increased demand 

on transport infrastructure and associated financial costs, increasing transport energy 

consumption and associated environmental effects, as well as changes in social 

activities (Meyer et a11965; Tolley and Turton, 1995). Land use planning does affect 

transport demand, for example allowing new greenfield areas for development or 

pursuing policies of urban containment or intensification changes trip patterns (Elkin 

et a1., 1991; Cervero, 1989). 

The dilemma for current transport planning is to meet people's needs (not necessarily 

their demands) with the least damaging form of transport, while at the same time 

reducing the need for transport. Elkin et a1., (1991) suggest that 

"first, it is important to reduce the demand for transport by efficient planning, 

using both fiscal and land-use measures, and then to meet the residual demand 

by the most efficient, environmentally sound and equitable means possible. 

Planning can contribute by promoting scales and locations of facilities, and 

settlement patterns (densities and mixes of land uses) which are likely to 

enable people to lead more geographically self-contained lives. " 

CEC (1993) includes numerous references of examples from California and other US 

areas regarding land use guidelines, improving site specific design elements, and 

orienting land use intensification to be more supportive of alternative transport. 

The Need for Integrated Land Use (and Transport) Planning 

The importance of an holistic approach in land use and transport planning and policy 

implementation is becoming more and more apparent. With the spread of suburban 

development in the past few decades so closely linked to access to heavily subsidised 

67 A recently fonned inter-district committee on urban growth will investigate the ramifications of 
accommodating a growing population in Christchurch (e.g., satellite development versus increasing 
density in the existing urban fabric). 
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transportation and transport infrastructure improvements, there is a need to address 

transportation measures on a larger scale than strictly ilmer city or residential 

development scales. There is a strong argument that if a reduction of car use is to 

work "the solution is to reduce their numbers, not to drive them to the suburbs" (Elkin 

et a1. 1991, p 62), 

As May (1996) and Mackett (1995) suggest that unless considered on a city-wide 

scale land use changes may only result in shifts of existing jobs, houses, etc. (not a 

creation of new demands); thus identifying where those shifts should occur may in 

fact be a large part of the "battle" to introducing more sustainable transport. 

5.8.1 New Urbanism and Intensification 

There are a number of issues being considered among urban planners regarding 

improving the land use planning policies which might support both reductions in 

vehicle use and be more conducive to alternative transport. In general these focus on 

increasing population and job densities, reducing the need to travel (or providing 

improved access for pedestrians, cyclists and public transport), while maintaining 

many of the amenities which urban communities require. A few of these approaches 

and policies are briefly explored below including "new urbanism" and intensification 

(and the need for design guidelines). 

New Urbanism (and Transit Oriented Design) 

There is a growing call among urban planners that current (and recent) suburban 

development lacks a sense of community, and focus too much on car traffic and not 

enough on people movements (Katz, 1994; Cal thorpe, 1994). Drawing from many of 

the urban design principles practised in the early 1900s, this urban planning 

movement uses terms like "new urbanism", "urban villages" and "nodes and 

corridors" (Newman and Kenworthy, 1998), or "transit oriented design" (Bernick and 

Cervero, 1997). 
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Essentially what "new urbanism" attempts to provide is an outline of key requirements 

which consider both existing (and future) community aspirations for buildings, open 

space, roading, footpaths, etc. with a distinct focus on providing a sense of place or 

sense of community. The new urbanist philosophy attempts to engender a similar 

approach to development projects whether they are new "greenfield" suburban sites or 

redevelopment within the existing urban area. Many of the designs incorporate mixed 

use residential and commercial businesses, community areas (parks, halls, schools, 

etc.), as well as excellent access for public transport, cycling, and pedestrians as well 

as car traffic. There is also a clear desire for "traffic calming", that is to calm the 

traffic to be less dominant in community areas - not to provide the pre-eminent 

position which road space and car traffic often demand in traditional suburban design 

but instead to provide adequate but not dominating traffic flow. In Calthorpe's 

(1994) words: 

"The New Urbanism concept is concerned with both the pieces and the whole. It 

applies principles of urban design to the region in two ways. First, urbanism

defined by its diversity, pedestrian scale, public space and structure of bounded 

neighbourhoods - should be applied throughout the metropolitan region 

regardless of location: in suburbs and new growth areas as well as within the city. 

And second, the entire region should be 'designed' according to similar urban 

principles. It should, like a neighbourhood, be structured by public space, its 

circulation system should support the pedestrian, it should be both diverse and 

hierarchical and it should have discernible edges. " (p xi) 

Bernick and Cervero (19.97) suggest very similar design parameters with specific 

reference to improving the potential for public transport through "transit oriented 

design" (TOD); essentially the TOD philosophy looks to increase the proximity of 

people and activities to public transport, to capture the synergies of integrated 

development. 

InfIlI and the for Design Guidelines 
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Improving use of existing urban areas through intensification and redevelopment to 

reduce transport demand is receiving more and more attention. Calthorpe (1994) 

suggests that "the best utilization of existing infrastructure and the best opportunity to 

preserve open space will come ftoom infill and redevelopment. Therefore it should 

always be a central part of a region's growth policy. H (p xiii) 

Intensification is occurring in many cities (Newman and Kenworthy, 1998), and as 

shown later in Chapter 9, it is also occurring in New Zealand's main cities. This 

intensification or infill can reduce travel demand by bringing people closer to 

activities and attractions, but it can also receive a negative NIMBY ("not in my 

backyard") reaction from existing community and commercial interests. Generally, 

intensification occurs either in areas with traditionally low density (thus there is space 

for "infill" in existing urban patterns), or in areas that are seen as desirable places to 

live sometimes located directly within city areas or in desirable "locations" like high 

amenity areas (e.g., close to beaches, cultural activity areas, etc.). There are certainly 

impacts from this intensification which need to be "managed" - and there is a growing 

requirement for what could be termed design guidelines to ensure that the outcomes of 

the infill process both meet many of the concerns of existing residents and ultimately 

meet the desire to more efficiently use our urban and natural resources. 

Guidelines to improve land use development to reduce travel demand have been 

developed in numerous countries including the UK (see PPG 13 and DOEIDOT, 

1994), Australia (WAPC, 1997), United States (USDOT, 1991), and there are growing 

calls for guidelines in New Zealand (WRC, 1997; PCE, 1997a and 1997b)68. 

The importance of good site design cannot be underestimated. In a study of 12 

neighbourhoods in the Puget Sound area (Washington, US), Moudon et aI., (1997) 

found that site design characteristics clearly affected pedestrian activity. Supportive 

design characteristics included short street blocks and continuous sidewalks, with 

buildings often facing the street with minimal setback; site characteristics which don't 
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support pedestrian travel included long blocks and discontinuous and disconnected 

pedestrian infrastructure, where sidewalks were often separated from buildings by 

either parking areas or reasonably large setbacks. Those sites with supportive 

pedestrian design characteristics typically had a higher volume of pedestrians than 

sites with "poor" pedestrian design characteristics: where supportive land use 

produced three times the level of pedestrian volumes compared with sites with poor 

pedestrian site design. Importantly, the study held constant other variables, and 

concludes that 

"the three measures traditionally employed to predict pedestrian volumes -

population density, income, land-use distribution and intensity - are, individually 

and together, insufficient to explain pedestrian volumes; site design, specifically 

block size and the extent of pedestrian facilities provided, must also be considered" 

(p 6). 

To address these issues, Moudon et al (1997) recommend that new guidelines and 

regulations be introduced for both redevelopment and new areas which support 

pedestrian safety and access. 

Such a recommendation for design guidelines should arguably be extended to ensure 

pedestrian, cyclist, and public transport system access. Essentially what is required 

are policies on urban design which both meet community desires for quality 

community spaces while encouraging residential density increases in appropriate 

locations (particularly in cities that have very low densities).69 

It does appear that integrating land use policies (urban growth boundaries, improving 

new suburban greenfield designs, and better using the existing urban fabric of our 

cities) with transport infrastructure and planning provisions can reduce car travel and 

enhance the viability (and desirability) of alternative transport. 

68 Passenger transport land use design guidelines have also been produced for Auckland (Kingston 
Morrison, 1995) 

69 This is discussed in greater detail in Chapter 14. 
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Land Use Factors 

As reviewed above, there are a number of broad-brush land use planning factors 

which affect transport energy use. These are summarised in the table below. 
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Population density and its location also affects transport mode choice and 

distance oftravel; journey length and overall travel distance generally 

decrease with increasing population density; 

• Size of the urban area has direct bearing on total transport energy use -

larger urban areas generally use more transport fuel per capita; 

.. Trip length is partially determined by land use planning - shorter trip 

lengths can reduce car fuel use and are more conducive to alternative 

transport modes such as cycling, walking and public transport; 

.. Trip Speed - commute trip times or average travel times have remained 

generally consistent over time, however with improvements in transport 

technology, trip speeds have increased the ability to travel further; 

.. Urban form of populations and activity locations can affect transport mode 

choice: a sprawling city will have a different transport energy use than one 

with distinct nodal or corridor patterns; 

II Accessibility both in proximity between people and attractions, and in 

design within areas or sites can affect mode choice; accessibility for cars 

has generally been increasing, whereas accessibility for cycling, walking 

and public transport have not received equivalent attention. 
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This section is intended to provide a general overview of the elements of transport 

planning which directly affect transport mode choice and thus transport energy use. 

The section includes trends and factor analysis for the following: 

.. traditional transport planning; 
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transport project improvements (evaluation criteria and benefit/cost ratios, 

and funding); 

" public transport provision; 

" safety and alternative modes; 

" traffic impacts on communities; 

" parking; 

integrated transport and land use planning (a new era); and 

" traffic demand management. 

6.1 Traditional Transport Planning 

There is, and has always been, a mix of social, economic and environmental elements 

in transport planning. However, it may be fair to suggest that this mix has not always 

been explicit nor even stated (Banister, 1994). A key for understanding how we 

arrived where we are today, and arguably understanding how we can get to where we 

want to go, may be to understand the current mix of these elements in the 

development of transport planning and provision. 

The early decades of car use saw rapid expansion both in the adoption of cars and in 

the breadth of their useful application. Cars provided marvellous improvement in 

"cheap and flexible transport" and removed many of the restrictions of living in 

cramped working conditions enabling "a man to move where his work is wanted" as 
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opposed to "huddled into rows of houses near the factories" (Paterson, 1927, P 108). 

There were tremendous social changes in response to these new found transport 

freedoms including changes which we now take for granted such as the ability to "eat, 

ifwe choose, almost the same food in winter as in summer" (Paterson, 1927, p 109) or 

increasing flexibility for leisure activities. Car transport created incredible 

opportunities for improving the quality of life providing increasing access to the 

masses to: 

"enjoy the full life that is only possible to the rich to-day ... Cheap and flexible 

transport, then, is the life blood of our present civilisation, and vital to our 

ability to maintain and develop it. "(Paterson, 1927, p 114) 

Clearly through the first half of this century private vehicle ownership provided 

tremendous advantages in moving both people and goods; it increased our 

opportunities for access, and for reducingjoumey times (trips which would have taken 

days by horse could now be made in hours by car). 

However, even in the 1920s a number of potential problems were identified including 

many of the same issues we are grappling with today: parking or "where to put the 

cars when they are not on the road"; the potential decline of petrol reserves and even 

speCUlating that "perhaps we may have electric battery service stations each 20 or 30 

miles along our roads, where an electric car driver could change his battery for 

another, and at the next stage for yet another" (Paterson, 1927, p 112). These ideas 

are common in the literature today (see Sperling, 1995; The Press 7/3/96). 

By the 1950s and 1960s road building and increasing car ownership and use saw rapid 

suburban expansion and declines in central city activities, both in employment and 

residential living densities (Meyer et a1. 1965). 

Road building in fact became almost a cultural practice amongst transportation 

planners and engineers. As Goodwin (1997) suggests: 
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"From the late 1950s onwards the transport planning orthodoxy was what 

Susan Owens has called 'predict and provide '. The axiom was: first we forecast 

how much traffic there will be, and then we build enough road space to 

accommodate it. "(p 4)70 

By this point the era of the "car is king" was well established. As a relevant 

Christchurch example, a report by the Christchurch town planning, engineering and 

architectural staff in 1967 entitled "Christchurch Development" has a broad outline of 

population, transport and economic trends including future road building requirements 

but fails to even mention cycling as an important mode even though cycling/motor

cyc1ingjourney-to-work mode share was c. 30% in 1959 (CCC, 1967). It is apparent 

that not planning for cyclists' needs was either an unstated policy or an unintended 

outcome (since by 1996 cycling's journey-to-work mode split had declined to less 

than 8%). 

The general consensus during this period was that cities had to adapt to ever 

increasing car use (Banister, 1994). Even in 1974 in what seemed to be a forward 

looking "systems planning" treatise, Hutchinson (1974) suggested that 

"Most of the transport-related issues (problems)' .. have arisen because of the 

lag in the adaptation of the urban system to the private car. " (p 9) 

Traditional transport planning was very focused on providing access, road capacity 

and increasing efficiency for car use: effectively utilising a "supply-side" mentality of 

provision to meet what appeared to be an ever-increasing car-dependent demand. 

This was a very clear example of a "linear" planning approach which appears to have 

either explicitly or implicitly not taken into account the feedback of its actions. 

70 See Owens (1995). 
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.1 Environmental Challenges to Road Building 

In the 1960s, in an attempt to better understand the implications of future travel needs 

and its relationship to land use a few cities in the United States developed reasonably 

extensive transport study models, including the well-known Chicago Area 

Transportation Study (1960). These models set the stage for many future transport 

planning exercises (Hutchinson 1974, Banister 1994). 

However, large scale questioning of social norms took place in the late 1960s; 

transport planning and provision undoubtedly was affected by this unrest. In the 

United States, prompted by civil rights movements for racial equality, the Vietnam 

war and the response of the peace movement, traditional political and social decision

making was seriously questioned including the validity of the "Great American 

Dream" (with its associated suburban expansion, freeway building and car reliance). 

Among other books, Rachel Carson's Silent Spring (1962), prompted are-evaluation 

of social impacts on our environment. Resulting environmental legislation in the 

United States and elsewhere began to change the way in which transport impacts and 

transport projects were evaluated (National Environmental Policy Act 1969). 

As a result, in the 1970s, a number of challenges were raised to the lack of 

environmental and even social considerations made in the transport planning arena. In 

addition, the transport planning paradigm was questioned following the oil-price 

shocks of 1973 and 1979 (and the resultant economic recession), the continued 

funding of the think-big era of highway transport infrastructure, and an increasing 

scrutiny of transport modelling approaches (Hutchinson 1974, Banister 1994). 

In addressing concerns with growing traffic problems in the early 1970s a UK 

Independent Commission on Transport (1974) clearly stated: 

"A solution to our problem depends not so much upon a detailed knowledge of 

the transport system as upon a fundamental understanding of the ways in 

which transport, which should be servant of the community, tends to shape the 
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community geographically, economically, socially and environmentally. " (p 

18) 

6.1.2 The Importance of Transport Models Road 

Transport models were developed in an attempt to predict growth vehicle use, and as a 

tool for identifying appropriate infrastructure developments to meet that expected 

demand. Transport models have played a critical role in the development of both 

transport planning and infrastructure provision over the past few decades (Banister, 

1994; Goodwin, 1997). 

In general transport models developed a fairly complicated means of assessing trip 

demand through an "origin-destination" matrix, utilising such factors as household 

demographics, income, vehicle availability and attractions to activities to assess 

impacts on existing (and planned) roading capacity. In many instances these transport 

models became a key "tool" for both predicting future vehicle/road use demand and 

comparing options (generally roading options) for meeting that demand. It would be 

fair to say that these transport models were generally a "supply-side" approach to 

meeting forecast automobile demand, or as Owens (1995) describes a "predict and 

provide" tool for increasing roading capacity. 

By the early 1970s, the validity of applying and using these models came under 

scrutiny. In many instances they were seen as "black boxes" with unverifiable inputs 

or modelling parameters. In addition, the process and forums in which they were 

utilised were also heavily criticised, including the apparent lack of clear objectives in 

application of the models (Banister 1994). 

Lee (1973) led a vitriolic attack of use of these large scale models concluding that 

transparency was critical; a mix of theory, objectivity and intuition was also 

imperative; and that a number of simple models would be far more valuable than one 
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large complex model which is often inherently difficult to understand or validate. 71 

However, it is unclear if Lee's criticisms or suggestions were considered (in all 

likelihood it appears they fell upon deaf ears as road building through the 1970s 

progressed in many areas at a fairly rapid rate). 
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Instead as Goodwin (1997) suggests the road building era since the late 1950s was 

based upon an axiom of forecasting future traffic volumes and building adequate road 

space to accommodate those forecasts. Undoubtedly transport models provided much 

of the technical support to justify these road building programmes. 

6.1.3 Strong Focus on Traffic Speeds 

Ewing (1995) suggests that traditional transport planning approaches have almost a 

myopic view of the goal of traffic management - to improve/increase traffic speeds. 

He suggests that the roadway levels of service (LOS) A to F72 almost act like a 

"student's report card" for traffic engineers, where the pursuit of a good grade (LOS 

A) is paramount to the profession. He identifies a strong need for a "paradigm shift" 

where there would be "less emphasis on how fast vehicles move and more emphasis 

on how well peoples' travel needs are met" (p 91). 

Ewing (1995) argues that growth management techniques in the United States to 

reduce urban sprawl are undennined by the traditional transport planning focus toward 

increasing traffic speed: "particularly important public purpose, control of urban 

sprawl, tends to be undermined by the single-minded pursuit of speed" (p 92). 

In a review of traffic speeds and fuel use in the New York Metropolitan Area, 

Newman and Kenworthy (1988b) show that across three areas of the city increasing 

traffic speeds relate to increasing fuel use (gasoline consumption), as shown in Figure 

6-1. Their analysis showed that although traffic is more fuel-efficient at higher 

71 It is interesting to note that the argument for wholeness and simplicity in analysis is a tenet of the systems 
approach to be utilised in this research (see Senge 1990, Bosse11994, Checkland et aI1990). 

72 TRB (1989) LOS A is equivalent to free flowing traffic, LOS F represents gridlock. 
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speeds, the resulting fuel savings was offset by longer trips and more motorized travel 

in low density areas, thus resulting in higher energy use in areas with higher traffic 

speeds. 
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Figure 6-1: Fuel Efficient Traffic V s. Fuel Efficient Cities (New York Metropolitan 

Area)73 

As will be discussed in Chapters 9 and 10, improving public transport speeds can 

improve both use of public transport and decrease use and dependence on private car 

transport (Newman and Kenworthy, 1998). 

The Travel Time Traffic Speeds and Distance 

Numerous studies show almost a universal travel time budget of approximately ~ an 

hour each direction for the journey-to-work (Manning, 1978; Pederson, 1980; 

SACTRA, 1994), where this travel time budget has been consistent for six centuries 

(SACTRA,1994). The implication ofa reasonably static and standard work travel 

time budget has direct bearing on transport energy use, particularly with what has over 

73 Newman and Kenworthy (1988b). 
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the past few decades been a propensity for road capacity increases to attempt to reduce 

increasing traffic congestion. Essentially, with a traditional transport planning 

paradigm focusing on supply-side road building, as congestion has occurred, 

application of the benefit-cost ratio (see section 6.2.1) has delivered increasing road 

capacity. A number of researchers argue that increases in road capacity have over the 

long-term actually increased the ability and thus the propensity to travel (Newman and 

Kenworthy, 1998; Whitelegg, 1993; Litman, 1998a and 1998b); this argument is 

supported by the concept of a consistent travel-time budget where if able, with a 

constant 30 minute journey-to-work on a freeway its quite easy to travel 50 km 

(whereas a 50 km journey 30-40 years ago would generally have taken far longer). 

With increasing road capacity and traffic speeds, a Yz hour journey is able to cover 

longer and longer distances. A simple equation elucidates the point: 

I Journey - to - work travel time (hours) = Travel Distance (km) / Travel Speed (kmlhour) I 

Thus in this "equation", as travel speeds have increased, a consistent journey-to-work 

travel time requires an increase in travel distance. What this relationship also implies 

is that with desire to relieve congestion through the propensity to build more roads, 

overall travel time savings may not actually be realised but instead motorists may only 

be travelling further. 

In addition, although this argument is made for the journey to work (since good 

historical data as reasonably available, the same argument could be applied to total 

travel time budget. The ability to travel further and faster due to increasing vehicle 

travel ability (road and vehicle improvements) suggests that for the same allotted 

travel time "budget" (eg, the 10-12 trips per day made by many "average" 

households), total travel length (and fuel use) might well be increasing for all trip 

types (not just the journey to work) simply using the "equation" illustrated above. 
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6.2 Improvements -

Transport project improvements can be characterised as any type of project which 

improves transport in a city. Largely, the evaluation and even selection of transport 

improvement projects has been based upon the amount of money (or funding) 

available, combined with (over the past few decades) a process of evaluation known 

as the cost-benefit analysis (or the benefit-cost ratio). It is quite clear that transport 

projects often involve tremendous capital and infer reasonably large changes in both 

travel and land use (Ewing, 1995; Banister, 1994; Mackett, 1995). 

6.2.1 - The Benefit/Cost Analysis 

Up until the mid-1960s the traditional transport planning paradigm (dominated by 

planning for car use) included a limited portfolio of factors in assessing project 

improvements, generally relying upon economic considerations. There was a logical 

progression of increasing complexity in the development of these economic 

evaluation mechanisms. During the 1950s-1960s, increasing time spent in cars and 

car-related accidents began to produce social impacts: as a result, economic evaluation 

techniques began to include these "externalities,,?4 

A cost-benefit analysis was developed starting in the early 1960s as a means of 

determining if a proposed project was beneficiaL Cost-benefit analysis was first 

applied in the UK in 1960 in evaluating the London-Birmingham motorway; the 

evaluation included savings or benefits in time and accidents of the proposal 

compared against the costs of the project. In 1972 the UK's Department of 

Environment developed a more thorough cost-benefit analysis (COBA). It included 

discounting and net present valuations for the "benefits" of a project which reduced 

travel time, vehicle operations and maintenance costs, and accidents. These were 

compared to the capital and maintenance "costs" of the road project (DOE, 1972). 

74 For example, accident insurance costs for automobiles were included for urban transport project 
assessments (Chicago Area Transportation Study 1960, 1969; Meyer et al. 1965). 
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As is the case in Christchurch, as well as many other parts of the world, the cost

benefit approach became (and continues to be) the dominant transport planning 

paradigm with respect to evaluating and funding transport project improvements (see 

section 6.2.3 for recent proposals on integrated transport planning and strategic 

investment). 

Whitelegg (1993) argues that this undue reliance on saving time actually produces 

greater pollution, or in his words creates a "valuation of time as a source of pollution" 

(p 94). He suggests that because we might actually be overvaluing time, we are 

inherently valuing fast technology, which currently is very energy intensive and 

polluting. Whitelegg (1993) cites a project in Leicester, UK, where 96.4% of the 

project's benefits were due to motorist time savings.75 In addition, he maintains that 

in these projects, delays to pedestrians or cyclists were not accounted for. He suggests 

that "putting a value on time can act as a powel/ul push in a particular direction. 

Putting high values on the time of drivers even down to velY short periods pushes the 

system in a direction of road building with all its harmful consequences. {Where] 

putting a high value on the time of cyclists and pedestrians would restructure urban 

transport." (p 95) 

In New Zealand (and specifically in Christchurch), funding for transport improvement 

projects is based on a combination of local funding and central government funding. 76 

Costs are based upon the actual costs of project construction including land purchase. 

Benefits are determined for travel time, accidents, operations and maintenance (TNZ, 

1997).77 

75 Whitelegg suggests that the average for time savings for a number of other projects was 90% of the value 
of the benefits. 

76 Often, local councils are not willing (or cannot afford) to fund projects which do not receive central 
government subsidy; in Christchurch the typical central government funding is about 50% of project 
costs (Paul Roberts, Christchurch City Council, personal communication). Central government funding 
is currently based upon a traditional benefit/cost (B/C) ratio detennination using a fairly standard 
approach (TNZ, 1997). 
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A Process Which Supports Car Use 

Ewing (1995) suggests that the traditional paradigm of transport project improvement 

largely focuses on improving traffic speeds by monitoring roadway levels of service 

(LOS) (see TRB, 1989). 

Currently in Christchurch there tend to be two types of projects: major construction 

projects and safety related projects (Bill Sissons, Christchurch City Council, personal 

communication). Infrastructure improvements are traditionally based upon improving 

vehicle travel times or reducing accidents (Stuart Woods and Bill Sissons, 

Christchurch City Council, personal communication). Savings in vehicle travel time 

generally dominate the major construction project "benefits" (e.g., adding two-lanes 

onto an existing two-lane road reduces traffic delay, increases network volume, saves 

vehicle travel time, and thus accrues calculated "benefits" in the project's travel time). 

Safety project benefits are most often dominated by reductions in accidents. 

Based upon the existing project improvement criteria (the current B/C definition and 

calculation), the more car travel time and accident reductions show benefit, the more 

funding for car improvements is approved. This cycle has been referred to as the 

"black hole investment" cycle depicted in Figure 6-2. 

77 Savings in CO2 emissions are also considered (and calculated as a function of travel time, operations, fuel 
estimates, etc.); however, CO2 emissions are not included in the calculation of the B/C ratio (Bill 
Sissons, Christchurch City Council, personal communication). 
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Figure 6-2: The Black Hole Theory of Highway Investment 78 

With respect to Figure 6-2, Tolley and Turton (1995) identify that "The black hole 

theory" of road transport investment is where: 

"the attempt to satisfY demand for travel by increasing the supply of roads 

forms a positive feedback 100p79 that has been likened to throwing public 

money down a black hole. " (p 353) 

118 

Ewing (1995) suggests "there should be less emphasis on how fast vehicles move and 

more emphasis on how well people's travel needs are met" (p 91). Ewing argues that 

much more focus should be included in transport project improvements on mobility 

and accessibility rather than improving vehicle movements. 

78 Plane, 1986 cited in Tolley and Burton, 1995. 

79 Note Tolley and Turton's (1995) "positive feedback loop" is successfully used for illustration although it 
is not a true systems model feedback representation which will be utilised later in this research. In 
general, the modelling conventions of systems model feedback loops require the "loop" to be closed, 
and to indicate specific positive or negative influence between variables (see Bossel, 1994). 
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Litman (1 998b ) argues that increasing road capacity, largely based upon use of the 

traditional benefit-cost ratio approach, may in the short-tenn reduce three costs (user 

travel time, congestion and vehicle operating expenses) but actually increases long

tenn costs for fourteen other indicators (including vehicle ownership costs, parking, 

road facilities, accidents, air pollution, barrier effects, municipal services, land use 

impacts, water pollution, roadway land, noise, equity and option value, resource 

externalities and waste disposal). Similar to Ewing (1995), Litman (1 998b ) maintains 

that current transport project improvements are based upon a simple measure of 

improving the transportation system's ability to move vehicles, but instead it should 

be based upon a more appropriate "mobility" index which accounts for moving 

people, not vehicles, or better yet on an index which focuses on "access" (measuring 

the ability of people and goods to reach destinations and desired activities). Litman 

suggests that vehicle travel and congestion have consistently been used because they 

are easy to measure, whereas measuring improved indicators like "mobility" and 

"access" are more difficult and thus have not been employed.8o 

RIC Ratio - Funding for Alternative Transport 

In Christchurch, the current B/C detennination for projects does not support increased 

project funding for more sustainable transport modes. Public transport is a classic 

example. Improvement projects can be considered for public transport. However, as 

Bill Sissons of the Christchurch City Council points out, the benefits for public 

transport patrons in travel time savings of a particular project supporting bus lanes 

would have detrimental effects on motor car users (personal discussion). These dis

benefits to existing motor car users are taken into account in detennining the B/C. 

Thus, a public transport priority project, which might be deemed as strategically 

important for improving air quality, reducing transport energy use, or making more 

efficient use of the existing roading network, may not receive central government 

funding.sl 

80 Litman does provide a list of potential indicators which could begin to measure "mobility" and "access". 

81 For example, in a city like Christchurch with overwhelming car use, slowing car travel to enhance public 
transport can in fact yield a negative H/C for the public transport project (or at least not yield a H/C 
which meets the ratio currently required for central government funding). 
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Kissling and Douglass (1993) contend that" The fact that a proposal may be 

economic, in the sense oj cost/benefit, is no longer sufficient There are circumstances 

where, for environmental and community development reasons, a proposal should 

proceed even ff the benefitlcost ratio is marginal, and other occasions where a 

proposal should not proceed even with very favourable benefitlcost ratios." (p 42) 

Brennand and Lupton (1997) identify that the current B/C funding mechanism in New 

Zealand is not linked to strategic outcomes such as non-roading projects: "The Junding 

process currently used in New Zealand uses benefit-cost procedures to determine 

national priorities Jor funding. Benefit-cost analysis is by nature single objective, 

[and} can only consider projects in isolation and currently does not treat all 

transport measures in a consistent way." (p 437) Brennand and Lupton maintain that 

the benefit/cost procedures actually "favour low cost road based projects with 

immediate benefits, particularly accident savings" (p 440). Brennand (1996) suggests 

the current B/C funding procedures in New Zealand result in an inability to take an 

integrated approach to transport planning.82 

=;> Thus, the R/C ratio determination, as it is currently calculated, often 

will not produce "fundable" projects for alternative transport such as 

public transport or cycling (see section 6.2.3 below and the need to 

provide "strategic" funding packages). 

6.2.2 Road Building and Induced Traffic 

Recent questions have also arisen as to how well "induced traffic" from project 

improvements are incorporated into the benefit/cost ratio assessment. In its review of 

traffic generation through road building, SA CTRA (1994) identified that" studies 

82 Recent analysis by the Ministry of Transport attempted to determine if other factors should be 
incorporated in developing more appropriate B/es for projects, including so-called externality costs to 
ensure that project funding mechanisms include environmental and social considerations. However, the 
benefit-cost process remained relatively unchanged (see MOT, 1995-1997). 
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demonstrate convincingly that the economic value of a scheme can be overestimated 

by the omission of even a small amount of induced traffic" (p iii). 

Essentially as Goodwin (1997) suggests the benefit/cost analysis may require 

significant revision to include assessments like induced traffic and even the 

"disappearance" of traffic found in recent research (see Cairns, Hass-Klau and 

Goodwin, 1998). This recent evidence suggests that the long-held "linear" planning 

approach of "predict and provide" (Owens, 1995) is no longer appropriate. And that 

in fact feedback does occur (in the form of induced traffic) and long-term growth in 

traffic is not pre-determined (as the "disappearance" of traffic due to road closures 

suggests). 

This will be pursued in greater detail in Chapter 14. 

6.2.3 New Zealand Central Government Transport Funding 

Petrol Tax 

Funding oftransport improvement projects in New Zealand is largely based upon a 

combination oflocal rates, central government petrol tax collections (excise duty), 

road user charges and motor vehicle fees (MOT, 1994b). In this relationship there is a 

tremendous amount of money collected from petrol tax levies which is not 

redistributed directly toward transport improvements but instead is used for other 

government expenditure: currently, only 9.4 cents of the 32.2 cents per litre petrol tax 

goes to the transport fund. 83 

With this relationship, a fundamental question arises: what incentive is there for 

central government to reduce petrol consumption with respect to funding government 

activity? In fact, there would appear to be very little incentive (if any at all) for central 

government to reduce motor vehicle petrol consumption since over 40% of the "taxes" 

83 In total, including other transport taxes, in 1993,43% of transport funds collected went to non-transport 
government expenditures or $637 million out of$1470 million collected (MOT, 1995a). 
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collected go to other expenditures. If these "extra" taxes were not collected, other 

taxes would need to be raised which would be politically difficult.84 

Funding Different Transport ProjectslModes 

In New Zealand, there is a very heavy weighting toward funding private vehicle 

transport improvements and road network maintenance (about 95% of project 

funding) (see Donnelly, 1995). 
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Part of the funding decision criteria is based upon the benefit/cost (B/C) ratio 

determination discussed above. Central government sets a minimum B/C for the 

project to receive central government subsidy. Over the past few years the necessary 

B/C ratio was 5.0 to receive central government funding; recently the B/C ratio was 

dropped to allow more funding to be available for additional projects - those projects 

with a B/C greater than 4.0 now receive central government funding (TransFund, 

1997).85 However, during the same period central government funding for public 

transport was capped (and continues to be capped86
) at about $30 million (see 

Donnelly, 1995). Thus, there appears to be a clear funding favouritism toward 

enhancing road network improvements and yet maintaining a "cap" on central 

government public transport funding.87 

Bulk or Strategic Funding 

84 The New Zealand central government recently announced proposals for a major "road reform" where 
funding for road improvements would in the future come from petrol taxes (not rates); however, the 
proposal suggests that the existing petrol tax used for other government purposes would not be reduced 
(see The Press, November 8, 1998, pi). 

85 Note the benefit/cost (B/e) ratio is essentially used as a ranking mechanism for project funding in New 
Zealand, and project construction is then subject to available budgetary constraints. Thus central 
government varies the B/C project funding "cutoff "(eg, from 5.0 to 4.0) to account for budget changes. 

86 Per discussion with Ian McChesney, Energy and Transport Planning Manager, Canterbury Regional 
Council, the national "cap" on public transport funding is expected to remain for the foreseeable future. 

87 It is important to note that the central government funding "cap" on public transport was to be offset by 
the ability for regional councils to implement a regional petrol tax starting in 1992. Canterbury, 
Wellington, Auckland, Waikato and Otago regional councils implemented petrol taxes ranging behveen 
0.2-1.5 cents per litre (see MOT, 1995b). However, the regional petrol tax was disallowed in 1996. 
And yet the "cap" on public transport funding from central government remains. 
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In the UK, DOEIDOT (1994) identifies: "the Department of Transport has stated that, 

from 1995-96, authorities biddingfor resources for local transport investment in 

urban areas will be encouraged to do so on the basis of a comprehensive transport 

strategy covering all forms of transport." 

This sort of "bulk" or funding approach is now being raised in New 

Zealand as a potential means of reviewing the way in which the B/C ratio is limiting 

strategic funding elements, including those identified in Regional Land Transport 

Strategies (WRC, 1996a; TNZ, 1996; Rails, 1997).88 

6.3 Public - Service Provision Cycle 

As will be shown later (see Chapter 9), there is a direct positive relationship between 

public transport service provision and use of public transport: increasing service 

provision correlates with increasing use and vice versa. The quality of public 

transport services is directly related to the funding available. Funding is usually 

provided by a mixture of subsidy and fare box collection. The amount of subsidy 

from central and local government is largely a political decision. In Christchurch the 

Canterbury Regional Council which administers public transport services currently 

targets a 50% cost recovery (that is the costs of public transport should be met by a 

50% subsidy and 50% from fares) (CRC, 1994). 

As patronage has decreased over the past decades, fare box revenue has also declined. 

This produces a positive feedback cycle (with negative results for public transport 

funding) where decreasing revenue decreases the quality of the service, which 

decreases customer/patronage interest, which decreases fare-box revenue and the 

cycle continues (this cycle has been long "witnessed" by public transport analysts see 

Meyer et aI., 1965 "vicious circle"; TRRL, 1980; Tolley and Turton, 1995). 

88 In Auckland a campaign of local politicians and key decision-makers has been created called "Keep 
Auckland Moving" to lobby central government for a fresh approach to reviewing transport funding. 
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The level of subsidy is largely set by political decision (and obviously community 

support assuming an adequate democratic process). Subsidy levels differ across 

different regions in New Zealand, as well as internationally. In many cities in the 

United States and Europe subsidy levels in excess of 70% are common (Jane's, 1994). 

Increasing the subsidy level from its current 50% level in Christchurch, or 

equivalently decreasing the fares while maintaining the service, are viable policy 

means of increasing patronage.89 

Development of a Transport Strategy for Christchurch 

In 1998, the Canterbury Regional Council and Christchurch City Council jointly 

developed a Public Transport Strategy for Christchurch, in an attempt to identify key 

existing problems and proposed improvements to make the system more competitive 

with car travel (CRC, 1998b). The process utilised a rather unique community 

consultative process involving members including convening a "Community Advisory 

Group on Public Transport", focus groups and extensive submissions over the course 

of a year. The key findings included the concept that public transport service and 

quality levels had "fallen" to a point where public transport was essentially a lowest 

common denominator for those who otherwise could not afford a car. As a result 

significant improvements in service have been proposed including: 

• new ring routes (to serve suburban destinations like malls, university, etc. 

without deviating into the central city); 

\111 express and limited stop services; 

It new ticketing systems to speed loading; 

• traffic priority: 

(I parking policies which are more supportive of public transport; 

(I a new central city electric shuttle; 

\111 new super-low floor bus fleet; 

• improved integration with cyclists; 

89 The fare elasticity for Christchurch is approximately -0.45, and the service level elasticity equating to 
frequency is approximately 0.6, see Symonds Travers Morgan, 1996. For example, iffares were 
decreased by 100% the fare elasticity suggests that patronage would be expected to increase by 45%. 
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IIlI and generally a new image to "upgrade" the look and feel of public transport in 

Christchurch. 

Another significant outcome from the process was a greater community and political 

"ownership" for improving public transport including commitments from both the 

Canterbury Regional Council and the Christchurch City Council for a near doubling of 

investment in service quality over the next ten years with goals of 400% increasing 

patronage (CRC, 1998b).9o 

6.4 Traffic, Safety and Slow Modes - Cycling and Walking 

Overall road casualties in Canterbury appear to be on a slight decline over the past 

decade, although still higher than the national average (468 compared to 429 per 

1 00,000 people) (CRC, 1996b). There is also an higher proportion of intersection 

crashes, probably due to the large number of intersections in Christchurch (with a grid 

system and a comparably high number of road intersections), Some of the 

contributing factors to Canterbury's higher crash total include excessive speed, poor 

driving and accidents with cyclists (CRC, 1996b). 

The shift to faster transport has fully infiltrated our daily patterns, not only how we 

choose to travel but how we now feel safe travelling. The trend in the number of 

people who cycle may be an excellent indicator of safety on our roads. There has 

been a reduction in the amount of children who cycle to school, particularly younger 

age groups (CCC, 1996d). For a number of reasons children are being driven for trips 

they might otherwise make themselves by bicycle (apparently due to a combination of 

reduced transport safety and general security). This "driving culture" may be shaping 

our children's expectations of what is normal and physically possible as far as their 

future transport choices. 

90 Note the author was the project leader for the strategy of a multi-discplinary staff of planners and 
engineers; in total the process took about 18 months to complete and Christchurch now plans to see a 
new ring route and express services in mid-1999, 
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As Elkin et aI, 1991 suggest: "The rising volume and speed of traffic has created an 

environment in which young children in particular have sustained a dramatic loss of 

independence as parents have increasingly felt obliged to impose restrictions on 

them. " (p 53)91 

There are a number of reasons for these changes: as our mobility has increased we 

require faster car travel which has increased the speed differential between slow 

transport (walking and cycling) and fast transport (cars). This speed differential, at 

least in Christchurch, appears to be a major factor in affecting travel mode decisions: 

lack of safety and concerns over fast vehicle traffic was a noted deterrent to cycling in 

Christchurch (CCC, 1996d). As shown in Figure 6-3, the perception of cyclist safety 

from an annual residents survey in Christchurch confirms that for both cyclists and 

non~cyclists, the perception of cyclist danger is quite high, where about 60% of both 

cyclists and non-cyclists characterise cycling as either dangerous or very dangerous in 

Christchurch. The reasonably high current (but declining) mode split by cyclists is 

probably more a testament to the flat topographic conditions of Christchurch than to 

the traffic management plans which generally support car traffic.92 

91 In a recent meeting of urban Christchurch district authority transport planners, one traffic engineer 
suggested that all "children under 10 should not be allowed to cycle to school", as he believed that they 
can not adequately judge vehicle speeds nor have they very good co-ordination skills. Although it may 
be true that young cyclists co-ordination and judgement is not as good as older children, such an 
attitude among traffic engineers may be quite pervasive: to remove the cyclist instead of provide 
improved planning and infrastructure; it would also further cement the notion that cycling is unsafe, and 
could deter parents from choosing schools which children could in fact cycle to (even for older 10-15 
year olds). 

92 It should be noted that the Christchurch City Council has recently employed a full-time Cycle Planning 
Officer, and there are some recent changes occurring including more painted cycle lanes as well as 
some specific improvements which include traffic light upgrades to recognise cyclist priority, 
segregated cycle way proposals, and campaigns to improve automobile driver behaviour toward 
cyclists. 
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Figure 6-3: Perception of Cycling Safety in Christchurch93 
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Whitelegg (1993) suggests that the current transport planning paradigm which is so 

focused on saving car time by increasing car speeds, actually undervalues the time of 

slower modes (like cyclists and pedestrians), and may even endanger these slower 

modes. 

Whitelegg (1993) reproduces an interesting UITP (1992) table, replicated below as 

Table 6-1, which identifies the perceived risk of accidents to pedestrians and cyclists 

across a number of European countries.94 It is very interesting to note that in Table 

6-1, both Denmark and the Netherlands have far lower perceptions of risks for 

pedestrians - these are countries well known for their attention to traffic safety and 

design detail which is pedestrian friendly (Newman and Kenworthy, 1998). It is also 

important to note how high the levels of perceived risk actually are for slow modes. It 

would be very interesting to see if similar if not higher figures arise from countries 

93 Data from Annual Residents Survey 1995, 1996, 1997 answers to questions 56 and 58a Table 103: How 
safe is riding a bicycle in Christchurch 

94 Note the European city results generally compare to the Christchurch City Council annual residents 
survey shown in Figure 6-3, where risk of accidents for cyclists is generally above 60%, although the 
survey questionnaire was clearly different (e.g., Figure 6-3 refers "safety" where Table 6-1 refers to 
"accidents"). 
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like the US and Australia which have significantly higher proportions of car use and 

traffic speeds than European cities (further discussed in Chapter 9). 

Table 6-1: Perception of Risk of Accidents to Pedestrians or Cyclists95 

Country Pedestrian Cyclist I 
Germany (East) 70 85 I 
Italy 65 73 J 
Luxembourg 60 75 I 
Spain 60 69 
Portugal 58 55 i 
Ireland 57 67 ! 

i UK 55 68 
-I 

• France 55 67 I 

Greece 55 65 
Germany (West) 53 72 
Belgium 51 71 I 
Netherlands 42 64 

. Denmark 35 62 
EC 56 70 I 

Lowe (1990) suggests that to produce more liveable communities, where all transport 

modes have an equal opportunity, would "put the automobile in its rightful place as 

one among many options for traver' (p 5). Ewing (1995) contends that to reach this 

there is a distinct need for: 

1) the traffic to be calmed, by reducing the volume and speed of car traffic; and 

2) alternative modes like cycling, walking and public transport to be enhanced 

through land use and facility design and where "pedestrians, bicyclists and 

public transit must be given as much priority within the street environment as 

are automobiles" (p 93). 

There are similar deterrents in the UK for cyclists: "the principal reported reason for 

not cycling is the entirely justified fear of accidents, the deterrent effect of which was 

found in a study to reduce commuting by as much as a factor of ten" (cited in Elkin et 

al. 1991, p 72). 

95 Percentage of sampled population estimating the risk of an accident as 'high' (UITP, 1992) 
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As a good example of creating a "culture of respect" for cyclists, Copenhagen 

(Denmark) developed a strong educational campaign, combined with some very 

simple "paint on the road" marking of cycle ways; partially as a result, Copenhagen 

has some of the lowest traffic accidents in a survey of over 40 international cities 

(Kenworthy, Laube, et al., 1998) which suggests this "culture of respect" may have 

extended to other road users as well, particularly pedestrians (Havlick and Newman, 

1998). 

The perception of risk is also important in mode choice.96 An article in the 

Christchurch Press suggests that cycling has become more dangerous whereas 

"motoring had become safer in the past 30 years" in New Zealand; according to the 

article, about 2% of national road fatalities are cyclists.97 

Strictly on a passenger-km basis, cycling may be one of the most dangerous fOTITIS of 

transport. In a 1991 study, cyclists in Christchurch were found to be 12 times as likely 

to be involved in collisions resulting in injury than drivers of motor vehicles (TNZ, 

1991). Such feedback mechanisms support people driving cars and getting off 

bicycles. 

With respect to walking, Moudon et aI, (1997) show that improving site design is a 

critical issue in improving pedestrian safety, particularly in suburban locations, as well 

as enhancing pedestrian travel overalL Moudon et aL also call for the development of 

land use guidelines and regulations to provide safer and shorter routes for pedestrians, 

with emphasis on short (not long) blocks, and continuous and connected sidewalks 

between activity locations. 

96 A newspaper article identified that personal risk assessment may affect the number ofNZ road fatalities 
(The Press, March 2, 1996). Professor Gerald Wilde, Queen's University Ontario Canada, suggests 
that people in general may in fact place themselves in greater danger ifthey perceive the risk is low -
even if the risk is in fact high. Examples are cited of improving technologies in transport which actually 
allow people to travel faster, e.g. anti-lock braking devices which may be encouraging drivers to follow 
at closer distances. Amongst cyclists, the notion/perception of risk can also be a deterrent: one member 
ofthe Christchurch Cycle Steering Group fmds New Zealand drivers take more risks than drivers in 
California, and in tum this risk taking behaviour makes him less willing to ride his cycle in traffic (Tim 
Barnett, personal communication). 

97 Christchurch p 7, 14/3/96. 
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There is also an associated loss of mobility associated with our current transport 

planning paradigm which favours fast traffic: children are losing their independence 

and mobility due to increasing car traffic. In a comparison of children's independent 

mobility in the UK, as measured by whether a child is allowed to cross the road on 

their own, Hillman, Adams and Whitelegg (1991) found that in 1971 three-quarters of 

the children were allowed to cross the road unassisted by an adult; by 1991 the 

proportion had declined to half. The result: more and more children are being driven 

to school, for sports and any number of activities. 

Hillman and Whalley (1983) identified three reasons for decreases in walking trips in 

the UK: 

• lack of easy access 

.. increasingly unattractive environment, and 

.. increasing danger due to increases in speed and volume of traffic. 

The provision of safer cycling and walking routes would undoubtedly improve the 

"perception" as well as the actual safety of these slower modes. 

6.4.1 Removing Pedestrian Crossings In Christchurch 

Traffic engineers in Christchurch have over the past ten years removed a significant 

number of pedestrian crosswalks after deeming them unsafe for both pedestrians and 

motorists, replacing them with flush medians (and at times refuge islands). In fact 

pedestrian crossings (c. 25%) have been removed since 1989 as a response to poor 

driving behaviour that is, motorists not giving way to pedestrians (per Mike 

Thomson, CCC). One could argue, that the removal of pedestrian crosswalks give a 

signal to motorists that their poor driving skills will be accommodated, and that 

pedestrians must relinquish their rights. Pedestrians are even killed at pedestrian 

cross-walks (Christchurch Press 26/1198, p9). These sorts of signals give a very poor 

message to pedestrians: in many of these incidences it is not the pedestrian who is at 
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fault. It is in fact poor driving skills in Christchurch to which the traffic engineers and 

pedestrians must accommodate. It is a "might makes right" reaction/provision. 

6.4.2 Attempts to Improve Child Safety to "-,,,",,JUlV,,",," 

There have been some recent developments attempting to re~establish safe routes to 

school for children in an effort to both reduce traffic and improve health. Examples 

are cited below from Christchurch and the UK.98 

United Kingdom 

In the UK, currently only 59 per cent of children aged five to ten walk to school, 

compared with 72 per cent in the mid-1970s (UK Times, September 7, 199899
). The 

Times reports: "Children will take part today in a simple but ground-breaking 

attempt to prevent traffic congestion caused by the school run. The 'virtual bus' is 

seen by ministers as the cheap and effective way of persuading parents to let their 

children walk to school .... the virtual bus scheme comes complete with a 'conductor' 

who supervises the pupils during their half-mile walk to school and a 'driver', who 

wheels a trolley carrying satchels, lunch boxes and gym bags. Parents chauffeuring 

their children to school are responsible for about one in five morning peak-time car 

journeys. Ministers worried about the reluctance of parents to allow their children to 

walk to school have told local councils that priority must be given to proViding safe 

routes for cycling and walking. n 

The same UK Times edition also included an article regarding the increasing health 

risks associated for children who are driven to school 100: suggesting that children who 

98 Although not discussed in detail here, there are similar programmes underway in the United States. For 
example, in Boulder Colorado, a "Walking School Bus Driver" programme was recently developed 
(personal communication, Professor Spenser Havlick). 

99 Reported in the New Zealand Energy Efficiency and Conservation Authority Transport newsletter, 
October 15, 1998. 

100 The report is based on an analysis of published data on school travel during the past 20 years (reported 
in the New Zealand Energy Efficiency and Conservation Authority Transport newsletter, October 15, 
1998). 
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are driven to school may have a higher risk of heart disease and brittle bones because 

the establish an early behaviour pattern that could undermine their health for years. 

Christchurch 

Almost in a reversal from the removal of pedestrian cross~walks, there may be a 

renaissance of safety improvements for school children in Christchurch. The first 

"Walk a Child to School Day" is to be held in Christchurch on Wednesday, March 3, 

1999. "The idea behind the project is to promote walking as a safe, healthy way of 

getting to school," per Paul Cottam, Christchurch City Council's Safe Routes to 

School co-ordinator. Aimed at primary school children, the objectives of Walk a 

Child to School Day are to: 101 

• create safer streets around schools; 

• improve the health of students and parents; 

(I ease traffic congestion around schools; 

!ill reduce air pollution; 

.. create safer and stronger communities; 

.. increase the independence and mobility of children in their communities; 

• encourage parents to model safe walking behaviour; 

.. encourage a school transport modal shift from motor vehicles to walking. 

6.5 Traffic Impacts on Conlmunities 

Table 6-2 highlights some very interesting results of the impact that traffic has on 

"sense of community". These are results of a study done in San Francisco where a 

comparison of three street types was made to determine a relation between the street's 

vehicle numbers per day and the local residents' sense of community (measured by the 

number of friends and acquaintances, and the size of what they considered their 

"home territory") (Appleyard, 1981). 

101 Reported in EECA Transport Forum Newsletter, 15 October, 1998. 
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Table 6-2: Street Type Relationship to Resident's Sense of Community 
Street Vehicles per Number of Number of "Home 

Definition Day Friends per Acquaintances Territory" 
(peak hour) Person per Person 

Light 2,000 3.0 6.3 Entire Block 
(200) 

Medium 8,000 1.3 4.1 Front Yard 
(550) 

Heavy 16,000 0.9 3.1 House 
rlI)OO) Entranceway 

As shown in Table 6-2, as traffic increased (both in volume and speed) the residents' 

numbers of friends and acquaintances decreased, and so did the sense of their "home 

community". The study results support common sense: no one enjoys "spending 

time" on a busy traffic street. Traffic volumes and traffic speeds need to be slow 

enough that they are not threatening. The research suggests that in many cities in the 

States, the sense of local community has been significantly eroded by planning for the 

automobile where increased car use, increasing traffic speeds and volumes, have 

eroded local community space. Whitelegg (1993) mentions a number of similar 

traffic impacts. 

As discussed later (see section 6.8), there is a growing movement toward "traffic 

calming" with experimental projects occurring throughout the world. These projects, 

where successful, should lead to less invasive impact from vehicles, and if combined 

with land-use planning which supports public passenger transport and cycling, may 

well reduce our dependence on cars (see Tolley, 1993; Tolley and Turton, 1995). 

Might Makes Right 

There appears to be a "might makes right" road rule which affects our relationship 

with transport mode in New Zealand. The larger the vehicle the more demanding and 

imposing it becomes on other "smaller" road users. If you feel safer in a car, you will 

use the car. lfyou don't feel safe as a pedestrian or cyclist you are less likely to walk 

or cycle. 

Chapter 6 - Transport Planning Policies 



134 

Unfortunately, as previously indicated in Figure 6-3, this is exactly the case in 

Christchurch, where residents identified a very high perception of risk for cyclists 

(over 65% consider cycling dangerous). In addition, evidence in Christchurch 

suggests that more and more children are now being driven to school because parents 

believe that cycling is no longer safe. 102 And finally, a recent survey of Christchurch 

Children showed that noise, traffic and roads are the second most negative aspect of 

Christchurch behind their perceptions of safety (CCC, 1996e). 

Parking 

Parking policies such as pricing and controls on the number of parking spaces are 

often cited as a tool for affecting transport mode split and reducing the effects of 

traffic (e.g., see Dasgupta et al. 1994; Fielding, 1995; Plane, 1995; Kissling and 

Douglass, 1993; Shoup and Wilson, 1991). For example higher prices for all day 

commuter parking may deter commuters from using their car (or conversely low 

charges may support increasing car use). Maximum and/or minimum parking density 

requirements are also often applied in land use development consents, to both 

maintain/enhance road network efficiency, and often as a parking policy measure in 

central business districts. There is generally a "balancing-act" between over-provision 

and under-provision of parking, where a balance is sought between reducing traffic 

congestion (including air pollution and energy use) and meeting job and retailing 

activity interests (and associated parking needs). 

Cities Overseas 

Numerous cities in the United States utilise parking maxima as an appropriate 

transport planning tool to improve road network efficiency, increase use of more 

sustainable transport (such as public transport and car pooling), and to improve access 

to their central city areas. Such US cities include Portland, Boston, San Francisco and 

102 Driving as little as 3-4 blocks due to concerns for their safety in traffic, per Mike Thomson, 
Christchurch City Council; some school surveys showed that in 1995, 40% of school kids aged 11-14 
rode a bike, where as in 1998 a similar survey showed that just 23% of school kids aged 11-17 rode a 
bicycle (unfortunately the data were not directly comparable between age groups, per Alix Newman, 
Christchurch City Council). 
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Seattle to name a few (see Higgins, 1989). In addition, many European and UK cities 

also include the use of parking maximums as a means of improving use of the road 

network, and improving environmental outcomes in central city areas for both large 

and medium sized cities very comparable to Christchurch (see Valleley, 1997; 

Bourgoin, 1987). 

A number of other cities have utilised parking policies as tools to reduce car use 

(along with enhancement to public transport, cycling, etc.) including Oxford, Toronto, 

San Francisco, Copenhagen, etc. (see Bartholomew, 1995; TRRL, 1980).103 

Portland, Oregon implemented a parking "lid" to attempt to limit the number of cars 

coming into the central city and to better support use of public transport (the limit was 

set at about 44,000 car parks in the downtown area in the early 1970s) (Oliver, 1994). 

A recent policy in Portland has extended the parking policy to a region wide "parking 

ratio rule", no longer using the "lid" concept, but now recognising that placing lids on 

certain areas may force activity elsewhere or to the fringes of the urban area (Oliver, 

1994). 

In a modelling exercise of five cities in the UK, Dasgupta et al. (1994) showed that 

doubling the parking charges could have some effect on modal split and reducing car 

use (2-3% city wide reductions in car use). Halving the number of car parking spaces 

available (quite a dramatic alteration) reduced car usage by 5-8%; although not a huge 

reduction in car use, it was one of the largest effects of the tests made which included 

increases in the costs of fuel, introducing cordon or road toll charges, halving public 

transport fares, and doubling parking charges (Dasgupta et al. 1994). 

103 Copenhagen has had a long-tenn policy of literally decreasing parking capacity by 3% per year, 
balanced with significant improvements in public transport and cyclist provisions; the integrated 
transport policy has resulted in no growth in car-use in the main part of the city for the past 15 years 
(Havlick and Newman, 1998). 
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6.6.1 Parking Policies New Zealand 

Christchurch is the only main New Zealand centre which does not have a maximum 

parking requirement for new developments. Both Auckland and Wellington City 

Councils utilise maximum parking densities in their district plans for their central 

business districts. 

In fact, amongst these cities, Christchurch has the only district plan which is pursuing 

minimum parking requirements; neither Auckland nor Wellington City Plans require 

minimum parking requirements. 

Christchurch City Plan Parking Policies 

Currently there is no maximum control on parking densities or requirements in 

Christchurch or in the Proposed City Plan. In previous Christchurch City Plans there 

were areas of the core city centre which had parking density maximums (see 

Christchurch Transitional District Plan 1991); however, in their "wisdom" the current 

City Council removed these maximums from the Proposed City Plan (CCC, 1995a). 

There are minimum parking requirements to maintain road network efficiency which 

effectively increases the amount of parking (CCC, 1995a). 

Specifically adoption of a maximum parking density policy can (Oliver, 1994; TRRL, 

1980): 

" increase car-pooling; 

" increase use of public transport; 

.. increase use of cycling; and 

" reduce the adverse effects of the transport system. 

The importance of establishing appropriate maximum parking requirements is 

included in a report done by the City Council (CCC, 1995b) which highlighted that a 
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"limit (oj) the number of off-street parking spaces which may be supplied by a 

developer, encourages other forms of transport such as cycling and public 

transport .... Therefore it is strongly recommended that the concept of both 

minimum and limits for parking (for) provisional new 

development should adopted as policy .... a maximum limit is justified to 

ensure the protection of the road network, the environment of the area and 

support for the public transport network" (page 40, emphasis added). 

In the past few years Christchurch has begun to develop a parking pricing policy to 

attempt to deter commuting motorists while allowing short-term parking (generally 

targeted at retail shoppers) (personal discussion with Paul Roberts, Christchurch City 

Council). 

As will be discussed in Chapter 9 and 10, the provision of parking per 1000 workers 

in the Christchurch Central Business District (CBD) is amongst the highest of the 49 

international city sample - suggesting Christchurch may have a reasonable over

provision of parking in its CBD. 

Auckland City 

The City of Auckland includes an objective to "Balance parking supply with road 

network capacity" within its proposed district plan, and specifically targets parking 

controls and maximum parking densities as a means to improve its central business 

district or Central Area. 

Specifically the Auckland City Plan states (City of Auckland - Proposed District Plan, 

Central Area Section -1997, page 7): 

9.34 Parking 

By controlling the supply, price and use of car parks in the Central Area and 

simultaneously improving public transport, the rise in the level of congestion 

will be slowed. It is anticipated that control of parking will assist in 

increasing the efficiency of the road network both within and outside the 
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Central Area. As the greatest demand for car parks is generated by 

commuters to and from the Central Area, the Plan encourages people to use 

alternative means of transport to that of the motor car. In order to encourage 

public transport patronage and enhance business efficiency, parking provision 

for public transport and service traffic enjoys a high priority in the Central 

Area .. .In order to limit the number of carparks in developments, a maximum 

permitted level of parking rather than a required minimum in the Central Area 

is set ... An important consideration in applying this strategy is that the 

restriction on parking is complemented by an efficient and attractive public 

transport system. n 

Wellington 

In 1994, Wellington adopted parking policies to encourage increasing modal shift 

toward public transport including some of the following key points (Wee, 1994): 

Commuter Traffic Restraint - Strategic Objectives (3.2.2.2) 

(i) restrain growth in the number of commuter trips made to the inner 

city by car 

(if) encourage a shift in commuter trips to the inner city from cars to 

other modes of transport 

Key Achievement Areas 

(i) limit the number of commuter parking spaces in the inner city to 

18,600 till the year 201 5 through the District Plan 

(U) strengthen the commuter coupon parking system 

Parking - Strategic Objectives (3.2.3.2) 

(i) provide a generous supply of short-stay parking in the inner city, 

particularly in the vicinity of the Golden Mile 

(ii) encourage inner city living by allowing the construction of inner

city residential units without on-site parking 
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In its district plan, Wellington City sets out maximum parking levels for new 

development in its central business district including permitted activity maximum of 1 

space per 100m2 gross floor area (gfa); proposals for more than 1 space become a 

discretionary activity. Criteria for accepting discretionary activity include that 

additional spaces are short-stay, and accessibility of other modes. And importantly, 

there are no minimum parking levels for the central business district of Wellington 

(this is partially due to the relatively excellent provision of public transport as 

discussed in Chapter 9). 

6.6.2 The Need for a Parking Strategy in Christchurch 

In its submission to the Christchurch City Council on the Proposed City Plan, the 

Canterbury Regional Council recommended the adoption of a parking strategy for 

Christchurch to reduce car use. The strategy would address the following (CRC, 

1995b): 

• a consistent city-wide parking policy which reviews parking policy impacts 

on a city wide basis (acknowledging that placing parking controls in one 

area of the city may only engender motorists driving to un-controlled areas). 

• use of the parking strategy as a policy tool for reducing low-occupancy 

motor vehicle travel and to support alternatives such as public transport and 

cycling; 

• maximum parking densities for development consents (to ensure there is no 

over provision of parking); 

• maximum parking cap on off-street parking in the central city (to address 

the larger central city area rather only single site consent determinations); 

• assessment of the effect of high traffic generators, such as supermarkets and 

malls, and the provision of car parks or the creation of parking demand. 
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6.7 New Era of Transport Planning? 

There are growing arguments (and recent legislative changes) that transport planning 

is reaching a new era, where a far more holistic approach to providing transport 

services, accounting for environmental effects and integrating with land use 

development is required. Recent legislation and strategic planning approaches in both 

the US and the UK have been adopted which embrace such an integrated approach. 

Unfortunately, to date no similar legislation has been introduced in New Zealand. 104 

6.7.1 Integrated Transport Planning 

The idea that integrated transport policies and strategies are needed has been around 

for some time. In the early 1970s as environmental concerns were rising a number of 

groups were advocating for a more holistic approach as characterised by this quote 

from 1974: 

"Above all, many people are disturbed by the apparently piecemeal character 

of transport decisions and the lack of integrated policies" (Independent 

Commission on Transport, 1974, p 17). 

Dittmar (1995) describes a possible paradigm shift occurring in the United States with 

adoption of the Intermodal Surface Transportation Efficiency Act (ISTEA), changing 

from a supply-side "era" into "an approach that sees transportation as society's 

servant rather than its master" (p 7). 

With respect to cost-benefit funding and project evaluation approaches, there is an 

international move questioning the integrity of traditional cost-benefit criteria to 

assess transport projects, particularly with emphasis on environmental effects as well 

as the long-term implications of transport infrastructure on transport mode choice (see 

Brennan, 1994; Tolley and Turton, 1995; Litman, 1998a and 1998b). 

104 Although, there has been recent discussion and consultation on central government suggestions of 
changing who manages and operates the roading network, see the discussion on New Zealand below 
and "roading reform". 
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Banister (1994) points out that 

"transport planning has evolved in the last 30 years, but with no clear 

theoretical foundations. Evelyone is aware of the problems created by 

increased demand for transport and most effort has been directed at finding 

methods of analysis with a practical, usually quantitative, output. This has 

meant that analysis has been empirical and positivist in its approach." (p 21) 

Banister (1994) suggests that up to the 1970s this problem-led approach was a classic 

thread of survey, analysis and plan sequence. In the 1970s there was a development 

toward a greater 'systems analysis' which included identifying needs, fonning goals, 

evaluating alternatives, monitoring and feedback to modify the plans. Banister 

acknowledges the need for a reassessment of transport planning and specifically for 

better integrated analysis: 

"two major factors have now led to a reassessment of the traditional approach 

(of transport planning). Thesefactors are not based on the limitations and 

critique of established methodologies, but on the radically changed nature of 

the problems facing decision-makers .... The first relates to the changes in the 

political environment with the ascendancy of the market view over the social 

and welfare perspective .... The second major change is the increased awareness 

that transport planning must be seen as an integral part of a much wider 

process of decision-making." (Banister, 1994, p 220-221) 

Integrated transport strategy development, with broadened social and environmental 

objectives, is gaining recognition world-wide as a viable and valuable method of 

addressing a number of transport related issues. In the UK integrated transport 

strategies have now been conducted in a number of cities including London, 

Binningham and Edinburgh (see respectively May and Gardner, 1990a; Wenban

Smith et a1. 1990; May et a1. 1992). In the United States, Portland, Oregon is leading 

the way in developing integrated transport policies (including appropriate land-use) 
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for their metropolitan region (Bartholomew, 1995). These studies are quite different 

from those conducted in the 1960s where the present emphasis is on: 

• the synergy between a wide range of transport and land use policies; 

• the development of a framework and not a rigid blue print for the future; 

and 

@ the speed with which these studies are carried out (typically 3-9 months) 

(from Luk (1992) in BERL (1996)). 

Goodwin (1997) argues that "solving congestion does not depend on building new 

roads, and indeed liberating our minds from this assumption has been an important 

step in allowing us to consider wider and more effective methods" (p 10); specifically 

he includes as these "methods" road pricing and reallocation of road space to 

alternatives like public transport, cycling and walking. 

Goodwin (1997) presents a fairly comprehensive assessment of what could be termed 

a new era of transpOli planning: 

"Transport policy in principle now is nearly everywhere developing certain 

common themes. The growth of traffic will have to be slowed down, and in 

some locations the actual traffic level will have to be reduced, or even removed. 

In part that implies reversing the long-term decline in public transport. We are 

probably talking about an overall market for public transport which should 

expand at around 3% to 5% a year, sustained for thirty years, and in some 

locations the logic of policy suggests growth of25% in two years, 100% in 

jive ... 

But that's only part of it. We now recognise the need to reinvent safe, attractive 

streets in which it is normal for children to walk or cycle to school; to reinvent 

the old custom of home delivery of shopping; to rediscover the role of land-use 

planning to reduce journey distances; to lookfor ways of participating in social 
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activities that generate less traffic. The new policy tool-box includes 

pedestrianisation, traffic calming, traffic management aimed at maintaining a 

quality margin of reliability by reducingjlows to significantly less than 

capacity; and once again pricing is everywhere discussed, as the only tool of 

traffic restraint which has the double whammy of ensuring that resource costs 

are covered in the choices people make, and also providing the funds to pay for 

improvements. " (p 5) 

Based upon recent changes in the UK government's approach to transport planning, 

including the acknowledgement that induced traffic does in fact occur (SACTRA, 

1994), Goodwin suggests that "the volume of traffic is in part - the result of policy, 

and is therefore subject to some degree of choice" (p 5). Goodwin (1997) continues 

that "within this policy context, decisions about road capacity are quite logically at 

the end of the list, not the beginning not because we shall never again see any new 

road capacity, which would be absurd, but because it is not possible to design a new 

road until it is decided what traffic load to design it for, and that now implies a policy 

choice, not a forecast" (p 6). 

ISTEAlTEA 21 in the United States 

In the United States legislation called the Intennodal Surface Transportation 

Efficiency Act (ISTEA) was passed in 1991. It essentially called for a far more 

integrated approach to transport and land use planning, attempting to require local 

bodies to account for and consider the interacting effects of transport infrastructure 

developments and land use, with a particular emphasis on reducing the environmental 

effects of transport including air pollution and energy use (as well as consideration of 

the social and economic effects of infrastructure investment). 

ISTEA set unprecedented requirements to account for integrated transport and land 

use, using the federal funding mechanisms as the "tool". However, in reality ISTEA 

(and its subsequent legislation 1) may take quite some years to affect 

transportation investment. Bernick and Cervera (1997) point out that ISTEA set an 

unprecedented ability for state and local authorities "to spend upward of half the bill's 
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7-year $151 billion ($US) authorization on transit, though to date most of the flexible 

fimds have gone to highways and not to transit" (p 42) showing that "in fiscal years 

1993 and 1994 only about 5% of eligible flexible funds were transferred from 

highway to transit programs" (Bernick and Cervero, 1997, p 68). 

Undoubtedly ISTEAlTEA 211egislation will change the way transport and land use 

planning is conducted in the US. The real test will be time - that is, how well some of 

the legislative ideas are carried out into actual practice. 105 

White Paper -" A New Deal for Transport" 

In the UK, recent government activity suggests that an entirely new approach is being 

pursued in transport planning. The UK government's "White Paper on the Future of 

Transport A New Deal for Transport" (DETR, 1998)106 states that: 

"the government recognised that we could not go on as before, building more and 

more new roads to accommodate the growth in car traffic .... The main aim of this 

White Paper is to increase personal choice by improving alternatives and to secure 

mobility that is sustainable in the long term. " (foreword by John Prescott) 

The UK White Paper (DETR, 1998) outlines an integrated approach to future 

transport planning and provision which includes integration: 

\\I within and between different types of transport 

It with the environment 

.. with land use planning, and 

• with policies for education, health and wealth creation. 

105 As explored later in Chapter 10, US car travel per capita is the highest in the world, far higher than all 
other cities in a 49 city sample - thus to achieve more sustainable transport will require quite a number 
of planning, economic and social changes to which if effective TEA 21 would be instrumental. 

106 UK White Paper on "New Deal for Transport" Internet website http://www.detr.gov.uklitwp) accessed 
17 December, 1998. 
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Included in this "new deal" is the creation of a new Independent Commission for 

Transport Integration to advise on national integration issues and to act as a "force for 

change". A broad range of strategies are addressed including improvements for public 

transport, cycling and walking (with specific mention of both design, safety and 

security improvements), measures to improve road network efficiencies, as well as 

including pricing for what have traditionally been externalities of vehicle use 

(pollution, noise, nuisance, etc.). With respect to road building, importantly the 

White Paper clearly states that "the days of 'predict and provide' are over", where 

maintenance and management of the existing network will take top priority over 

building new roads. Using language like - "Since new roads can lead to more traffic, 

adding to the problem not reducing it, all plausible options need to be considered 

before a new road is built ,,]07 it is quite clear that the UK White Paper (DETR, 

1998) has begun to reform its transport planning paradigm toward less car-oriented 

and more sustainable transport-oriented outcomes. 

New Zealand 

There are a number of recent suggestions regarding legislative transport changes in 

New Zealand which one could argue threaten any attempt to integrate transport and 

land use. In particular it is worth mentioning that there are current proposals by 

central government to introduce rather sweeping changes to the way in which road 

improvements are funded and managed; however, it is not clear if the proposals will 

be adopted or to what extent the proposed "commercial" model will be accepted. 

Such a model would have potentially large impacts on both the decisions of how road 

space is managed, as well as the prices which vehicle users pay for using roads. There 

are noted concerns by some local councils (including the Christchurch City Council) 

that roading authorities may only look after vehicle movements and not provide 

adequate planning for cyclists, pedestrians or public transport.108 

107 DETR, 1998: UK White Paper on a New Deal for Transport, Chapter 3, section entitled Making better 
use of trunk roads, integrated investment (note no page numbers are provided on the website: 
http//www.detr.gov.ukJihvp). 

108 There have been recent discussions and consultation on potential for "road refonn" in New Zealand. 
The discussion has focused on who should be providing and maintaining the road network in New 
Zealand, and how it should be funded. Currently, state highways are provided by an organisation called 
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6.7.2 Improving Transport Models 

Reflecting upon recent changes in UK policies toward road building which include the 

Road Traffic Reduction Act 1997 (Chisholm, 1997) and the UK White Paper (DETR, 

1998) Goodwin (1997) mounts a scathing challenge to the usefulness of current 

transport modelling in its inability to deal with actually solving congestion: 

"My concern is that our ability to treat the new policies analytically; to 

understand their effects; to assess their costs and benefits; is seriously hindered 

by our inheritance of an analytical tool-kit that is bright, impressive, of 

unchallengeable intellectual achievement, and wrong. It was Wardrop, nearly 

half a century ago, who provided the theoretical core of modern transport 

modelling practice in suggesting that drivers choose among alternative routes 

for the same journey by picking that route which gives the minimum journey 

time ... (p 10) 

Transit New Zealand; local roads are provided by the local district councils. Funding for state 
highways comes entirely from central government (generally funded from a mix of road user taxes on 
commercial trucks and a petrol levy). Local roading investment is provided from a mix oflocal 
property rates and contributions from central government (again, generally from the petrol tax levy). 
The "road refotm" proposals have reviewed and made suggestions on how the roading network should 
be provided and managed, essentially central government has been pushing for a more commercial 
approach to roading investment and management (where recent proposals suggest that higher petrol 
levies could reduce local rates (The Press, November 8, 1998, pi). Key points from the Roading 
Advisory Group (RAG) convened by central government Report (RAG, 1997) included: 

<II No provision for investment in alternative to car travel; 

'" Future roading investment would follow a commercial model; 

<II Roading decisions would be made by a body corporate which would consult local communities, 
but locally elected officials would be explicitly excluded from the decision-making body; 

'" A mechanism for funding roading improvements but no link to improving public transport, cycling 
or pedestrian activities. 

In fact some might argue that improving cycling, walking and/or public transport would decrease traffic 
volumes which would decrease revenue and undetmine the proposed Roading Authorities Statement of 
Corporate Intent, which is to make a profit (RAG, 1997). With an interest in making a profit, the 
Roading Authority may have no interest in promoting alternatives to decrease traffic volumes. In 
addition, roading investment may be rather "lumpy" considering that if road capacity is constrained the 
Roading Authority would be interested in reducing congestion up until extra road space (or "plant") is 
added; at the point that extra road space investment is made, the Authority will want to see maximum 
return on its new investment, which means increasing traffic volumes, not promoting alternative to car 
travel which might reduce revenue streams. 
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Goodwin maintains that the current suite of transport models is based upon a false 

premise of assured equilibrium, "because behavioural responses are time-dependent, 

and include adjustments which take years to be completed", citing differences 

between pedestrianisation activities which may have a response time of a few years, to 

transport infrastructure and land use interactions which "may not be complete for a 

generation or more" (p 11). Instead Goodwin (1997) argues that" We need to know 

how long it takes for these effects to build up, in order to know which policies must be 

implemented first, and which may be left until later. There is hardly a more important 

political question. But the most-widely used analytical tools (transport modelling) 

have nothing to say about sequence and time scale, because they treat end-states: 

notional equilibrium conditions which may never apply at all, but even if they will 

apply, we cannot say when. " (p 11) 

Goodwin (1997) suggests that an improved understanding of transport policies and 

effects "will depend on treating travel behaviour as a process, not a state", thus 

moving away from an adherence to a concept of equilibrium in our transport 

modelling forecasts and instead come better to understand the underlying processes of 

change in travel habits. Goodwin continues that pursuing an understanding of the 

travel process "may, as David Simmonds and John Swanson have both argued, 

actually lead to the adoption of simpler, more transparent, and more tractable 

models, rather than adding another layer of complexity to an already 

incomprehensible set of black boxes. " (p 12) 

6.7.3 UK Roads Review 

Recent developments in the UK include a review of roading appraisal schemes to 

broaden the assessment categories which "trunk road" investmentslimprovements are 

based upon. The following is an excerpt from the UK Government website on 

roading appraisal review (http://www.detr.gov.uklitwp/appraisal-accessed on 

October 28, 1998). 
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H 1.1 A key objective of the Roads Review has been to develop a clear and open 

framework to appraise and inform the prioritisation of trunk road investment 

proposals. To achieve this objective the Government has developed a new 

approach to appraisal which is broadly based and takes account offive criteria: 

environmental impact; safety; economy; accessibility; and integration. 

1.2 An important element of this new approach has been the development of an 

Appraisal Summary Table (AST). This is a one page summary of the main 

economic, environmental and social impacts of a trunk road scheme. " 

'The AST summarises the key consequences of a proposed trunk road scheme 

against the five criteria. It presents information derived from established, 

detailed techniques that are used to appraise the environmental, economic and 

social consequences of trunk road schemes. In each case the iriformation 

reflects the net effect of the trunk road scheme on each of the five criteria 

compared with a scenario without the road scheme. The information is 

presented in a way that does not give prominence to anyone type of effect, or to 

those benefits expressed in monetary terms compared with those which cannot 

be measured in the same way. " 

The UK roads review Appraisal Summary Table (AST) criteria have been divided into 

a number of sub-criteria including: 

1) Environmental Impact: Noise, Local Air Quality, Landscape, Biodiversity, 

Heritage, Water (note environmental impact includes C02 emissions); 

2) Safety; 

3) Economy: Journey times and Vehicle Operating Costs, Journey Time 

Reliability, Scheme Costs, and Regeneration; 

4) Accessibility: Access to Public Transport, Community Severance, 

Pedestrians and Others; and 

5) Integration 
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Section of the document continues: "This approach marks afundamental change 

in the way in which road schemes are considered. It makes the underlying problems 

and consequences of each scheme more explicit. It assists the comparison and ranking 

of schemes, particularly where positive impacts have to be traded off against different 

and negative ones. It does this in a way which attempts to give all impacts equal 

prominence. 

Very clearly legislative changes are underway in the UK to redress the balance of 

transport planning and provision toward less absolute dominance of private vehicles. 

6.7.4 Induced Traffic 

British findings indicate that building transport infrastructure may actually induce or 

increase traffic growth. In an extensive review of road improvement programmes in 

the UK, a standing committee was asked to evaluate if "improving the road system 

introduces extra traffic which, without the improvements, would not otherwise be 

there?" (SACTRA, 1994, P i). The findings of the group concluded that "induced 

traffic can and does occur, probably quite extensively" (SACTRA, 1994, P ii). 

Findings included evidence that while expanded road capacity enables vehicles to 

travel faster, time savings may be reduced because people drive more - suggesting 

that as much as "half the time savings are lost in the short run and perhaps all lost in 

the long run" (STPP, 1998, P 4). In research on induced traffic, Hansen and Huang 

(1997) found that at a metropolitan level, every 1 % increase in new lane-miles 

generates 0.9% increase in traffic every four years. Their research also showed greater 

induced traffic at a regional level than on individual road segments - which supports a 

widely accepted theory that under congested conditions, drivers drive less, but once a 

road is uncongested the "suppressed demand" unveils itself and fills the roadway 

(STPP, 1998). 

Following the SACTRA (1994) report there has been a deluge of interest to attempt to 

verifY the concept of "induced traffic" and its implications, both in transport planning 
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terms, and more specifically in transport infrastructure provision assessment (STPP, 

1998). A recent study by the US Environmental Protection Agency confirms similar 

findings in the United States (USEP A, 1999). 

STPP (1998) also suggests that 

"planners typically do not feed data on induced traffic and lengthened trips 

back into their models to determine future traffic volumes. According to UC 

Davis researchers Robert Johnston and Raju Ceerla, this common practice 

underestimates not only traffic levels, but also emissions and travel costs, and is 

therefore 'biased in favor of build alternatives "'(STPP 1998, P 6) 

6.7.5 Road Space Re-Allocation and Closure, and the Disappearance 

of Traffic 

In what appears to be a major new study in the UK, the closing of roads may not 

produce the gridlock or traffic chaos a typical transport model (or traditional traffic

engineer) might predict. The research by Cairns, Hass-Klau and Goodwin (1998) 

presents almost the corollary to the findings of the SACTRA (1994) report which 

found that road-building induces additional traffic demand. Instead Cairns, Hass-Klau 

and Goodwin found that the closure of roads actually makes traffic disappear: 16-25% 

of traffic literally "vanished" (with a fair degree of variance depending upon local 

conditions and transport alternatives). 

Cairns, Hass-Klau and Goodwin were asking a basic but crucial question: since the 

SACTRA (1994) report "showed that building roads can generate traffic ... there has 

been a lot of interest in whether the opposite is true - can reducing road space for 

cars cut traffic? This could be particularly important when introducing policies like 

bus lanes, which could provide a cheap and effective way to improve the 

attractiveness of public transport, but which would be untenable if displaced traffic 

brought neighbouring roads to a standstill. The same issue is often raised during 
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plans to introduce street-running light rail systems, cycle lanes, wider/ootpaths or 

d . .. h ,,109 pe estrzamsatlOn sc emes. 

Cairns, Hass-Klau and Goodwin (1998) examined 60 locations I 10 where road space 

had been removed from car use and put to another use: in some cases road space for 

cars had been reduced because of deliberate policies like bus priority lanes or 

pedestrianisation schemes, in other cases roadworks or bridge collapses reduced the 

road capacity. The researchers suggest that generally in such circumstances the usual 

predictions made by traffic-engineers or transport models are for major traffic chaos 

or gridlock. Interestingly the actual results of the study suggest exactly the opposite: 

long-term gridlock seldom if ever occurs (there were reported short-term disruptions), 

and depending upon the local road network there were some reported particular 

problems on local roads. 

Cairns, Hass-Klau and Goodwin's (1998) conclusions suggest that our transport 

patterns may be far more flexible than traditional transport planning has allowed, 

identifying that it is the flexibility of travel patterns which enabled large changes in 

traffic flows to result from a particular change to road conditions. I II 

109 Quoted from the University College London website: http://www.ucl.ac.ukltransport-studies/scl.htm 
accessed on 29110/98. 

110 Examples included sites in the UK, Germany, Switzerland, Italy, The Netherlands, Sweden, Norway, the 
USA, Canada, Tasmania and Japan. 

III "In explaining what was happening to the traffic, the following model of behavioural response 
emerged. Initially, when road space for cars is reduced, drivers simply change their driving styles in 
ways which pack more vehicles in, for example, by driving closer together. As conditions deteriorate, 
they then take the next easiest options - swapping to neighbouring streets, or changing their time of 
travel, leaving a bit earlier or later to avoid the worst of the traffic. As such adjustments also become 
problematic, a whole variety of responses is triggered, rangingfrom people altering how they travel, 
or where they carry out activities, through to people moving house or movingjob, where the change in 
travelling conditions 'tips the balance' in a decision that was being made for other reasons anyway. 
Taken together, this third set of responses accounts for the measurable 'disappearance' of a 
proportion of traffic from the networks studied." Quoted from the University College London, Internet 
website: http://www.ucl.ac.ukltransport-studies/sc1.htm. accessed on 29/10/98. 
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6.8 or Transport Managenlent 

Generally, in many western countries, the dominant strategy for addressing traffic 

congestion has been to increase road capacity, often based upon the benefit/cost ratio 

for roading infrastructure previously discussed (Ewing, 1995; Havlick and Newman, 

1998). However, there is a growing concern that traditional transport planning, and 

specifically traffic management techniques, have given an inappropriate priority to car 

travel to the detriment of other transport modes (Engwicht, 1992; Davis, 1994; RCEP, 

1994). This "movement" may indicate the start of a shift from a supply-side mentality 

to a demand-side management policy in transport planning (e.g., Ogden, 1993; Bell, 

1995; CRC, 1996b). 

In fact in the UK, there appears to be a significant shift occurring with passage of 

numerous recent transport related provisions including the Road Traffic Reduction 

Act 1997 which requires local authorities to publish targets for local road traffic 

reduction (Chisholm, 1997)112. The UK White Paper (DETR, 1998) identifies that 

legislation in the UK now requires that before granting permission to new 

developments on greenfield sites, local authorities should consider the effect on 

sustainable transport alternatives (in terms of access, provision of services, service

ability, etc.) and whether the proposed development could be pursued within the 

existing urban fabric (old derelict sites or in existing commercial centres). 

Chisholm (1997) suggests that to meet the UK's desire to reduce traffic "it will not be 

possible to rely upon the altruistic behaviour of individuals to solve the perceived 

problems. Our behaviour needs to be conditioned by the appropriate price and 

regulatory signals." (p 454) 

J 12 Chisholm (1997) criticises the recent UK Road Traffic Reduction Act as "lacking teeth" by not 
providing the necessary powers, particularly to local councils, to actually meet the intention of the Act 
and by excluding trunk roads from the requirements to reduce traffic. 

Chapter 6 Transport Planning Policies 



This transport demand management (TDM) approach is arguably a much more 

integrated approach to addressing the issues and effects of transport demand and 

infrastructure provision. 
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To counter the growing tide of car use there are a number of general traffic demand 

management techniques which can be employed as individual measures or as a suite 

or package of measures, including: 

<'II Traffic Calming (Tolley and Turton, 1995; Engwicht, 1992; Harcup, 1996) 

- traffic priority for slower modes (pedestrians and cyclists) - improving 

motorist recognition of the need to ensure slow mode safety, enhancing the 

quality of provisions made for pedestrian flow, "taking the streets back for 

neighbourhoods" (McClintock, 1996; Hathaway, 1996) and general urban 

design principles which reduce the adverse effects of vehicle traffic on 

communities (Appleyard, 1981; Kaufman, 1997), even to the point of "car

free city centres" (see Topp and Pharoah, 1994); 

\I) Traffic Priority for Cyclists and Public Transport - ensuring all traffic 

improvement programmes and projects address cyclist and public transport 

needs, such as providing excellent cycle routes which have increasingly 

greater priority and most importantly improving cyclist safety (one of the 

key barriers to cycling (CCC, 1996d) or improving public transport travel 

times (Ewing, 1995; Bartley, 1995; Davis, 1995); 

• Car Pooling and Park or Kiss n Ride Facilities - Car pooling or increasing 

vehicle occupancy, as well as improvements in park 'n ride facilities at 

public transport stations has received increasing support (Ewing, 1995; 

Bernick and Cervero, 1997); 113 

113 Ewing (1995) points out that car-pooling and park-n-ride efforts may not have as many advantages 
toward reducing air emissions as originally considered, particularly if those joining car-pools or parking 
at park-n-ride stations drive a single occupant vehicle from a "cold-start" engine (where cold-starts are 
known to significantly contribute toward increasing local air emissions). 
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• Improving Accessibility - particularly through improved urban design 

principles which improve access for alternative transport modes (see 

DOEIDOT, 1994; Tolley and Turton, 1995; Kaufman, 1997); 
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It Transport Pricing ("User PayslPoliuter Pays ")- utilising transport costs as 

a means of reducing single occupancy vehicle use for parking, fuel costs, 

public transport fares, etc. (Bartley, 1995; RCEP, 1994); 

• Par/ring Controls - recognising that controls on the number of parking 

spaces and pricing mechanisms can influence modal choice (Topp, 1991; 

Tolley and Turton, 1995); 

• Congestion Pricing - either charging directly for peak time use or allowing 

congestion to "build" until alternative forms of transport are a more 

attractive alternative to motor car use (Bell, 1995; RCEP, 1994); 

• Recognising Induced Traffic - the concept that building more capacity only 

delays congestion, ultimately entrenching urban form into a mired car

dependent culture (Still, 1996; Bell, 1995; RCEP, 1994; SACTRA, 1994; 

Mackett, 1995); 

• Integrated Land Use Development - ensuring that general urban form 

supports alternative transport modes through both limits on urban 

expansion, as well as increasing population and mixed use densities at 

appropriate locations (see Newman and Kenworthy, 1989; Tolley and 

Turton, 1995; Banister, 1994; Still, 1996; Engwicht, 1992; Kaufman, 

1997). 

Success Stories with Demand Management 

Demand management strategies have been pursued in a number of cities, generally in 

Europe. In a review of some particular urban success stories Havlick and Newman 

(1998) review the suite of policies which Copenhagen (Denmark), Stockholm 

(Sweden), Freiburg (Germany), Zurich (Switzerland) and Boulder (USA) have 

implemented to siow or reduce the growth in car vehicle trips in each city. In their 

comparison Havlick and Newman identify a number of consistent policy approaches 

each of these cities pursued: 
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It Traffic Calming: slowing traffic with physical devices and narrowing spaces; 

slowing traffic with slow speed zones; slowing traffic with strong enforcement 

policy 
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~ Improving Alternative Modes: increasing infrastructure for bikes, pedestrians and 

public transport; decreasing parking and roading capacity; social support for 

alternative modes (e.g. public transport passes) 

it Economic Penalties: paying more of total car costs through higher fuel taxes and 

registration, congestion pricing and single occupancy vehicle lanes at peak times, 

high parking fees 

• Non-Auto Dependent Land Uses: growth management to prevent urban sprawl, 

urban villages around public transport stops, and mixed land use. 

In each city reviewed growth in car use was either reduced or actually reversed. 1 14 

And as Professor Jan Gehl of Copenhagen describes there was a concerted push 

beginning over 20 years ago to reduce the impacts of cars in their city: 

"By the 60s American values had begun to catch on separate isolated homes 

and everyone driving. The city was suffering so how could we reverse these 

patterns? We decided to make the public realm so attractive it would drag 

people back into the streets, whilst making it simultaneously difficulty to go 

there by car." (Gehl, 1992) 

114 Havlick and Newman (1998) report demand management successes included: Copenhagen showed no 
growth in car-use over the past 15 years in the old part of the city; in Zurich the proportion ofjoumey
to-work by car decreased by 10% between 1980 and 1990; Stockholm showed an overall decline in car
kilometres per capita between 1980 and 1990; in Freiburg car trips only increased by 1.3% between 
1976-1991, while public transport increased by 53% and cycling trips increased by a phenomenal 96%; 
and in Boulder, demand management improvements "shifted 42% offonner car users who travelled to 
downtown Boulder to other transportation options" (p 34). 
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6.9 Summary Points: Transport Factors 

This chapter provided an overview of the elements of transport planning which affect 

transport mode choice and transport energy use. Some key summary transport 

planning trends affecting transport energy consumption emerge from the review of 

local planning issues and the literature including: 

III Traditional transport planning has focused on providing improvements for car travel; 

there are recent movements to investigate integrated transport planning strategies using 

a more holistic tenet; 

III Project improvement criteria are currently narrowly based on traditional benefit/cost 

ratios which have direct feedback from car use (e.g., increasing car use receives more 

funding to improve car safety and car travel times) - these criteria poorly account for 

externality costs such as environmental or community effects from road traffic (project 

benefits are heavily weighted toward savings in travel time, accidents, and operations 

and maintenance (O&M»; there appears to be a "predict and provide" relationship to 

road building (predict future traffic growth and provide road capacity as needed); 

• Funding of car-transport infrastructure in New Zealand is tied to petrol taxes - the more 

petrol used the more funding currently goes to car infrastructure improvements; this is 

compared to a current cap on funding for passenger transport; 

• Public transport provision is highly related to public transport use - as use goes down, 

revenue decreases which reduces service quality, which decreases use; 

III Safety for slower modes directly affects slow mode use - decreasing safety undermines 

use; 

iii Parking policies are a significant tool for affecting mode choice (most probably need to 

be combined with improvements in alternatives, e.g., improving public transport and 

cycling); 

lilt Traffic management policies affect mode choice - traditionally higher priority has been 

given to cars over alternative modes such as public transport, cycling and walking; 

41 Traffic/Transport demand management techniques are being utilised more and more to 

reduce the negative effects of increasing car use; application of these techniques would 

be expected to provide higher priority to alternative modes and thus decrease car use. 
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This section reviews the Proposed Christchurch City Plan, with specific reference to 

the development of transport and land use elements of the plan, including issues 

pertaining to "infill" development and recent trends in building consent records. 

Christchurch City 

Transport 

- Urban Growth: Use and 

7.1.1 RMA Section 32 Analysis - Urban Consolidation Goal 

The Resource Management Act (RMA, 1991) requires each district council to develop 

a district plan, including an evaluation of alternatives as part of Section 32 of the Act. 

The RMA requires that the City Council ''justifies its intervention in urban 

development as being necessary to achieve the purpose oj the Act pursuant to Section 

32" (CCC, 1996b, P 8). 

With respect to urban growth strategies, the Christchurch City Council conducted a 

Section 32 analysis in which it investigated five alternative growth strategies (CCC, 

1994a): 

1. Unrestrained growth 

2. Consolidation and minor peripheral development 

3. Diversion to other centres 

4. Edge of city expansion 

5. Single growth area 
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The Section 32 analysis concluded that "consolidation" was preferred option 

(alternative 2), for all of the criteria identified including direct economic costs, 

environmental and social objectives. I IS The Section analysis then further 

investigated options under the consolidation strategy, namely central city 

consolidation and a suburban focal point consolidation. The analysis included a fairly 

detailed economic costing exercise of the options taking into account the known and 

easily quantifiable costs of utility infrastructure. 

On balance the City Council investigation concluded that a consolidation strategy 

which focused on the central city was the preferred approach, where total costs for 

public and private costs were estimated to be substantially lower with the 

consolidation option (including transport road building, and vehicle operations and 

maintenance costs). 116 

The strategy was developed into specific land use details included in the currently 

Proposed Christchurch City Plan 1994 (CCC, 1995a). The Proposed City Plan 

includes some increase in living and commercial activity at selected focal points, thus 

advancing in a limited way some of the benefits identified in the suburban focal point 

consolidation option. 

The Section 32 analysis which is paraphrased below found that a consolidation 

strategy could have the following benefits (with some identified limits) (CCC, 1994a, 

p24): 

Transport Energy 

" consolidation potentially supports decreased transport air pollution 

115 It should be noted that the environmental assessment included a "considerable degree of subjectivity" 
(CCC, 1994a, p 22). 

116 Section 32 analysis conducted by the Christchurch City Council showed an overall estimated cost of 
$445-539 million for the "consolidation option(s)", $828-930 million for the "fringe expansion 
option(s)", and $777-910 million for the "new growth areas option(s)" (McCallum, 1998, Table 1). 
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lit encouraging higher density housing in specific parts of the city could increase 

convenience of public transport alternatives 

lit housing should be close to other trip generators (e.g., shops, etc.) 

lit benefit could be slow to evolve and may need the support of other direct 

measures including pricing structures 

lit may decrease car dependence not necessarily car use 

lit identified benefits may be reduced for smaller cities l17 

City Identity and Overall Amenity 

• consistent with present identity including strong central city, open character of 

Port Hills, and strong rural urban constraint 

e has limits under high growth scenarios, especially with respect to existing 

amenity and increasing density 

Air Pollution/Air Quality 

'" encourage non-vehicle trips and reducing trip length 

lit reducing burning of fossil fuels for home heating 

'" better enabling introduction of community heating schemes, (and) public 

transport 

'" however the benefit could be slow to evolve and the action is indirect (needs 

to be supported by more direct measures, e.g., economic incentives) 

The report concluded that under a high population growth rate of 1-2%, consolidation 

could provide significant energy savings but there would be high risks of adverse 

effects on amenity, traffic congestion and city identity unless steps are taken to 

address these issues. Importantly, the report states that "integrated transport and land 

use development will be a critical ingredient to a successful consolidation strategy" 

(CCC, 1994a, p 28, emphasis added). 

I I7 This point was not clarified although it possibly refers to smaller sub areas of the city or small satellite 
cities or suburbs which may not be very self-sufficient. 
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Transport Model Results 

The Christchurch Transport Study (CTS) Model was utilised to test some of the 

options outlined in the Section 32 analysis of urban growth (CCC, I 994a, p 31). 

Although there were no formal documented results, three different scenarios were 

tested 1 18; 

1) Non-Containment Scheme; 

2) 1991 Present Policy or Transitional District Scheme; and 

3) A Consolidation Option. 
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The results showed that the consolidation option would save 3-5% on vehicle driver 

kilometres run per year compared to the 1991 Present Policy scenario, and 8-10% less 

than a non-containment scenario (Ritchie Wood, CRC, personal communication). 1 19 

The implication of reducing total kilometres travelled includes reducing transport 

energy use and air pollution by similar amounts. In addition, although not explored in 

the analysis, reducing total kilometres travelled may imply trips on average are 

shorter, which suggests that some of those trips could be made by alternative modes 

including cycling, walking or public transport. 

7.1.2 Population Household Growth Forecasts 

Population and demographic forecasts from the Department of Statistics, largely done 

in 1991, combined with other assumptions (housing stock, land use density, etc.) were 

used as the basis for developing land use patterns in the Proposed City Plan. Based 

upon Department of Statistics medium growth popUlation projections, the 

Christchurch population was expected to increase from 288,249 in 1991 to 322,600 by 

118 The transport model scenarios were conducted by Canterbury Regional Council staff for the City 
Council during its deliberations for the City Plan (Ivan Thompson, Christchurch City Council and 
Ritchie Woods, Canterbury Regional Council, personal communication); however, no fonnal reports 
were presented and the figures here rely upon the internal officer reports exchanged at the time of 
analysis and provided to the author by Ritchie Woods. 

119 Note, as at 1994, the model was only a car-driver model and thus other modes and or the potential for 
mode shifting was not accounted for, I.e., no analysis was conducted to detennine a possible increase in 
trips by other modes thus the reduced travel demands in the consolidation scenario are most likely 
understated (since consolidation would be expected to reduce overall trip lengths and thus make 
cycling, walking and to some degree public transport more viable alternatives). 
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2016 (and from 107,000 households in 1991 to 128,300 households by 2016) (CCC, 

1996b, p 13). 

These growth forecasts equate to an approximate annual growth rate of 0.45% in 

population and 0.73% annual growth in household numbers,120 

As indicated in section 7.1.1, under these low- to medium-population growth 

projections, the consolidation option was expected to provide 8-10% reductions in 

travel (and subsequent decreases in energy use); with higher population growth a 

consolidation option was expected to produce even more savings in travel. 

Recent growth rates indicate a much higher level of growth than forecast in 1991. The 

1996 projections now predict a population in excess of 350,000 and 141,000 

households by 2016 (CCC, 1996b). These figures imply annual growth rates which 

are about twice as high as the 1991 figures (annual growth rates of 0.8% in population 

and 1.11 % in household numbers). In fact popUlation growth in the Christchurch 

Transport Study Area between 1991 and 1996 was 1.65% per annum (Census, 1996), 

almost double the projected growth rates in 1991. Thus with higher growth rates, 

under a consolidation option, the savings in transport vehicle kilometres travelled and 

in transport energy consumption would be expected to further support a consolidation 

preference. 

7.1.3 Recent History of Building Consents 

The number of building consents granted in Christchurch in the last decade indicates a 

significant shift from vacant land development consents for new housing to 

redevelopment consents within existing residential areas (including infill, cross-lease, 

120 A critical component of the demand for land is household occupancy, measured in persons/household 
(persons/hh). Household occupancy is declining in Christchurch. In 1981 household occupancy was 
about 2.89 personslhh; by 1991 household occupancy had declined to 2.70 personslhh. By 2011 
household occupancy is expected to be around 2.57 (CCC, 1994b). These changes in household size 
have been included in the projections made for the Proposed City Plan, and contribute to the higher 
growth rate in households compared to the growth rate in population. 
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townhouse and apartment developments). Increasing use of existing urban areas will 

increase overall population density and decrease urban area sprawl. 

Figure 7-1 indicates the significant change in consent applications and approvals for 

"unit" consents as compared to dwelling consents between 1986 and 1996 in 

Christchurch (sources: CCC, 1994b; CCC, 1996b; CCC, 1997b). 
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Figure 7-1: Dwelling and Unit Consents in Christchurch 1986-1996 

In 1986 unit consents accounted for 53% of total housing related consents. By 1996 

unit consents accounted for 72% of all consents. 12
! These results clearly indicate a 

current housing preference and propensity to utilise existing land areas rather than 

expand to new areas. 

During this period the available stock of "new" or "greenfield" land was reasonably 

consistent at above 1000 ha (CCC, 1996b), suggesting there were adequate 

development alternatives. Of course the development quality and diversity of that 

available land stock does need to be taken into account, i.e., if all the land stock 

available was expensive hill development sites the useable or affordable portion of 

that land stock is diminished. 

121 Dwelling consents declined from 47% to 28%; note consents for "units" are for all units in an apartment 
complex (per Vicki Newbury, ccq. 
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However, full analysis of this increase in redevelopment unit consents has not been 

carried out and the following reasons need to be considered: 
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" an increasing interest in smaller sections, closer to town and local shops; 

" cross-leases were cheaper which induced market incentives (where a cross

lease is effectively building additional properties on large existing lots or 

sections with the "cross-leased" consent of the existing owner)122; and 

a possible lack of available "new" land. 

7.1.4 InfillJRedevelopment Versus Land Release 

As indicated in section 7.1.1, a primary goal of the Proposed City Plan is to pursue an 

urban consolidation growth strategy. Thus with urban consolidation increasing, 

population and household demand would largely be met within the existing urban 

area. However, the process of infill/redevelopment and its resultant outcomes is a 

critical component to a successful "urban consolidation strategy". It appears that at 

present the Proposed City Plan does not provide adequate guidance or "guidelines" to 

ensure good quality infill outcomes meet community expectations. 

As a result, there has been a reasonably extensive public outcry against the current 

outcomes of infill housing. 123 With a large number of "tilt-slab" and cross-leased 

section developments it appears the current infill development process is producing 

unsatisfactory outcomes for Christchurch residents. As a result there has been a 

public backlash toward further infill. This is captured in the following extract from a 

survey commissioned by the Christchurch City Council: 

122 Cross-leasing had no reserves contribution for council consent (c. 10% ofland value), thus it was 
cheaper to cross lease than fully subdivide; however this policy has now changed so that cross-leasing 
does have a comparable reserves contribution. This change in the policy of rescrves contribution is 
expected to decrease the infill cross-leasing rate. 

123 See: The Press, June 5, 1996; The Press, December 13, 1996; The Press, March II, 1997; and a number 
ofsubrnissions to the Christchurch City Plan summarised in CCC, 1996b and CCC, 1997a. 
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tI" • cross-leasing and Subdivision of Existing Sections: This issue generated 

the most criticism for the fourth year in a row. Criticisms included houses 

being built too close together and too close to boundaries, too many 

properties on one site, over-loading of existing infrastructure and community 

facilities ... " (quoted in The Press, April 23, 1997, P 47). 

A report by the Parliamentary Commissioner on Environment reviewed the issue of 

"Management of Suburban Amenity Values" (PCE, 1997a). The fmdings are 

applicable to this study, particularly because one of the case studies in the report was 

Christchurch. The study states: 

"As intensification continues, which it must if more sustainable transport and 

other infrastructural systems are to evolve, there will be changes in amenity 

values .... Sustainable management of the total urban environment (e.g. the 

adoption of an urban consolidation strategy) will bring changes to local 

amenity values but these effects can be mitigated with increased management 

of the urban environment" (p v). 

The Parliamentary Commissioner for the Environment (PCE, 1997a) identifies a 

number of ways that amenity values can be maintained including rules on consents, 

design characteristics, aesthetic quality of buildings, management of local reserves 

and open space, traffic calming measures, and the establishment of a green network of 

ecological linkages. 

In a specific report on urban growth and management of urban amenity for 

Christchurch the Parliamentary Commissioner for the Environment (1997b) identifies 

that "new solutions are required to accommodate urban growth within existing city 

boundaries instead of traditional injiU or suburban development' and specifically 

recommends: 

There are areas of the Living 3 and Living 4 zones [medium to high-density 

residential zones] where the council needs to become more proactive to ensure 
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the adequate management of amenity values .... There are contradictions 

between the various policies and anticipated environmental outcomes ... .for 

example, one policy promotes change in the character of selected living areas 

through encouraging infill and site redevelopment and another policy promotes 

development of vacant land ... (p 43) 

The (1997b) identifies that "the lack of design guidance (e.g. urban design 

guidelines and strategies) to lessen the effects of changes in amenity created higher 

housing densities has contributed to a variety of housing styles", combined with the 

rate of change experienced in some neighbourhoods this has become a "major issue 

for the city" (p 44). Finally, the report recommends that the Christchurch City 

Council "develop design guidelines and ensure that the design guidelines are 

supported by district plan provisions so that they have to be taken into account by 

resource consent applicants" (p 45).124 

In addition, there are pressures from developers to release new suburban land claiming 

that land prices are higher in Christchurch than in other New Zealand cities 125 (see 

also, McShane, 1997). 

Response by City Council Staff for Proposed Urban Expansion 

With the recent population and household projections higher than expected, negative 

responses from the community on infill outcomes, and pressures from "greenfield" 

site land developers to release land, the officer's suggest the Proposed City Plan: 

a) may not meet population or household needs for the 10 year planning life 

required (staff officers acknowledge that at present growth rates the plan 

124 In a reply included in PCE (1997b), the Christchurch City Council identifies that its Environmental 
Committee has requested that a report be prepared investigating the potential for a urban design 
guidelines (pCE, 1997b). 

125 See: The Press June 5, 1996; National Business Review July 5, 1996; National Business Review July 
12, 1996; although in another newspaper article average prices for houses sold in Christchurch were 
lower than Wellington or Auckland (The Press June 7,1997, P 23) 
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may only meet 5-6 years of growth for both population and housing stock 

demands (CCC, 1996b)). 

To address these concerns the officers recommend that the City Council respond in 

two ways (CCC, 1996b): 

<iii releasing additional rural land by bringing forward the long term option of 

development around the Halswell-Wigram area (a new large greenfield site 

identified for possible expansion in the Section 32 analysis); 

investigating long term development options in collaboration with the 

Regional Council and other neighbouring district councils (essentially 

looking at other sites with the potential for other longer-term land use 

solutions ). 

Such recommendations suggest that the ,"safety valve" for addressing increased 

population growth may in fact be solely the release of new land not a commitment to 

the stated goal of urban consolidation; nor has there been any further proposed 

analysis or suggestion of continued consolidation (e.g. nodes, density, etc.) or 

infill/redevelopment planning improvements such as the use of "infill guidelines". 

=> This release of new land would appear to undermine or "erode" the stated 

policy intention of urban consolidation. 

Summary Points on Christchurch Urban Consolidation 

The City and Regional Councils need to explore the current process of redevelopment 

to ensure that "sprawl" is not advocated simply because the existing process of infill 

development is producing socially unacceptable outcomes or as a result of unforeseen 

increases in popUlation growth. There does appear to be a certain amount of adhoc 

incremental decision-making - which in and of itself may be a fundamental trait of 

both land use and transport planning processes in Christchurch. 

A few key points emerge: 
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" Increases in density have a direct relationship to the requirement for new 

land: more successful densification requires less "new" land and produces a 

smaller urban area, and vice versa; 

ID Developing an improved infilllredevelopment process could significantly 

improve use of our existing urban areas (instead of continued development 

into new areas or the resident backlash which appears to be occurring 

against current infill). 

!III Incremental land releases over-time can significantly contribute to urban 

area expanSIOn. 

7.2 Plan Transport Chapter - a "Business as Usual" 

Approach 

Local planning codes such as the Christchurch City Plan is one of the fundamental 

means by which the global sustainability espoused in Agenda 21, and as signed by 

New Zealand, can be implemented. Thus, the City Plan is a very appropriate 

document to begin shifting our transport patterns to more sustainable solutions. 

However, there appears to be a general view in the transport chapter of the Proposed 

City Plan, that sustainability is a nice idea, but that it needs to be planned for in the 

future - not necessarily started in this plan, and that instead a general "business-as

usual" approach will suffice. This planning paradigm appears to be based on the fact 

that currently we are in a car culture and we need to plan to meet that growing demand 

(CCC, 1994a). However, this is the same type oflanguage, a "business-as-usual" 

approach, which transport experts and planners have adopted for quite a few 

generations, and which arguably have led us to increasing auto dependence (see 

Engwicht, 1992; Banister, 1994; Newman and Kenworthy, 1998). 
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A couple of quotes from the officer's report in the City Plan hearings are revealing: 

"The Master Transportation Plan (MTP) of the 1960 's focused largely on 

maintaining and improving access for private motor vehicles ... It was largely the 

MTP and its implementation which has provided Christchurch with its high 

standard transport system to date" (CCC, 1997a, p 9). 

"In reality therefore the motor vehicle and the car in particular need to be 

planned for in the foreseeable, short to medium term future ... The present system 

of drivers, cars, fuel, roads and land uses is already in place and which is still 

'unmatched by any other for convenience and flexibility, and tor which no 

replacement can be seen' (Trame in Towns - HMSO, 1963)" (underline added, 

CCC, 1997a, p 11). 

There are two points to consider from these quotes: 1) the notion that the medium

term future will be planned to meet the "unmatched" convenience of the car and 2) the 

date of the references and specifically the citation 1963! 

The notion of "unmatched" car convenience is no doubt very real but the issue of 

sustainability does not receive a very strong mention. The slightly more disturbing 

point is the reference by the officer's report on the development of the Christchurch 

City Plan in 1997 citing a document and philosophy from 1963! Thus it appears that 

in the City Plan produced in 1997 that the transport planning paradigm is apparently 

based on visions established in 1963! 

This same 1960s transport planning paradigm, to plan for car use into the foreseeable 

short- to medium-term future, one could argue is what has provided us 30 years later 

with a very car dominated transport pattern in Christchurch. For example, the "high 

standard" transport system referred to in the officer's report is certainly of a high 

standard with respect to car use. However, with respect to sustainable transport use it 

appears to be less than adequate with declining use of public transport and cycling, 

and significant increases in vehicle kilometres travelled per capita since the 1960s. 
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In the Christchurch Proposed City Plan there are portions of the policies section which 

suggest that improvements to pedestrian, cycling and public transport will eventually 

be required. In fact there are numerous mentions of the "unsustainable" nature of 

current motor-vehicle dominated transport in Christchurch. However, in the Rules 

portion (Volume 3) of the Proposed City Plan there are very few specific requirements 

put forward which provide for increasing provision for these alternative modes. 

In addition, not once in the Proposed City Plan is reference made to such measures as 

traffic demand management to actually curb increasing car use in Christchurch, 

instead such language like: 

"People's desire for a cheap, convenient, comfortable and flexible form of 

transport is unlikely to change overnight. Continued traffic growth therefore needs 

to be planned for over the medium term (10-15 years) to retain and improve the 

efficiency of the transportation network. But the City cannot indefinitely sustain a 

continued increase in fossil fuelled vehicles at present rates. " Vol 2, p 7/1). 

It is apparent that the City itself as well as its Proposed Plan is nearing a "cross roads", 

as many cities now are, recognising that traffic growth is unsustainable, but however, 

in this instance, taking very few measures to ensure the pace of growth is adequately 

addressed and in fact reduced. 126 

126 It might be fair to add that very few cities have actually attempted to and been successful at reducing 
traffic growth. Some notable exceptions include Copenhagen, Denmark and Zmich, Switzerland, where 
each city has - through an integrated approach of significant improvements in public transport, reducing 
the availability of private parking over-time, and generally making it more difficult to travel by car 
while making alternatives easier- successfully reduced traffic growth (see Newman and Kenworthy, 
1998). 
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7.3 Summary Points- Proposed City Plan 

Some of the key planning processes and trends which influence transport energy 

consumption identified in the Christchurch Proposed City Plan are summarised below. 

Initial urban growth analysis (Section 32 analysis required by the RMA, 

1991) identified a preferred goal of urban consolidation to reduce the 

effects of urban growth, including transport energy use 

• Transport model results showed consolidation would save transport energy 

e Response to recent population growth, combined with community backlash 

against infill and developer pressure to release land, has resulted in 

recommendations to release large greenfield sites at the edge of the urban 

area 

@II Recent history of building consents shows a propensity for infill 

• There is a distinct need to manage urban amenity, suggesting infill 

guidelines are needed (and appropriate) 

• Current transport planning in the Proposed City Plan appears to heavily 

rely upon 1960 car-based transport planning principles (e.g., "supply-side" 

approaches); there are very few references or discussion of such measures 

as traffic demand management, parking policies, etc. to curb increasing car 

use; there is limited support of walking, cycling and public transport in the 

policies section but very few rules supporting the policies. 
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7.4 Summary Planning Policies Affecting Transport Trends 

A brief summary of findings in transport trends in Urban Christchurch emerge from 

Chapters 4 through 7: 

III Cars use far more energy than other modes per passenger-km; 

III There is an increasing reliance on car travel as a percent of total modal 

share; 

III There is an increasing trend to travel further, where increasing trip 

distances are generally met by car use; 

III There is an increasing trend to make more trips with significant increases 

in traffic growth; 

€II There has been significant decline in public transport use over the past 

decades, where decreasing use of public transport has led to decreasing 

service quality; 

€II Cycling provides a significant proportion of trips; however, it may be 

under threat with increasing car traffic and reductions in cyclist safety; 

€II The absolute size of Christchurch is increasing (both in population and city 

area size); Christchurch is a low-medium density city, with a strong car

based transport focus; 

• Accessibility for cars appears to have increased, but decreased for public 

transport, cycling and walking; 

III Traditional transport planning has focused on 'car oriented improvements; 

III Transport project improvement assessments are largely based upon 

improving car travel and use (with a particular emphasis on road capacity 

building); 

III Transport funding from central government may be influenced by petrol 

tax collections, suggesting increasing petrol consumption provides more 

car based improvements (perversely there is a current "cap" spending limit 

on public transport from central government); 
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Ell Traffic demand management (TDM) may provide some improvements for 

reducing car dominance; 

Safety appears to be improving for car users (and car passenger-Ian), 

declining for cyclists and pedestrians; 

• Proposed Christchurch City Plan stated goal of urban consolidation may be 

eroded unless. the infill/redevelopment process is improved; transport 

planning appears to be dominated by traditional transport planning (little 

use of parking limits, TDM measures, etc.); 

'" There may be an increasing social "insatiable appetite" for faster, further 

travel. 
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8,1.1.1 ,1t~>.<;:t1)lp Convenience and Expectation 

Although not a significant portion of this research, there are a number of social trends 

which appear to be affecting our transport demand including: 

" adoption of more convenient modes over time (walking, to horse, to bike, to 

bus, to car); 

It improvements in mobility (greater access to cars and thus places, etc.); 

• increasing mobility demand; 

• increasing general activity - increases in trips for shopping, recreation and 

leisure (as documented by increasing trip numbers); 

• general global increase in job and product specialisation leading to greater 

travel requirements (Banister, 1994; Beca et aL 1994); and 

• an apparent fundamental unstated social assumption (and indeed transport 

planning assumption) in what appears to be a social "insatiable appetite for 

faster and further traver' and the intention to meet what might be termed an 

"inalienable right" to transport mobility (Hillman, 1996). These two 

fundamental principles may be culminating in the manifestation of our 

"lifestyle" demand for convenience and mobility. 

In addition, as previously mentioned, there appears to be a philosophy on the roads of 

New Zealand that "might makes right" - the larger the vehicle the more "right" it has 

particularly over slow modes (pedestrians and cyclists). 127 

127 This view was somewhat confinned in discussion with Roger Toleman, the Policy Manager of the 
Ministry of Transport, acknowledging that the Ministry of Transport needs to investigate policy 
initiatives which give greater rights to pedestrians and cyclists (personal communication, April 1995). 
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8.],1.2 Car Ownership 

Car ownership is often used as an indicator of the propensity to travel by car (see May, 

1996; Banister, 1994). As depicted in Figure 8-1 New Zealand car ownership per 

capita has significantly increased over the past decades (Travers Morgan, 1993). 

Current estimates for Canterbury suggest vehicle ownership is about 0.53 per capita 

(or 530 per 1000) (CRC, 1996b); recent figures for Christchurch suggests there has 

been very significant increases in car ownership over the past few years to about 0.6 

per capita (Paul Roberts, Christchurch City Council, personal communication). 
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Figure 8-1: Car Ownership in New Zealand 

Population density and residential location is also related to socio-economics 

(demographics, income, car ownership, etc.). TRRL (1980) pointed out that in 

general in the UK as people became more affluent they were able to purchase more 

space, thus densities were generally lower in higher income areas; with higher income, 

car ownership levels were also higher. By the early 1980s, mean household income in 

London was about 30 percent higher in the outermost suburbs than in the innermost; 

this was typical of a number of other large cities including Washington DC, New 

York and Paris (TRRL, 1980). 

In many cities car ownership generally increases with distance from centre city (see 

data for London and Paris in TRRL, 1980). 
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Car ownership and availability is an important influence on modal split (TRRL, 1980; 

CCC, 1996a), where higher car ownership and access generally suggest higher car use 

and mode split by trip type . 

. Car ownership per capita in New Zealand has significantly increased over the past few 

decades as shown above. 

In addition, some interesting census figures for Christchurch reveal the following 

(Census 1991): 

110 car ownership is highest in the areas furthest from central city, suggesting 

that the further we are from central activities the more likely we are to own 

(and use) a car (see Figure 8-2); 

• as income rises there is a higher propensity to travel to work by car (see 

Figure 8-3); and 

" as income rises we are more likely to own cars (see Figure 8-4). 
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Figure 8-2: Christchurch Car Ownership and Distance from City Centre 
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Figure 8-3: Christchurch Travel to Work by Car Versus Income ($NZ 1991) 
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Figure 8-4: Christchurch Car Ownership Versus Income ($NZ 1991) 
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Although mainly beyond the direct scope of regional policy influence, a number of 

economic measures have been identified as factors affecting travel demand, including 

fuel pricing, costs of vehicles, carbon taxes, road pricing, vehicle taxation, parking 

charges, etc. (e.g., see Newman and Kenworthy, 1989; Meyer et al. 1965; Schipper 

and Meyers, 1992; Mackett, 1995; Goodwin, 1997). 

Figure 8-5 shows a stable if not declining real price of petrol in New Zealand over the 

past twenty years.128 
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Figure 8~5: New Zealand Petrol Price 1974~1994 

Figure 8~6 shows the relationship between fuel costs and fuel use. 129 As fuel costs 

increase fuel use declines. 

128 Important to note that central government stopped the regional council's petrol tax provision which 
supported public transport funding, 

1 

129 Source: RCEP, 1994, P 114. It is interesting to note that the fuel price to fuel use relationship depicted 
in this figure shows a strong similarity to Newman and Kenworthy's (1989) population density to fuel 
use graph: where the USA was highest, followed by Australia and Canada, European countries were 
next and Asian countries had the lowest fuel use and highest population density. The comparison 
between these graphs suggests that the connections between fuel price and land-use density may have 
some strong overlapping factors affecting fuel use. 
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The Royal Commission on Environmental Pollution report on transport (RCEP, 1994) 

suggests an elasticity function for fuel prices of about -0.3 (for a 10% increase in fuel 

prices there would be a 3% decrease in fuel use ).130 

Economic Signals within RegionallLocal Control 

There are some transport pricing signals within local/regional control which can affect 

transport energy use including parking charges and subsidy of public transport: 

• Parking charges can affect modal choice albeit possibly limited: one study 

found doubling the parking charge would reduce city-wide travel by 1-3% 

and CO2 emissions by 2-4% for the five UK cities studied (Dasgupta et al. 

1994). In a recent report by the Christchurch City Council, it was 

130 The report notes that "in order to limit carbon dioxide emissions from real road transport to 1990 levels 
by this means alone, the price offuel would have to increase by 80% in real terms by 2000, and by 
250% by 2025" (p Ill). 

Chapter 8 - Other Signals 



179 

recommended that a more strategic level of parking charges (and parking 

controls) be implemented to reduce car commuting (CCC, 1995b). 

/I Subsidy of public transport is an often utilised policy tool to attempt to 

affect patronage (see Mackett, 1995; Dasgupta et aI., 1994; CRC, 1994). 

Price elasticity for public transport fares in Christchurch are approximately 

-0,45 (Symonds Travers Morgan, 1996). In addition, the level of subsidy is 

another important factor affecting public transport provision. Currently the 

Canterbury Regional Council aims for an overall cost recovery of 50%, 

where cost recovery is equal to the fares collected divided by the costs of 

providing the service (CRC, 1994). Decreasing the cost recovery target 

could be one measure the regional council could employ to explicitly 

provide greater financial support for public transport in Christchurch. 

8.1.3 Technology Signals 

As previously described this research focuses on planning issues, however 

technological improvements clearly affect transport energy consumption. 

Schipper and Meyers (1992) suggest there are gains to be made in improving energy 

efficiency however they remind us that "it is hard to promote efficient automobiles if 

company car policies or low gasoline prices encourage purchase of large, powerful 

cars ... Harmonising energy efficiency goals with other policy goals is needed" (p 342). 

They also identify that land use issues are an important challenge with respect to 

improving transport energy efficiency, including increasing densities in appropriate 

locations and promoting greater use of cycling and walking. 

Newman and Kenworthy (1989) compared transport energy use across an international 

city data set of 32 cities. Adjusting for differences in vehicle fuel use for 1980 

between US, European, Australian and Asian cities, they found that improving vehicle 

fuel efficiency accounted for about 30% (US transport energy consumption per capita 

dropped from 10 times to 7 times Asian city consumption, and from 4 times to 3 times 

compared to European transport energy consumption per capita). 
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In a more recent study of the same (and more) cities, recent 1990 data show that all 

cities have improved their vehicle fuel efficiencies (Newman and Kenworthy, 1998). 

However, importantly, the gap between US and all other cities has significantly 

decreased with significant improvements in US vehicle energy efficiencies: in 1980, 

US urban vehicle efficiency was 1.28 times higher than Australian city vehicle 

efficiency, but by 1990 the ratio had decreased to just 1.02; in comparison to Asian 

cities, in 1980 US cities had 1.28 times higher vehicle energy use but by 1990 this 

ratio had reversed where US urban cars were slightly more efficient (1.02 times more 

efficient than Australian city cars). Thus there were tremendous improvements made 

between 1980 and 1990 in the US average vehicle fleet fuel efficiencies. However, as 

is shown later in Chapter 10, US transport energy consumption per capita is still far 

higher than European and/or Asian cities, suggesting that even with tremendous 

improvements in car energy efficiency, travel patterns (high vehicle trip rates and trip 

lengths) and low use of more efficient modes like public transport, cycling and 

walking have a profound effect on high transport energy use (Newman and 

Kenworthy, 1998). 

Conversely in Australia actual vehicle fuel efficiency remained largely static between 

1963 and 1995 as shown in Figure 8-7. 13l These results suggest that although 

technological gains can be made in fuel efficiency often they are not actually realised 

and therefore should not be considered as the sole answer for reducing fuel use. 

131 Source the Australian Bureau of Statistics, Survey of Motor Vehicle Usage per (Mees, 1998). 
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Figure 8-7: Australian Fleet Fuel Efficiency 1963-1995 

The Ministry of Transport (MOT) in New Zealand (MOT, 1997b) investigated 

methods for reducing the impacts of vehicular emissions, particularly within 

10caVregionai air sheds. The report recommends a 60% reduction for carbon 

monoxide emissions from vehicles, and investigates technological vehicle fleet 

improvements (including more efficient engines/vehicles, cleaner fuels, tuning, etc.), 

pricing mechanisms, and land use and transport planning approaches to achieve that 

target. The report concludes that non-technical means (reducing demand, and local 

traffic and land use planning) are the most likely solutions for reducing local CO 

levels: "ultimately, managing the demand for (urban) travel, and its supply by means 

of the motor vehicle, should govern the long term policy for emissions control" (p 97). 

The report continues: "Non-technical measures applied to traffic corridor 

management appear to provide the best means of preventing local air quality CO 

exceedances occurring within the near term." (MOT, I 997b, p 138) 

In the US, significant gains have been made over the past decade or so with 

improvements in vehicle technology, both in beginning to or actually attaining local 

air quality emission standards in many US cities as well as meeting Corporate 
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Average Fleet Economy standards. However a number of analysts point out that 

significant increases in vehicle travel in the US have and will erode long-term gains in 

both transport emissions reductions and reducing fuel use (OECD/IEA, 1997; Kessler 

and Schroeer, 1993). 

In Denver (Colorado) an Environmental Protection Agency scientist recently stated: 

"The number of vehicle trips is projected to double by the year 2010 ... We anticipate 

that at some time, the gains we've made [in air quality] will be overcome by the 

increase in trips people take. If you're going to get better, cleaner air, you've got to 

deal with cars. You have to start looking at getting people out of their cars" 

(Christian Science Monitor, April 21, 1998, P 5). 

Technological improvements in transport have largely focused on improving the 

quality of car use. Car design has significantly improved in past decades (speed, 

fuel/work efficiency, comfort, safety, etc.). In addition, traffic management 

technologies have significantly improved car traffic flow (signalised lights, computer 

modelling, etc.). In public transport terms, bus technology has marginally improved, 

although certainly in Christchurch many of the buses on the road today are 1950s 

technology; some developments in light rail and electric battery buses are showing 

excellent potential but are not in wide application. 132 Bicycle technology has also 

improved, including traffic light detection of bicycles (with recent trials introduced for 

traffic light detection in Christchurch). 

Improvements in car technology have been largely consumer demand driven. The 

demand for cars has far outstripped the demand for improved public transport or 

cycling; thus it is no wonder that improvements in car provisions have significantly 

overtaken improvements in alternative transport. Possibly, if we had the example of 

132 In December 1998, Christchurch introduced an electric battery shuttle bus (with a diesel generator for 
recharging) for central city operation; so far the shuttle has been very favourably received with largely 
standing room only on a 10 minute frequency (per Stuart Woods, Christchurch City Council, personal 
communication). 
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efficient, clean ( e.g., electric), warm, quiet buses the travelling public might be likely 

to demand more of our public transport systems. 133 

Thus although technology gains can and will undoubtedly be made, there is a very 

clear need to both reduce the number of trips we make as well as improving 

alternative more sustainable transport modes like public transport, cycling and 

walking. 

133 There are current plans to introduce an electric bus trial route into Christchurch similar to reasonably 
successful projects in Santa Barbara, California and Oxford, England (per discussion with Wayne 
Holton-Jeffreys, Canterbury Regional Council and Stuart Woods, Christchurch City Council). 
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SECTION III: w DA AND 

INTERNATIONAL 

This section introduces two chapters (9 and 10) which compare transport and land use 

characteristics of New Zealand cities to data gathered on 46 international cities. Over 

60 indicators are presented on transport, land use, economic activity and resulting 

energy use and emissions to air. 

Chapter 9 introduces original transport and land use data collected on New Zealand's 

three main cities (Auckland, Wellington and Christchurch). The data collection 

follows a methodology derived by Newman and Kenworthy (1989, 1998) and 

Kenworthy et al (1997). Data are analysed and compared amongst the three New 

Zealand cities for a number of indicators. Findings are relevant to setting in context 

the Christchurch specific analysis conducted in previous chapters to other New 

Zealand cities (and to the other 46 city sample). Analysis is conducted on simple 

parameter comparisons amongst the three New Zealand cities for transport and land 

use characteristics and resulting transport choices. Data are presented for both 1991 

and 1996. 

Chapter 10 then compares for 1990/91 the New Zealand city data to data from the 

Global Cities Data set (Newman and Kenworthy, 1998; Kenworthy, Laube, et al 

1999). Comparisons are made between transport characteristics amongst all the cities 

including such indicators as vehicle use, modal split, population and job density, 

urban area, transport energy use, transport air emissions, and expenditure on transport 

systems. In addition some regression analysis is conducted indicating both the 

strength of relationships between some variables, and the complexity of interactions 

between planning policies and transport choices. 

SECTION III: NEW ZEALAND CITY DATA AND INTERNATIONAL CITY COMPARISONS 



185 

9. Ind 

City 34 

Chapters 4 through 7 reviewed planning policies which affect transport energy use, 

including some of the trends available from the literature on both transport and land 

use in Christchurch and appropriate examples from elsewhere. However, in order to 

assess interactions between transport and land use planning policies data on how cities 

function is required. 

This chapter continues the premise that transport and land use planning policies are 

and should be considered as very integrated. As such, it is critical to have good 

quality data on both urban transport and land use system performance to assess the 

interactions of planning policies affecting transport energy use. This chapter 

introduces original research on transport and land use indicators of New Zealand's 

main urban centres: Auckland, Wellington and Christchurch (Bachels, Newman and 

Kenworthy, 1998 and 1999). 

Following a description of the methodology the data are presented for indicators of 

transport, land use, economic and environmental performance (including transport 

energy use) for the New Zealand cities. A short section then compares the relative 

performance of the New Zealand cities, illuminating how different policies may be 

affecting transport choices (and ultimately energy use). 

The chapter then compares data on New Zealand cities with a Global Cities Data set 

from 46 other international cities. 

134 The data developed in this chapter relied heavily upon generous contributions of staff time from various 
New Zealand authorities (local, regional and central government agencies), institutions and companies. 
As usual, any conclusions reached are the sole responsibility of the author. 

9 - Urban Transport and Land Use Indicators: New City Data 



186 

Finally, a point of process: the data are critical to assessing how planning policies 

affect transport mode choice and transport energy use. The data will be used 

extensively to determine the effects of interactions between planning policies, using 

statistical regression techniques to assess proposed system influences introduced later 

in the thesis. 

901 Indicator Framework 

There are numerous potential indicators which identify how urban transport systems 

function. This analysis utilises a framework developed for the Global Cities Study at 

ISTp 135
, Murdoch University, Perth Western, Australia (Newman and Kenworthy 

1989, 1998; and Kenworthy et aI, 1997).136 The framework focuses on land transport 

characteristics of urban areas, including specific indicators on transport systems and 

their use, land use, economic activity and transpOli investment, and consequent 

environmental effects in terms of energy consumption and estimated air emissions. 

Over 40 indicators were collected for the metropolitan areas of Auckland, Wellington 

and Christchurch. 137 These data (and their definitions) were consistent with the 

Global Cities Study definitions and methodologies. The data fall into the following 

general categories: 

Land U.se, Demographic and Economic Data - For three distinct areas (central 

business district, inner city and metropolitan area) data were collected for 

popUlation, jobs and urbanised land use; for the metropolitan area economic 

data were collected on gross regional product. 

135 The Institute for Science and Technology Policy (ISTP). 

136 It should be noted the author spent 4 months in Perth between July and November, 1998, with Professor 
Peter Newman and Dr. Jeff Kenworthy, clarifYing the data collection technique and refining the data 
collected on New Zealand cities. The author is indebted to both Professor Newman and Dr. Kenworthy 
for their diligence and patient support in collection and analysis of the data and to those who provided 
it. 

137 A number of additional indicators were developed for 1996 only, and are not presented in this research 
in detail since no other international city data for 1996 is yet available (data are being collected for 
1996 on 100 cities for the UITP). 
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Transport Characteristics For the metropolitan area data were collected on 

such figures as the number of vehicles, use of vehicles, road network speed, 

kilometres of roadway, modal share, public transport data (patronage, vehicle 

service provisions, costs of operation, etc.), and the costs and performance of 

the transport systems including investment in roading and public transport, 

costs of transport use, energy use and estimated emissions to air. 

Overall Data Collection 

In total over 300 data "points" were developed for this study.138 However, 

considerable analysis was required to develop each data point. Most of the data were 

provided by staff at various agencies including district and regional councils, central 

government agencies (Department of Statistics, Transit New Zealand, Land Transport 

Safety Authority, etc.), petrol companies, and public transport operators to name a 

few. 

Some of the data required sophisticated techniques for deriving a single number (e.g., 

land use figures for urbanised hectares required significant geographic information 

systems analysis; transport energy consumption figures required fuel use statistics for 

petrol, diesel, eNG and LPG and derivation of appropriate fuel use by transport type). 

In addition, as is described below, some data required extensive analysis, reviewing 

and cross checking with other sources. 

9.1.1 List of Indicators 

A full list of indicators developed for this project for each New Zealand city for both 

1991 and 1996 includes: 

Land U Sf, Demographic and Economic Data 
Total built-up (urbanised) metropolitan area 

1J8 Although only summary data are presented in this research, details of data derivation or source are 
available from the authors and will be published in Kenworthy, Laube et aI, 1999. 
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(I; CBD area (urbanised) 
.. Inner city area (urbanised) 
<I Population of metropolitan area 
(I; CBD population 

Inner city population 
(I; Number of jobs in metropolitan area 
.. Inner city jobs 
@ Number of jobs in CBD 
Ell Gross Domestic Product of the metropolitan area 

Transport System Characteristics 
Number of cars 
N umber of trucks 

II Number of motorcycles 
Total vehicle kilometres of travel in private cars 

1\ Truck vehicle kilometres travelled 
• Vehicle kilometres of travel on motorcycles 
• Passenger kilometres in private cars (or average vehicle occupancy) 
(i; Passenger kilometres on two-wheeled vehicles (or average vehicle occupancy) 
• Average road network speed 
lit Total length of road network 
(I; Number of parking places in CBD (off-street) 
" Number of parking places in CBD (on-street) 

Data on Public Transportation 
lit Average operating speed by mode 
(i; Annual vehicle kilometres by mode 
• Annual passenger boardings by mode 
• Annual passenger kilometres by mode 

Data on Mobility and Modal Split 
" Journey-to-work mode split 
• Average length ofa trip (all modes) 
• Average length of a home-work commute (all modes) 

Data on the Costs and Performance of Transportation Systems 
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• Annual investment spending on public roads (construction and maintenance) over 
last five years 

lit Total public transport farebox revenue 
II Annual operating expenses of public transportation, all modes and operators 

Operating cost recovery for public transport 
@ Annual cost of the "passenger transportation" function 
• Private transport energy use 
• Commercial truck energy use 
(I; Public transport energy use 

Number of traffic accident fatalities annually 
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III Air pollutant inventory (if available) 
e C02 emissions 

9.1.2 General 

9.1.2.1 Data Collection/or 1991 and 1996 

189 

Data were collected for 1991 and 1996. Data for 1991 are compared to data collected 

from 46 cities around the world. Data for 1996 for New Zealand cities are also 

presented, although comparisons to other cities for 1996 are not yet available. 139 

9.1.2.2 Annual Data Definitions 

Annual data are based upon reported findings to year ending June 30th unless 

otherwise specified; census data correspond to census night, generally done in March 

of each census year. 140 

9.1.2.3 General Land Use Area Definitions 

Three specific land areas were analysed in each city including a metropolitan, inner 

city and central business district area. The following definitions for these areas were 

adhered to in each city. 

Metropolitan Urban Area - The metropolitan area was defined by the area included in 

each city's transport model. In general, the transport modelled area boundaries cross 

numerous local district boundaries and relate to the areas which comprise a functional 

single housing and job market. 

Inner City Area - The inner city was defined by the area of each city built up by 

World War 2. This area was utilised to identify how cities have altered in total area 

139 A study is currently underway by the Institute for Science and Technology Policy (ISTP) at Murdoch 
University to collect 1996 data on over 100 cities for the Union Intemationale des Transports 
Publics/International Public Transport Union (UITP). 

140 The 1996 Census was held on March 5. 
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and land use since general world-wide adoption of private cars, which in general 

occurred following the end of World War 

Outer Area - The outer area of the city is defined as the difference between the total 

urban area and the inner city (note no new data were required for detennining outer 

area data). 

Central Business District (CBD) The central business district for each city was 

defined by the area covered by parking surveys conducted by each respective city, and 

which generally relate to the core business activity area of each city. 

901.3 Auckland, Wellington and Christchurch Land Use Areas 

Auckland 

Metropolitan Urban Area - The Auckland Metropolitan Area is defined by the 

Auckland Transport Model as developed by the Auckland Regional Council and 

includes Auckland City, Manakau, North-Shore, Papakura, Waitakere and portions of 

Rodney and Franklin district councils. Figure 9-1 shows the Auckland metropolitan 

area. 

Inner City Area - The Auckland Inner City Area is defined by the area built up by 

1945 (Whitelaw, 1967), the mapped area was developed in concert with Auckland 

Regional Council staff. Figure 9-1 shows the Auckland Inner City area. 

Central Business District (CBD) - The Auckland CBD is defined by the central 

parking survey area per Auckland City Council, which is bounded by the Northern 

Motorway 1 on the west, the waterfront on the north, and Stanley Street on the east. 

Figure 9-1 shows the Auckland Central Business District. 

Wellington 

Metropolitan Urban Area - The Wellington Metropolitan Area is defined by the 

Wellington Transport Study area (WRC, 1992), as provided by the Wellington 
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Porirua, and the urbanised section of the Kapiti Coast. Figure 9-2 shows the 

metropolitan study area. 
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Inner City Area - The Wellington Inner City Area corresponds to the area developed 

at 1942 (per "NZMSI - 1 inch to one mile" map series), and developed by Wellington 

Regional Council staff. Figure 9-2 shows the Wellington Inner City area. 

Central Business District (CBD) The Wellington CBD area used in this study is 

defined by the parking survey area per Wellington City Council, which is bounded by 

Tinakori Road, Thomdon Quay and the waterfront, Kent Terrace and Webb Street. 

Figure 9-2 shows the Wellington Central Business District. 

Christchurch 

Metropolitan Urban Area - The Christchurch Metropolitan Urban Area is defined by 

the Christchurch Transport Study (CCC, 1996a) area which includes Christchurch 

City and portions ofWaimakariri (including the townships ofRangiora and Kaiapoi), 

Lyttelton and Diamond Harbour (Banks Peninsula district) and Lincoln (Selwyn 

district). Figure 9-3 shows the metropolitan study area. 

Inner City Area - The Inner City Area in Christchurch was defined using a map of the 

area developed by 1946, and provided by Christchurch City Council staff (based upon 

Figure 8 in Johnston, 1965). Figure 9-3 shows the Christchurch Inner City area. 

Central Business District (CBD) - The Christchurch CBD was defined by the 

Christchurch parking survey and is bounded by Montreal Street, Salisbury Street, 

Madras Street, and Moorehouse Avenue. Figure 9-3 shows the Christchurch CBD. 

Chapter 9 - Urban Transport and Land Use Indicators: New Zealand City Data 



LEGEND n 
Total Area Included I~ Study ~ 
Inner City Area \ ~ 

Central Business Dlstrl\ ~ 
Map Produced By GIS Unit 
Informatlon Services Department 
Auckland ReoionaJ Council 

Mapscale 1 :350000 

192 

Pukokohe 

·Cadaetfallnlormatlon derlvad trom tho 
Dapartmen! of Survav wd land Iniormllllon'a 
Digkal Cedasil'1ll Databaae (DeDD) 
CROWN COPYRIGHT RESERVED: 

Figure 9-1: Auckland Transport Study Area Map 
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Figure 9-2: Wellington Transport Study Area Map 
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New Zealand Data 

This section presents the data findings, and brief descriptions of each indicator. For 

each New Zealand city data are presented on land use, transport, and economic 

indicators. In some cases, a reasonable amount of detail is given where the indicator 

was derived from a number of compared sources. 

Summary data on land use and transport are presented for all three New Zealand cities 

in Table 9-2. Public transport data are included in Table 9-4. 

Finally, comparative standardised city data for New Zealand's cities for 1991 and 

1996 data are presented in Table 9-9 for land use and transport indicators, and for 

public transport indicators in Table 9-10. 

9.2.1 Land Use, Demographic and Economic Data 

9.2.1.1 Urbanised Area 

Figures on the urbanised area of each metropolitan area were provided by respective 

regional councils, and required extensive data analysis and manipulation, using a 

number of different sources including aerial photographs, vacant land registers and 

figures from the New Zealand valuation database. All figures were derived using 

geographic information systems mapping to match each metropolitan study area. The 

urbanised area is generally defined by those areas either built upon (residential, 

commercial, industrial, roading, etc.), or used for recreational and community 

purposes (sports grounds, schools, hospitals, etc.). The figures presented are actual 

land use as opposed to zoned land use. Large bodies of water, agricultural space, 

forests, regional scale open space and vacant land were excluded. 

Table 9-1 indicates in detail which types of land uses are considered urban (u) and 

which are considered non-urban (n-u). Using these definitions each of the respective 
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regional council geographic infonnation system (GIS) staff provided actual urbanised 

land use areas for the metropolitan area, inner city and central business district for 

each New Zealand city. 

Table 9-1: Urban and Non-Urban Area Land Use Definitions 

Land use category . Type Comment 

Agricultural n-u 

Meadows, pastures n-u 

Gardens, parks u small, intensive usage 

Forest, urban forest n-u large, significant 'natural' areas 

Wasteland (natural) n-u flood plains, rock outcrops, etc. 

Wasteland (urban) u derelict land, culverts 

Transport u Road area, railway land, airports etc. 

Recreational u, Depending on intensity of use (example: Skiing 

n-u area: non-urban, Golf course: urban) 

Residential u 

Industrial u 

Offices u 

Commercial u 

Public Utilities u 

Hospitals u 

Schools, Cultural u 

Sports grounds u 

Water surfaces n-u 

"n_u" = "Non-Urban Area" "u" = "Urban area" 

Urbanised land use area totals for each defined area and city are presented in Table 

9-2. 
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Table 9-2: New Zealand City Land Use and Transport Data 

AUCKLAND WELLINGTON CHRISTCHURCH 

1991 1996 1991 1996 1991 1996 

POPULATION AND AREA 
Metropolitan Area population 882,348 996,969 354,222 366,411 323,799 351,162 

Urbanised area in the Metropolitan Area (ha) 48,752 52,728 15,390 16,670 20,115 20,711 

Population of the CaD 1,476 3,805 1,593 3,090 657 960 

Area of the CaD (ha) 396 396 218 218 160 160 

Population of the inner city 217,866 245,385 80,394 86,538 122,145 129,561 

Area of the inner city (ha) 9,736 9,736 2,990 2,990 5,791 5,791 

EMPLOYMENT 
Number of jobs in the CBD 51,430 55,475 31,093 29,721 21,998 22,409 

Number of jobs in the inner city 164,940 188,408 86,639 83,016 77,153 77,153 

Number of jobs in the outer area 181,317 223,569 54,172 52,220 38,592 58,006 

Total jobs 346,257 411,977 140,811 135,236 115,745 135,159 

PARKING SUPPLY IN THE CnD 
Off-street parking spaces 27,661 32,525 24,519 25,895 16,713 16,751 

On-street parking spaces 3,211 3,775 5,530 5,530 4,005 4,035 

Total parking spaces 30,871 36,300 30,049 31,425 20,718 20,786 

METROPOUTAN URBAN AREA DATA 
ROAD NETWORK (km) 

Fonned and surfaced roads 4,330 4,468 2,017 2,200 2,008 2,008 

NUMBER OF MOTOR VEHICLES 
Cars and station wagons 438,877 521,179 166,257 179,135 170,631 199,984 

Light Goods Vehicles (LGV) < 2000cc perrol only 29,588 35,073 7,472 8,857 10,182 12,069 

LGV "all other" Unci petro1>2000cc, all diesel) 26,123 30,966 6,597 7,820 8,989 10,656 

Heavy Goods 15,230 15,216 3,846 3,843 5,241 5,236 

Total commercial vehicles (*'*) 70,941 81,256 17,915 20,520 24,412 27,962 

Motorcycles 12,718 8,314 5,318 3,472 8,552 5,609 

Buses 1,604 1,976 397 489 773 953 
Total vehicles 524,140 612,726 189,887 203,616 204,368 234,507 
(items marked ... are slib Ida/s) 

PRIVATE TRANSPORT DATA 
Total annual V. K. T. 6.756E+09 8.448E+09 2.444E+09 2.694E+09 2.220E+09 2.573E+09 

Total annual V. K T. in cars/small perrol trucks 5.887E+09 7.376E+09 2.147E+09 2.371E+09 1.904E+09 2.221E+09 

Average vehicle occupancy 1.27 1.27 1.31 1.31 1.38 1.38 

Car occupant kilometres 7.450E+09 9.335E+09 2.813E+09 3.106E+09 2.627E+09 3.065E+09 

Average road network speed (km/h) 47.8 46.5 46.5 46.8 46.8 45.5 

PRIVATE TRANSPORT ENERGY USE 
Passenger (Joules) 2.388E+16 2.820E+16 7.920E+15 8.627E+15 8.028E+15 8.871E+15 

Non-passenger (joules) 5.456E+15 8.587E+15 1.982E+15 2.687E+15 2.704E+15 4.076E+15 

Total private fuel consumption (joules) 2.933E+16 3.678E+16 9.902E+15 1.131E+ 16 1.073E+16 1.295E+16 

MODE SPLIT: JOURNEY.TO.WORK (0/,) 

Public transport 7.6% 7.3% 15.00/0 15.5% 4.7% 4.2% 

Private transport 84.9'7'0 86.7% 74.4% 73.1% 80.1% 82.6% 

Walking and cycling 7.5% 6.0% 10.6% 11.4% 15.2% 13.2% 

AVERAGE TRIP LENGTHS (km) 
Journey-la-work (all modes) 12.6 13.9 10.6 10.9 8.0 8.0 

Journey-la-work (cars only) 13.3 14.4 NA NA NA NA 

Shopping NA NA NA NA NA NA 

Business NA NA NA NA NA NA 

Recreation NA NA NA NA NA NA 

All trips average 9.9 10.9 6.2 6.6 6.0 6.1 
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Population and Data 

All population data are census data for "usually resident population" for both 1991 

and 1996 for each defined area (metropolitan area, inner city and central business 

district) in each city. Population data were provided by the Auckland Regional 

Council, Wellington Regional Council, the Canterbury Regional Council and the 

Christchurch City Council. 

The total number of jobs was defined as all full-time jobs and 50% of part-time jobs 

in each of the defined areas (metropolitan area, inner city and central business district) 

in each city. Data for Auckland were provided by the Auckland Regional Council 

based upon the "Business Directory" job data. Data for Wellington were census data 

provided by the Wellington Regional Council. Christchurch job data are census data 

provided by the Christchurch City Council. 141 

See Table 9-2 for job and population data by city and defined area. 

9.2.2.1 Gross Regional Product 

Gross regional product (GRP) data were provided by the National Bank which has 

done statistical analysis of gross regional product by region for a number of years. 142 

GRP for each of the study areas was estimated based upon the proportion of regional 

population included in each metropolitan study area (shown in Table 9-3). 

141 Job data are used in the Christchurch transport model which is operated by the Christchurch City 
Council staff. 

142 National Bank data on gross regional product are often used for estimates of metropolitan domestic 
product, e.g., see "Christchurch Update 1996". 
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Table 9-3: Gross Regional Product per Capita (nominal dollars) 

1991 1991 Study 1996 1996 Study 1996 
Region Area GRP 1991 GRP Region AreaGRP GRP per 
GRP (adj by popn) per Capita GRP (adj by popn) Capita 

$ Millions $ Millions $ $ Millions $ Millions $ 
Auckland $21.959 $20.530 $23.267 $29.322 $27,355 $27,438 
Wellington $9,847 $8.714 $24.600 $11.623 $10.286 $28,072 
Christchurch $8,765 $6,477 $20,004 $11,600 $8,703 $24,784 

9.2.3 Transport Characteristics 

9.2.3.1 Number of Vehicles 

The number of cars in each study area is based upon census data provided by 

respective regional and city councils and matched to the transport study areas. 

Numerous different data sources were compared and analysed; a detailed review of 

vehicles available for private use is included in Appendix C Global City and New 

Zealand City Data). 

Number of Other Vehicles 

Total number of "other" vehicles including motorcycles, commercial trucks, and buses 

are based upon motor vehicle registration data. Figures for 1991 are derived based 

upon national registration figures, using pro-rata regional figures provided for 1996. 

Vehicle numbers are shown in Table 9-2. 

9.2.3.2 Vehicles Kilometres Travelled 

Figures on average annual vehicle kilometres travelled derived for this analysis relied 

upon a comparison of various different sources including data from transport models, 

estimates by the New Zealand Ministry of Transport, Transit and respective air

emission inventory models. A detailed review is included in Appendix C - Global 

City and New Zealand City Data. Figures for vehicle kilometres travelled in private 

vehicles, trucks and motorcycles for each study area for both 1991 and 1996 are 

shown in Table 9-2. 
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9.2.3.3 Passenger Kilometres and Vehicle Occupancy 

Estimates of passenger kilometres were derived from vehicle occupancy data 

(provided by council staff from the transport models or associated traffic screenline 

counts). The average vehicle occupancy for each city for both 1991 and 1996 are 

shown in Table 9-2. 

9.2.3.4 Journey-To-Work Mode Split 

Journey-to-work modal share data were based upon census results and provided by the 

respective councils. Data for each city are included in Table 9-2. 

9.2.3.5 Average Trip Length 

Average trip length for the journey-to-work and for all trips were derived from the 

respective transport models (with in some cases comparative analysis of census results 

by meshblock). Data were provided by the respective councils and are included in 

Table 9-2. 

9.2.3.6 Road Network Data - Road Network Speed and Road Lengths (km) 

Road network data on average road network speed and lengths of roads were derived 

for each New Zealand city. 

Average road network speed (24hr 7 weekday average) were derived from outputs 

from the respective transport models and provided by staff from the Auckland 

Regional Council, Wellington Regional Council and Christchurch City Council. The 

average road network speeds for the three New Zealand cities for 1991 and 1996 are 

shown in Table 9-2. 

Road lengths for centre-line lane lengths (km) were provided by the respective 

councils. The Auckland and Wellington data came from the geographic information 
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systems mapping data; the Christchurch data were provided by Christchurch City 

Council staff and verified/compared to reported road lengths in Transit (1996). The 

road length data for all three cities for both 1991 and 1996 are presented in Table 9-2. 

9.2.3.7 Data on Parking - Off-Street On-Street Spaces 

Data on on-street and off-street parking for 1991 and 1996 were provided for each 

city's respective central business district (CBD). Data from parking surveys done in 

each city were provided by each respective city council; where parking surveys were 

done for years not matching 1991 and 1996 discussions were held with the respective 

parking services managers to clarify any changes in parking space availability. CBD 

parking space data for on-street and off-street provisions are shown in Table 9-2. 

9.2.3.8 Transport Fuel Use and Energy Consumption 

Transport fuel and energy use analysis follows the methodology established by 

Newman and Kenworthy (1989) and Kenworthy et al (1997) which separates transport 

energy consumption in cities into private passenger transport (generally transport 

energy consumed by cars, motorcycles and light trucks), public passenger transport 

energy use (transport energy use consumed in urban passenger transport such as buses 

and trains) and non-passenger transport energy use (generally that transport energy 

consumed in commercial freight movement within a city). This analysis maintains 

these conventions. By far the largest source of transport energy consumption occurs 

in private passenger transport. 

There are a number of transport fuels which contribute to each New Zealand city's 

total transport fuel budget including petrol, diesel, liquid petroleum gas (LPG) and 

compressed natural gas (CNG), as well as electricity consumption for the electric 

trains and trolley buses in Wellington. 

Table 9-2 includes the summary results for transport energy use for private- ,public

and non-passenger transport. Appendix C - Global City and New Zealand City Data, 
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provides a detailed description of the derivation of fuel sales and energy use by 

transport type, area and year for each city (see Appendix C Global City and New 

Zealand City Data for detailed results for 1991 and 1996). 

9.2.4 Data on Public Transportation 
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All public transport data by mode (bus, rail, ferry, etc.) were provided by the 

respective regional councils which oversee both . contracted and commercial 

services. 143 Public transport data for each New Zealand city are included Table 9-4, . 

with cost figures included in Table 9-5. Data collection included: 

... Annual Passenger Boardings By Mode - including transfer trips 

• Annual Passenger Kilometres By Mode - generally derived from average trip 

lengths and passenger boardings 

" Average Operating Speed By Mode - generally taken from timetable assessments 

for in service hours only 

... Annual Vehicle Kilometres By Mode total revenue vehicle kilometres excluding 

"dead-running" travel 

" Total Public Transport Farebox Revenue collected fares from patrons 

(I> Annual Operating Expenses Of Public Transportation - for hours of operation 

II Operating Cost Recovery For Public Transport - calculated figure based upon the 

farebox revenue divided by the operating expenses by mode 

143 Data for Auckland are for the 1991192 year ending June 30th as per ARC staff quality data were 
unavailable for 1990/91 (Ken McLeod, ARC, personal communication). Data for Wellington proved to 
be the most difficult public transport data to retrieve amongst the three cities and required numerous 
cross-checking with WRC staff. Thus public transport data for Wellington should be treated as the best 
information available and reasonably indicative of the Wellington system; however, some 
improvements in accuracy may arise. 

Chapter 9 - Urban Transport and Land Use Indicators: New Zealand City Data 



203 

Table 9-4: New Zealand City Public Transport Datal 44 

AUCKLAND WELLINGTON CHRlSTCHURCH 
1991 1996 1991 1996 1991 1996 

PUBLIC TRANSPORT DATA 
VEHICLE KILOMETRES 

- Buses 23,019,429 24,572,299 10,113,000 6,860,085 8,044,285 7,141,058 

- Trains 497,134 1,001.678 8,262,401 8,642,000 0 0 

- Trams 0 0 0 0 0 0 
- Ferries 66,691 69,867 18,816 18,816 19,427 19,427 

Grand Total 23,583,254 25,643,844 18,394,217 15,520,901 8,063,712 7,160,485 

PASSENGER BOARDlNGS 

Buses 33,747,349 31,150,000 16,232,384 12,358,492 9,024,637 8,386,632 

Trains 1,052,183 2,065,865 10,840,000 8,561,000 0 0 

Trams 0 0 0 0 0 0 
- Ferries 1,238,773 1,580,357 120,000 120,000 28,999 27,226 

GraJ.d Total 36,038,305 34,796,222 27,192,384 21,039,492 9,053,636 8,413,858 

AVERAGE PASSENGER TRIP LENGTH (km) 

- Buses 7.1 6.9 5.6 5.6 6.2 6.2 

- Trains 16.3 13.7 19.1 22.9 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

FunIS 3.1 3.4 5.6 5.6 1.9 1.9 

PASSENGER KILOMETRES 
- Buses 238,583,202 216,428,631 90,901,350 69,207,555 55,952,749 51,997,118 

- Trains 17,098,044 28,226,008 207,044,000 195,677,000 0 0 

• Trams 0 0 0 0 0 0 

- F errilS 3,874,813 5,320,796 672,000 672,000 54,286 50,967 

Grand Total 259,556,059 249,975,435 298,617,350 265,556,555 56,007,036 52,048,085 

AVERAGE SPEED (Ian ft) 

• Buses 27 27 21 21 24 24 

- Trains 39 40 42 42 0 0 

- Trams 0 0 0 0 0 0 
-FerrilS 17 17 28 28 15 15 
All modes average 28 28 36 37 24 24 

ENERGY CONSUMPTION 

Buses 
Diesel (IitTes) 9,207,772 9,828,920 1,957,877 1,577,819 3,217,714 2,856,423 
E1ectTic Trolleys (kwh) 0 0 7,394,998 7,394,998 0 0 
eNG (Joules) 1.064E+14 6.300E+13 ° 0 0 0 
Total (Joules) 4.589E+14 4.393E+14 1.016E+14 8.704E+13 1.232E+14 1.094E+14 

· Trains 
Electric (kwh) 0 ° 17,400,000 17,400,000 0 0 
Diesel (litres) 528,866 1,065,615 500,000 500,000 0 0 
Total (Joules) 2.025E+13 4.0BOE+13 B.179E+13 B.179E+13 0 0 

- Trams 
0 0 0 0 0 0 

- Ferri/!! 
Diesel (litres) 70,201 73,544 36,000 36,000 18,742 18,742 
Total (foules) 2.688E+12 2.816E+12 1.378E+ 12 1.378E+l2 7.176E+ 11 7.176E+11 
Grand Total 4.819E+14 4.830E+14, 1.848E+ 14 1.702E+14 1.239E+14 1.101E+14 

144 Data for Auckland are 1991192 and 1995/96; whereas data for Wellington and Christchurch are 1990/91 
and 1995/96. 
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Data on the Costs and Performance of the Transportation 

Systems 

Transport system costs and investments are shown in Table 9-5 and discussed in detail 

below. 

Table 9-5: Transport System Costs and Investments (Nominal $/45 

AUCKLAND WELLINGTON CHRISTCHURCH 

1991 1996 1991 1996 1991 1996 

TRANSPORT SYSTEM COSTSIINVESTMENTS 

Public Transport Annual Opi',ating EXpi'nses $88,461,296 $90,372,195 $78,720,344 $59,209,000 $25,238,000 514,790,589 

Publk Transport Annuat Farroox Revenue $45,127,602 539,658,243 $41,147,350 $34,750,000 $9,590,440 $8,052,232 

Public Transport Annual Cost Recovery 51% 44% 52% 59% 38% 54% 

Public Transport Cost per Passenger km 0.34 0.36 026 0.22 0.45 0.30 

Car Variable Running Costs/l:m $0.182 $0.176 $0.183 $0.181 $0.185 $0.185 

Car Fixed Running Costs/krn $0.343 $0.362 $0.349 $0.380 $0.325 $0.361 

Average Annual Road EXpi'nd 1991·1992 $126,102,600 na 561,106,616 na $46,540,545 n. 
Average Annual Road Expend 1991-1996 n. $146,963,767 n. $67,858,747 na $50,654,093 

Road Expend. pi'rCapila (91/92 average) ($USI99{)) $75.2 na $90.8 na S75.7 na 
Passenger (Car> PubliC) Ope, Costs/Capita ($US 1990) $1,895 na $1,814 na $1,617 na 
Gross Regional Product (GRP) pi'r Capita $23,267 $27,438 $24,600 $28,072 $20,004 $24,784 

tl'fn GRP Spent on Passenger (car + Publid Oper, Costs 15.5% 14.8% 14.00/, 13.5% 15.4% 14.1% 

9.2.5.1 Average Cost Of A Car Trip 

The average cost of a car trip was calculated for both 1991 and 1996 usmg 

Automobile Association figures 146 adjusted for average kilometres travelled per car in 

each study area. 

The estimated costs per km for each city for 1991 and 1996 are included in Table 9-5. 

9.2.5.2 Annual Investment Spending on Public Roads 

Annual investment in roading was gathered for each study area for 1991 to 1996 

(years ending June 30). Expenditure included all capital and maintenance costs for 

local roads and state highways. The average expenditure for 1991 and 1992 was then 

145 All costs expressed are in nominal dollars unless otherwise noted (e.g., some costs are expressed in $US 
1990). 

146 The New Zealand Automobile Association annually prints in the AA Directions magazine automobile 
costs, and include fIxed costs (capital, depreciation, insurance, warrant-of-fItness and registration fees) 
and running or "variable" costs (petrol, oil, tyres, repairs and maintenance). 
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compared to data collected for the international cities studied. 147 The roading 

expenditure results are presented in Table 9-5, along with the road investment per 

capita (adjusted to US$1990 to compare with other international city data). 

9.2.5.3 Total Annual Passenger Transport Costs as % ofGRP) 

205 

To get a sense of how much each city is spending on transporting people as a 

proportion of the city's wealth (gross regional product), an indicator has been 

developed which accounts for all costs associated with passenger transport, including 

car and public transport costs. 

The annual total cost of all passenger transport (private- and public-passenger 

transport) was calculated as a function of car costs (variable and fixed costs per km) 

and public transport costs (total operating costs, including fleet purchases) each 

weighted by vehicle kilometres travelled. The results are presented in Table 9-5, 

which also shows total passenger transport costs as a percentage of GRP. 

9.2.5.4 Number Of Traffic Accident Fatalities Annually 

Data on the number of traffic accident fatalities was gathered from the Land Transport 

Safety Authority for each study area for "death within 30 days from crashes involving 

a motor vehicle". Data for traffic accident fatalities for 1991 and 1996 for each New 

Zealand city are presented in Table 9-6. 

147 The average for 1991 and 1992 was used to reduce any anomalies in spending between years and to 
compare to international data collected for 1989, and 1990 and 1991; unfortunately a full set of data for 
each study area was not readily available prior to 1991, due in part to changes in local authority 
reporting following amalgamation. 

Chapter 9 • Urban Transport and Land Use Indicators: I\lew Zealand City Data 



206 

Table 9-6: Urban Traffic Accident Fatalities 1991 and 1996 

1991 1991 Transport 1996 1996 Transport 
Transport Deaths per Transport Deaths per 

Deaths Total 100,000 Deaths Total 100,000 
People People 

Auckland 14tl 108 11.4 104 9.7 

Wellington 26 7.3 18 4.9 

Christchurch 36 11.1 27 7.7 

9.2.5,5 Air Pollutant Inventory 

Unfortunately air pollution estimates which matched the study areas were not 

available. Air emissions projects have been conducted in Auckland and Christchurch; 

an air emissions study is underway in Wellington. 149 

Results are presented below for the results from the respective air emissions studies; 

however, because each respective air-shed study area is significantly different to the 

transport study areas considered in this project these are provided as information only 

and should not be used as exact indicators for these study areas. ISO 

J48 Auckland data are for the region; fatalities per 100,000 are adjusted for regional population figures. 

J49 At the time of fmalising this research, Wellington was in the process of conducting shed analysis 
however results were not expected before June 2000 (personal communication Perry Davy, WRC). 

J50 The Auckland Air Emissions Inventory study area is significantly larger than the Auckland Transport 
Study Area. The Christchurch Air Emissions Inventory study area focuses on central Christchurch and 
excludes Waimakariri, Lyttelton, Lincoln, etc. which is significantly smaller than the Christchurch 
Transport Study area; thus these figures may suggest a higher level of motor vehicle emissions per 
capita than actually occurs in the total transport study area, since the emissions inventory study area has 
a higher traffic density. 
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Table 9-7: Air Shed Study Area Estimated Motor Vehicle Emissions 151 

Kg per Capita 

VOC NOx CO S02 TSP Notes 

Auckland 43.9 32.9 329.1 0.4 0.9 Data are for 1993 and based on a larger air-shed 

population of 930,562 (ARC, 1 998a). 

Christchurch 37.5 31.0 164.6 1.5 1.8 Data are for 1996 (CRC, 1997), based upon average 

winter daily emissions adjusted for annual comparison; 

note the air emissions study area is significantly smaller 

than the transport study area with a higher traffic density 

and thus may slightly overstate per capita emissions for 
! 

the tOlallransport study area. 

Wellington Na Na Na Na Na 

It is noteworthy that the reported carbon monoxide (CO) emissions in the Auckland 

Air Emissions Report far exceed the reported CO levels in Christchurch (this is 

evident in the international data comparison reported below). 

9.2.5.6 <,irU1YI1l:rPIl Urban Transport CO2 Emissions 

Estimated urban land transport CO2 emissions are included for each study area for 

both 1991 and 1996 in Table 9-8. These are based upon the fuel consumed by fuel 

type in each transport study area. I 52 

Table 9-8: Estimated Urban Land Transport C02 Emissions for 1991 and 1996 

1991 1991 1996 1996 

Total Total 
(tonnes CO2 (kg) (tonnes CO2 (kg) 

CO2) per Capita CO2) per Capita 

Auckland 1,980,822 2,245 2,488,102 2,496 
Wellington 667,348 1,884 763,951 2,085 

Christchurch 725,491 2,241 876,280 2,495 

151 Where VOC = Volatile Organic Compounds, NOx = Nitrous Oxides, CO Carbon Monoxide, S02 
Sulphur Dioxide, and TSP Total Suspended Particulates. 

152 The associated CO2 conversion rates for tonnes CO2 per terajoule of fuel consumed are: petrol == 66.6, 
diesel 68.7, LPG = 60.4, and CNG = 52.8. 
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9.2.6 Comparison New Results 

Table 9-9 presents the standardised land use and transport indicators for New Zealand 

cities. The results for key indicators are compared and discussed below. 

Table 9-9: New Zealand City Standardised Land Use and Transport Indicators 

AUCKLAND WELLINGTON CHRISTCHURCH 
1991 19% 1991 1996 1991 1996 

POPULATION PARAMETERS 

Metropolitan Urban Area density (persons/ha) 18.1 18,9 23.0 22.0 16.1 17.0 

Inner area density (persons/Ita) 22.4 25.2 26.9 28.9 21.1 22.4 

Outer area density (persons/ha) 17,0 17.5 22.1 20.5 14.1 14.9 

eBn density (persons/ha) 3.7 9.6 7.3 14,2 4.1 6.0 

Proportion of population in eBD 0.2% 0.4% 0.4% 0.8% 0.2% 0,3% 

Proportion of population in inner area 24.7% 24,6% 22.7% 23.6% 37.7% 36,9% 

EMPLOYMENT PARAMETERS 

Job density (jobs/ha) 7,1 7.8 9.1 8.1 5.8 6.5 

Inner area job density (jobs/ha) 16.9 19.4 29.0 27.8 13.3 13.3 

Outer area job density (jobs/ha) 4.6 5.2 4.4 3.8 2.7 3.9 

CBn job density (jobs/ha) 129.9 140.1 142.6 136.3 137.7 140.2 

Proportion of jobs in eBn 14.9% 13.5% 22.1% 22.0% 19.0% 16.6% 

Proportion of jobs in inner area 47.6% 45,7% 61.5% 61.4% 66.7% 57.1% 

ACTrvlTY INTENSITY PARAMETERS 

(Population and Jobs/ha) 

CSD activity density 133.6 149.7 149.9 150.5 141.8 146.2 

inner area activity density 39.3 44.6 55.9 56.7 34.4 35.7 

Outer area activity density 21.7 22.7 26.5 24.3 16.8 18.7 

City·wide activity density 25.2 26.7 32.2 30.1 21.9 23.5 

VEHICLE OWNERSHIP PARAMETERS 

Total vehiclesllOOO people 594 615 536 556 631 668 

Passenger cars/1OOO people 497 523 469 489 527 569 

PRIVATE MOBILITY PARAMETERS 

Total per capita vehicle kilometres 7,657 8,474 6,899 7,352 6,857 7,326 

Per capita car kilometres 6,672 7,398 6,062 6,470 5,880 6,326 

Total per capita occupant kilometres 9,691 10,725 9,038 9,631 9,463 10,110 

Per capita car occupant kilometres 8,444 9,364 7,941 8,476 8,115 8,729 

Total vehicle kilometres per vehicle 12,890 13,788 12,870 13,230 10,864 10,970 

Car (& small petrol truck) kilometres per veh 12,566 13,260 12,359 12,611 10,530 10,475 

TRAmc RESTRAINT PARAMETERS 

Parking spare. /1000 eBD workers 600 654 966 1,057 942 928 

Length of road per person (m) 4.9 4.5 5.7 6.0 6.2 5.7 

Total vehicles per km of road 121 137 94 93 102 117 

Total vehicle kilometres per km of road 1,560,374 1,890,821 1,211,788 1,224,440 1,105,744 1,281,195 

Car kilometres per km of road 1,359,491 1,650,830 1,064,689 1,077,584 948,188 1,106,248 

TIlANSPORT ENERGY PARAMETERS (M}) 

Private passenger transport energy use/person 27,060 28,282 22,359 23,544 24,792 25,263 

Total private energy use/person 33,243 36,896 27,955 30,877 33,144 36,869 

PubHc transport energy use/person 546 484 522 465 383 314 

Total energy use/person 33,789 37,380 28,477 31,342 33,527 37,183 

Private passenger transport energy use/pass-km 3.2 3.0 2.8 2.8 3.1 2.9 

Public transport energy use / pass·km 1.9 1.9 0.6 0.6 2.2 22 
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9.2.6.1 Population Density o/New Zealand Cities 

Table 9-9 shows Wellington has the highest urban population density of the New 

Zealand cities, followed by Auckland 153 and then Christchurch. Between 1991 and 

1996, both Auckland and Christchurch increased in total urban density, whereas 

Wellington declined slightly (what may be a reflection of the larger growth in 

population in both Auckland and Christchurch compared to very little growth in 

Wellington). 

In general there was a notable shift toward increasing inner area and central city 

densities between 1991 and 1996 a trend experienced in a number of other 

international cities discussed later (see also Newman and Kenworthy, 1998; and 

Kenworthy, Laube et aI, 1999). 

Changes in density between the CBD, inner area, outer area and total area are shown 

for all three cities in Figure 9-4, Figure 9-5 and Figure 9-6. 
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Figure 9-4: Auckland Population Density Changes 1991-1996 

153 For Auckland 1991 urban density of 18.1 personslha derived in this study favourably compares to 
Fitzsimons (1990) who came to a very similar figure in work done by census-area-unit, where density 
equalled 18.14 personlha for analysis of 182 census area units. 
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Figure 9-5: Wellington Population Density Changes 1991-1996 
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Figure 9-6: Christchurch Population Density Changes 1991-1996 

Inner Area and Outer Area Density 
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In tenns of the inner area density, again a similar pattern shows Wellington has the 

highest inner area density, followed by Auckland and then Christchurch. Notably, the 

inner area of all three cities significantly increased between 1991 and 1996, led by 

Auckland's increase of 12.5%, followed by Wellington (7.5%) and then Christchurch 

(6%). 

Cilapter 9· Urban Transport and Land Use Indicators: New Zealand City Data 



211 

Outer area density of each city again shows Wellington with the highest density, 

followed by Auckland and then Christchurch. Interestingly, based on the figures 

provided by council staff the outer area density of Wellington declined between 1991 

and 1996 suggesting either population drift from some outlying areas or new 

developments with reasonably low population density. This is in contrast to Auckland 

and Christchurch where the Quter area densities of both cities increased during the 

period .. 

In both Auckland and Christchurch the growth in inner area density outstripped the 

growth in outer area density. 

Finally, the proportion of the population living in the inner area of the New Zealand 

cities is highest in Christchurch (c 37%), followed by similar figures in both Auckland 

and Wellington (c 25%).154 

CBDDensity 

The CBD density reported for each city suggests that Wellington has the highest CBD 

density, followed by Auckland and then Christchurch. 

The change in CBD population density between 1991 and 1996 in all three cities is 

noteworthy. In just five years Auckland has seen a dramatic 160% increase in CBD 

population density, albeit from an extremely low base (increase from 3.7 to 9.6 

personslha). Wellington witnessed a similar increase in CBD population density 

increasing by 100% (from 7.5 to 15.2 persons/ha). Christchurch CBD population 

density also increased by over 40% (from 4.1 to 6.0 persons/ha). 

It is important to note that in all three cities the proportion of the population which 

lives in the CBD is very small, less than 1 % for both Auckland and Wellington, and 

154 This difference is a reflection of the size of the inner areas of each city (as defmed by the built up area 
by World War 2), where as shown in Table 9-2 the inner area of Christchurch comprises c 30% of the 
total current urbanised area, whereas in both Wellington and Auckland the inner area is c 18% of the 
total current urbanised area (suggesting that Christchurch had a far larger relative "inner area" by 
WW2 than the other two cities). 
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less than 2% for Christchurch (as discussed later, these figures are comparable with 

other international city findings where except for Asian countries CBD populations 

seldom exceed 5% of the total population). 

Population Density Profiles 

In 1991 Wellington had.a remarkably consistent overall population density profile 

with inner density only c 20% higher than outer area densitylS5 (26.9 to 22.1 

personlha); however, by 1996 the inner area density was c 40% higher than the outer 

area density (28.9 to 20.5 personlha) suggesting a combined population drift into the 

inner areas of the city and to newly developed lower density areas in the outer 

"suburbs" of Wellington (e.g., Kapiti coast). 

On the other hand, Auckland and Christchurch show slightly more similar population 

density profiles across each city between 1991 and 1996. Auckland's inner-area 

density was c 30% higher than the outer-area density in 1991, changing to 40% higher 

by 1996, suggesting a greater shift toward inner area living. Christchurch has a more 

sprawling outer area tendency with popUlation density in the inner-area c 50% higher 

than in the outer areas, remaining consistent between both 1991 and 1996. 

9.2.6.2 Employment Density of New Zealand Cities 

Wellington has the highest employment density Gobs/ha) of all three NZ cities 

(probably a reflection of it being NZ's capital city with higher relative concentrations 

of government and corporate head offices). Although as is shown in Table 9-9, 

between 1991 and 1996, Wellington's overall job density decreased whereas the job 

densities of Auckland and Christchurch increased. 

Auckland has the second highest job density ofNZ cities (with reasonably strong 

growth between 1991 and 1996 particularly in the CBD and inner-area of the city). 

155 The outer area is defmed as the total urbanised area less the inner area of each city. 
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Christchurch in contrast has the lowest job density of the New Zealand cities (only 

60% of Wellington's job density) and by far the lowest CBD job density. 

Christchurch showed a reasonably strong increase in job density between 1991 and 

1996 across all areas of the city as shown in Table 9-9. 
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In terms of the proportion of jobs in the CBD and inner area of each city, Christchurch 

and Wellington have the highest proportion of jobs in their CBD areas (60-100% 

higher than Auckland); Christchurch and Wellington also have remarkably high 

proportions of their employment in the inner area (c 60%), where conversely 

Auckland has a far lower proportion of employment in its inner area (c 46%). 

9.2.6.3 Transport Indicators of New Zealand Cities 

A series of standardised transport indicators are presented in Table 9-9 for each New 

Zealand city for both 1991 and 1996 and discussed below. 

Vehicle Ownership 

Amongst the NZ cities, Christchurch has the highest vehicle and car ownership per 

1000 people 156, followed by Auckland, and then Wellington (with 16% lower car 

ownership in 1996 than Christchurch). Between 1991 and 1996 Christchurch 

exhibited the largest growth in car ownership per 1000 people (8%) followed 

Auckland (5%) and then Wellington (4%). 

Vehicle Use (VKT per Capita) 

Overall, Auckland has the highest vehicle kilometres travelled (VKT) per capita 

amongst NZ cities, followed by Wellington and then Christchurch. In all three cities 

car travel dominates total vehicle travel per capita, accounting for c 87%. 

Between 1991 and 1996 travel per capita increased by 11 % in Auckland, 7% in 

Wellington and 8% in Christchurch. 

156 It is interesting to note that Christchurch has the highest vehicle ownership despite having the lowest 
gross-regional product per capita (usually vehicle ownership correlates with income or a city's wealth). 
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In 1991 Auckland car travel per capita was about 10% higher than Wellington and 

13% higher than Christchurch, and by 1996 Auckland travel had risen to 14% and 

17% higher than Wellington and Christchurch per capita travel respectively. 
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Auckland's greater vehicle use is partially explainable by its long average journey 

lengths shown in Table 9-2. In 1996 the average Auckland trip length for all vehicle 

trips was 1O.9km, about 65% longer than in Wellington (6.6km) and 78% longer than 

in Christchurch (6.1km). The contrast is also true for the journey to work where in 

1996 the average Auckland journey to work length (13.9lcm) was 28% higher than in 

Wellington (10.9km) and 74% higher than in Christchurch (8.0lcm). As will be 

discussed later in comparison to the international city data, these trip distances are 

reasonably short and contribute to lower overall travel per capita than cities which are 

less compact (such as many Australian or US cities). 

It is also interesting to note that between 1991 and 1996 the average trip length in 

Auckland significantly increased (by c 10%), with less growth in Wellington (6%) and 

very little growth (2%) in the trip lengths in Christchurch. 

Comparing Wellington and Christchurch travel per capita, Wellington has a slightly 

higher vehicle kilometres travelled per capita (approximately 5%-10%). This is in 

contrast to mode split comparisons shown in Table 9-2 where for the journey-to-work 

by car in Wellington is about 74% and Christchurch is about 80-83% (which would 

suggest more car trips and higher VKT per capita in Christchurch). However, the 

journey-to-work makes up less than 20% of total trips, and non-work trips are more 

heavily dominated by car traveL Higher average journey lengths in Wellington also 

contribute to greater travel per capita than in Christchurch. 

Mode Split to Work- Car, Public Transport and Cycle/Walk 

As shown in Table 9-2, car travel dominates mode split for the journey-to-work in all 

three cities. Auckland has the most dominant car mode split at 85%, with low levels 

of public transport (7.6% in 1991 slightly declining to 7.3% by 1996) and the lowest 
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levels of the three NZ cities for cycling and walking (7.5% in 1991 declining to 6% by 

1996). 

Wellington on the other hand has the lowest mode split by car for the cities for the 

journey-to-work at about 74%, the highest share by public transport (15% in 1991 

slightly increasing to 15.5% in 1996), and reasonably high levels of cycling and 

walking (combined 10.6% in 1991 increasing to 11.4% by 1996 - note cycling made 

up only 2.3% in both 1991 and 1996, where walking trips clearly dominated among 

the "slow modes" with 8.3% and 9.1 % in 1991 and 1996 respectively). Wellington 

was the only city studied which showed a slight decrease in the modal share of car 

trips, with commensurate increases in public transport and cycling/walking. 

Christchurch falls between Auckland and Wellington with about 80% of work trips by 

car (80.1 % in 1991 increasing to 82.6% by 1996). Christchurch has the lowest use of 

public transport to work at just 4% (4.7% in 1991 declining to 4.2% in 1996), but the 

highest use of cycling/walking (15.2% in 1991 declining to 13.2 % in 1996). Cycling 

dominates the "slow modes" in Christchurch, where work trip mode share was 10.2% 

in 1991 declining to 8.2% in 1996, and walking remained consistent at 5%. 

Kilometres Travelled per Vehicle 

Auckland has the highest annual vehicle travel per vehicle (or car), about 4% higher 

than in Wellington and about 25% higher than in Christchurch. 

Parking Spaces in the CBD 

Between NZ cities both Christchurch and Wellington provide approximately 50% 

more parking supply per CBD worker than Auckland, and as is discussed later both 

Christchurch and Wellington have extremely high provision of CBD parking on an 

international scale (the highest CBD parking provision in the international city 

sample!). 

Road Length Provisions 

Chapter 9 Urban Transport and Land Use Indicators: New Zealand City Data 



216 

Between NZ cities Christchurch and Wellington provide quite similar levels of road 

length per capita, and from the data provided by council staff, both are slightly higher 

than Auckland. 

Road Network Speeds 

Table 9-2 includes road network speeds for the Cities (this is a 7-day 24 hour 

average speed reported from the transport models). In general these network speeds 

for all three cities were very comparable (between 45.5 and 47.8 kmlh). However, 

peak time traffic speeds and associated congestion are known to be far worse in 

Auckland and Wellington than in Christchurch. 

Comparison of Transport Energy Use per Capita 

Table 9-9 includes transport energy use per person for private passenger, total 

(including non-passenger) and public transport energy use. Amongst NZ cities, 

Auckland has the highest per capita fuel use both in private passenger transport and 

total vehicle fuel use than either Wellington or Christchurch. 

Auckland private passenger transport use per capita is c 20% higher than Wellington 

and c 10% higher than Christchurch, due largely to longer average trip lengths and 

more congested conditions (see MOT, 1997b ).157 

Comparing Wellington and Christchurch, Wellington has a slightly lower fuel 

consumption for private passenger transport (c 9%) and significantly lower for truck 

transport per capita. 

In comparison to Christchurch, both Auckland and Wellington generally have a newer 

fleet of vehicles. The associated efficiency of a newer fleet appears to reduce the 

average transport energy use per capita and thus offset some of the extra driving 

157 Per MOT (1997b), in estimating current and forecast emissions for Auckland, congestion was a major 
component of "the projected rate of increase in fuel consumption may appear to be high when 
compared with the national situation, but this is another reflection of the impact of increasing 
congestion in the urban traffic environment and the commensurate increase in per vehicle fuel 
consumption rates" (p 68). 
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Christchurch. 158 
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As shown in Appendix C - Global City and New Zealand City Data, there have been 

significant increases in diesel fuel sales. Although an exact breakdown of the split 

between increases in commercial truck and private passenger diesel fuel use was not 

available, estimates were made based upon previous national analysis (MOT, 1995c 

and 1997b), discussion with industry analysts and recent increases in diesel vehicle 

registrations. These estimates are included in Table 9-9 (and Table 9-2) and show 

significant increases in both private non-passenger (truck) transport energy use 

between and private passenger diesel consumption (note private passenger diesel is 

included in private transport energy consumption). Commensurate with large 

increases in diesel fuel sales, there were huge increases in annual commercial diesel 

fleet additions (from c 10,000 in 1991 to 55,000 in 1995 and 1996); there were also 

large increases in newly registered car diesel vehicles (from about 5,000 per year in 

1991 to just under 40,000 per year in 1995). Although not explored in detail in the 

analysis, increasing economic activity between 1991 and 1996 could have been a 

partially explanatory factor in increases in commercial trucking activity (and energy 

related consumption). 

It is also worth noting the very low energy use per capita by public transport shown in 

Table 9-9, clearly showing the energy efficiencies of public transport compared to 

private transport. 

158 A comparison of average fleet age from MOT (l994b) by region reveals that there is a significantly 
newer fleet of vehicles in Wellington (and Auckland) compared to Canterbury (unfortunately only 
regional figures were available). Data are available by vehicle age and engine size. On average the car 
fleet in Canterbury is two years older than the fleet in Wellington or Auckland (11.5 years compared to 
9.5) (MOT 1994b). There is a marked decrease in fuel efficiency with an older vehicle fleet, due to 
both losses in engine fuel efficiency with use and increases in fuel efficiency with newer vehicles (MOT 
(l995c) suggests a 13% fuel efficiency loss after 80,000 kms and a 1 % improvement in fuel efficiency 
per year over the past 15 years for New Zealand's vehicle fleet, p 59). Thus although not definitive, it 
appears a reasonable assumption that the newer fleets in Wellington and Auckland account for a lower 
fuel use per vehicle kilometre travelled than in Christchurch. 
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9.2.7 Transport Indicators Zealand Cities 

Table 9-10 shows standardised public transport indicators for Auckland, Wellington 

and Christchurch for both 1991 and 1996. A number of these are discussed below. 

Table 9-10: New Zealand City Standardised Public Transport Indicators 

AUCKLAND WELLINGTON CHRISTCHURCH 
1991 1996 1991 1996 1991 1996 

PUBLIC TRANSPORT PARAMETERS 
Vehicle kilometres per person 
Buses 26.1 24.6 28.5 18.7 24.8 20.3 

Rail 0.6 1.0 23.3 23.6 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 0.1 0.1 0.1 0.1 0.1 0.1 

Total 26.7 25.7 51.9 42.4 24.9 20.4 

Passenger boardings per person 
Buses 38.2 31.2 45.8 33.7 27.9 23.9 

Rail 1.2 2.1 30.6 23.4 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 1.4 1.6 0.3 0.3 0.1 0.1 

Total 40.8 34.9 76.8 57.4 28.0 24.0 

Passenger boardings per vehicle km 
Buses 1.5 1.3 1.6 1.8 1.1 1.2 

Rail 2.1 2.1 1.3 1.0 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 18.6 22.6 6.4 6.4 1.5 1.4 

Overall 1.5 1.4 1.5 1.4 1.1 1.2 

Passenger kilometres per person 
Buses 27Q.4 217.1 256.6 188.9 172.8 148.1 

Rail 19.4 28.3 584.5 534.0 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 4.4 5.3 1.9 1.8 0.2 0.1 

Total 294.2 250.7 843.0 724.8 173.0 148.2 

Avemge public transport speed (kmlh) 

Buses 27.1 26.8 21.0 21.0 23.7 23.7 

Rail 39.1 39.8 42.3 42.3 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 17.3 17.3 27.8 27.8 15.5 15.5 

Overall 27.7 28.1 35.8 36.7 23.7 23.7 

Vehicular energy efficiency (MJ/veh km) 

Buses 19.9 17.9 10.0 12.7 15.3 15.3 

Rail 40.7 40.7 9.9 9.5 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 40.3 40.3 73.3 73.3 36.9 36.9 

Overall 20.4 18.8 10.0 11.0 15.4 15.4 

Modal energy efficiency (MJ/pass km) 

Buses 1.9 2.0 1.1 1.3 2.2 2.1 

Rail 1.2 1.4 0.4 0.4 0.0 0.0 

Trams 0.0 0.0 0.0 0.0 0.0 0.0 

Ferries 0.7 0.5 2.1 2.1 13.2 14.1 

Overall 1.9 1.9 0.6 0.6 2.2 2.1 
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Bom'dings (or Trips) per Person 

Wellington has far more boardings per person than either Auckland or Christchurch. 

This obviously reflects Wellington's provision of a rail system, which provides a very 

competitive alternative to car travel particularly for longer journeys (as shown in 

Table 9-4 where average trip lengths by rail are times longer than average bus trip 

lengths), Wellington also has a far higher journey-to-work by public transport mode 

split than in Auckland or Christchurch, see Table 9-2. 

All three cities reported reasonably significant declines in public transport use per 

capita between 1991 and 1996, as shown in Figure 9-7. 
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Figure 9-7: Change in Public Transport Trips per Capita 1991-1996 

As will be discussed in detail later, the boardings (or trips) per capita in a city directly 

relate to a number of factors including service levels, land use, speed, etc. 

Vehicle Kilometres per Person 

Wellington has a far higher provision of public transport services per person than 

either Auckland or Christchurch, providing almost twice as much public transport in 

service vehicle kilometres per capita. The service levels were similar between 

Auckland and Christchurch in 1991, but by 1996 Auckland was providing 
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approximately a 25% higher public transport service level per person than 

Christchurch. 
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The most obvious difference between the cities in public transport service provision 

and coverage is the relatively extensive rail network which Wellington provides, 

where Auckland has only a small passenger rail network, and Christchurch has none. 

In terms of bus service provision per person, based upon the figures provided by 

regional council staff, bus service levels were highest in Wellington in 1991 compared 

to Auckland and Christchurch, with declines in all three cities by 1996 (presumably 

following the deregulation of the bus industry in 1991). 

Ferry services are provided in each coastal city, however, in total ferries make up only 

a small proportion of service delivery and use (about 1 %). 

As shown in Figure 9-8, all three cities were providing fewer services III 1996 

compared to 1991. Wellington and Christchurch reported significant decreases in 

vehicle kilometres of service (by about 20%), whereas Auckland reported a much 

smaller decrease in its overall service provision (note this could be partially a 

reflection that data for Auckland are for 1991192 and service levels could have 

reduced following deregulation in 1991 as they did for Wellington and Christchurch). 
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Figure 9-8: Change in Public Transport Service Provision per Capita 1991-1996 

Passenger Kilometres per Person 

As would be expected from higher usage rates, Wellington has far higher passenger 

kilometres per person on public transport than either Auckland or Christchurch. 

Public Transport Speeds 

Amongst New Zealand cities Wellington has the highest public transport speeds, 

followed by Auckland, and with Christchurch a very far distant third (Christchurch 

public transport speed is about half the average speed of Wellington's public transport 

system and 35% slower than Auckland's system) (see Table 9-10). 

Amongst bus speeds, Auckland reports significantly higher bus speeds than either 

Christchurch or Wellington. 159 Conversely, Christchurch has the slowest reported bus 

speeds of the three cities. 

Public Transport Energy Efficiencies 

159 Some analysts suggested Auckland could be faster due to a combination oflonger avemge route 
lengths, reported additional express services and faster ticketing although none of these were verified 
in this project. 
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Overall Wellington's public transport system is far more energy efficient in ternlS of 

energy consumption per vehicle kilometre or passenger kilometre than either 

Auckland or Christchurch. This is partially due to higher passenger loading per 

vehicle and the electric trolley buses which are far more energy efficient than diesel 

buses. 

9.2 Additional Economic and Environmental Indicators of New Zealand Cities 

Figures for costs and perfom1ance of the transportation systems for 1991 are presented 

in Table 9-11 (the economic figures presented in section 9.2.5 have been converted to 

$US 1990 to standardise comparison to international city data discussed later). 

Car fixed and running costs per vehicle kilometre are cheapest in Christchurch, 

followed by Auckland and finally Wellington (cost figures are from the Automobile 

Association). These differences are largely based upon greater travel occurring in 

Auckland compared to Wellington and Christchurch, thus the marginal cost of using a 

car (per km cost) is less in Auckland. 

The total cost of passenger transport (car and public passenger transport) 160 as a 

proportion of GRP in each study area reveals that Christchurch and Auckland 

residents spend the largest amount of their gross regional product on passenger 

transport, followed by Wellington. This is largely a function of lower GRP per capita 

in Christchurch as shown below and in Table 9-3. As discussed later, New Zealand 

cities expend a very high proportion of their GRP on transport compared to other 

international city data in this sample. 

Investment in roading per capita between New Zealand cities is reasonably similar (c 

75-91 $US 1990 per capita). 

160 Car costs make up approximately 98.5% of New Zealand city total passenger transport costs per capita. 
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In terms of transport related deaths per 100,000 people (and per million vehicle 

kilometres travelled), Wellington provides the safest system, with Auckland and 

Christchurch equally less safe. This may partially be a function of higher public 

transport use, which is far safer than car travel. 

Unfortunately transport air emissions data were only available for Auckland and 

Christchurch (and even then the air-shed study areas were notably different as 

previously mentioned). 
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Table 9-11: Transport System Economic and Environmental Indicators - NZ Cities 

(1991) 

Auckland Wellington Christchurch 

ADDmONAL INDICATORS 

Annual Car Fixed Costs per Ian ($US 1990) 

Annual Car Running Costs per Ian ($US 1990) 

Annual Total Cost of Passenger Transport per capita ($US 1990) 

Gross Regional Product (GRP) per Capita ($US 1990) 

% of GRP Spent on Total Passenger Transport Costs 

Investment in Roading per Capita 1990/91 ($US 1990) 

Transport Deaths per 100,000 people 

Transport Deaths per Million Vehicle Kms 

Transport Air Emissions per Capita (kg) (excl CO2) 

1991 

0.181 

0.096 

1895 

12236 

15.5% 

75.2 

11.4 

0.D15 

407.2 

1991 

0.184 

0.096 

1814 

12937 

14.0% 

90.8 

7.3 

0.011 

na 

9.3 Urban Transport Cities - Brief Conclusions 

1991 

0.171 

0.097 

1617 

10520 

15.4% 

75.7 

11.1 

0.016 

236.4 

Some key conclusions from the New Zealand city land use, transport and economic 

data include: 

Auckland 

" Auckland is by far the most car dependent New Zealand city (with car use 

approaching and in some cases exceeding the car use of Australian and 

Canadian cities as discussed later). 

" Car use in Auckland is the highest of the NZ cities resulting in the highest 

transport energy use per capita (although overall car ownership is lower than 

in Christchurch). 
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.. The population and job density is reasonably low (considerably lower than 

Wellington). 

" Journey lengths are the longest in New Zealand cities studied. There are 

some topographical constraints in Auckland (the various water bodies, etc.) 

which may provide some natural limits to urban growth on the one hand, but 

may ultimately be extending journey lengths Gourney-to-work 1991 was 12.6 

km, increasing to 13.9 km for 1996 - by far the longest amongst New 

Zealand cities studied). 

Overall, the use of public transport in Auckland is low Gourney-to-work 

mode split was 7.6% for 1991, declining to 6.0% for 1996). The provision of 

public transport services in Auckland are well below Wellington's, and in 

general do not appear to provide a viable alternative to increasing car travel. 

There is a distinct lack of any significant urban passenger rail services for a 

city of Auckland's size (as discussed in the international comparison later). 

" Currently, cycling and walking make up a very small proportion of trips (low 

mode split levels are probably due in part to the generally longer average 

travel distances per trip compared to either Wellington or Christchurch, and 

the distributed and fairly low population and job densities). 

• Roading provisions in Auckland in road length per person are slightly below 

Wellington and Christchurch. 

\II Parking provision in the CBD (per 1000 workers) is quite a bit lower than 

either Wellington or Christchurch. 

.. Auckland's gross regional product (GRP) per capita is slightly lower than 

Wellington's (and far higher than Christchurch). 

• The total expenditure on passenger transport per capita (car and public 

transport costs) is about the same for all three cities. As a function of GRP, 

Auckland spends about the same as Christchurch and slightly more than 

Wellington (low use of public transport results in a higher proportion of 

Auckland's wealth spent on transport); between 1991 and 1996 the percent of 

GRP spent on transport declined in Auckland (as with the other NZ cities) 

partially a reflection of static (or declining) costs of private transport 

combined with increases in relative income. 
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• Transport fatalities per 100,000 persons or per million vehicle kilometre 

indicate Auckland is less safe than Wellington (and about the same as 

Christchurch). 

Wellington 

Wellington in general has reasonably low car use and reasonably high public 

transport use, a combination which results in the lowest transport energy use 

per capita of the NZ cities. 

Wellington's population and job densities are the highest ofNZ cities; the 

compact nature of the city contributing to reduced travel requirements (as 

discussed later). 

.. Car ownership in Wellington is the lowest of the NZ cities, a function of 

more viable public transport alternatives, higher population density -

enabling more trips by walking or cycling. 

@! Road length provisions per person in Wellington are moderate for the NZ 

cities. 

• Parking supply in the CBD is quite high (both amongst NZ cities and on an 

international standard discussed later). 

• Wellington has the highest use and provision of public transport ofNZ cities. 

High public transport use in Wellington is characterised by high service 

levels (for NZ standards), largely based on linear corridors and nodal 

development combined with a very focused job market in the central business 

district; the "natural" land use topography of Wellington, with well-defined 

corridors (constrained at either end), enable good quality public transport 

service provision and a viable alternative to car use, resulting in the highest 

NZjourney-to-work mode split for public transport of 15.0% for 1991 

(which increased marginally to 15.5% for 1996). 

II The provision of public transport services is far and away the highest ofNZ 

cities (e.g. as seen in both service levels and public transport speeds). 
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Combined, cycling and walking in Wellington is moderately high and the 

second highest behind Christchurch for NZ cities (as shown by the journey

to-work mode-split of 11 %). 

" Wellington's GRP per capita is the highest of the three cities (although 

Auckland decreased the gap to only 2% below Wellington's GRP per capita 

by 1996), 

• Transport fatalities per person or vehicle kilometres travelled are far lower in 

Wellington than in either Christchurch or Auckland (probably due to a higher 

proportion of passenger km on public transport, which is a far safer mode of 

transport than private vehicle). 
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Christchurch 

Christchurch has the lowest car travel of New Zealand cities (slightly below 

Wellington and well below Auckland), with moderate transport energy use 

per capita (higher than Wellington). 

• Christchurch population and job density is the lowest of the NZ cities, 

contributing to a more spread transport pattern and associated vehicle use 

(over 80% of trips to work are by car). 

II The comparatively low car use and associated energy use is probably a direct 

result of the city's reasonably short average trip distances. Short trip 

distances appear to be a function of the "permeability" of the city's grid street 

network providing more direct travel options to destinations than a 

curvilinear street network (also providing more opportunities for cyclists to 

travel reasonably direct routes without heavy traffic ). Average journey 

lengths in Christchurch are shorter than in both Wellington and Auckland: 

average journey-to-work trip lengths for 1991 in Christchurch were 8.0 km, 

Wellington 10.6 km, and Auckland 12.6 km. 

• The provision of roads (road length per person) in Christchurch is the highest 

of the New Zealand cities (although only slightly higher than Wellington) . 

• Parking supply per 1000 jobs in the CBD is second to Wellington and 

extremely high on an international scale (discussed later). Between 1991 and 

1996 parking supply per CBD employee slightly decreased (by about 1.4%); 

this was a reflection of slight increases in job density combined with a fairly 

static number of reported parking places. 

III Christchurch has reasonably high use of cycling and walking (journey-to

work 1991 mode split for cycling and walking was 15.2%), partially due to 

its flat topography and reasonably "permeable" grid street system. Although 

there was a decline in cycling/walking mode split between 1991 and 1996 

(15.2% and 13.2% respectively). 

.. Public transport service levels and associated use are the lowest of the New 

Zealand cities resulting in just 4.7% (1991) of the journey-to-work by public 

transport (and even lower at 4.2% for 1996). 
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., Christchurch gross regional product per capita is the lowest of the three NZ 

cities, possibly due to its regional character with fewer links to the global 

economy. 

• Christchurch (along with Auckland) has the highest proportion of its GRP 

per capita income spent on total passenger transport costs (partially as a 

function of low GRP per capita). As with the other NZ cities, between 1991 

and 1996 this proportion declined (partially as a result of decreasing costs for 

purchasing and operating automobiles). 

• Transport fatalities per person (and per vehicle kilometre) are the highest of 

the three cities, substantially higher than Wellington and about the same as 

Auckland (higher per vehicle km travelled). 
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h 10 

10m pari I 

1 List Cities Studied 

In the first Global Cities Study there were 32 cities (Newman and Kenworthy, 1989). 

As shown in Table 10-1, that list has now grown to include 49 cities with more North 

American and Asian cities and now with this study of New Zealand cities (see 

Bachels, Newman and Kenworthy, 1998 and 1999). 

For comparison, population for each of the cities studied is included in Table 10-1. In 

this section data are presented for comparisons to 1990/91 international city data. 161 

Averages for each of the countries/areas are presented in this review, with in some 

cases specific city data provided. For a detailed account of individual city data refer 

to Kenworthy et al 1999. 

161 International city data for 1996 are currently under collection. 
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Table 10-1: List of International Cities in Study (and Population) 

Population Population 
Country/Arm City (1990 /91) Country/Arm City (1990 /91) 

New Zealand Auckland 882,348 Canada Calgary 710,677 
Christchurch 323,799 Edmonton 614,665 
Wellington 354,222 Montreal 3,119,570 

Australia Adelaide 1,023,278 Ottawa 907,919 
Brisbane 1,333,773 Toronto 2,275,771 
Canberra 277,930 Vancouver 1,542,933 

Melbourne 3,022,910 Winnipeg 641,850 
Perth 1,142,646 Europe Amsterdam 702,731 

Sydney 3,539,035 Brussels 964,285 
United States Boston 2,775,370 Copenhagen 1,711,254 

Chicago 6,792,087 Frankfurt 634,357 
Denver 1,517,977 Hamburg 1,652,363 
Detroit 3,697,529 London 6,679,699 

Houston 2,901,851 Munich 1,277,576 
Los Angeles 8,863,164 Paris 10,661,937 
New York 18,409,019 Stockholm 674,452 
Phoenix 2,006,239 Vienna 1,539,948 
Portland 1,172,158 Zurich 787,740 

Sacramento 1,097,005 Asian (Wealthy) Hong Kong 5,522,281 
San Diego 2,348,417 Singapore 2,705,115 

San Francisco 3,629,516 Tokyo 31,796,702 
Washington 3,363,031 Asian (Developing) Bangkok 6,356,685 

Jakarta 8,222,515 
Kuala Lumpur 3,024,750 

Manila 7,948,392 
Seoul 16,732,292 

Surabaya 2,473,272 

10 .. 2 Urban Form - International City Comparisons 

A comparison of urban density (persons per hectare) and employment density Gobs 

per hectare) are shown in Table 10-2 for the NZ cities and the averages of the other 

international city areas/countries. 
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Table 10-2: Urban Fonn Population Densities An International Comparison 1991 

Urban Outer 
area Inner area area CBD Percent of 

density density density density Percent of population 
(persons/ (persons/ (persons/ (persons/ population in inner 

1990/91 CITY DATA hectare) hectare) hectare) hectare) in CBD (%) area (%) 

Auckland 1S.1 22.4 17.0 3.7 0.2% 24.7% 

Christchurch 16.1 21.1 14.1 4.1 0.2% 37.7% 

Wellington 23.0 26.9 22.1 7.3 0.4% 22.7% 

New Zealand Average 19.1 23.5 17.7 5.0 0.3% 28.4% 

Australian Average 12.3 21.7 11.6 13.7 0.2% 13.9% 

us Average 14.2 35.6 11.8 50.0 0.8% 24.1% 

Canadian Average 28.5 43.7 25.9 38.0 1.40/0 27.0% 

European Average 49.9 87.0 39.3 77.5 3.4% 39.6% 

Wealthy Asian Average 152.7 353.4 133.2 86.6 1.1% 22.4% 

Developing Asian Avg 166.4 260.1 126.3 281.9 12.0% 43.8% 

Asian average 161.9 291.2 128.6 216.8 8.4% 36.6% 

10.2.1 Population Density Comparisons 

Table 10-2 shows population densities between New Zealand cities and averages for 

the other city areas in the study. 

As shown in Figure 10-1, in general New Zealand cities' total urban area population 

density is higher than cities in Australia or the United States (c 55% and 35% higher 

respectively), and lower than Canadian, European, and Asian cities (c 30%, 60% and 

90% lower respectively). Urban density directly relates to car use, public transport 

use and vehicle energy use among other transport patterns as shown later (where 

higher densities generally relate to lower car dependence). 
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US Cities Australian Canadian New Zealand European Wealthy Developing 
Cilles Cities Cities Cities Asian Cities Asian Cities 

Figure 10-1 : Average Urban Density by CountrylRegion (1991) 

In contrast, the inner city area density ofNZ cities is only slightly higher than 

Australian cities, lower than US and Canadian cities, and far lower than European or 

Asian cities. 

In terms of CBD popUlation density, NZ cities are the lowest of any of the cities 

studied for 1990191. Auckland and Christchurch have the second and third lowest 

CBD density of all the cities studied, only Canberra shows a lower CBD population 

density; however this has dramatically changed in the past five years. Both inner area 

and CBD population densities are increasing as shown in Table 9-9 where between 

1991 and 1996 the average NZ CBD population density increased from 5.0 to 9.9 

persons/ha (with very significant increases in all three cities Auckland (3.7 to 9.6 

persons/ha), Wellington (7.3 to 14.2 person/ha) and Christchurch (4.1 to 6.0 

personslha). Although data for the other global cities for 1996 is not yet available, 

there has been a very noticeable trend in increasing densities and re-urbanising central 

city living in other western countries between 1980 and 1990 (Newman and 

Kenworthy, 1998; Kenworthy, Laube et aI, 1999).162 

162 It is important to note that the proportion of residents living in the central city in all global cities in this 
study is generally less than 4% (except for developing Asian cities at about 12%). 
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With these significant increases in central city population density in NZ cities, 

admittedly from very low base figures, it appears that NZ cities may be following re

urbanisation trends experienced over the past decade or so in other western countries. 

This may be a reflection of what could be termed a change in lifestyle of traditional 

"quarter-acre" blocks and a relative historic aversion to inner-city living, to a more 

active (less home based) society which requires, in fact demands, less home space. 

These recent results do suggest this "aversion" to central city living may be changing 

(see also Lee and McDermott, 1998). 

Population Profile 

Overall NZ cities show a remarkably "flat" population density profile across the city 

compared to the other cities studied. In NZ cities, inner area population densities are 

higher than outer area densities (by about 30%) but not as marked as in most of the 

other cities in the study which show a 100-200% greater density in inner-areas than in 

outer-areas of the city. 

10.2.2 Employment Density Comparisons 

Employment indicators are compared in Table 10-3 for each city's employment 

density (jobs/ha). Across the employment densities studied, generally there is a 

similar relationship to that found with population density: NZ city urban area 

employment density is higher than Australia (c 35%), slightly lower than US cities (c 

10%), lower than Canadian cities (c 50%) and significantly lower than European or 

Asian cities (c 75% and c 90% lower respectively). 
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Table 10-3: Urban Fonn Employment Density An International Comparison 1991 

Urban area Inner area Outer area CBD Proportion 
employment employment employment employment Proportion of jobs in 

density density density density of jobs in inner area 
1990/91 CITY DATA (jobs/ha) (jobs/ha) (jobs/ha) (jobs/ha) CBD (%) (%) 

Auckland 7.1 16.9 4.6 129.9 14.9% 47.6% 

Christchurch 5.8 13.3 2.7 137.7 19.0% 66.7% 

Wellington 9.1 29.0 4.4 142.6 22.1% 61.5% 

New Zealand Average 7.3 19.7 3.9 136.7 18.6% 58.6% 

Australian Average 5.3 26.2 3.6 363.6 14.50/0 38.0% 

US Average 8.1 2.7.2 6.2 429.9 10.50/0 32.8% 

Canadian Average 14.4 44.6 9.6 354.6 19.7% 44.2% 

European Average 31.5 84.5 16.6 345.1 19.7% 58.1% 

Wealthy Asian Average 87.5 338.8 50.9 881.8 17.8% 54.2% 

Developing Asian Avg 65.1 128.3 39.7 279.3 26.40/" 48.2.% 

Asian average 72.6 207.2 43.9 480.1 23.5% 50.40/" 

Inner area employment density shows NZ cities are the lowest of the sample: below 

Australian and US cities, and far below Canadian, European and Asian cities. 

In tenns of CBD employment density NZ cities are significantly below all other cities 

in this study: 3-4 times lower than Australian, US, European and Asian city averages. 

Generally flat population and employment profiles are characteristic of cities which 

have been fonned mostly in the automobile era. This is certainly the case with New 

Zealand cities which are similar in profile to cities like Canberra, Perth, Phoenix and 

Sacramento. 

In tenns of the proportion of inner area and central city jobs, NZ cities show a 

remarkable concentration very similar to European and Asian cities, slightly higher 

than Canadian cities, thirty to fifty percent higher than Australian cities and almost 

twice as high as US cities. This concentration of job activity both in the central city 

and in the inner areas of the city may partially contribute to the lower level of car

based travel (in kilometres driven per year) which NZ cities experience (where 

proximity to local shops can reduce travel distance requirements). 
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10.3 Transport City Comparisons 

The provision of transport services has a profound effect on a city's transport choices. 

Table 10-4 provides a comparison of a number of different indicators including the 

provision of parking spaces in the CBD, length of road per person, total number of 

vehicles per km of road, and average car and public transport speeds. 

Table 10-4: Transport Provisions - International City Comparison 1991 

Length Average 
Parking of road Total Average Average Average Total Public Ratio public 

spaces / per vehicles Traffic Bus Rail Transport transport/ 
1000CBD person perkm Speed Speed Speed Speed car traffic 

1990/91 CITY DATA workers (m) of road (km/h) (km/h) (km/h) (km/h) speed (%) 

Auckland 600.3 4.9 121 47.8 27.1 39.1 27.7 58% 

Christchurch 941.8 6.2 102 46.8 23.7 23.7 51% 

Wellington 966.4 5.7 94 46.5 21.0 42.3 35.8 77% 

New Zealand Average 836.2 5.6 106 47.0 23.9 40.7 29.1 620/. 

Australian Average 483.2 8.3 73 45.5 25.0 36.0 30.5 67% 

US Average 467.8 6.9 119 51.1 22.0 37.7 27.8 55% 

Canadian Average 408.1 4.7 143 39.8 21.1 34.2 24.0 60% 

European Average 229.7 2.4 221 35.9 20.9 45.1 37.2 104% 

Wealthy Asian Average 79.9 1.7 222 27.5 16.5 40.3 30.7 111% 

Developing Asian Avg 192.2 0.7 347 23.8 15.3 36.7 16.8 71% 

Asian average 144.1 1.1 305 25.0 15.7 38.3 21.4 86% 

10.3.1 Parking 

On average NZ cities show an extremely high provision of parking spaces per 1000 

CBD workers. In fact NZ cities provide by far the highest rate of parking supply in 

the CBD area across the entire international city sample: almost 200% higher than 

Australian, US and Canadian cities, and about 400% higher than European and Asian 

cities. (Christchurch and Wellington are by far the highest of the 49 cities in terms of 
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CBD parking space provision per 1000 CBD workers with only Phoenix at 906, and 

Canberra at 807 even close in comparison. 163) 

There is a long-standing policy debate toward striking an adequate balance between 

parking supply to support retailing activity and over-supply which can increase car 

access and road congestion. The provision of parking and associated parking policies 

in central city areas are important transport planning and land use tools for affecting 

traffic and modal share into central city areas. 164 

10.3.2 Length of Road per Person 

As shown in Figure 10-2 (and in Table 10-4) New Zealand cities provide less road 

length per capita than either Australian or US cities (c 50% and c 20% less 

respectively), slightly higher provision of roads than Canadian cities (c 25%), and far 

greater than European or Asian cities (c 100% and 400% respectively). 

163 This could be a result of an historical loss of CBD employment over time along with a static parking 
space availability; although no figures on historic parking space or job concentrations were reviewed in 
this project. 

164 Appropriate parking policies should be considered for entire urban areas, as often suburban centres 
receive different parking policies than central city areas, which may affect transport patterns and retail 
activities. . 
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9.0~ 

US Cities Australian Canadian New Zealand European Wealthy Developing 
Cities Cities Cities Cities Asian Cities Asian Cities 

Figure 10-2: Average Length of Road per Person (1991) 

The provision of roads directly relates to car use and the urban density, as shown later 

in Figure 1 

10.3.3 Car Traffic and Public Transport Speeds 

As shown in Table 10-4, NZ city average road network speeds are relatively free

flowing on an international comparison. NZ cities have the second highest average 

road network traffic speed internationally, lower than US cities, slightly higher than 

Australian cities, higher than Canadian cities, and significantly higher than both 

European and Asian cities. The New Zealand cities all share very similar car traffic 

speeds (generally about 47 km/h). However, as shown in Figure 10-3, New Zealand 

public transport is very slow. 
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60 o Road Network Speed 0 Public Transport Speed 

US Cilies Auslralian Canadian New Zealand European Weallhy Asian Developing 
Cilies Cilies Cities Cities Cities Asian Cities 

Figure 10-3: Average Private and Public Transport Speeds (1991) 

Public transport speeds in New Zealand cities are on average amongst the lowest 

internationally, only the US cities are slightly lower. As a ratio to car traffic speeds, 

public transport speeds are generally highest in cities with rail systems. There is a 

distinct gap between European and Asian cities with excellent public transport speeds 

(where public transport speeds generally equal or exceed car traffic speeds) and the 

newer western countries where public transport speeds are generally half as fast as car 

traffic. 

It is not surprising to note that those cities with higher public transport speeds have 

significantly higher public transport use as shown in Table 10-5. 

This is also noticeable amongst New Zealand cities where Wellington shows the 

highest public transport speeds (and the highest public transport use), followed by 

Auckland, and with Christchurch a very far distant third (almost half the average 

speed of Wellington's public transport system and far less public transport use per 

capita). 
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10.4 Transport Patterns City Comparisons 

All of the aforementioned urban fonn, land use and transport provision elements of a 

city contribute to the transport patterns which city residents utilise. Table 10-5 

captures a number of key transport patterns amongst the international study of cities 

including: vehicle ownership, transport energy use, passenger-km in cars and public 

transport, public transport service provision and use, and modal share. These 

indicators are discussed below. 

Table 10-5: Transport Patterns - International City Comparison 1991 

Private Car Public Public Public Joumey to 
Total palmnger occupant transport transport transport Public Joumey work by 

vehicles Palmnger energy use palmnger palmnger veh service service per transport to work public 
11000 carsll000 /perron kmsper kmsper kmsper urban lripsper by car transport 

1990/91 cm DAllI. people people (MJ) perron perron perron hectare perron (%J (%J 

Auckland 594.0 497.4 27200 8444 294 26.7 483.7 40.8 84.9 7.6 
Christchurch 631.2 527.0 24813 8115 173 24.9 400.9 28.0 80.1 4.7 

Wellington 536.1 469.4 21762 7941 843 51.9 1195.2 76.8 74.4 15.0 

New Zealand Average 587.1 497.9 24592 8166 437 34.5 693.3 48.5 79.8 9.1 
Australian Average 594.8 491.1 33562 10797 882 80.0 760.3 91.7 79.7 15.4 

USAverage 748.6 607.8 55807 16045 474 28.4 428.4 63.3 84.9 10.6 
Canadian Average 598.4 524.3 30893 9290 998 58.0 1762.7 160.6 
EiJropean Average 451.7 391.1l 17218 6601 1895 92.5 4473.8 318.3 42.8 38.8 

Wealthy Asian Avemge 217.5 123.1 7268 2386 4020 114.6 19473.5 495.8 20.1 59.6 
Developing Asian Avg 227.4 102.4 5832 2965 1871 108.1 19772.6 333.6 43.9 37.7 

Asian average 224.1 109.3 6311 2772 2587 110.2 19772.6 387.7 36.0 45.0 

10.4.1 Vehicle Ownership 

Overall NZ cities exhibit a moderately high level of vehicle and car ownership (see 

Table 10-5), in comparison to other cities. NZ city car ownership levels are below US 

and Canadian cities (c 20%), slightly lower vehicle ownership rates than Canada (c 

5%), very comparable to Australian cities (c 2%), and significantly higher than 

European or Asian cities (c 25% and 350% higher respectively). 

It is notable that car ownership levels very clearly fall with increasing provision of 

public transport services (and use) as shown in Table 10-5. 
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10.4.2 Vehicle Use - Car Passenger km Energy Use 

Capita 

Private vehicle use data in Table 10-5 (in terms of car occupant vehicle kilometres) 

show NZ cities travel far less on average than US, Australian or Canadian 

counterparts (c 100%,20% and 15% less respectively), but significantly more than 

European or Asian cities (c 25% and 300% more respectively). 

This is also reflected in the private transport energy use per capita shown in Figure 

10-4 where NZ cities have significantly lower transport energy use than US, 

Australian or Canadian cities (c 125%,35% and 25% less respectively), but 

significantly higher than European or Asian cities (c 40% and 300% respectively). 
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Figure 10-4: Average Private Transport Energy Use per Capita (1991) 

10.4.3 Public Transport Service and 

Passenger Km) 

(Number of Trips and 

Public transport service vehicle kilometres per capita is often a direct reflection of the 

viability which public transport provides in a city as an alternative to car travel. As 
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shown in Figure 10-5 and Table 10-5, on average New Zealand cities provide a very 

low level of public transport service (Wellington being the exception where public 

transport service provision is about double that of either Christchurch or Auckland). 

Overall NZ cities provide only a slightly higher level of public transport service than 

US cities (c 20% higher), significantly lower service levels than Australian and 

Canadian cities (c 100% less), and far less than European or Asian cities (c 200% 

less). 
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Figure 10-5: Average Public Transport Service Provision (1991) 

As shown in Figure 10-6, these low levels of public transport service in New Zealand 

translate into the lowest per capita public transport trip rates amongst all the cities 

studied (Wellington is again the exception with moderate trips per capita on an 

international scale; however, Auckland and Christchurch rate amongst the lowest of 

the 49 cities studied with only a few US cities showing lower use). On average NZ 

cities are the lowest in the international comparison of public transport trips per 

capita, c 30% lower than US cities, c 90% lower than Australian cities, c 300% lower 

than Canadian cities and over 600% lower than European and Asian cities. 
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In terms of public transport passenger km per capita, NZ cities again are the lowest in 

the international city comparison: about the same as US cities, about half that of 

Australian and Canadian cities, and less than one quarter the passenger km travelled in 

European or Asian cities. 

As described earlier, amongst New Zealand cities Wellington has a far higher 

provision of public transport services and use than either Auckland or Christchurch. 

Christchurch public transport provision ( and use) is by far the lowest amongst the 

New Zealand cities (and 4th lowest in the international city sample). Auckland has 

higher public transport use than Christchurch but is still very low on international 

standards. 

In comparison to other cities of its size in this international sample of 49 cities, 

Auckland does not perform very well with respect to rail service provision. Of the 20 

cities in the global sample with population between 600,000 and 1.7 million, only 

three cities in the sample have lower rail service provision (Winnipeg, Ottawa and 
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Denver165 which all have no rail systems); of the other 17 cities, Auckland is the 

lowest in rail service provision as shown in Figure 9-1. 
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Figure 10-7: Rail Provision from Global City Sample for Populations 0.6-1.7 Million 

(1991 ) 

Reasonably comparable cities for a number of statistics to Auckland are the Australian 

cities of Adelaide and Perth. Perth electrified its rail system in 1991 with increases in 

service frequency, and a new line in 1993, and experienced very large growth in 

patronage between 1991 and 1997; comparably, Adelaide which has chosen not to 

electrify its rail system during the same period has not experienced growth in 

patronage (see Figure 10-8). The results suggest that both improving service 

frequency and "electrification" of the rail line have significantly increased the viability 

of rail in Perth. 

165 Rail was introduced into Denver after 1991. 
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Finally public transport service per urban hectare is also presented in Table 10-5, 

which shows that on average NZ cities are higher than US cities in terms of provision 

of services but below Australian and far below Canadian, European or Asian cities. 

However, if Wellington was removed from the NZ average, Auckland and 

Christchurch would be far closer to US style cities (and Christchurch in fact below the 

US city average on public transport provision per urban hectare). 

As will be discussed in detail later, there is a connection between provision of public 

transport services and their use. Amongst the New Zealand cities, public transport 

service provision and public transport use are lowest in Christchurch, closely followed 

by Auckland, and highest in Wellington. 

10.4.4 Journey-to-Work-Percent Modal Split 

Journey-to-work data are shown in Table 10-5, for the proportion of work trips made 

by car, public transport, and cycle/walk. On average NZ city travel to work is 

dominated by car travel which typically makes up about 80% of modal share to work, 

comparable to Australian cities and slightly lower than US car mode share. Both 
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European and Asian cities show far lower journey-to-work by car mode share than NZ 

cities (c 50% less), partially as a direct result of significantly more attractive and 

viable public transport services, higher densities and lower provision of CBD parking 

as discussed later. 

Public transport mode share in NZ cities is the lowest internationally and comparable 

to that of US cities (c 10% of work trips by public transport), followed by Australian 

cities (at about 15%), and with the highest mode share to work on public transport in 

European and Asian cities (with about 40%). 

NZ cities have a reasonably high proportion of trips made by cycling and walking to 

work as shown in Figure 10-9. On average NZ cities have twice the use of cycling 

and walking to work compared to Australian and US cities and about half that of 

European or Asian cities. Unfortunately figures for modal share were not available 

for Canadian cities. It is notable that Auckland at 7.5% cycle/walk mode share is far 

closer to Australian and US city averages than Christchurch or Wellington (at 15.2% 

and 10.6% respectively). 
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Figure 10-9: Journey-to-Work Mode Split for CyclelWalk (1991) 

Why mode share of cycling and walking is so much higher in NZ cities, compared to 

US and Australian cities, deserves further investigation (a partial explanation may lie 

in higher average urban population densities; although undoubtedly there are a 

number of other factors including traffic volumes and traffic planning known to affect 

pedestrian and cyclist activities (see Hillman, 1996; Hillman and Whalley (1979, 

1983); and CCC, 1996b). 

It is important to note.that between 1991 and 1996 the journey-to-work modal share 

for cycling and walking declined for both Auckland and Christchurch, with an 

increase in Wellington, as shown above in Table 9-2. 

10.5 Economic and Environmental Performance of the 

Transport Systems - International City Conlparisons 

Table 10-6 provides the international city data on a number of transport system 

indicators including annual passenger transport costs, gross regional product, and 

investment in roading (all converted to $US 1990 for standardised comparison to 
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international city data). In addition transport deaths per person and per vehicle 

kilometre, and transport air emissions per capita are presented. 

Table 10-6: Transport System Efficiency Indicators - International City Comparison 

(1991) 

Gross o/,ofGRP! Investment; 
Anuual Total Regional Spent o~ Investment in Roadingj Transport~ Transport 

Annual Car Annu.lCar Cost of Product Total: in Roading per Capita! Transport Deaths peri Air 
FixedCosls Running Passenger (GRP) per Passenger! per Capila per l000! Deaths per Million: Emissions 

per km ($US Costs per km Transport Capita ($US Transport! 1990/91 $USGRI": 100,000 Vehkl~ p,,,Capita 
1990191 CITY DATA 1990) ($US1990) ($US 1990) 1990) costsi ($US 1990) ($US 199O)j people Ki (kg) 

Auckland 0.181 0.096 1895 12236 15.5%~ 75.2 6.15j 11.4 0.O15~ 407.2 

Christchurch 0.171 0.097 1617 10520 15.4%1 75.7 7.19~ 11.1 0.016i 236.4 

Wellington 0.184 0.096 1814 12937 14.0%: 90.8 7.02i 7.3 0.0111 na 

New Zealand Average 0.178 0.096 1776 11898 15.0%1 80.6 6.79: 10.0 0.014 32l.8 

Australian Average 0.2611 0.102 2583 19761 13.20/·1 141.9 7.1S! 12.0 0.015: 232.7 

US Average 0.211 0.080 3258 261122 12.4%: 263.9 9.84: 14.6 0.0121 251.7 

Canadian Average 0.190 0.085 1663 22572 7.40/0] 149.7 6.63! 6.5 o.on! 215.5 

European Average 0.355 0.128 2542 31720 8.1%1 134.7 4.24] 8.8 0.0181 99.4 

Wealthy Asiall Average 0.338 0.170 892 21331 4.8%: 88.3 4.14! 6.6 0.024~ 30.1 
: 

Developing Asian Avg 0.130 0.084 415 2861 15.9%i 34.8 12.16i 15.0 0.069: 88.9: 

Asian average 0.199 0.113 574 9018 12.2%i 52.6 5.84 12.2 O.054i 65.9, 

10.5.1 Annual Car Costs per Km (SUS 1990) 

New Zealand annual car costs per vehicle km show that on average the fixed costs and 

operating costs of car use are amongst the lowest of the international city sample. In 

terms of fixed costs per vehicle km~ NZ cities are slightly below Canadian and US 

cities (c 6% and 16% respectively), and well below the Australian, European and 

Wealthy Asian car fixed costs (c 30% and c 50% respectively). With respect to 

running costs NZ cities again are reasonably inexpensive, falling somewhere in the 

middle of the international city data: above US and Canadian costs (c 10-20% higher), 

slightly below Australian (c 5%) and well below European and Wealthy Asian cities 

(c 25% and 45% respectively). 

To account for the difference in earning power, car costs plus the costs of operating 

public transport schemes (capital fleet and operating costs) are assessed as a 

proportion of gross regional product adjusted to $US 1990. This reveals that amongst 

the international sample, on average, NZ cities spend the highest percentage of their 

city's wealth on the costs of their passenger transport (car and public transport costs): 
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percent of GRP spent on total passenger transport costs in NZ is c 200% higher than 

Wealthy Asian cities, c 100% higher than European and Canadian cities, c 25% higher 

than US cities, and c 10% higher than Australian cities. 166 

10.5.2 Investment Roading 

Investment in roading per capita ($US 1990) in NZ cities is generally low on an 

international scale. However, when this is adjusted to account for each city's earning 

power (GRP per capita in $US 1990), we find that NZ cities are in the middle of the 

international city sample with on average about the same as Canadian cities, far less 

than US cities, less than Australian and far more than European or Wealthy Asian 

cities. 167 

10.5.3 Transport Fatalities per Person (and per Vehicle Kilometre) 

Figure 10-1 0 (as does Table 10-6) shows transport deaths per 100,000 people and per 

vehicle kilometre across the international sample. On balance, per 100,000 people, 

NZ cities are significantly safer than US cities, slightly safer than Australian cities, but 

far less safe than either Canadian, European or Wealthy Asian cities (Developing 

Asian cities show a very poor traffic safety record). 

166 It is important to note that amongst most cities car costs are the dominant cost of total passenger 
transport costs (generally in car-based cities car costs make up greater than 90% of passenger transport 
costs, where as in those cities with greater public transport use, car costs make up greater than 70% of 
the passenger transport costs). 

167 Developing Asian cities have the highest wading investment per $US 1990 GRP due to extremely low 
comparable incomes. 
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Figure 10-10: Average Transport Deaths per 100,000 People (1991) 
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In tenns of transport deaths per vehicle kilometre shown in Figure 10-11, in general 

those cities with the highest car dependence appear to have the safest record for 

vehicle kilometre of travel. This may be a direct reflection of the effort placed on 

making car travel safe and a function of very regulated traffic engineering and traffic 

priority rules which often give preference to motorised vehicles over non-motorised 

transport (see Hillman and Whalley (1979, 1983». Amongst the city comparison New 

Zealand cities are moderately safe: the US cities have the safest vehicle kilometre of 

travel168
, followed by New Zealand cities, then Australian cities, then European cities 

and lastly Asian cities. 

168 Note the only Canadian city in the transport deaths category is Toronto. 
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Figure 10-11: Transport Deaths per Million Vehicle Kilometres (1991) 

10.5.4 Transport Emissions per Capita 

Figure 10-12 presents average transport air emissions per capita from Table 10-6. As 

previously discussed air emissions data on NZ cities were only available for Auckland 

and Christchurch. The results show that reported total emissions per capita for 

Auckland are the highest emissions of any city - this is reputedly due to uncontrolled 

vehicle fleet emissions and what may be a fairly old vehicle fleet in comparison to 

many other countries (see also section 9.2.5.5); it is noteworthy that reported total 

emissions per capita in Christchurch are far more similar to US, Australian and 

Canadian averages than are reported emissions for Auckland. 
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Figure 10-12: Transport Air Emissions per Capita (1991) 169 

Overall, as would be expected, the data suggests that those cities with high car use 

have high transport air emissions, or conversely cities with lower car dependence 

produce fewer emissions (although there would be differences in emission controls, 

vehicle technologies, etc.). Overall, the New Zealand average (with very high 

reported emissions for Auckland) has the highest transport air emissions per capita, 

US cities are next highest, followed by Australian cities, then Toronto, with European 

cities and Asian cities producing far fewer transport emissions per capita. 

10.6 The Interactions Between Transport and Land Use 

Planning Policies: Dealing with Complexity and Systems 

Thinking 

Understanding and attempting to improve transport energy use is a very complex 

issue. A number of interactions between land use and transport are graphed below, 

169 Transport emissions include emissions for nitrous oxides (NOx), carbon monoxide (CO), hydro-carbons 
(HC), sulphur dioxide (S02) and particulates. 
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where New Zealand cities are explicitly indicated and data from the Global Cities 

Data are identified by country/region legends. A best-fit trend line 170 is utilised to 

show there are some rather interesting and infOlmative interactions between transport 

and land use policies, and transport choices. The use and presentation of these graphs 

is made not to provide answers, but to suggest there is tremendous complexity in the 

interactions of transport and land use systems. Essentially, what is required is a more 

holistic approach to conceptually view how planning policies are affecting our 

transport choices. 

Urban Area and Car Use 

As shown in Figure 10-13, the urban area of a city appears to have a direct 

relationship to car use. 
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Figure 10-13: Car Vehicle Kilometres and Urban Area (1991) 

Environmental Effects - Urban Density and Transport Emissions 

Total urban land transport CO2 emissions per capita for each of the international cities 

is presented in Figure 10-14 .. As transport C02 emissions are a direct result of 

transport energy usage, and the graph suggests there may be a be a link between land 

use density and environmental effects like CO2 (and potential global wanning). 

170 Trendlines are inserted using the graphing functions in Microsoft Excel (version 7,0); correlation of a 
reasonably large range of these variables will be dealt with extensively in Chapter 13. 
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Figure 10-14: Total Urban Transport CO2 Emissions/Capita and Urban Density (1991) 

Local transport air emissions are shown in relation to urban density in Figure 10-15, 

which suggests there is a reasonable link between local air pollution from vehicles and 

land use. 171 , 172, 173 

171 Data were not available for a number of cities. Transport emissions data on New Zealand cities were 
only available for Auckland and Christchurch. 

172 Based upon the air emissions reported in Auckland, with particularly high reported carbon monoxide 
emissions (CO) (ARC, 1998a), Auckland has by far the highest motor vehicle emissions per capita of 
the cities studied. One analyst suggested the uncontrolled NZ vehicle fleet emissions are a contributing 
factor. When asked about the comparison with Australian cities and why Auckland had such a high CO 
level per capita (which makes up most of the comparative emissions kg per capita), ARC Air Quality 
Staff Michael Bird replied: "the main reason for this is that we have an effectively uncontrolled vehicle 
fleet. The Australians have had new vehicle emission standards in place for some time so a large 
proportion of their fleet have catalytiC converters. Also, up to 40% of new registrations were second 
hand imported Japanese vehicles, many of which required super Uuel}, At the time, New Zealand only 
had leaded super and unleaded 91 so for many vehicles with catalysts, they {the catalysts} were 
rendered non-functional. " (per email communication 29 October, 1998). 

173 It is interesting to note how different the reported CO levels are between the Auckland and Christchurch 
study areas; the difference and the very high Auckland reported figure for CO suggests further review 
beyond the scope of this report may be warranted. Carbon Monoxide figures for Auckland come from 
ARC, 1998a: Auckland Air Emissions Inventory - Final Report, prepared for the Auckland Regional 
Council by the Environment Protection Authority, July 1997, ISSN 1172 6415, Table 8.3 shows annual 
motor vehicle CO emissions of306,205 tonnes/annum for 1993 which with a reported population of 
930,562 population provided by Michael Bird, ARC equates to 329.1 kg/capita. 
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Figure 10-15: Transport Air Emissions per Capita and Urban Density (1991)174 

174 Transport emissions include nitrogen oxides (NOx), sulphur dioxide (S02) carbon monoxide (CO), 
hydro-carbons (HC) and particulates. 
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Road Length and Urban Density 

The building of roads appears to have a linle to urban density as shown in Figure 

10-16, where road length per person is graphed against urban density in each city. 
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Urban Density and Public Transport Use 

Public transport trips (or boardings) per capita versus urban density are shown in 

Figure 10-17 for the whole international sample. Again, as suggested in the literature 

reviewed in Chapter 5, there does appear to be a link between land use and public 

transport use. 
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Figure 10-17: Public Transport Trips per Capita versus Urban Density (1991) 
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Urban Density and Car Ownership 

Car ownership per 1000 people is placed against urban density in Figure 10-18. The 

graph suggests there does appear to be a link between land use and car ownership, 

suggesting that either high car ownership leads to low density or low density cities 

actually require greater car ownership. 
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Figure 10-18: Car Ownership and Urban Density (1991) 

Public Transport, Cycling and Walking and Transport Energy Use 

Public transport service provision shows a reasonably strong relationship to private 

transport energy use as shown in Figure 10-19. 
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Figure 10-19: Public Transport Service Provision versus Private Transport Energy Use 

(1991) 

The use of cycling and walking for the joumey-to-work is shown versus private 

transport energy use in Figure 10-20. As shown, increasing proportion of trips made 

by cycling and walking relates to less private transport energy consumed per capita. 
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Pricing, Economic Wealth and Transport Choices 

Variable car costs standardised for GRP per capita versus car use are shown in Figure 

10-21. The results show, as the literature suggests, that increasing costs of using a car 

deters car use. 175 
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Figure 10-21 :Variable Car Costs and Annual Vehicle Kilometres Travelled (1991) 

A comparison between the cost of public transport per passenger kilometre and car 

use is shown in Figure 10-22; this figure suggests that the policies of public transport 

user costs matter, as higher public transport costs suggest higher car use. 

175 This calculation captures the variable costs of cars combined with how much incomc each city has, and 
compares that to how often people drive. 
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Figure 10-22: Public Transport Operating Costs per Passenger km and Car Use (1991) 

Gross regional product (GRP) per capita appears to relate to car use per capita, as 

shown in Figure 10-23; although the relationship is not nearly as strong as some of the 

other figures shown. 
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The speed of public transport services may also relate to both its use and how much 

we spend on transport in our city (as shown in Figure 10-24). 

Chapter 10 - Comparison to International City Data 



180% 

J)" 16~/, . 

k 
o 

~ 14~/o 
'" ~ 
~ 1200/0 -
~ 
~ 
E 10~/. 

1:: 
<> 

"" 80% c <II 

" .. 
~ 
v 

:;; 
6~/, 

" .. - 4~/, . 
'" " ::: .. 
.,: 2~/, 

Wealthy Asian 
Cities (asterisk) 

x 
European Cities (X) 

x 

X< 
Toronto, Canada (cross) + 

x 

A; Auckland 
, W = Wellington 
C = Christchurch 

y -0.6257Ln(x) - 0.6399 
R2 0.6465 

.... +. 
US Cities (diamond) New Zealand Cities (dot) 

~k·~-~--·~--·-~~·-~~~-~----~--~-----~--~~···---~--~- -~-

~/, ~ ft ~ ~ 1~ 1~ 1ft 1~ 18% 

Percent of GRP per Capita Spent on Passenger (Car and Public Transport) Operations 

260 

Figure 10-24: PubliclPrivate Transport Speeds and % GRP Spent on Total Passenger 

Transport Operations 1991 (excluding Developing Asian Cities) 

10.6.1 Dealing with Complexity - Systems Thinking Applications 

As this chapter shows, understanding and attempting to improve transport energy use 

is a very complex issue. There are a myriad of broad interacting factors including 

planning, economic, technological and social issues. 

As the graphs above presented, there is tremendous complexity between these 

interactions. A number of sources (ECOTEC, 1993; Ewing, 1995; Peet, 1992) 

suggest that singular focused policies may not deliver intended outcomes. For 

example, in a review of planning issues to reduce air emissions, ECOTEC (1993) 

suggested that pricing policies "will be less effective if planning policies do not 

encourage development patterns that facilitate public transport use" (p 26). It is very 

clear that a more holistic approach to "seeing" the interactions between independent 

and uncoordinated policy approaches may reveal surprising and unintended outcomes. 

In a desire to provide a more holistic view, systems thinking offers a method for 

addressing the complexity of these interactions, (see Checkland, 1981; Checkland and 

Scholes, 1988; Senge, 1990). Systems thinking and systems models are introduced in 
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Chapters 11 and applied to transport and land use policies affecting transport energy 

use in Chapter 12. 
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SECTION IV: SYSTEMS 

This section uses systems analysis to further develop an understanding of the effects 

of land use and transport planning policies on transport choices and transport energy 

use. 

As a first step, systems analysis and systems thinking is introduced in Chapter 11 as a 

method of analysing complex interactions. 

Then, in Chapter 12 systems analysis is applied to develop influence diagrams by 

synthesising the research results of Chapters 5 through 10, to identify feedback 

interactions between policies and outcomes. 

And finally, Chapter 13 tests some of the systems model influence diagrams with 

regression analysis of data from 49 cities (including the New Zealand city data). 
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As described elsewhere, planning factors affecting transport energy use are the 

predominant focus of this research. systems thinking approach will be utilised to 

improve our understanding of the interaction of these planning factors. 

This chapter introduces the concept and approach of systems thinking, provides a brief 

description of its elements, identifies the general rules for assigning the "polarity" of 

an influence, and illuminates its application for learning more about complex systems. 

1 Introduction to Systems Thinking 

Our traditional approach to problem solving is solution based. We are generally 

taught to think linearly, even our language is based in linear progression (noun-verb

object). When faced with a problem we are trained to look for an immediate solution. 

These reactive responses are found in any manner of our social norms. In transport 

energy issues traditional quick-fix responses are apparent: if we run out of petrol we 

purchase more; if our roads are congested we typically build bigger roads. 

As our life systems have become more complex, these simple reactive responses are 

proving to yield unforeseen consequences. In our search for fossil fuel we drill 

deeper; in our pursuit to provide more road capacity or increase vehicle flow we 

encounter unforeseen effects. 

In some circumstances, through regulation we attempt to introduce some control. 

This introduction of "control" is meant to provide some limits to our decision making; 

in tum the introduction of these controls adds to the complexity of our situation. 

Systems thinking (Checkland, 1981; Checldand and Scholes, 1988; Senge, 1990) 

introduces an approach which recognises that increasing complexity in our decision-
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making requires a larger, more holistic view of the world. That in fact our world, and 

certainly many of the systems we currently function in, are not recognised as just that, 

complex systems. Instead, we continue to treat many of our decision-making 

requirements utilising traditional problem-solving approaches. The systems approach 

points out that in complex surroundings we need more than simple response tools. 

In essence, much of systems thinking attempts to improve our ability to "see the forest 

for the trees". It attempts to provide a framework to enable us to identify the whole 

picture, while not getting lost in the detail of what has become an ever increasingly 

complex world. As Senge (1990) suggests: 

"Systems thinking is a discipline for seeing wholes. It is a framework for 

seeing inter-relationships rather than things, for seeing patterns of change 

rather than static 'snapshots ,,, (p 68). 

Senge (1990) and others (Checkland, 1981; Peet, 1992) suggest that this systems 

approach is becoming more and more important as the complexity of our lives 

increases. Everyday we are faced with greater and greater access to information, 

increasing influences affecting both our choices and our decisions, ever-widening 

approaches and processes, as well as increasing rates of change. 

"Perhaps for the first time in hist01y, humankind has the capacity to create 

far more information than anyone can absorb, to foster far greater 

interdependency than anyone can manage, and to accelerate change far faster 

than anyone's ability to keep pace" (Senge, 1990, p 69). 

As Peet (1992) points out there are advantages and disadvantages of the systems 

approach: "Its advantage is in the insights one gains from thinking about and 

analysing issues in a 'systems' manner. Its major disadvantage (in policy matters) is 

that many perceptions gainedfrom its use are rather general." (p 81) 
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What Peet (1992) identifies is that we must be careful with what we expect as 

outcomes in using systems thinking. We need to remind ourselves that reductionist 

approaches limit our perspective, particularly when dealing with complex interacting 

factors. However, in using a systems approach, we need to acknowledge that we may 

not be able to capture the entire complexity of dynamic situations. 

In dealing with complex systems, we must constantly remind ourselves that 

understanding the larger picture of interaction is critical; then follows the pursuit of 

detailed analysis. As Herman Daly (1980) succinctly asserts: 

"it is better to deal incompletely with the whole than to deal wholly with the 

incomplete" (p 12). 

Senge (1990) applies system thinking to learning within an organisational context. 

This research applies the broad thesis of systems thinking to the way in which we 

currently approach transport energy policy within a regional/local planning 

framework. 

In addition, particularly within the context of "sustainable" planning legislation like 

the Resource Management Act (RMA, 1991), the recognition and required paradigm 

shift that we are part of a much greater whole, may be a key determinant in bringing 

about more sustainable lifestyles. Sustainability by definition is long-term (see van 

den Bergh et al. 1994, among others). Long-term decision-making requires an 

understanding of the systems in place and the factors affecting those systems. 

This research will identify some key causal loops affecting transport energy use, 

particularly within planning policy decision-making. As such the systems approach 

will be utilised as a framework for assessment, effectively as a learning tool to explore 

existing feedback processes. 
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11 Elements of a Systenl 

In a general sense "a system is a whole which can exceed the sum of its parts" (Senge, 

1990). The interaction between the parts creates a synergy, not readily apparent if the 

individual parts themselves are explored. Two important properties of a system 

include (Peet, 1992): 

each part of the system has properties it loses when separated from the 

system; 

• every system has some properties - its essential ones - that none of its parts 

do. 

As a means of understanding the components or elements of a system, Senge (1990) 

identifies three building blocks in systems thinking: 

1. reinforcingfeedback - where positive cycles create or "drive" growth; 

2. balancingfeedback - where constraints, limits or expectations reduce the 

reinforcing feedback and produce negative feedback which stabilises 

growth; 

3. delays - where feedback between component parts is interrupted and 

produces gradual or delayed outcomes (e.g., time or space). 

These "building blocks" are key parts of all systems, and become important pieces of 

our puzzle in attempting to understand complex systems. As we define and describe 

our system(s), defining the relationships and clarifying the interactions unveils both 

our pre-conceptions and the implicit and explicit dynamics involved. 

11.2.1 Feedback 

Sterman (1994) suggests that "all learning is dependent upon feedback" as depicted 

below. Where information feedback is an input into decisions which we make which 

then affect our "real world". 
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(RealWOdd,\ 
Decisions Information Feedback 

1 Influence Diagrams and Causal Loops 

It is important at this stage to explain the basic diagrammatic representations which 

will be utilised. Firstly there are causal loop diagrams which often rely upon 

"influence" arrows to illustrate causality. To illustrate a simple causal loop diagram, 

population changes are used as an example (based upon representations in the Vensim 

Manual (1994)). Population has an influence or causal effect on births, as depicted by 

the influence arrow: 

population -----. births 

The influence arrows can also show polarity to indicate whether the influence is 

positive or negative. In this case the + sign indicates that population has a positive 

influence on births (increasing population increases the number of births). 

As Senge (1990) describes, there are two types of feedback: "reinforcing" or positive 

feedback and "balancing" or negative feedback. Using the diagrammatic 

representations these are depicted below. 

11.2.3 or Positive 

Reinforcing or positive feedback between "population" and "births" is represented in 

the figure below: 
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There are a number of symbols included in this figure. The polarity of influence is 

indicated by the small (+) sign which represents positive feedback between population 

and biIihs, or births and population. Overall there is positive feedback, 

diagrammatically represented by the large positive sign \+;. 

11.2.4 Balancing or Negative Feedback 

Balancing or negative feedback is represented by the simple relationship between 

population and deaths depicted below: 

~
P:PUbti:") 

\ I 
~ + 

deaths 

Here, there is a positive influence of population on the number of deaths (i.e., 

increasing population increases the absolute number of deaths), and a negative 

influence of deaths on population (increasing deaths decreases the population). All 

other things being equal, this simple relationship suggests there is a balance or 

equilibrium established as a result of an overall negative feedback process. The 

overall polarity of this feedback relationship is depicted by the large negative sign 
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Delay is the third "building block" of a system identified by Senge (1990). Delay 

plays a significant role in determining the timing of feedback. As such, delay can 

confuse decision-makers as to when to take action or how much action to take. 

11.2.6 Determining Overall of 

269 

The total influence of a feedback loop or of a combination of influences is determined 

using a simple mathematical multiplication rule: an odd number of negative 

influences indicates an overall negative influence; an even number of negative 

influences indicates an overall positive influence (or "minus times minus equals plus" 

per Bossel, 1994). With a mix of positive and negative influences, the positive 

influence simply maintains the sign that is determined by the number of negative 

influences (that is "positive times positive equals positive", or "positive times 

negative equals negative"). 

A simple example illustrates this relationship. If A has a positive influence on B, B 

has a negative influence on C, and C has a negative influence on A, the overall 

influence is "positive times negative times negative which equals positive" as 

depicted below. 

11.3 Systems JllLJL.LIlUWI..ILJ .. ;;;;' and 

One very useful outcome of systems thinking is to improve learning. As the simple 

diagram below indicates, as we learn more we understand more, as we understand 

more our ability to learn increases. 

Chapter 11 - Systems Thinking and Systems Models 



LEARNING 

+ 

+ 
UNDERSTANDING 

270 

Forrester (1961), one of the pioneers of system dynamics, suggests that decisions are 

based upon models, and provides classification of models including formal or mental, 

and analytical or simulation models. Forrester's classifications have been elaborated 

on by a number of researchers, including applications of "learning" about our complex 

models. 

In the learning process, to define a system one must clarify the relationships between 

components of the system. Through the process of clarifying what those relationships 

are we learn about the behaviour of the system. Senge (1990) suggests there are 

different levels of explanation in a complex system; these levels of explanation are 

shown in the diagram below. 

Systemic Structure 
(generative) 

1 
Patterns of Behaviour 

(responsive) 

It is at the bottom of these levels, in the "Events" level, that Senge (1990) suggests we 

spend an inordinate amount of our time. He suggests that typically we perceive 

"events" and correspondingly "react", This is the frame of activity within which many 

of our decisions occur, in a short-term reactive state. In a more insightful approach 

we find ourselves in the next level, where we attempt to identify the "patterns of 
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behaviour" which bring about such events, thus seeing longer-term trends. In 

identifying these patterns we take a significant step toward an improved understanding 

of our system, and develop what he calls a more "responsive" ability to these shifting 

trends. 

Finally, in the uppermost level, Senge (1990) suggests we begin to understand the 

"systemic structure", asking the question: what causes the patterns of behaviour? In 

answering this question we are required to take a critical step back and address the full 

"system structure" and in tum identify what "generates" that structure (including 

feedback loops, delays between decisions and outcomes, limits to growth, etc.). 

Sterman (1994) articulates a series of steps an analyst takes in learning about complex 

systems including developing: 

1) tools to articulate and frame issues, elicit knowledge and beliefs, and create 

maps of the feedback structure of an issue from that knowledge; 

2) formal models and simulation methods to assess the dynamics of those 

maps, test new policies, and practice new skills; and 

3) methods to sharpen scientific reasoning skills, improve group processes, 

and overcome defensive routines for individuals and teams. 

Sterman (1994) suggests that system dynamics involves a "double-loop" learning 

process, where we replace short-term views with long-term holistic system 

approaches. In so doing, we constantly gain improvements in our information 

feedback, readjusting our mental models, and thus re-focusing and improving our 

decision rules. As Senge (1990) suggests this is a continual process - we never 

simply "arrive". 

11,4 and System Methods 

In general, hard systems are those systems which engineering has traditionally 

grappled with - developing quantitative understanding of complex engineering or 
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technological systems. On the other hand, soft systems usually deal with social 

systems - systems which involve very little "hard" data. In the words ofPeet (1992), 

"soft systems thinking is now seen as a way of thinking about social systems" (p 73). 

Checkland (1981) advocates a soft-systems methodology as a method for learning 

about a system. He suggests that the soft-systems methodology uses system ideas to 

formulate basic mental acts. The soft systems approach is quite different from that of 

hard systems where problems are formulated into a simulated quantitative model 

which tests alternatives for a known end. Instead in a soft systems methodology 

learning about the system is the objective or as Checkland (1981) states: "the implicit 

value system of soft systems methodology is that never-ending learning is a good 

thing" (p 20). 

There appears to be a developing "grey area" between traditional hard systems and 

soft systems approaches. Sterman (1994) applies many of the soft systems approaches 

and yet asserts that as complexity increases simulation is a necessary component of 

testing our mental models. As such Sterman appears to disagree with Checkland's 

thesis that the un-simulated soft systems methodology for learning is enough. In. 

complex systems, Sterman (1994) argues that simple mental models can be rife with 

misconceptions, inadequate understanding of time delays and feedback, and possible 

mis-representations of reality: 

"Qualitative maps are simply too ambiguous and too difficult to simulate 

mentally to provide much useful information on the adequacy of the model 

structure or guidance about the future development of the system or the effects 

of policies" (p 321). 

There is an argument which suggests that both Checkland and Sterman are correct. 

Checkland's thesis (Checkland, 1981; Checkland and Scholes, 1990) is that insights 

can be gained from mental modelling. It is clear that explicitly stating conceptions of 

the workings of a complex system will yield insight, both of the modeller's 

conceptions of the system and to the system pieces itself. It is also clear that to make 
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any decisions based upon a modelling paradigm, one must develop a cogent and 

defensible understanding of the system in question. This second step often requires 

quantitative modelling. 

11 Mental 

A systems approach requires us to state in some detail our mental models. In system 

dynamics or systems thinking, "mental models stress the implicit causal maps of a 

system we hold, our beliefs about the network of causes and effects that describe how 

the system operates" (Sterman, 1994). 

Sterman (1994) introduces the concept of mental models in his representation of 

feedback and how our mental models feed into various decision making processes 

("strategies, structures and rules for decisions"). This is shown below. 

~ '+\ \ I 

Decision Rules 

Mental Models of the 
Real World 

The use of mental models can show what appears to be the current thought train 

within a policy arena (e.g. land use planning). Use and application of mental models 

is a necessary first step - granting that policy decisions cannot be made from mental 

models alone, but that in fact as part of the process of investigation mental mapping is 
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required. For example, in the case ofland use, clarifying our existing "mental 

models" can begin to ascertain how our current perceptions may deliver unexpected 

outcomes. 

The intention of using causal loop diagrams and mental models in this research is to 

improve our understanding of what "drivers" and influences we currently explicitly 

identify and those we may not fully take account of. Likewise a similar assessment is 

intended for the "controls" or negative feedback elements of our energy transport 

planning "loops", identifying those elements we currently include and those which 

may be overlooked (intentionally or unconsciously). 

11.6 Variety and Complexity 

Variety is an indication of complexity (see Stafford Beer, 1974; Peet, 1992). In a 

simple system the variety of the system is limited, and as such the system may be 

something that we can easily understand. As an example, in a simple communication 

system there might be three people on one-way telephones. Each person has the 

ability to speak with only one person in one direction. Thus A can speak to Band B 

can speak to C and C can speak to A. Variety (V) is mathematically represented by V 

=: n(n-l )/2, where n is the number of elements. Thus in this case V = 3(3-1 )/2 = 3 and 

is represented below. 

Variety: One-Way Communication 

A 

I"... 
C<iIIIII B 

However, if there is two way communication between A, Band C then Variety is 

represented by V =: n(n-l) accounting for directionality. In this simple example we 

would have Variety (V) 3(3-1):::: 6. Thus with two way communication there are six 

possible combinations between persons A, Band C represented below. 
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Added complexity occurs if each person could be connected or busy, that is their 

telephone could have two states. This is mathematically represented as V 2n
(n-l) (per 

Stafford Beer, 1974) or in this case V;::: 23
(3-2)::: 26;::: 64. Thus withjust three people 

using normal two way communication telephones, each phone in either a busy or free 

"state", there are 64 different combinations of communication. As variety increases 

so do the possible states of communication. As complexity increases, the situation 

becomes very difficult to intuitively understand or predict. 

1 Summary 

As we will explore later, the issues surrounding transport energy use introduce a 

tremendous variety and complexity of issues. Systems thinking can yield insight into 

the processes underpinning this complexity and enable us to better identify the 

different "systems at play". The systems approach will begin to determine which are 

important issues for reducing transport energy demand. 

This research focuses on the first stage of the steps identified by Sterman (1994) in the 

development of quantitative systems models: to articulate the feedback structures of 

our transport energy use systems. This thesis will not develop quantitative formal 

models for simulation. The application of a systems approach will be used in Chapter 

12 to investigate the relationships affecting transport energy use, effectively as one 

tool for increased policy development learning. Qualitative models will be utilised to 

assess processes which currently occur. Through the process of diagrammatic 

representation and mental modelling the research will explore some of the complex 

dynamics within the policy decision-making realm affecting transport energy use. 
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The objectives of this chapter are to: 

.. Introduce the process of creating influence diagrams including "system 

descriptions" and "word models"; 

• Build systems influence diagrams of land use and transport planning 

policies which affect urban transport energy consumption; 

• Link the individual influence diagrams to reveal larger interactive 

processes and the complexity of the situation; 

• Learn more about the complexity of these "systems" and identify planning 

influences which could be further investigated to improve both our 

understanding of urban transport energy consumption and provide possible 

improved outcomes. 

12.1 Development of Influence Diagrams 

This section relies upon an outline described by Bossel (1994) for developing 

influence diagrams (and ultimately systems modelling). Bossel (1994) suggests a four 

step descriptive process for developing an influence diagram including a: 

1. system description a general description of the system to be modelled; 

model purpose - a stated objective for deVeloping the model; 
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3. word mode}176 - a specific description of each influence of the system, 

accounting for direct influences between elements or variables, including 

the sign or polarity of influence; and 

4. influence diagram a diagrammatic representation of the specific 

influences identified in the word modeL 

Each of the influence diagrams below will utilise this four-step descriptive process. 

Bossel (1994) goes on to describe how to represent such models mathematically. 

However, as previously mentioned this research will not pursue quantitative 

modelling. 

The influence diagrams developed below are not intended to be definitive but instead 

provide a "broad-brush" review of some key planning policy factors and influences. 

These models should be considered a stage in the modelling process - a useful tool for 

understanding principle influences and feedback mechanisms. 

It should also be made clear that these influence diagrams have been developed based 

upon a combination of policy analysis and intuitive professional experience. 177 There 

would be numerous ways these interactions could be combined. 

What is implicit (and critical to understand) in the application and development of a 

holistic systems approach is the need to recognise that traditional planning policy 

approaches generally follow a linear decision-making process, where first the problem 

176 Note Bossel (1994) uses the tenn "verbal model" which for clarity will be referred in this research as 
"word model". 

177 Professional experience includes 5 years of current employment (since 1994) at the Canterbury Regional 
Council as a Strategic Transport Analyst, in charge of developing both public transport improvements 
and general transport and land use strategies. In addition, the author is a member of the Christchurch 
Cycle Steering Group which developed the Christchurch City Council's Cycle Strategy (CCC, 1996d), 
and a member of the local Transportation Group of the Institute of Professional Engineers of New 
Zealand. It is also acknowledged that the author's professional experience has influenced his views of 
looking for feedback mechanisms in planning policy - particularly with respect to improving the 
viability of alternative transport and reducing our car dependence. 
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is encountered, options are evaluated, and lastly a decision/action is taken. As Owens 

(1995) suggests this could be tenned a "predict and provide" approach which seldom 

reviews in a holistic sense the effects of those independent decisions. In essence, this 

linear evaluation/action process fails to take into account the feedback effects of those 

decisions. A good example is the recent findings that "induced traffic" does indeed 

exist (SACTRA, 1994; Goodwin, 1997), and that the process of road construction 

should in fact include in its evaluation procedure the effects of the proposed 

developments - that is the feedback to the proposed action/decision should be assessed 

and taken into account before a final decision is made. 

What systems analysis and the use of these influence diagrams enables is a far 

more holistic view of the effects of those decisions - identifying possible feedback 

mechanisms involved in what are otherwise linear and often independent 

planning policy decisions. 

The influence diagrams investigate a number of complex, interacting planning 

processes which affect urban transport energy consumption. As a result, they provide 

insight into the processes and possible local council policies which could be pursued 

to provide a more sustainable transport solution. 

1202 Planning Influence Diagrams 

As discussed in previous chapters there are a number of "planning" policies available 

to improve our transport energy consumption including increasing use of more 

sustainable modes and reducing vehicle trips and trip lengths. 

Figure 12-1 below captures in general tenns a number of the planning elements 

affecting urban transport energy consumption (modal choice, overall vehicle travel 

and trip length). 178 Namely urban fonn and land use, transport planning and 

infrastructure provision are planning policies affecting transport mode choice and 

178 Note a similar figure was shown as Figure II-I. 
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travel distance. These interactions and influences were originally explored in Bachels 

(1996 and 1998); however, they are presented in far more detail in the sections which 

follow. 

Also included in Figure 12-1 are non planning factors such as technology and 

economic policy measures. The dotted lines indicate there is also interaction between 

each of the different general factors. Note that Figure 12-1 is not an influence 

diagram but instead a "mental map" of the interaction of a number of different 

planning factors affecting transport energy use. There are of course numerous non

planning policies which affect transport energy use including "technological" and 

"economic" signals; these are included in the figure to acknowledge their involvement 

in this process. However, this research focuses on the planning elements which affect 

transport energy consumption and as such will not explicitly address these non

planning factors. 

TECHNOLOGY 
Vehicle 

Efficiency and 
Fuel Type 

URBAN FORM 
Density and 

Centralisation 

~ 
TRANSPORT 

PLANNING POLICIES 
Traffic 

Management 
URBAN and Mode 

TRANSPORT FUEL Priorities 
CONSUMPTION 

~ECONOMICS 
Incomes 

Figure 12-1: Mental Model of Planning Influences on Urban Transport Energy 

Consumption 
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An Example 

Before delving directly into the influence diagrams it is important to provide an 

explanatory word model and associated influence diagram. An example is provided 

below. 

1. Increase in A decreases use ofB (see section 1.1) 

2. Increase in B increases use ofC (see section 1.2) 

3. Increase in C decreases use of A (see section 1.3) 

~ 
A B 

Example Influence Diagram 

Each line of the word model is represented by an influence arrow in the diagram. The 

following rules/explanations apply: 

" Firstly, the word model utilises the concept that each single influence is analysed 

under ceteris paribus conditions (other influences remain unchanged). Thus, each 

line in a word model is represented by an influence between say only A and B, 

disregarding any influence from C. 

• Secondly, increases in the first factor result in positive or negative changes in the 

second factor, ceteris paribus (in this example increases in A result in decreases in 

B indicated by the "-" sign of the arrow leading in to B, disregarding the influence 

ofC on A). 

It Thirdly, the overall influence of the diagram uses the mUltiplication rule (negative 

times negative equals positive, positive times negative equals negative); thus the 
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overall influence of the example diagram shows positive feedback indicated by the 

sign. 179 Where, positive feedback implies an unchecked influence. 

• Finally, where appropriate, at the end of each line in the word model, reference is 

made to a relevant section of the thesis for supporting evidence. In this example, 

for the first line a non-existent section 1.1 is referred to for illustration purposes 

only. 

The influence diagrams developed relate explicitly to factors explored in Chapters 4 

through 9 which appear to influence transport energy use. And consistent with the 

approach adopted in this thesis, where appropriate Christchurch is used as a case 

study. 

Finally it is critical the reader understand the importance of both the polarities of 

influence (the + and - signs attached to each influence arrow) and the overall sign of 

the feedback mechanism, particularly the indication of positive feedback which 

indicates that the influence diagram is showing a system which will grow out of 

control until some sort of balancing or "negative" feedback is introduced. 

The sign of positive feedback is shown by the symbol 

the system is out of balance and growing unchecked. 

~ 
\ 

\ 
which indicates that 

179 Note typically positive influences between factors are not shown per Bossel (1994); however for clarity 
they are included in the following diagrams. 

Chapter 12 - Influence Diagrams: Planning Policy and Transport Energy Consumption 



282 

Land Use Planning Diagrams 

In this section the following land use planning influence diagrams are developed: 

fI Urban fonn, travel, trip length and mode split (Figure 12-2) 

.. Urban form: urban area, population density and land use policies 

(Figure 12-3) 

.. Accessibility (Figure 12-4) 

., Christchurch City Plan urban consolidation (Figure 12-5) 

I) Overall land use planning (Figure 12-6) 

12.3.1 Urban Form, Travel per Capita, Trip Length and Mode 

Choice 

System Description: Urban fonn, size and density influence travel per capita and trip 

length (both in time and distance); total travel and trip length 

are known to affect modal choice. City size and density affect 

average distance travelled and fuel use. The ability to travel 

can affect our willingness to live in outer urban areas. 

Model Purpose: To understand the dynamics of urban fonn (area and density) 

and its influence on travel per capita, trip length and mode 

choice. 

Word Model (refer to Figure 12-2) 

1. Urban fonn and city planning determine urban area, popUlation density and 

the proximity of "trip" attractions (shopping, recreation, work, residences, 

etc.) (sections 5.6, 9.2.6, 10.2) 

2. Increase in the urban area increases travel per capita and trip length (and 

fuel use) (5.2) 
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3. Increase in the urban area decreases population density (5.2) 

4. Increase in population density decreases travel per capita and average trip 

length (and fuel use) (5.4, 9.2.3) 

5. Increase in population density can increase public transport, cycling and 

walking use (5.2, 5.6, 9.2.6, 10.4.3) 

6. Increase in the proximity to attractions can decrease trip length (5.2,5.6, 

9.2.6) 

7. Increase in travel distance per capita and trip length increases car use 

(5.4.2,9.2.6) 

8. Increase in trip length decreases use of walking, cycling and public 

transport (5.4.2,9.2.6) 

9. Increasing car use increases ability to travel further (6.1,6.2,9.2.3) 

10. Increase in our ability to travel further increases the "useable" urban area 

(5.5) 
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Figure 12-2: Urban Fonn, Travel, Trip Length and Mode Choice 

\ 
\ / 

Positive Feedback Loop(s): increasing urban area (and 
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decreasing population density) increases travel per capita and trip lengths, 

which increases car use (decreases other mode use) and increases the urban 

area 

Discussion points: 

• Urban form and city planning directly influence both the size of the 

urban area, population density and the proximity to attractions (using 

concepts like appropriate "nodal" developments, etc.); 

• As the urban area increases, travel per capita and trip lengths tend to 

increase (fuel use increases), and there is a greater propensity to use cars 

with commensurate decreases in alternative transport modes; 

• Proximity to attractions can decrease trip length (and travel) which can 

reduce car use and increase use of alternative modes; 
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@ "Balancing or Negative Feedback" could be introduced by limiting the 

absolute size of the urban area, increasing popUlation densities in 

appropriate locations, and increasing proximity to attractions. 

12.3.2 Population, and Urban 
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System description: Many cities have a growing population, which places pressure 

on land use demand. The use of land influences transport 

demand and mode choice. Social demand for different housing 

types and locations affects land use, transport demand and 

travel distances. There are competing pressures for land use 

between the release of new "greenfield" areas for development 

and the use of existing urban areas for "infill". For example in 

Christchurch, planning rules determine the process of infill 

development; there are pressures to reduce the current type of 

infill occurring. 

Model purpose: To understand the influence ofpopulation/housing demand and 

land use policies on the size of the urban area. 

Word Model (refer to Figure 12-3) (appropriate sections of the thesis are referred 

to): 

1. Population increases cause an increase in housing demand (section 7.1.2) 

2. Housing demand increases demand for new "greenfield sites" and for 

"infill" developments (7.1.4) 

3. Demand for infill decreases urban area growth (7.1.4) 

4. Demand for greenfield sites increases urban area growth (7.1.4) 

5. Increase in urban area decreases popUlation density (i.e., ceteris paribus) 

6. Increase in population increases popUlation density (Le., ceteris paribus) 

Good quality infill increases the demand for infill (7.1.3, 7.1.4) 

8. Current poor quality infill planning produces poor quality infill (7.1.4) 
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9. Good quality greenfield sites increase the greenfield demand 

10. Good quality greenfield site planning increases greenfield site quality 

<social demand> 

signals> 
housing 

. demand 

q",lily on,,,11 /. + ~ 
+ . demand + q ty 

_ populatIon ""'----greenfield sites 

popul~tion ~ ) 
denSIty 

infill planning \ 
process greenfield planning 

+ process 
urban area 

Figure 12-3: Population, Housing Demand and Urban Form180 

=> No Feedback Loop(s): Note there are not feedback loops in this influence 

diagram, however the effects of these influences are and the policy issues 

affecting urban form appear to affect transport choices as discussed below. 

Discussion points: 

• A reasonably significant influence mechanism for affecting the size (and 

population density) ofthe urban area is the planning process of infill 

redevelopment (especially at low population densities); 

• If the infill/redevelopment planning process was turned into a more positive 

influence, producing good quality infill, there could be some significant effect 

on reducing the growth in the total urban area; 

180 Note the word model depicted in Figure 12-3 acknowledges there are other factors affecting housing 
demand such as "social" and "economic signals" which are outside the direct planning policy process 
and thus depicted as <hidden> factors using the Vensim (1994) convention. 

Chapter 12 - Influence Diagrams: Planning Policy and Transport Energy Consumption 



287 

.. Note: there are no feedbacks exhibited in this influence diagram; instead 

there are links of these influences to travel per capita, trip length and travel 

mode choice as shown in Figure 12-2. 

Accessibility Mode 

System Description: Accessibility can affect mode choice, both in terms of site 

specific accessibility and in access to the greater urban area. 

Greater accessibility for certain modes may enhance their use, 

possibly at the detriment of other modes. Planning guidelines 

for accessibility can affect modal choice. 

Model Purpose: To understand the interactions of accessibility to areas and its 

influence on modal choice. 

Word Model (refer to Figure 12-4): 

1. Traditional planning guidelines improve access for cars (sections 5.5, 6.1, 

9.2.3) 

2. Improving access for cars increases car use (5.5) 

Increasing car use increases access for cars ("might makes right") (5.5, 6.4, 

6.5) 

4. Improving access for cars decreases access for pedestrians, cyclists and 

public transport (5.5, 9.2.3, 10.4) 

5. Poor access for pedestrians, cyclists and public transport decreases use of 

these modes (5.5, 6.3, 6.4, 10.4) 

6. Increasing use of walking, cycling and public transport decreases car use 

(9.2.3, 10.4) 
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Figure 12-4: Accessibility and Mode Choice 
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=> Positive Feedback Loop(s): improving access for cars decreases 

use of alternative modes which increases car use which increases access 

for cars; increasing access for cars increases car use. 

Discussion points: 

\II Improving accessibility for cars directly decreases access for alternative 

modes, which decreases the likelihood of alternative mode use; 

\II Traditional transport planning (and land use) guidelines are geared for 
. . 
Improvmg car use; 

• "Balancing or Negative Feedback" could be introduced by improving 

transport planning guidelines to improve accessibility for alternative 

modes. 
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12.3.4 Christchurch City Plan -

Goal 

Urban Consolidation 

"If all else fails, lower your goals ,. 

bumper sticker cited in Senge (1990) 
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System Description: The Christchurch Proposed City Plan is a key local planning 

policy document, setting the scene for where people will live 

particularly with respect to urban form. The Proposed City 

Plan established a goal of "urban consolidation", largely to 

reduce the costs and effects of sprawl, including growth in car 

use. The current process of "infill" adopted by the Christchurch 

City Council does not have many controls and may be 

producing unintended outcomes. In addition, there are 

pressures from land developers in submissions made to the 

Proposed City Plan which could affect the "urban 

consolidation" principle. 

Model Purpose: To understand the pressures influencing the Christchurch 

Proposed City Plan's "urban consolidation" principle. 

Word Model (refer to Figure 12-5): 

1. Stated goal in the Christchurch Proposed City Plan is for urban 

consolidation to decrease the "gap" between the city's sprawl and the goal 

of urban consolidation (section 7.1.1) 

2. To reduce the gap the actions by the city include infilllredevelopment and 

placing some limits on the release of land (7.1) 

3. Poor infill planning increases poor infill outcomes (7.1.4) 

4. Poor infill outcomes increases sprawl (7.1.4) 

5. Poor infill increases neighbourhood pressure to reduce infill (7.1, 7.1.4) 
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6. Increase in land release increases sprawl (7.1.4) 

7. Increase in sprawl further increases the gap between the goal and reality 

(7.1 ) 

8. Increase in the "gap" increases the pressure to adjust the urban 

consolidation "goal" (7.1) 

9. Local communities (because of poor infill outcomes) and developers place 

pressure to release land which reduces the stated urban consolidation goal 

(7.1) 

developer 
~ pressure 10 /+ release land 

~OadjUSlgOal 
(_ I'IC"UI~' + ~ 

city plan slated goal 
of urban 

consolidation 0+ A neighbourhood 
\ '" pressure to reduce 

~ "-'/ '~;"m~ oo<oom" 

• ,row," ;0"", .. ,., ~;t; 

"d~.;" ./ 
sprnwl + + 
~ landre1ease 

poor infill 
outcomes 

Figure 12-5: Christchurch Proposed City Plan - Erosion of Urban Consolidation Goals 

<t J 
=> \,,,-__ ,,)Positive Feedback Cycles: The City Plan stated goal of urban 

consolidation is under threat via positive feedback cycles from poor infill 

outcomes and pressures from developers to release additional land, all of 

which may lead to increases in the urban area. 
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Discussion points: 

Oil Senge (1990) refers to "eroding goals" as a typical means of adjustment in 

a feedback pattern. In this case, eroding the goal of consolidation 

has significant consequences for increasing transportation energy 

consumption - allowing sprawl will increase fuel use. 

Summary on Use JUU.JUu.jii;, Influences 

Figure 12-6 provides an indicative overview of the complexity of land use planning 

elements affecting mode choice, by combining the previous separate figures into a 

larger context. 
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Figure 12-6: Land Use Planning Influences on Transport Mode Choice 

Use of a systems approach reveals the foHowing positive feedback for transport 

energy consumption: 
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II!! increase in the size of the urban area and decreases in population density 

increase travel per capita and trip lengths, which further increases car use; 

iii increasing access for cars and decreasing access for walking, cycling and 

public transport; 
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increase in trip length decreases use of alternative modes and increases 

vehicle trip lengths and travel; 

III a potential erosion of Proposed City Plan goals of urban consolidation. 

Note there are two identified land use planning policies which could provide 

"balancing" or "negative" feedback for the growth in car use: 
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increasing the demand for infill (to reduce the growth in size of the urban 

area) and increasing population density (particularly in appropriate 

locations); and 

• improving transport planning accessibility guidelines for more sustainable 

modes. 

12.4 Transport Planning Influence Diagrams 

In this section the following transport planning influence diagrams are developed: 

l1li Transport project improvement criteria (Figure 12-7) 

• Road building and the urban form (Figure 12-8) 

e Transport funding (Figure 12-9) 

• Passenger transport provision (Figure 12-10) 

l1li Slow mode safety (Figure 12-11) 

• Traffic demand management (Figure 12-12) 

l1li Overall transport planning (Figure 12-13) 

Transport Improvements Project Evaluation Criteria 

System Description: Current benefit cost evaluation criteria for transport project 

improvements take into account savings in travel time, 

accidents, and operations and maintenance as primary benefits 
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of a project proposaL Projects with these reputed benefits may 

advantage some modes over other modes. 

Model Pwpose: To understand the effects of current project improvement 

evaluation criteria on car use and mode split. 

Word Model (refer to Figul'e 12-7): 

1. Increase in car use increases traffic volumes, accidents and vehicle 

operations and maintenance (O&M) (sections 6.2, 9.2.5, 10.5) 

2. Increase in traffic volumes increases travel time (6.2.1) 

3. Increase in car travel time, accidents and O&M typically generate 

traditional project proposals with car focus (6.1, 6.2.1) 

4. Improvement proposals which reduce car travel time, accidents and O&M 

increase a project's benefit cost ratio (6.2.1) 

Increase in a project's benefit cost ratio increases transport improvement 

project approval (6.2.1) 

6. Increase in transport improvement projects increases roading and traffic 

improvements (6.2) 

7. Increase in roading and traffic improvements increases car use (6.2,6.2.2, 

10.3, 10.4) 
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Figure 12-7: Transport Improvements and Project Evaluation 
~ 

t+~ 
=> '---~ I Positive Feedback Cycle: increasing car use, increases car traffic 

volumes/travel times, car accidents and O&M costs which with current 

benefit/cost evaluation criteria increases project funding for car focused 

improvements (roading), which increases car use. 

Discussion points: 

@ The current benefit/cost evaluation criteria favours increasing car use: 

the more cars are used the more funding car transport projects will receive; 

Balancing feedback could be introduced if "externalities" such as local and 

global air pollution, community severance, etc. were accounted for or if 

induced traffic were recognised. For example if some "cost" were ascribed 

to air pollution contributions from vehicle traffic, projects which increased 

air pollution would have a lower B/C ratio and would not proceed, thus 

providing a better "balance" to project determination. 
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Road Building, Traffic Speed, Travel .. "' ... "' .......... and Urban 

System Description: Car use affects traffic congestion and the decision to build 

additional road capacity. Traffic speed affects travel distance, 

particularly with a consistent travel budget. Travel distance can 

affect a city's urban form (urban area and population density). 

Model Purpose: To understand the relationship between car use, congestion, 

road building, traffic speed and travel distance and urban form. 

Word Model (refer to Figure 12-8): 

1. Increase in car use, with the current benefit-cost evaluation criteria, 

generally leads to increases in road capacity (section 6.2,6.2.2, 10.3) 

2. Increases in road capacity lead to increases in traffic speed (6.1, 6.2, 10.3, 

10.4) 

3. Increases in traffic speed, using a constant travel time budget, lead to 

increases in travel distance (6.1.4, 10.3, 10.4) 

4. Increases in travel distance leads to increases in urban area and decreases 

in population density (5.2,5.3,5.4, 10.2, 10.4) 

5. Increases in urban area lead to increases in car use (5.2,5.6.7, 10.6) 

6. Increases in population density lead to decreases in car use (5.2, 5.3, 10.2, 

10.4, 10.6) 
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Figure 12-8: Road Building, Traffic Speed, Travel Distance and Urban Fonn 

~ 
=> \ ',_~ / Positive feedback cycle: increasing car use, with the current B/C 

evaluation criteria leads to increased road building, which increases traffic 

speed (and with a constant travel time budget) and leads to increasing 

travel distance, which increases the urban area (and decreases density) 

which increases car use. 

Discussion points: 

,. The current project infrastructure benefit-cost evaluation criteria generally 

attempts to relieve congestion through increasing the supply of roads and 

road capacity ("predict and provide"), which effectively both advantages 

car use and opens new areas of the urban fringe to faster further travel; 

11 Balancing feedback could be introduced via the recognition of such issues 

as induced traffic and the axiom of the daily travel time budget. lSI For 

example, projects which induced or increased traffic volumes would not 

lSI Which suggests that people have a constant travel time budget and faster travel may only increase travel 
distances not reduce travel times (see SACTRA, 1994). 
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pass the benefit-cost evaluation criteria. Or to take account of a static 

travel time budget (which might need verification), increases in traffic 

speeds may result in longer travel distances, no savings in travel time 

(since trip distances are longer), and greater vehicle operating costs -

overall resulting in a lower B/C ratio. Balancing feedback suggests that 

some projects would not receive approval (or require revision) if such 

factors were taken into account. 

Transport Funding: Petrol Taxes and Political Decisions 

System Description: Funding for transport improvement projects comes from a 

central government petrol tax levy (and from local rates and 

road user charges). The petrol tax collected is related to the 

volume of petrol sales. The volume of petrol sales is related to 

car use. 

Model Purpose: To understand the relationship between car use, petrol taxes and 

funding of transport improvement projects. 

Word Model (refer to Figure 12-9): 

1. Increase in car use increases the petrol taxes collected (section 6.2.3) 

2. Political decisions split the petrol tax collected into transport funding 

improvements and money which goes to the general "Consolidated Fund" 

(6.2.3) 

3. Increase in petrol taxes increases transport improvement project funding as 

well as the general consolidated fund (6.2.3) 

4. Increase in transport improvement project funding increases expenditure 

for roading and traffic improvements (6.2.3) 

5. Increase in roading and traffic improvements increases car use (6.1, 6.2, 

10.3, 10.4) 
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Figure 12-9: Transport Funding, Petrol Taxes and Car Use 
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=> \'----__ --)Positive feedback cyc1e: increasing car use, increases petrol tax 

299 

collections which increases funding available for transport improvements 

(and funding for general use), and under traditional project evaluation 

criteria, improves roading and car traffic priority, which increases car use. 

Discussion points: 

EI There is a political will to ensure a user pays principle which would 

support continued link of petrol taxes to funding transport provisions; 

however, a true user pays fonnula would capture total car user costs 

(including social and environmental) which are not adequately considered 

at present; 

EI Currently, there may not be political will to decouple petrol taxes collected 

from consolidated funds (this is certainly the case in New Zealand). Thus 

there may not be much political will to decrease overall petrol sales; 

EI Finally, balancing feedback could be introduced to ensure alternative 

transport received a larger proportion of funding from petrol taxes 

collected. 
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12.4.4 Transport Service Provision Use 

System Description: The quality of passenger transport services is dependent upon 

the number of patrons using the service, the revenue from fares 

collected and any government subsidy provided. Patronage is 

also affected by changes in car use and vice-versa. The level of 

subsidy is established by both regional council policy and 

central government policy. 

Model Purpose: To understand and indicate the influences affecting passenger 

transport service provision, including changes in patronage and 

levels of subsidy. 

Word Model (refer to Figure 12-10): 

1. Increasing car use decreases passenger transport use (sections 6.3, 9.2.4, 

10.4.3) 

2. Increase in passenger transport use increases the fares revenue collected 

(6.3, 9.2A, 10A.3) 

3. Increase in fares revenue increases the service quality (6.3,9.2.4, 10.4.3) 

4. Increase in subsidy increases service quality (6.3) 

5. Regional/local council policy on cost recovery determines the level of 

subsidy (6.3) 

6. Central government policy on passenger transport funding also determines 

the level of subsidy (6.3, 9.2A, 10.4.3) 

7. Increase in service quality increases public transport use (4.3.3) 
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Figure 12-10: Passenger Transport Use and Service Quality 

\ 

\ ! 
Positive feedback cycle: If public transport use is increasing, 

there is a positive feedback cycle which supports increasing service quality 

and increases in public transport use. However as indicated in section 4.3 

patronage has been on a steady decline and car use has been on a steady 

increase. Thus, due to decreasing public transport use, in this case the 

positive feedback loop reinforces a decreasing outcome in public transport 

use. 

Discussion points: 

• The key feedback mechanism is declining use, as fewer people chose 

public transport, service quality declines, which decreases use; 

III One possible means of balancing or arresting that decline is to increase the 

subsidy for services (in the New Zealand context subsidy comes from 

Regional Councilor Central Government); increases in subsidy would 

need to recognise the benefits that public transport provides (which are not 

currently adequately assessed) including such factors as congestion relief 

(savings in travel time for all road users), accident reductions, 

environmental quality improvements, and social amenity improvements 

(less traffic intrusion). 

Chapter 12 ~ Influence Diagrams: Planning Policy and Transport Energy Consumption 



302 

12.4.5 Slow Mode Safety 

System Description: Slower modes such as walking and cycling are generally more 

environmentally friendly and thus more sustainable modes. 

Pedestrian and cyclist safety is a significant factor in whether 

people chose to walk, cycle or use a car (particularly for the 

elderly or children). Traffic management and speed 

differentials between car speed and slower mode speeds affect 

slow mode safety. There are competing factors between 

improving time in transit for cars and providing adequate safety 

for slow modes. 

Model Purpose: To understand the effects of traffic management on slow mode 

use. 

Word Model (refer to Figure 12-11): 

1. Increasing car use increases traffic volumes (sections 6.1, 6.2, 10.4) 

2. Increasing traffic volumes decreases cyclist safety (6.4, 10.4, 10.5.3) 

3. Increasing traffic volumes decreases pedestrian safety (6.4, 10.4, 10.5.3) 

4. Traditional traffic management increases traffic speeds and traffic volumes 

(6.1,6.1.3,10.3.3) 

5. Increasing traffic volume increases pressure to improve traffic travel time 

(see also "funding" Figure 12-9) (6.1.3,6.2) 

6. Increasing pressure to improve traffic travel time increases traditional 

traffic management (6.1) 

Increases in traffic speed decreases cyclist safety (6.4, 10.3.3, 10.5.3) 

8. Increases in traffic speed decreases pedestrian safety (6.4, 10.3.3, 10.5.3) 

9. Increasing cyclist safety increases cycle use (6.4,4.3.3) 

10. Increasing pedestrian safety increases walking (6.4) 

11. Increasing cycle use decreases car use (9.2.3, 10.4.4) 
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Figure 12-11: Slow Mode Safety and Car Use 

/ 
=::> Positive Feedback Cycles: increasing car use increases use of 
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traditional traffic management (which attempts to increase traffic volumes 

and improve traffic speeds), which decreases slow mode safety and 

decreases use of slow modes, which increases car use. 

Discussion points: 

With respect to slow mode safety, there are two similar positive feedback cycles 

supporting increasing car use -

II as car use increases, traffic volumes increase and safety for both cyclists 

and pedestrians decreases, which creates more car use; 

• as "'.""":0"10 increase both pedestrian and cyclist safety decrease, 

decreasing use, and increasing car use. 

Chapter 12 - Influence Diagrams: Planning Policy and Transport Energy Consumption 



Lastly, as. represented, 

• as traffic volumes increase there is pressure to increase traffic 

management programmes to at least maintain traffic travel time and 

increase (or maintain) traffic volumes. 
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There are a number of transport planning functions involved in these influence 

diagrams mainly driven by traffic management (both with respect to traffic volumes 

and traffic speeds). Determining "desirable traffic speeds" is a transport planning 

function clearly in control of local authorities. There are obvious competing interests 

between "adequate" traffic speeds to ensure "road flow/network efficiency" and 

adequate safety for alternative modes. 

12.4.6 Traffic Demand Management - Providing a "Balance" 

System Description: There is a growing interest in transport planning to address 

increasing car use and related negative effects. Such methods 

include traffic calming, improving accessibility for all modes, 

introducing pricing signals which account for "externalities", 

etc. Many of these methods could be classified under an 

umbrella of "traffic demand management" (TDl\1), which 

directly challenges the traditional "transport supply provision" 

paradigm. 

Model Purpose: 

Word Model (refer to 

To understand the potential influences which traffic demand 

management techniques may have on car and alternative mode 

use. 

12-12): 

1. Increasing car use can increase the interest in traffic demand management 

programmes such as (6.8, 10.3.3, 10.5.1): 

\ 
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iii traffic calming 

traffic priority for alternatives 

iii improving accessibility for alternatives 

III pricing externalities (social and environmental) 

11/ use of parking policies to support alternatives 

integrated land use planning 

• limits to infrastructure enhancement (recognising "induced traffic") 
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2. Increasing use of traffic demand management techniques can increase use of 

alternative transport modes (walking, cycling, and public transport) (6.8) 

3. Increasing use of alternative modes can reduce car use (9.2.3, 10.4, 10.6) 

walking and 
and public 

use 

traffic calming 

traffic priority for 
alternatives 

improving 
accessibility 

for alternatives----

pricing 
externalities 

parking controls __ + __ 

integrated 
---- land use ---

infrastructure 
limits and induced 

traffic 

car use 
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Figure 12-12: Traffic Demand Management - Providing a "Balance" 

\ ~ \ 

=> \~~~Negative or balancing feedback cycle(s): increasing application 

of successf,ul traffic demand management techniques can increase use of 

alternative transport and decrease car use (although these measures are not 

yet fully accepted by transport planning professionals). Note: there is only 

one negative feedback shown although there are equivalent negative 

feedbacks for each of the TDM measures described. 
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12.4.7 Summary Points on Influences 

The complexity of transport planning influences on transport energy is visually 

captured in Figure 1 3, by integrating the previous separate influence diagrams. 
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Figure 1 13: Summary Transport Planning Influences on Transport Energy Use 
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There are a number of different and interwoven influences in transport planning, many 

of which directly or indirectly affect transport energy consumption. Use of a systems 

approach reveals the following positive feedback for increasing transport energy 

consumption: 

41 decreasing safety for slow modes and thus increasing use of cars; 

III transport project improvement criteria which increases car use; 

funding for transport roading projects which increases with increasing car 

use and associated petrol sales; 

• decreasing use of public transport with decreasing service quality which 

decreases patronage and increases car use. 

There are some negative or balancing feedback programmes gaining application: 

III increasing use of traffic demand management techniques to reduce car use 

and increase use of alternative modes including traffic calming, traffic 

priority for alternatives l pricing externalities, parking controls, integrated 

land use, and recognising induced traffic. 
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12.5 Summary of Systems 

Influence Diagrams 

Applications and 

12.5.1 of Systems 

qualitative systems modelling approach was utilised to integrate independent 

planning factors affecting transport energy use in to an holistic pattern of influence 

and interaction. The value of using a qualitative systems model approach included: 

iIilI An effective tool for linking independent influences; 

• A linking process which illuminates positive and negative feedback loops 

of interacting processes (via a process of assigning positive and negative 

influence for individual effects); 

iIilI An improved understanding of the feedback mechanisms in place (since 

complex systems are often difficult to understand "at a glance") and 

current planning processes are generally linear in nature; 

• A diagrammatic representation which provides a useful visual tool for 

gaining clarity of thought and for presentation purposes to decision-makers 

and members of the pUblic. 

12.5.2 Summary of Influence Diagrams 

Use of a systems model approach provides important insights into the interaction of 

factors affecting urban transport energy use. Positive and negative feedback were 

found for land use and transport planning influences on transport energy consumption 

(summaries were included in section 12.3.5 and 12.4.7). 

The composite result of these interactions suggests that well meaning independent and 

uncoordinated planning processes may be producing synergistic and unintended 

systemic outcomes. These include: 
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@ Increasing car use and associated transport energy consumption; 

• Increasing urban area and decreases in population density with 

people living further and further from their activities, almost pre

detennining auto dependence; 

• Decreasing cycling, walking and public transport use and viability; 

• Increasing car use and car traffic which produces increasing 

infrastructure demands and associated costs; 

• Increasing effects from vehicle traffic such as increasing pollution, 

noise, and less safe community streets; and 

• A society which expects to use cars (or in the words of Hilman 

(1996) developing almost an "insatiable appetite" for faster further 

travel). 

Now that some systems models have been developed which begin to describe a more 

holistic view of planning policy interactions and their effect on transport mode choice 

(and ultimately transport energy use), these models need to be tested. Regression 

analysis of the New Zealand city data set combined with the Global Cities Data is 

used in Chapter 13 to attempt to "test" the proposed influence diagrams, and 

ultimately the hypothesis of this research. 
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spa ing rrel 

This chapter utilises the New Zealand cities data combined with the Global Cities 

Data to test a number of the qualitative systems models developed in Chapter 12. 
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Specifically, correlation analysis is utilised on a number of key relationships to 

determine the validity of some of the influences proposed in Chapter 12 between 

planning policies and urban transport choices (including car use, public transport use, 

modal share and private transport energy use). 

In some of the figures presented below New Zealand cities are specifically indicated: 

A =: Auckland, C ::::: Christchurch, and W =: Wellington; other international cities are 

indicated by a more general country/area legend. 

In each section correlation analysis is conducted to test the proposed systems models 

and their individual influences or "word models", This approach should be 

considered a "1 51 cut" in determining the nature of interactions between variables; it is 

not intended to be definitive for use directly in quantitative modelling without further 

multi-variate regression analyses to test the strength of interactions. As is described in 

greater detail later in the chapter, there are some limits to the data set used as well as 

some limits to the method developed. However, it does appear to be a valid approach 

for testing the proposed influences from Chapter 12. 

Statistical Correlation Analysis 

Correlation analysis is conducted using a computer software package (SPSS182) to 

determine correlation of determination (r2 values) between dependent and independent 

]82 SPSS is a statistical software package for Windows; version 8.0 was used for this analysis. 
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variables, statistical significance (P values) and resulting correlation coeffiCients for 

detennining mathematical relationships between variables. 

Following statistical conventions, the coefficient of detennination (r2) describes the 

proportion of the variation in the dependent variable 'explained' by the variation in 

the independent variable (eg, see Eastman, 1984). Where for example, "an r2 of 0.879 

states that 87.9 per cent of the variation in the dependent variable is explained by the 

variation in the independent variable" (Eastman, 1984, p 60). 

It is important to understand that high correlation (and correlation of determination 

values r2) does not indicate direct causation; however, high correlation between sets of 

data does indicate that a strong relationship exists, thus providing a clearer picture of 

what factors are important to consider as possible causal links. In addition statistical 

significance (P) is utilised to identify if the relationship is in fact statistically valid. 183 

And finally, and most importantly for detennining positive and/or negative feedback, 

the nature of the mathematical relationship (positive or negative) between variables is 

used to confinn or deny the "polarity" of influence of the systems models, thus 

"testing" the hypothesis proposed in Chapter 1 and specifically each of the systems 

models developed in Chapter 1 

In general many of the relationships between variables in the cities data set show 

higher correlation with a mathematical power function than with either a linear, 

exponential or log function (see Laube, 1998). In some cases higher correlation is 

achieved between certain variables using the exponential, log or linear mathematical 

equations. However, the intention of using regression analysis in this chapter is not to 

detennine the absolute "best" mathematical relationship, but instead to confirm or 

deny influence between variables as proposed by the systems models developed in 

Chapter 12. 

Process 

183 Where a relationship is statistically significant ifP==<O.05 and highly significant at P=<O.005. 
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A brief description of the method developed for testing the influence between 

variables is provided below: 

I!!l Variables from each systems model were assigned indicators from the 

cities data set (e.g., "population density" := "people per urbanised 

hectare", etc.); 
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IIiO To simplify the testing process, the assumption was made that in general 

the relationships between variables show a power function 

relationship 184; 

Ell Because the SPSS software package used only determines correlation 

using a linear function analysis, variables were converted into their 

natural log (In) equivalents (to convert the assumed power functions to 

natural log linear relationships), then regressions were conducted between 

dependent and independent variables using the linear function in SPSS; 

'" All "raw" city data, natural log (In) equivalents, and SPSS correlation 

results used in this analysis are reported in Appendix C Global City and 

New Zealand City Data and Appendix D - Regression Analysis 

Results 185. , 

\I) Summary statistical results for r2 values, P values and mathematical 

relationships (from SPSS outputs) are presented in table form for each 

tested systems model in this chapter. An example outline is presented 

below. 

184 Note in general many ofthe mathematical relationships show some sort of decay function. For ease of 
presentation purposes a "power" function was utilised taking the form: y=cXb

, where X is the 
independent variable, Y is the dependent variable and band c are constants In some cases higher 
statistical correlation of determination ~ values are achieved using "log" or "exponential" decay 
functions however the intention of analysing these relationships was not to identify the highest ~ value 
but in general to identify when the ~ was high (not necessarily highest) and to identify if there was a 
strong statistically significant relationship (with low P values). 

1&5 Additional SPSS results not directly reported in the thesis but included in the appendix include values 
for "adjusted R Square", "Std. Error of the Estimate", "Unstandardized Coefficients", "t" values, etc. 
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Example Correlation Results Table - The correlation analysis used in testing the 

systems models utilises the following example outline (where detailed tables for each 

tested systems model are presented in each section of this chapter): 

COrret8Uon of 
Il<!termlnatlon r 

SyS10ms Intemal10nal oata Set (or%change In Y StatlS1lcal 1.1_, Vanable X· InternaUonal Data Set Variable oxplalned by Significance (P Mathematical 
Equallon# Systems Modal Oescrlpllons (and "voo'_'1 Independent variabl. V • dependent varlabl. change In X) Value) Re'atlOOShlp 

negative 
1a Increasing population density decreases travel population density car vktlcapita 0,816 0.000 power 

The tables present the following data: 

ill the assigned equation number to correspond with the "influence" word model (i.e., 

#la in the example table); 

• the system word model descriptions (e.g., increasing population density decreases 

travel); 

It the corresponding independent variable (X) and dependent variable (Y) assigned 

from the cities data set as numeric indicators (e.g., population density and travel 

per capita); 

III the value of correlation of determination (r2) between the independent and 

dependent variables (e.g., r2= 0.816); 

.. the statistical significance or P value (e.g., P=O.OOO or highly significant); and 

ill the type of mathematical equation/relationship, that is a "positive" or "negative" 

linear or power function relationship - to identify the sign of effect which is used 

to confirm or deny the influence diagram "polarity" ("positive" or "negative" 

influence) (in the example the 'negative power' equates with a negative power 

decay function between the variables Y and X and thus a "polarity" of negative 

influence ). 

In addition, to better follow the equation numbers and their relative influence, a 

diagram is presented for each correlation analysis result which shows the systems 

model, the individual numbered equations and their relative r2 values (depicted by line 

weightings in the influence diagrams). 
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Spurious Correlation 

There has been some debate on the correlation relationships which Newman and 

Kenworthy (1988a; 1989) found between urban density and fuel use amongst some 

academics (see Brindle, 1994; Evill, 1995; Flood, 1997). Essentially, the original 

Newman and Kenworthy (1989) relationships were challenged by Brindle (1994) as 

being potentially "spurious" correlation. However further analysis by Evill (1995) and 

Flood (1997) have effectively vindicated the original Newman and Kenworthy (1989) 

work. 

Brindle (1994) identified that in correlation analysis the dependent variable must not 

be related to the independent variable or one may get "spurious correlation", that is, 

where variables are derived from the same primary data source. In this case Brindle 

suggested that Newman and Kenworthy's data were linked by "capita", i.e., fuel use 

per capita and capita per hectare both rely upon the primary data of population (per 

capita). However, Evill (1995) clarifies that in fact the approach used by Newman 

and Kenworthy (1989) actually reduces spurious correlation and that spurious 

correlation as claimed by Brindle does not exist. Evill concludes that "Newman and 

Kenworthy's theory that an inverse exponential relationship between population 

density and per-capita fuel consumption is remarkably plausible." (p 36) 

In addition, although not addressed in this chapter, there have been debates regarding 

the policy recommendations put forth by Newman and Kenworthy (1988a, 1989) (see 

Gomez-Ibanez, 1991; Gordon and Richardson, 1989; Kirwan, 1992).186 Undoubtedly, 

186 Gomez-Ibanez (1991) suggests that Newman and Kenworthy's (1 988a) work provides an invaluable 
contribution of data, but suggests that a multivariate correlation analysis would reveal more about what 
contributes to auto-dependence. Gomez-Ibanez (1991) suggest that multivariate analysis of the data 
presented by Newman and Kenworthy (1989) would reveal more about the causes of auto-dependence; 
Gomez-Ibanez suggests that due to the lack of statistical analysis, Newman and Kenworthy's "policy 
prescriptions" need to be taken with caution. He also suggests that some of the "costs" (social, 
economic, etc.) of increasing density are not accurately reflected in Newman and Kenworthy's (I 989) 
work. Gordon and Richardson (1989) are quite critical of Newman and Kenworthy's (1988a) work 
suggesting that fuel taxes would be a far better means of reduc ing transport energy consumption. 
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multivariate regression analysis could improve the understanding of appropriate policy 

responses. 

Qualitative versus Quantitative Modelling 

This research and particularly Chapters 12 and 13 do not attempt to develop 

quantitative modelling, but instead attempt to identify qualitative feedback 

mechanisms between planning policies and transport choices. Regression analysis is 

used below to test some of the relationships proposed by the influence diagrams from 

Chapter 12. However, to take the next step of developing quantitative models would 

require far more data and extensive multivariate regression analysis which goes 

beyond the scope of this thesis. Overall, regression analysis is used to test the validity 

of the proposed relationships. To adequately test the strength of the relationships, 

particularly for making any policy prescriptions, a more elaborate statistical approach 

using multivariate regression would be required (and additional data would be 

needed). 

Testing the Systems Model Influence Diagrams 

Importantly, not all of the influence diagrams developed in Chapter 12 could be 

"tested" with the New Zealand city and Global Cities Data sets. A number of the 

influence diagrams are tested where New Zealand city and global city data on urban 

parameters could be reasonably used as a "surrogate" for a planning policy (e.g., the 

provision of infrastructure for cars is tested using the parameter of "road length per 

capita", or the urban area and urban density can both be tested against trip length, 

etc.). Some of the proposed system influence diagrams are more difficult to "test", 

such as accessibility or safety for slower modes, since the global city data includes 

generally city-wide transport system parameters. And finally some of the influence 

diagrams are not feasible to test using the global city data, since data is not readily 

available (such as the Christchurch City Plan or Petrol Tax and government policy). 

It should also be noted that the Newman and Kenworthy (1989, 1998) urban transport 

indicator approach used in developing both the global cities and the New Zealand city 

data sets provides excellent coverage of private vehicle and public transport system 
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issues but provides much less data (and rigour) on walking and cycling parameters. In 

fact the only data collected on walking and/or cycling is the mode split data and even 

that is combined into one variable. This is unfortunate since some of the systems 

models review planning policy effects on cycling and walking (partially as a function 

of the relative importance of cycling in the case study of Christchurch). 

Tested? 

A number of the systems model influence diagrams are tested for their validity using 

the New Zealand and Global Cities Data set. There are however a few of the 

proposed systems models which cannot be tested. These are identified below. 

System model influence diagrams which are tested include: 

" Figure 1 Urban Form, Travel, Trip Length and Mode Choice 

\I) Figure 12~8: Road Building, Traffic Speed, Travel Distance and Urban Form 

\I) Figure 1 10: Passenger Transport Use and Service Quality 

\I) Figure 12~ 11: Slow Mode Safety and Car Use 

• Figure 12~4: Accessibility and Mode Choice 

III Figure 12-1 Traffic Demand Management - Providing a "Balance" 

System model influence diagrams which are not tested include: 187 

411 Figure 12-5: Christchurch Proposed City Plan - Erosion of Urban Consolidation 

Goals 

411 Figure 12-7: Transport Improvements and Project Evaluation 

• Figure 12-9: Transport Funding, Petrol Taxes and Car Use 

It was not possible to test the systems model influence diagrams for Figure 12-5, 

Figure 12-7, and Figure 12-9 because of a lack of data; unfortunately, the data 

required to test these influence diagrams would require extensive analysis of both 

social and transport project specific work 

187 Note Figure 12-3: Population, Housing Demand and Urban Form is not tested as it is not a systems 
model influence diagram, but is more an input into the development of urban area and urban density. 
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It is believed that the critique or testing of the six systems models identified should 

suffice to support or deny the hypothesis of the thesis. At the very least testing of the 

proposed system model influence diagrams should lend insight into policy 

development as well as the approaches taken in this thesis. 

The following sections utilise the "testing" approach described above for each of the 

identified systems models for their validity in tenns of positive feedback mechanisms 

and to a lesser degree in tenns of the strength of the individual variable relationships. 

Urban Form: Urban Density and Urban Area 

Relationships 

This section covers a number of relationships relating urban density188 and urban area 

to transport energy use (and associated CO2 emissions), car use, public transport use, 

and car ownership. As is shown below, both urban density and urban area have very 

strong statistical relationships to private transport energy use. 

First some general correlation analyses are developed between urban fonn and 

transport energy use, in order to confinn that urban density and urban area matter with 

respect to transport energy use. Then specific correlation analysis is conducted to test 

the correlation of relationship variables of the influence diagram for urban fonn -

Figure 12-2: Urban Fonn, Travel, Trip Length and Mode Choice. 

13.1.1 Urban Density and Transport Use 

As shown in Figure 13-1 New Zealand cities "fit" nicely into the transport and land 

use energy relationship first identified by Newman and Kenworthy (1989). In general, 

in tenns of private passenger transport energy usage, New Zealand cities are less 

transport energy demanding per capita than cities in the United States, Australia or 

188 Urban density refers to urban popUlation density (persons/ha). 
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Canada; however, they use more transport energy than cities studied in Europe or 

Asia. The correlation between private passenger transport energy use and urban 

density is very strong, with an r2 or variance component of 0.8485 (an r value or 

correlation of 0.92), signifying that 85% of urban private passenger transport energy 

use is "explainable" or related to the population density of the city. 
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Figure 13-1: Private Passenger Transport Energy Use and Urban Density (1991 ) 

It is also important to note that this correlation between transport energy use and urban 

density has increased (got stronger) as more cities have been added to this 

international city comparison (for the "32" city analysis made on fuel use (Newman 

and Kenworthy, 1989), the r2 value was 0.737 whereas it is 0.849 for the 49 cities in 

this sample) . 

. 2 Urban and Transport Energy 

The critique by Brindle (1994) of Newman and Kenworthy's (1989) analysis 

identified the importance of urban area (and not just urban density) as another key 

determinant in vehicle use and transport energy consumption. The debate illuminated 
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relationship to vehicle use and specifically transport energy use. 
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Figure 1 identifies the relationship between urbanised area and private transport 

energy use, which shows an exceptionally high correlation (r2=0.9169) where 92% of 

changes in private transport fuel use are related to changes in the size of the urbanised 

area of a city. These results suggest that within a certain urban area a specific amount 

of transport energy will be consumed regardless of how the land use is distributed 

within it. The key to this relationship, and these results, is that the area is in fact the 

urbanised or built-up area of the city (not just a city's urban boundary or territorial 

authority).189 

189 The relationship between urban area and car use (as well as private transport fuel use) suggest that 
pursuing a containment strategy or "growth management" strategy is indeed a reasonable approach if a 
city is concerned about addressing car dependence and reducing associated environmental effects. 
Apart from the policy implication of restraining city area if a city were seriously contemplating how to 
restrain transport energy use, there is another possible tool that arises out of this relationship between 
fuel use and urban area. It may be possible to predict the energy and also the transport emissions (as 
they are so linked) by simply knowing the urban area. 
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Figure 13-2: Private Transport Fuel Use and Urban Area (1991) 

Form (Area and Density) Systems Model 

Essentially what the above figures indicate is that urban density and urban area both 

have a very strong statistical correlation with transport energy use. This section will 

utilise the New Zealand and Global Cities Data to review the system model proposed 

in Figure 12-2: Urban Form, Travel, Trip Length and Mode Choice, which suggested 

there are a number of interacting planning policies affecting transport mode choice 

(and ultimately transport energy use), For comparative convenience a smaller version 

of Figure 12-2 is recreated below. 

Chapter 13 Testing ,\lC!tornC! Models Key Factors in Transport Patterns Using Correlation 

Analysis 



urban fonn and 
city planning ~ 

(

proximity 10 
attractions 

~poPulation 
urban area ,+ density ~ 

( 
~ '+ + travel and 

. ~it"·, 
ability to travel further L \ 
~ 

~walkingandcycling 
car use - and public 

transport use 

322 

To test Figure 12-2 a number of correlation analyses were conducted. Individual 

influence lines were assigned an equation number as described above (generally la, 

lb, 2a, 2b, etc.) depending upon their independent variable and its effect on a 

dependent variable, including an identified correlation of determination (r2) and its 

statistical significance. 

A surrogate for modal share uses the variable "JTW" (journey-to-work) and is used 

for % of cycling, walking and public transport as well as the journey-to-work (JTW) 

average trip length. All these values and their tested relationships are shown in Table 

13_1. 190 

190 Note that the variable "travel and trip length" included in the proposed influence diagram Figure 12-2 
has been separated into separate variables for "annual kms of travel" and "trip length". 
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Table 13-1: Testing Urban Form Systems Model - Correlation Analysis Results 

Correlation of ! 

Delermlnallon r" 
Systems International Data Sel (or % change In Statistical 

Medel Variable X· Inte-matiooa' Data Set VariabJe Y •• plalned by Signilic-ance (P Malhematical I 
Equation # Systems Model Descriptions (and "variables") '_""ndent vartable V ~ dependent variable change In X) Value) Relationship 

negative 
1a Increasing population density decreases travel population density car vktJcapita 0.816 0.000 power i 

ncreasing population density decreases top negative 
1b length population density ngth 0.477 0.000 power 

tncreasing population density increases pUblic 
IJTW%byPT 

positive 
1c transport/cycle and walking use population density 0,572 0.000 power 

Increasing population density Increases public positive . 
1c transport/cycle and walking use population de nsity JTW % by CyclelWalk 0.548 0.000 power 

Increasing population density increases public J I W % by PT/Cycle and positive 
I lc transport/cycle and walking use population density Walk 0,644 0,000 power 

ncreaslng population density Increases public public transport use positive 
1d transport/cycle and walking use population density (trips/capita) 0,636 0.000 power 

positive I 2a Increasing trip length increases car use JTW trip length JTW%bycar 0,165 0,015 power 
ncreasing trip length decreases t'l , walK and neg alive 

2b cycle use JTW trip length JTW %for PT 0.277 0.001 power 
Increasing trop length decreases PI, walk ana negatIVe 

2b cycle Use JTW trip length ~/O by CyclelWalk 0.41S 0.000 power 
tncreaslOg trip length decreases PT, walk and % for Pt ICycle and negative 

2b cycle use JTW lrip length 0.376 0,000 power 
positive 

• 3a Increasing travel increases car use car vktJcapill3 JTW%bycar 0,674 0,000 power 
JTW % lor PTI"ycle ano negative 

3b Increasing lravel decreases other mode use car vktlcapita Walk 0.551 0.000 power 
IncreaSing I" I ,cycle and walk decreases car %Jlw negative 

4 use PTICyclelWalk JTW%bycar 0,696 0.000 power 
positive 

5 Increasing car use increases urban area JTW%bycar urban area 0.221 0,003 power 

6a 
ncreaslng urban area increases overall travel 

Itotal car kms travelled positive lineari kms urban area 0.912 0.000 

IJTW trip length 
positIVe 

6b Increasing urban area increases trip lengths urban area 0.437 0.000 power 

~~,o;,"g 'mM'~ "',"~, 00,"''"'" negative 
density urban area population density 0,226 0,001 power 
City Planning - Note no polarity POLICY 
City Planning' Note no polarity POLICY 

Figure 13-3 shows the resulting influence diagram for the urban form systems model, 

including the relative "weighting" of influence as a result of the correlation analysis 

(where a heavier line indicates a higher r2 value - e.g., the influence (r2) of density and 

urban area on travel km per capita (equations la and 6a) both had reasonably high r2 

values and thus receive heavy lines, whereas the relationship between trip length and 

car use (equation 2a) showed a statistically significant but much lower r2 value and is 

indicated by a dotted line). 
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Figure 13-3: Testing Urban Form Model Diagrammatic Representation of Correlation 

Results 

The results of the "test" suggest that there is in fact a very definite positive and 

unchecked feedback between urban form (urban area and urban density) and 

increasing car use using the New Zealand and Global Cities Data set. Importantly the 

sign of each of the mathematical equations (positive/negative) match the systems 

models "polarity" of influence proposed in Figure 12-2. In this case the proposed 

positive feedback mechanism for increasing car use is confirmed. 

Based on statistical data analysis for 49 cities, what these results indicate is that 

independent planning processes affecting urban area and urban density are leading to 

increasing travel distances and trip lengths, decreasing use of public transport, cycling 

and walking, and overall unintended increases in car use. There would in fact appear 

to be two factors increasing car use increasing travel and trip lengths, and the 

synergy of relative declines in alternative transport modes. 

Chapter 13 - Testing Systems Models - Key Factors in Transport Patterns Using Correlation 

Analysis 



325 

In addition, the "influence" factors appear to vary as "depicted" by the line weights in 

Figure 13-3 (where urban area and population density have far higher r2 values - thus 

line weights are far higher than for the effect of trip length on car use). 

There are some limits to the data and analysis used in testing this "urban form" 

systems modeL The trip length data is limited to journey-to-work data (thus other 

trips are not accounted for). It is not clear if use of the journey-to-work trip data is 

representative of all trip lengths (and journey-to-work trips are declining as a percent 

of all trips made). In addition, journey-to-work (JTW) mode split data is used as a 

surrogate since all trip mode split data are not available in the data set. 

However, even with these limits to the data, the correlation analysis conducted to test 

the urban form systems model clearly indicates that positive and unintended increases 

in private car use (and subsequent transport energy use) are occurring. 

Road Building Car 

Before the "road building" systems model described in Figure 12-8 is tested, it is 

important to present the general relationship found between road length and transport 

energy use. 

Figure 13-4 shows the general relationship between the provision of roads (road 

length per person) and private transport energy use from the New Zealand and Global 

Cities Data, with a reasonably hi'gh positive correlation (r2=0.7863) or 79% of the 

changes in private transport energy use are related to changes in the provision of road 

length per person. This suggests there is a direct relationship between providing more 

roads and increasing private transport energy use. 
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This relationship, and the subsequent correlation analysis conducted below on the 

proposed "road building" systems model suggests there is a clear need to understand 

these interactions and specifically the policy decisions which determine road capacity 

enhancements. 191 

"Road Building" Systems Model Test 

The next systems model tested is "Figure 12-8: Road Building, Traffic Speed, Travel 

Distance and Urban Form" which for convenience is replicated below. As shown in 

Figure 12-8, one significant policy instrument is depicted - the "benefit-cost 

evaluation criteria", which has a direct effect on decisions to increase road capacity. 

191 A long argued point regarding road capacity and the generation of traffic has received recent attention in 
the UK. Research by the UK government in 1994 suggested that building additional road capacity 
actually induces or generates additional traffic numbers (SACTRA, 1994). The reverse appears to also 
be true as a recent UK study suggests: that closing roads or reducing road capacity may actually 
decrease the number of trips made not simply push traffic to other areas. This recent UK study of over 
60 road closures around the world indicates that reducing capacity can actually result in the 
disappearance of traffic, depending upon the alternatives available (between 16-25% of traffic actually 
"vanished", with some city areas showing as high as 60% reduction in traffic, see Cairns, Hass-Klau 
and Goodwin, 1998). 
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Applying the same "testing" methodology the following results of correlation analysis 

on each influence factor of the systems model are found in Table 1 

diagrammatic representation shown in Figure 13-5. 

with 

Table 13-2: Testing Road Building Systems Model- Correlation Analysis Results 

COm!lation of 
Determlnallon r 

Systems International Data Set International Data Set (or % change In Stallstlcal 
Model Variable )( - independent Valiable Y • dependent Y explained by SignlH.a."" Matll9l1lallcal 

Equation # Systems Model Descriptions (and "variables") variable variable change In Xl (P Value) Relationship 
ncreaslng population aenslty aecreases car negative 

1 use popu latian density car vkVcapita 0.816 0.000 power 
positive 

2 Increasing urban area increases car use urban area car vkVcapita 0.177 0.003 power 
poSitive 

3 Increasing car use increases road length car vkVcapita road length/capita 0.751 

~~ Increasing rcadlng improvements increases 
4 traffic speed road length/capita traffic speed 0.671 O. 

positive 
5 Increasing traffic speed increases trip length traffic speed JTW trip length 0.431 0.000 power 

positive 
6 Increasing trip length Increases urban area JTW trip length urban area 0.437 0.000 power 

Increasing trip length decreases population negative 
7 density JTW trip length population density 0.477 0.000 power 

Chapter 13 ~ Testing Systems Models Key Factors in Transport Patterns Using Correlation 

Analysis 



car use 

population 
density 

trip len~gth + 1.
5
-'\ 

\J 

traffic speed 

roading and 
traffic 

improvements 

328 

benefit cost 
evaluation 

criteria 

;/ 

Figure 1 Testing the Road Building Systems Model- Diagrammatic Representation 

of Correlation Results 

The results indicate a strong mechanism for positive unchecked feedback increasing 

car use from independent planning policies - where increasing roading provision 

increases travel speed and trip length, increasing the urban area and decreasing 

population density which both lead to increasing car use, which again leads to a need 

to build more road capacity. Importantly, all of the polarity signs of influence of the 

systems model are supported by the mathematical functional relationships 

(negative/positive power functions), supporting the premise of unchecked positive 

system feedback of the "road building" model. 

Highlights and problems encountered in using the Global Cities Data set include: 

• Strong correlation was found between increasing population density and 

decreasing car travel (r2 :::: 0.82), increasing road length per capita and increasing 

car traffic speeds (r2=0.67), and reasonably strong correlation between increasing 

trip length and increases in urban area and decreases in popUlation density, as well 

as traffic speed and trip length (r2 greater about 0.40) - where all of these results 
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were highly statistically significant P<0.005. These results are indicated by 

heavier black arrows in Figure 13-5. 
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III Lower correlation was found between increases in urban area and increases in 

travel (car vkt/capita) (r2 of 0.18) and is depicted by a dotted line (equation 2). J 92 

These results are also highly statistically significant; 

Ell There were some limits to the Global Cities Data set, particularly with attempting 

to define an indicator for the application of the benefit-cost (B/C) evaluation 

criteria. The policy and application of the B/C ratio inherent in the "road 

building" systems model relies upon a component of time scale - that is, when 

congestion occurs it assumes the traditional B/C ratio analysis is utilised and 

additional road capacity is built. Thus an appropriate indicator of this process 

would account for the decision-making time sequence of congestion, the 

application of the policy of B/C analysis and building additional road capacity. 

Unfortunately, the Global Cities Data set takes a "snap shot" of a city's transport 

system efficiency - the data are not project-specific time-series based and thus 

showing relative traffic volumes or congestion at pre-construction and post

construction changes in road capacity was not possible. 193 

13.3 Public Transport - Service Provisions and Use 

This section will test the systems model developed for public transport, specifically 

outlined in "Figure 12-10: Passenger Transport Use and Service Quality" and 

recreated below for convenience. Figure 12-10 also shows the policy instrument 

parameter of "subsidy" or funding public transport from central and local 

government. 194 

192 However, very strong correlation was found between urban area and total travel as depicted in Table 
13-1. 

193 As discussed in Chapter 6, the practice of addressing congestion through increasing road capacity in 
most cities is supported by the literature reviewed (see Goodwin, 1997; Litman, 1998a; Brennand, 
1997; SACTRA, 1994). 

194 Where a policy on "cost recovery" (which is equal to fare revenue divided by subsidy plus fares) 
requirements for contracts is particularly relevant from a New Zealand regional council perspective, 
where cost recovery targets are often set in each relevant regional council Passenger Transport Plan 
(e.g., CRC, 1994). 
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The correlation analysis for each influence is shown in Table 13-3, and the resulting 

strength of influences are represented in Figure 13-6. 

Table 13-3: Testing Public Transport Systems Model- Correlation Analysis Results 

Systems International Data Set International Data Set 
Model Variable X ¥ independent Variable Y • dependent 

Equation # Systems Model Descriptions (and .. variabl .... ) variable variable 

Increasing public transport service provision public transport service public transport trips 
1 increases public transport use vehicle kms per capita per capita 

Increasing public transport use increases fares public transport trips public transport cost 
2 revenue per capita recovery 

public transport 
Increasing fares revenue increases service public transport cost S8 

3 quality recovery per capita 
Increasing car use decreases public transport 

4 use JTW%bycar per capita 
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explal_by Signillcance Mathematical 
.nangeln X) (P Value) Relationship 

positive 
0,825 0,000 power 

positive 
0.450 0,000 power 

positive 
0.423 0,000 power 

negative 
0,635 0,000 power 
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Figure 13-6: Testing Public Transport Systems Model- Diagrammatic Representation 

of Correlation Results 

Overall, the correlation analyses ofthe Global Cities Data confinn the public transport 

systems model developed in Figure 1 10, where increasing service delivery yields 

both increasing public transport use (trips per capita) and increasing fare revenue 

(where cost recovery was used as a proxy for fares revenue), with highly significant 

statistical correlations for all relationships modelled. 

Specifically the results show: 

.. A very strong correlation between public transport vehicle kilometres and use 

(with r2=0.825 or suggesting that 83% of changes in public transport use are 

related to changes in vehicle service km per person). 195 

.. A reasonably strong relationship between public transport use and cost recovery (a 

surrogate for fares revenue) and a reasonably strong relationship between cost 

recovery and service provision (both with ~ results greater than 0.4). 

Undoubtedly both of the correlation results are highly affected by the cost 

recovery policies of local and central governments. 

195 It is interesting to note the proximity of this correlation value with public transport service frequency 
elasticity factors which for New Zealand often range from 0.6-0.7 (Symonds Travers Morgan, 1996). 
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In public transport terms this influence diagram could be referred to as a "virtuous" or 

"vicious" cycle, where increasing use leads to increasing service provision, or where 

decreasing use yields decreasing service provision leading to less use, and the cycle 

continues. 196 

Importantly, the results of the correlation analysis strongly support a positive feedback 

mechanism for public transport, which when affected by increasing car use, quickly 

tums to a vicious cycle of reducing public transport use.197 

Slow Mode Safety 

The next systems model "test" is a correlation analysis of Figure 12-11: Slow Mode 

Safety and Car Use. Again, Figure 12-11 is replicated below for convenience. The 

"slow mode safety" systems model proposed that increasing car traffic speeds and 

volumes were deterring cyclist and pedestrian activities. 

(
W'Thing~ reYdeUS: 

car,,-,e ) 

) (+~ 
pedestrian --------safety + 
~ _ cydist safety 

~~traffiCVOI~~ 

~: ~ :±! 
traditional traffic . pressure to 

-"'.~~ 
traffic spc<-d 

Testing the Slow Mode Safety and Car Use systems model utilised a number of 

indicators from the Global Cities Data set including: popUlation per traffic deaths as a 

196 This vicious cycle is more realistica11y the case for public transport over the past decade or more in 
many cities with both relative decreases in public transport use and service provision compared to 
significant increases in car use (see Newman and Kenworthy, 1989 and 1998). 

197 Where as shown in Table 13-3 increasing car use (JTW% by car) relates to decreasing public transport 
use per capita with an 1'2 value of 0.635 and a negative decay function. 
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surrogate for safety on the road l98 (unfortunately there is not adequate separate global 

city data on actual cyclist or pedestrian safety); cycling and walking was represented 

by the combined indicator variable "journey-to-work % cycling/walking" OTW% by 

cycle/walk); traffic volumes utilised car kilometres travelled per capita; traffic speed 

is represented by traffic speed collected in the Global Cities Data which is a 24-hour, 

7-day average network speed. Note there were no data analysed to represent the 

transport policy variables for "traffic management" or the "pressure to improve traffic 

travel time." 

The results of the correlation analysis are shown in Table 13-4 and the results are 

diagrammatically depicted in Figure 1 

Table 13-4: Testing Safety Systems Model - Correlation Analysis Results 

Correlation of 
Del.rmlnatlon r' 

Systems Internallona' Data Set fnternaUonal Data Set (or % change In StallsUcal 
Model Variable X ... independent Variable V • dependenl V explained by Significance Mathema'leal 

I Equation # Systems Model Descriptions (and "variables") variable varUibSe change In X) (P Value) Relationship 

positive 
1 Increasing pedestrian safety increases walking capitaitraffic deaths JTW % cyclelwalk 0.244 0.001 power 

negative 
2 Increasing walking use decreases car use JTW % cycielwalk JTW % by car 0.532 0.000 power 

positIVe 
3 Increasing car use increases traHic volumes JTW %bycar car vktlcapita 0.674 0.000 power 

ncreasmg Irallle volumes aecreases pedestrian negative 
4 safety car vktJcapita capitaitraHic deaths 0.146 0.016 power 

Increasing tramc volumes aecreases CYClist negative 
5 safety car vktlcapita capitaitraffic deaths 0.146 0.016 power 

6 Increasing cyclist safety increases cycle use capitaJtraHic deaths JTW % cyclelwalk 0.244 0.001 

7 Increasing cycle use decreases car use JTW % cyclelwalk JTW %bycar 0.532 0.000 power 
Increasing tramc volumes Increases pressure to -vr 

8 improve traffic travel time Y 
Increasing pressure to improve traffic travel 
time increases use of traditional traffic TRANSPORT 

9 management tech niques POLICY 

10 
ranic managemen t II II 

increases traffic volumes POLICY 
ncreasing treditional traffic management 

11 Increases traffic speed Travel Time Budget 
Increasing trallie volumes increases traffic positive 

12 speed car vktlcapita car traffic speed 0.586 0.000 power 

I 

I 

13 Increasing traffic speed decreases cyclist safety car traffic speed trallic deaths/capita 0.158 0.018 
positive I 

~. IncreaSing traffic speed decreases pedestrian 
I 14 safety car traffic speed traffic deaths/capite 0.158 0.018 power 

negatIVe 
15 Increasing traffic speed decreases walking car traffic speed JTW % cyclelwalk 0.334 power 

negative 
16 Increasing traffic speed decreases cycle use car traffic speed JTW % cyclelwalk 0.334 0.000 power 

198 Note the traffic deaths per capita would indicate the inverse of safety (or higher traffic deaths suggests 
less safe conditions), thus the inverse of popUlation per traffic death was utilised to account for safety. 

Chapter 13 Testing Systems Models - Key Factors in Transport Patterns Using Correlation 

Analysis 



pedestrian 
safety 

" 
-'" I '+\ I , ! 

\ / 
~~" 

cycle lise 

~ '+\ \ ) 

car lise 
~ 1+' \ I 

traffic volumes 

+ ~ - '-'\ 

@/ \ 
/ 

traditional 
traffic 

management 

/ "; 
I 
\ 

~\ 
+~l; 

-'--- ~ 

®t 
pressure to 

improve traffic 
travel time 
/ 

---

_____ traffic speed - -

----~ 

-
r;~' 
~/' 

I 

Figure 13-7: Testing Safety Systems Mode1- Diagrammatic Representation of 

Correlation Results 
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The results generally confirm that positive feedback is exhibited where increasing 

traffic decreases safety for slower modes which decreases their use. And importantly 

all of the polarities of influence tested were confirmed, supporting the positive 

feedback suggested by the "slow mode safety" systems model. 

However, although the overall results appear to reasonably support the concept of 

"slow mode safety" being eroded with increasing car use, there were some limits to 

assessing this influence diagram using the Global Cities Data. These are discussed 

below along with the correlation analysis results: 

It As indicated, traffic deaths was used as a surrogate for safety - which showed an 

excellent statistical relationship (P<0.005) and reasonable though not high 

correlation of determination with cycling and walking to work (r2 about 0.24) 

Chapter 13 - Testing Systems Models Key Factors in Transport Patterns Using Correlation 

Analysis 



335 

(where high traffic deaths implied low safety). The low r2 value may be due to 

the fact that the indicator includes all traffic fatalities not just those for cycling 

and/or walking (thus it may be too general for indicating cyclist/pedestrian 

safety); 

The correlation between increasing cycling and walking and decreasing car use 

was reasonably strong (r2 of about 0.53, again with P<0.000).199 

@! Traffic speed had a reasonably low correlation with the indicator used for traffic 

safety (people per traffic death) with an r2 of about 0.16 (P<0.016). This may 

partially be a reflection of the average system indicators use for speed200 and for 

traffic deaths201 , 202. 

III Unfortunately, an adequate indicator for traffic volumes could not be developed 

using the Global Cities Data (note the proxy used is car travel per capita). The 

use of car kilometres travelled per road length provided in each city was initially 

attempted to represent traffic volumes. Utilising this indicator and correlating it 

with the variables for the journey-to-work mode split in cars (JTW % by car) or 

slow mode safety (capita per traffic deaths) produced very low statistical 

significance (P>O.I) and was therefore rejected.203 As a second best proxy, car 

travel per capita was utilised to represent traffic volumes. Using this indicator 

statistically significant results were achieved although reasonably low correlation 

of determination values were produced in relation to the variable for traffic safety 

(~=0.146). 

• In an attempt to improve the understanding of the relationship between car travel 

(and traffic volumes) and traffic speed an additional influence arrow was added to 

Figure 13-7 (equation 12) which shows that increasing car travel per capita has a 

199 Unfortunately, because the Global Cities Data for cycling and walking modal share to work is 
combined, no separation could be made between cycling and walking so the same indicator and 
correlation value was used. 

200 The traffic speed data is a 24-hour, 7-day average traffic speed, not a peak time traffic speed. 

20] Traffic death data are based on all transport modes, not just cyclist or pedestrian related fatalities. 

202 The available Global Cities Data does not indicate amounts of segregated cycle way per city which 
could have been used to adjust the cyclist exposure to high speed traffic. 

203 Note the use of car travel per length of road as an indicator for traffic volumes probably shows low 
statistical significance because the road length data are not road lane capacity data, and thus not an 
adequate indicator of the volume of vehicles passing along the road space. 
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reasonably strong relationship with increasing car speed (r2 of 0.586 and 

P<O.OOO). These results suggest current traffic management policies support the 

relationship of increasing travel and associated traffic volumes and increasing car 

traffic speeds. 

@) Car traffic speeds showed a reasonably weak correlation of determination (r2 of 

0.158 and P<0.018) with cyclist/pedestrian safety. To further understand the link 

between traffic speeds and use of cycling and walking, an additional influence 

arrow was developed (equations 15 and 16) which showed that increasing traffic 

speeds have a reasonable relationship to decreasing use of cycling and walking (r2 

of 0.334 and P<0.000)?04 These results across 49 cities suggest that higher traffic 

speeds relate to less use of slow modes (supporting the contention that higher 

traffic speeds deter slower mode use). 

Overall, there were some limits found in utilising the Global Cities Data for testing 

the slow mode safety influence diagram. Generally, the Global Cities Data does not 

capture time-sensitive indicators like traffic volume or congestion; data on cycling and 

walking are rather limited (only a combined indicator for the journey-to-work is 

available); and traffic safety data are also somewhat limited (where traffic fatality data 

are for the total transport system not a specific mode). The analysis appears to support 

the proposed positive feedback mechanisms occurring between car use and slow mode 

safety; however, the "test" and results could undoubtedly be improved with a more 

robust set of indicators more specifically appropriate to cycling and walking. 

13.5 Accessibility and Mode Choice 

The systems model developed in Figure 12-4: Accessibility and Mode Choice, is 

replicated below. This systems model suggests that traditional and current transport 

planning guidelines provide increasing access for cars to the disadvantage of public 

transport, cycling and walking. 

204 Note there are some limits to the applicability of the average network traffic speed to the journey-to
work data for cycling and walking. The average network speed is a 24-hour network speed whereas the 
joumey-to-work data would largely be associated with peak traffic. 
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There is no absolute definition of accessibility. Indicators for accessibility vary and 

often rely upon ease of access to activities using such measures as travel-distance and 

travel-time decisions, financial affordability, and even the design access of the streets 

and public transport network (e.g., see Banister, 1995; Dijst and Vidakovic, 1997; 

Hass-Klau, 1990; Kissling, 1971). Usually accessibility is used for defining location 

specific access; unfortunately the Global Cities Data does not include such sub

regional travel characteristics, and instead provides city-wide parameters. As a proxy 

for accessibility the travel km per capita by each mode is utilised to test the proposed 

system model influence diagram Figure 12-4 (where car accessibility = car vehicle 

kilometres travelled per capita, public transport accessibility passenger-km per 

capita, and cycle/walk accessibility = % journey-to-work by cycle/walk times average 

journey length of 4 km205
). 

The correlation results oftesting the influence diagram are presented in Table 13-5 

and diagrammatically represented in Figure 13-8. 

205 Cycle and walk travel data were only available for the journey-to-work (not all trips); the distance of 
4km per trip is an assumed average travel distance for walking and cycling combined and is based upon 
travel surveys from Christchurch (see Figure 5-9) and discussions with Dr Jeff Kenworthy. 
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Table 13-5: Testing Accessibility Systems Model- Correlation Analysis Results 

Systems 
Model 

Equation # Systams Moo.' Descriptions (and "variables") 

1 Increasing car use increases access for cars 
Increasing access for cars decreases access 

2 for public transport 
Increasing access for cars decreases access 

3 for cyclists 
Increasing access for cars decreases access 

4 for pedestrians 
Increasing access for pUbliC transport increases 

5 use of public transport 

6 Increasing access for CYClists increases cycling 
Increasing access for pedestrians increases 

7 walking 
Increasing use of public transport decreases car 

8 use -
9 Increasing use of cycling decreases car use 

10 Increasing use of walking decreases car use 

11 Increasing access for cars increases caf use 

traditional pla~ 
guidelin~~"""o " 

access for 
cars 

'-

Correlallon of 
Delermlnation r 

In1ernatlonal Data Set International Data Se.t {or % change in Statistical 
Variable X -Independent Variable V· dependent V explained by Significance 

variable variable change In X) (P Value' 

JTW % car use car vktlcapita 0.674 0.000 
public transpon pass-

car vktlcapita km per capita 0.438 0.000 

car vktJcapita cyclist accessibility OA97 0.000 
pedestrian 

car vktJcapita accessibility 0.497 0.000 
public transport pass' J1W % public 
km per capita transport 0.919 0.000 

cyclist accessibility JTW % cycle/walk 1.000 0.000 
pedestrian 
accessibility JTW % cycle/walk 1.000 0.000 
JTW % public 
transport JTW % car use 0.640 0.000 

JTW % cycle/walk JTW % car use 0.532 0.000 

JTW % cycle/walk JTW %caruse 0.532 0.000 

car vktlcapita JTW % car use 0.674 0.000 
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walking 
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Figure 13-8: Testing the Accessibility Systems Model- Diagrammatic Representation 

of the Correlation Results 

The correlation results tested generally confilTIl the positive feedback first proposed in 

Figure 12-4: Accessibility and Mode Choice. There are a number of potential 
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definitions for accessibility often defined by trip specific matrices developed at a sub

regional level (based upon travel survey data between defined zones or even 

neighbourhoods). However, such detailed data were not available from the Global 

Cities Data. This limited to a degree the ability to test the "accessibility" influence 

diagram, particularly with respect to trip specific accessibility. In addition, there were 

some problems with verifying accessibility indicators for cycling and walking due to 

the lack of adequate data. 

Overall the findings (including correlation results) suggest the following: 

III The correlation results and statistical significance were reasonably high for this 

influence diagram (with r2 values generally above 0.5 and P values all equal to 

0.000). 

I) There were limits to use of the Global Cities Data especially for testing cycling 

and walking accessibility, largely due to a lack of available data (the only data on 

cycling and walking in the Global Cities Data is a combined journey-to-work 

modal share indicator). 

III Due to limited data, there were three influences for which related indicators were 

used thus yielding invalid comparisons. These are represented by dashed lines in 

Figure 13-8 (equations 6, 7 and 11) signifying an inability to "test" the influence 

between these variables (the cycle and walk accessibility was derived from the 

journey-to-work data and therefore showed an? value of 1.0 (equations 6 and 7); 

and the effect of car accessibility on car use revealed that there was not adequate 

data to examine these effects (in Table 13-5 the same indicator variables are used 

for equation 1 and equation 11 - thus equation 11 is represented as a dashed or 

untested influence). 

The proposed accessibility influences that could be tested are reasonably confirmed; 

however, overall the proposed influence diagram remains partially untested due to a 

lack of appropriate data for cycling and walking from the Global Cities Data set. 
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Traffic Demand Feedback 

The introduction of traffic demand management (TDM) measures as possible 

"balancing" or negative feedback policies are tested in this section. These TDM 

measures were first introduced in Figure 12-12: Traffic Demand Management -

Providing a "Balance" and are reproduced below. 

walkmgandCYclm~ 
and pubhc tJ'ans~~ -~ 

, .~~~"'~ .. 
traffic pnonty for + 

alternatives 

improving 
accessibility for 

alternatives 

pricing 
externalities 

parking controls 

1ntegrated 
land USe 

infrns tructure 
limit" and 

induced rrnffie 

With the New Zealand and Global Cities Data set it is not possible to test all of the 

possible traffic demand management measured depicted. However a number of 

traffic demand management approaches can be tested including: 

It Priority for public transport is tested using a ratio between public transport and 

private transport speeds; 
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• Pricing externalities is tested using the variable (or marginal) cost of car use;206 

• Parking controls is tested using the variable for the central business district (CBD) 

parking provisions (" 1 000 CBD Worker per parking space"). 

206 Note this indicator includes petrol prices, petrol price taxes, registration fees, insurance fees, and 
operations and maintenance costs for each city divided by the average vehicle travel in each city; note 
there is a reasonably broad range of variable costs of car use across the 49 city sample which to some 
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The traffic demand management measures which could not be tested include traffic 

calming measures, induced traffic in roading project evaluations, integrated land use 

and transport planning, improving accessibility (although this is addressed in section 

13.5), and pricing other externalities like air emissions, etc. 

The results of the correlation tests of the systems model are shown in Table 13-6 and 

figuratively represented in Figure 13-9. 

Table 13-6: Testing Traffic Demand Management Systems Model - Correlation 

Analysis 

Correlation of 
DetermInation ~ 

Systems International Data Set Inlernational Dala Sel (or % change In Statistlcat 
! 

Modet Variable X • Independent Variable Y· dependent Y explained by Significance Malhomallcal i 
Equallon # Systems Model Descrlpllons (and .. v.rlabl .... ) vatiable variable change In Xl (P Value) Relallonshlp 

Increasing car use increases the need to 
1 reduce CBO parking TDM POLICY 

Increasing car use increases the neea at 
2 1m prove relative public transport speeds TDM POLICY 

Increasing car use increases Ihe need to price 
3 other externalities (increase variable car costs) TOM POLICY 

1000 CBO workers 
Decreasing parking availability increases use of per CBO perking JTW% by public positive 

4 public transport, cycling and walking space transport/cycle/walk 0.480 0.000 power 
ratio public transport 

Increasing public transport traffic priorities to private transport JTW% by public positive 
5 increases use of public transport Ispeed transport 0.639 0.000 power 

Increasing vanaole cost of cars per km 
increases use of pUblic transport, cycling and variable cost of cars JTW% by public positive 

6 walking perkm transport/cycle/walk 0.184 0.006 power 
Increasing use of public transport. cycling and JTW% by public negative 

7 walking decrease car use transporVcycle/walk JTW %by car 0.696 0.000 power 

degree captures various "externality" pricing policy differences between say low US petrol taxation 
policies and much higher northern European petrol taxes. 
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Figure 13-9: Testing Traffic Demand Management Systems Model- Diagrammatic 

Representation of Correlation Results 

The correlation analysis results of the New Zealand and global cites data sets confirm 

that the traffic demand management policies tested could be used as "balancing" or 

negative feedback for increasing car use. Three separate feedback loops were 

considered including parking policies (availability), giving greater priority to public 

transport by improving the ratio of public transport speeds relative to car traffic 

speeds, and increasing the variable costs of car travel per km as a surrogate for 

"pricing externalities". As represented in Figure 13-9, there were differences in the 

strength or correlation of determination of these relationships: 

• Improving public transport speeds showed a strong relationship to increasing 

use of public transport for the journey-to-work (r2=0.639); 

\It Reducing CBD parking showed a reasonably strong relationship to 

increasing use of public transport, cycling and walking for the journey-to

work (r2=0.480); 
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increasing use of public transport, cycling and walking (r2=0.1,84).207 
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Overall the results of the regression analysis using data from 49 cities confirm that 

negative feedback for car use can be introduced under the umbrella of traffic demand 

management measures. 

System Model Tests 

A number of the systems models developed in Chapter 12 were tested using 

correlation analysis. Six of the systems models were tested including "urban form", 

"road building", "public transport use/services", "slow mode safety", "accessibility" 

and "traffic demand management measures". 

Three of the systems models could not be tested as they require either Christchurch or 

New Zealand specific data which are not readily available, or in the case of project 

improvements require data for pre- and post-construction of projects. It was 

considered that to retrieve adequate data to "test" these three systems models for the 

"Christchurch City Plan''. "government petrol taxation policies" and "transport 

improvements and project evaluation" would go beyond the scope of this research 

needed to prove the hypothesis of this thesis. 

As the results of correlation analysis across data for 49 cities between dependent and 

independent variables indicate, there are significant positive feedback mechanisms 

occurring between independent planning policies and transport choices - all of which 

lead to unintended increasing car use and subsequent increases in transport energy use. 

207 Note these values were based correlation results with the joumey-to-work. Results for these traffic 
demand measures and increasing public transport trips per capita also support these findings (reducing 
CBD parking and increasing public transport trips per capita show a strong relationship, ~::::: 0.546 and 
P=O.OOO; increasing public transport speeds relative to car speeds has a reasonably strong relationship 
to increasing public transport trips per capita, ~= 0.588 and P=O.OOO; and finally from the Global Cities 
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In all cases the correlation relationships supported the contention of "polarity" 

between factors developed in Chapter 12. Also importantly most of the correlation of 

determination results were highly statistically significant (generally with a P value less 

than 0.005), suggesting that the relationships were statistically accurate. 

In some models the positive influence between variables appeared to be very strong 

(with correlation of determination results showing r2 above 0.8), in others there were 

moderately strong relationships (~ about 0.5) and others with a weaker but still 

statistically significant correlation (r2 of 0.2). Overall the correlation results strongly 

supported the predicted influence polarities in the proposed systems models. Some of 

the influences could not be tested due to the lack of appropriate data in the New 

Zealand and Global Cities Data set (data available to determine traffic volumes and 

some indicators for cycling and walking were inadequate). In addition, as described 

by Bossel (1994) the development of systems models and systems loops comes from 

personal knowledge and to some degree intuition. As shown in the tests of systems 

models developed in this research, there is variation across relationships and some 

appear to have reasonably weak influence (with low r2 values, depicted by lighter lines 

in the resulting diagrams); however, some of these influences may be stronger than 

this simple correlation analysis shows. To determine more accurate respective 

influence would require multivariate regression analysis and further research 

(including improving some of the identified "gaps" in the data). 

Positive feedback was strongly confirmed for the "urban form", "road building" and 

"public transport" influence diagrams and moderately confirmed for the 

"accessibility" and "slow mode safety" models. Unfortunately there were limits to the 

data used to adequately test some of the proposed influences in both the 

"accessibility" and "slow mode safety" influence diagrams. 

Data, increasing variable car costs shows a less strong relationship to increasing public transport trips 
per capita, r=O.167 and P=O.Ol). 4 
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In addition, the "balancing" or negative feedback was confinned for potential "traffic 

demand management" approaches tested (including central city parking supply, 

improving public transport speeds with respect to private traffic speeds, and 

increasing variable costs of cars). 

Finally, it is important to note that this analysis should not be considered as definitive 

"policy prescriptions" (additional analysis would need to be conducted including 

multivariate correlation analysis to detennine relative strengths between relationships 

and variables, and to identify if some ofthe variables are co-correlated208
). 

As described, the research tested the hypothesis that, positive mechanisms 

between independent and often uncoordinated planning policies appear to be 

increasing car use.209 In general the hypothesis appears to be confirmed. 

Importantly, from this systems analysis approach, there appear to be two separate (but 

related) reasons for increasing car use as a result of the interactions between the 

planning policies investigated: 1) the synergy of decreasing use of alternatives (that is 

the substitution of car use for alternative transport modes) and 2) the direct and steady 

increases in car travel (and use) as a result of planning policies. 

What the results suggest is that, typically, planning policies look at linear 

relationships (e.g., congestion leads to the need to increase road capacity), instead 

of considering a more holistic view of the consequences and complexities of 

feedback mechanisms affecting car use. The use of systems modelling has 

allowed some of this complexity to be uncovered. The results suggest that linear 

planning policy approaches require a more holistic appraisal if car dependence 

(and associated energy use) are to be reduced. 

208 For instance in testing some of the variables it is apparent that road length per capita and population 
density are highly correlated, thus in running multiple regression using a number of independent 
variables it may be inappropriate to choose both population density and road length per capita in the 
same multivariate regression analysis of independent variables. 

209 Although not a core element of the thesis, the research does touch on policy implications arising from 
this analysis which are addressed in Chapter 14. 
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Problems Encountered and Limits of the Analysis 

There were some problems encountered, partially due to the limits of the cities data 

collected. The cities data set could not provide an adequate "measure" for congestion 

or traffic volumes due to the limited time of day traffic data. In addition, lack of data 

on cycling and walking proved to be a problem in adequately assessing impacts to 

these slow modes. 

The problem with traffic volumes was encountered with the "slow mode safety" 

system's model, which proposed a strong negative influence on cyclist and pedestrian 

activity from increasing traffic volumes.2lO The slow modes safety model also 

suffered from a lack of good quality city data on traffic safety for cyclists and 

pedestrians (the indicator on traffic deaths was used but is considered somewhat 

inadequate as a measure of safety and perceived safety for these slow modes). 

Thus, the "slow mode safety" model has some gaps due to the lack of adequate time 

sensitive data to determine traffic volumes and inadequate cyclist and pedestrian 

indicators. 

With respect to poor quality traffic volume (or congestion) data this is undoubtedly 

due to the fact that no peak period data is collected in the current Global Cities Data 

set. Nor is road capacity adequately assessed. Road length data are collected, which 

are useful for other purposes but not as a measure of road capacity (as suggested 

elsewhere in this thesis, in the cities data set a single lane road of 1 kilometre in length 

has the same "value" as a 4 lane road of 1 kilometre).2 II 

210 Better traffic volume or congestion data would have also improved analysis of the "road building" 
influence diagram. 

211 It should be made clear this is a reflection of the difficulty in collecting road lane capacity which over 
the length of a single road can change numerous times (e.g., as the road changes between I, 2 and even 
3 lanes in each direction); this critique is not directed as a criticism of the Global Cities Data set but as 
an acknowledgement of the difficulties of collecting adequate road capacity data across a city (or in this 
case cities). 
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There were also problems encountered with quantifying an accessibility indicator for 

cycling and pedestrian activity. This is partially a reflection of the type of data 

collected in the Global Cities Data set, which at this stage is general data across an 

entire city, instead of sub-regional or neighbourhood data. In addition, as already 

mentioned, there was a distinct lack of data on cycling and walking placing limits on 

the ability to assess impacts to these slower modes. 

These conclusions were confirmed in discussion with both Dr. Jeff Kenworthy and 

Professor Peter Newman (of Murdoch University) who developed the indicator 

methodology and acknowledge its relative short-comings in both determining traffic 

volume (and road congestion), as well as data on cycling and walking. 

Overall, it is important to note that all of the other influence polarities and 

relationships in both the "accessibility" and "slow mode safety" system's models are 

supported by the cities data set relationships. 

Summary 

Overall, three of the systems model influence diagrams showed conclusively that 

positive feedback is occurring due to independent and uncoordinated planning policies 

which are supporting increasing car use and associated transport energy use. 

• The "urban form" model showed that increasing the urban area and decreasing 

popUlation density relate to increasing car use, which supports both increasing 

urban area and decreasing population density. 

• The "road building" influence diagram also showed very strong positive feedback 

was occurring between increases in car use and the propensity to increase road 

capacity, which eventually feeds back into increases in both the convenience and 

priority for car use (thus increasing car use). 

• The third model which showed conclusively positive system feedback was the 

"public transport service/use" model, where increasing use leads to increasing 
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service provision (however, in recent decades, this positive feedback mechanism 

is supporting reduced service levels and reduced patronage in a rather "vicious" 

cycle). 

Two of the systems models, the "slow mode safety" and "accessibility" influence 

diagrams, also showed significant support for positive feedback for those proposed 

influences which could be tested (unfortunately the traffic volume-congestion variable 

could not be adequately assessed with the available data, and as described there were 

limits to the cyclist and pedestrian city data collected). 

And finally, the "traffic demand management" model was also confirmed from 

regression analysis of the cities data set, suggesting that a necessary "balancing" or 

negative feedback is in fact required to offset the other positive feedback loops which 

are supporting unchecked, increasing car use. 

In summary, the combination of local and international policy assessments, collection 

of original data on New Zealand's cities transport characteristics, and use of systems 

modelling to identify the complexity of interactions has enabled insights to be gained 

into planning policy affects on transport energy use. Following an assessment of 

regression analysis of proposed influence diagrams, these results generally confirm the 

hypothesis that independent and uncoordinated urban transport and land use planning 

policies are producing synergistic and unintended outcomes, leading to increased car 

use and associated transport energy use. 

The next section investigates the policy implications arising from some of the findings 

and presents the conclusions of this research. 

Chapter 13 - Testing Systems Models - Key Factors in Transport Patterns Using Correlation 

Analysis 



SECTION V: 

349 

RECOMMENDATIONS AND 

CONCLUSIONS 

This final section reviews the policy implications and the overall conclusions of the 

thesis. 

Chapter 14 investigates policy implications arising from the previous chapters in this 

research. A summary review of findings of transport and land use policies and their 

effects on transport choices and transport energy use is conducted. 

Chapter 15 concludes the research undertaken in this thesis and specifically addresses 

the hypothesis and guiding questions posed in Chapter 1. 
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1 ni 

The analysis undertaken in this research indicates there are planning policy areas 

which are producing positive feedback for increasing car use. To reduce car 

dependence, generally, policies need to be pursued which provide more support for 

sustainable transport modes and which reduce both car use and trip length. 

The policies and interactions investigated in this research suggest that an integrated 

approach to transport and land use planning policies is required. Key policy areas 

which require an integrated approach include managing growth in the size of the 

urban area, population density and urban planning, the process of infill development, 

accessibility guidelines, traffic demand management measures, transport project 

improvements and assessment criteria (specifically road building and public transport 

improvements), safety for slow modes, and transport funding. 212 

None of the planning policy elements addressed in this thesis, if pursued alone, will by 

themselves significantly reduce transport energy use, urban car dependence or the 

environmental effects of excessive car use. As a number of studies suggest, it is clear 

that a suite of strategies would produce far more effective and synergistic results by 

combining integrated land use and transport planning, along with pricing measures 

and technological efficiency improvements (see Newman and Kenworthy, 1998; 

OECDIECMT, 1995; OECDIIEA, 1997). 

With respect to New Zealand, the data indicate that New Zealand cities are in general 

highly car dependent, with increasing travel and mode share by car, combined with 

relative declining use of public transport, cycling and walking. Auckland, Wellington 

and Christchurch all showed increases in vehicle travel and declines in public 
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transport use per capita between 1991 and 1996.213 These results indicate there is a 

clear need to reduce the growth in New Zealand's automobile dependent urban 

transport systems. 

The effects of excessive car use are apparent, with increasing local and global 

pollution problems, and at present what appears to be an "insatiable appetite" for an 

ever-increasing growth in vehicle travel demand. Reducing car dependence could 

lead to a number of significant improvements for our urban environments including 

reducing transport energy and achieving greater environmental sustainability. 

Although not extensively addressed in this research, some research suggests that 

reducing car dependence could improve economic efficiency and assist in improving 

the social equity and human liveability of cities (for example, see Newman and 

Kenworthy, 1998; Engwicht, 1992). 

This section briefly summarises key findings and identifies possible policy approaches 

to improving urban transport systems, with specific reference for the New Zealand 

cities, although the approaches considered would undoubtedly apply to many urban 

transport systems. In addition, some policy recommendations are made on improving 

data availability and collection in relation to urban transport indicators for New 

Zealand. 

Key Factors Affecting Urban Transport Systems 

Based on the findings of this research, there are key transport and land use planning 

policy factors which affect transport energy use in cities. If cities wish to reduce car 

dependence (and associated transport energy use) integrating appropriate transport and 

212 Some of these policy instruments were explored by Bachels, Newman and Kenworthy (1998 and 1999). 

213 Auckland and Christchurch had relative increases in work journeys by car and declines in public 
transport and cycling/walking. Only Wellington showed a slight decrease in modal share to work by 
car, and small modal share increases in both public transport and cycling/walking for the joumey-to
work. 
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Recognising and taking advantage of the synergy between transport and land use 

integration is a key policy platform for reducing automobile dependence. Currently, 

there appear to be effectively two city policy models in practice - one which orients a 

city's policy "integration" toward increasing car use and one which orients the 

"integration" toward more balanced transport choice. The general characteristics of 

these city policy models are briefly outlined below: 

• Cities with Car Dominant Choices low density, sprawling cities with 

generally high road space and traffic priority which supports car use. Public 

transport service provision and speeds are low, use of cycling and walking is 

also low (partially due to longer average trip distances which are not 

conducive to walking and cycling), and a vast majority of trips are made by 

car?14 

Ell Cities with Balanced Transport Choices - medium to high density cities with 

less absolute tendency for sprawl, a balanced provision of roads and public 

transport services, as well as high use and apparent recognised planning and 

priority for cycling and walking trips.215 In general trips are shorter than the 

car dominant cities and therefore more conducive to alternatives to car 

travel.216 

214 In addition petrol and car use taxes tend to be relatively low, which also supports greater car use (see 
RCEP, 1994). 

215 Although the level of planning and priority provided for cycling and walking for each city was not 
investigated in detail in this research. 

216 Costs of using a car also tend to be higher (see RCEP, 1994). 
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implications are addressed below?17 

Policy Implications 

Key land use policy areas which deserve further investigations for reducing car 

dependence include: 
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Increasing urban density (population and jobs) relates to lower car use and 

increasing use of alternatives like public transport, cycling and walking; 

increasing urban density in transit-oriented locations (such as in nodes or urban 

villages and along corridors, as is discussed below) will support more viable 

alternatives (Bernick and Cervero, 1997; Holtzclaw, 1994), including 

increasing use of public transport, cycling and walking as well as decreasing 

car travel; 

III The total size of the urban area affects car use and associated transport energy 

consumption - increasing urban area size directly relates to more car use. 

Thus, addressing urban area growth by developing growth management 

boundary policies could reduce per capita travel, transport energy use and 

transport emissions; 

.. Improving the community amenity outcomes of infill development, through 

improved policies, rules and facilitated processes, could result in increasing 

use of the existing urban fabric for accommodating growth, and decreasing 

spread of the city's urban area (with commensurate increases in population 

density); 

• Planning guidelines should ensure that walking, cycling and public transport 

have improved site and area design access to residential, shopping, work and 

recreational areas; consideration could also be made to reducing the absolute 

dominance of car accessibility; 

217 As mentioned before, although beyond the scope of this research, a more detailed multivariate 
regression analysis of the city data could reveal which policies have a greater or stronger role to play in 
reducing car use. 
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Ensuring that urban consolidation goals (such as those stated in the 

Christchurch Proposed City Plan) are supported and not undennined by short

tenn over-reactions of new land release and subsequent greenfield 

development. 

Transport Planning Policy Implications 

Transport planning policy implications included in this research which merit further 

investigation for reducing car dependence include: 

• Transport infrastructure investment directly relates to transport use. The results 

show that increasing provision of roads directly relates to increasing car use; 

conversely, increasing provision of public transport directly relates to increasing 

public transport use. There is a definite policy choice which cities throughout 

the world have made - to provide for increasing car use or to provide for 

increasing public transport use (in each case receiving the associated 

environmental effects of respective policy choices). Thus, to reduce transport 

energy use and car dependence transport infrastructure investment should be 

well targeted, and specifically a better balance should be pursued between the 

traditional response of building roads to meet increasing traffic demand with 

similar improvements in public transport infrastructure and services (as well as 

cycling and walking218
); 

• Introducing project improvement evaluation criteria which give increasing 

importance to alternative modes (capturing the benefits these modes provide); 

project evaluation should also include an assessment of induced traffic from 

project proposals; 

• Priority for public transport, cycling and walking is also important for 

improving the viability of alternatives to car travel. As the [mdings of this 

research indicate, the speed of transport partially detennines its attractiveness; 

218 Unfortunately, as described elsewhere, the specific city data collected for this research does not 
adequately assess or address the effects of infrastructure for cyclists and pedestrians on their use - thus 
no direct research results can be presented. 
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improving public transport speeds to be competitive with car travel directly 

relates to increasing public transport use.219 And although not fully verified by 

the data analysed in this research, but identified in the literature, improving 

priority for cyclists and pedestrians relates to increasing use of these slower 

modes. 

Requiring that slow mode safety is addressed and enhanced for cyclists and 

pedestrians in all project developments; 

" Developing a funding mechanism for project improvements which supports 

more balanced choices (and which question or better balance a self-funding 

cycle for increasing transport provisions which increase car use). Funding 

policies should also decouple central government spending from taxes collected 

on petrol sales (thus reducing the dis-incentive to reduce car use). Funding for 

public transport needs to recognise the positive feedback of use and provision, 

and the need to improve quality and to account for increasing benefits in 

determining appropriate level of government sUbsidy220; 

Further utilising traffic demand management techniques such as parking 

policies, traffic priority and pricing mechanisms to support integrated 

approaches to reducing car travel and improving alternative transport choices. 

Other Effects of Integrated Policy Development 

As part of the findings of this research, there are also economic and environmental 

outcomes associated with reducing car dependence: 

.. Although not central to this thesis, analysis of the Global Cities Data set also 

shows that the proportion of a city's wealth spent on operating its transport 

system (cars and public transport) increases with increases in the provision of 

roads and use of cars, or conversely decreases when public transport plays a 

219 Regression analysis for the ratio of public transport speed to private transport speed and the use of 
public transport per capita shows an i=0.588 (and a P value 0.000), or suggesting that 59% of the 
changes in public transport use relate to improving public transport speeds compared to car traffic 
speeds. 
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larger role (especially when public transport is "speed" competitive with car 

travel) (see results presented in Chapter 10 and specifically Table 10-4, Table 

10-5, and Table 10-6). From the results of this analysis, cities with high car 

dependence spend a greater share of their city's wealth on transport than cities 

with excellent public transport systems. Importantly New Zealand cities on 

average were found to spend the highest proportion of their city wealth on 

operating their transport systems of all other country/region averages (see 

section 10.5 and Table 10-6). 

<i!I Transport air pollution emissions are also reduced as cities rely less on car 

travel (as would be expected, lower transport energy use directly relates to 

lower local and global air emissions associated with fossil fuel use) (see 

section 10.5). 

" Transport fatalities per person are also found to be highest in countries which 

are more highly car dependent (see section 10.5).221 

Integrated policy strategies for reducing car dependence are briefly explored in the 

next section. 

1482 Planning Policy Strategies to Reduce Car Dependence 

In general three planning policy approaches need to be considered for reducing 

automobile dependence in our modem cities: 

1) Strategies for Integrated Transport and Land Use 

2) Strategies for Improving Alternatives Public Transport, Cycling and Walking 

220 Specifically in New Zealand the "cap" on funding public transport from central government should be 
removed. 

221 The exception to this are data from cities in developing Asian countries where transport fatalities are 
high, but there is comparatively little driving (this is generally the result of very poor and dangerous 
driving habits and unsafe driving conditions). Conversely, the data also show that generally the more 
driving done in a city per capita the safer the overall travel per passenger kilometre travelled -this may 
be a result of greater emphasis placed on ensuring safe driving conditions in countries where car use is 
high. 
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3) Strategies for Reducing Travel Demand 

Each of these strategies and associated policy approaches are briefly addressed below. 

14.2.1 Strategies for Integrated Transport and Use 

As the results of this research indicate transport and land use policies are integrated -

changes in land use policies affect transport choices, and changes in transport policies 

affect land use. Unfortunately, transport and land use plarming policies are often 

developed separately, without taking into account such feedback effects. To reduce 

transport energy use and car dependence, the integration of transport and land use 

policies is required to: 

• reduce vehicle trip lengths; and 

• enable more viable transport alternatives (public transport, cycle and walk). 

An integrated transport and land use approach which utilises an urban form of nodal 

sub-centres along well defined corridors is discussed below. 

Nodes and Corridors - Increasing Density At Select Locations 

The indicators developed for this research rely upon city-wide data, and provide 

comparison of city performance amongst the three New Zealand cities and the other 

46 cities in the global cities study. In general the results show a very strong link 

between land use density, urban area, transport provision, transport choices and 

overall efficiency (environmental and economic). Unfortunately, data on transport 

and land use patterns within neighbourhoods or areas of each of the cities in the global 

cities study, were not gathered. 

However, results from a number of city specific studies, on a detailed review of urban 

density and transport patterns, reveal a very similar picture. 

As previously described in section 5.2, Bernick and Cervero (1997) report that a 

doubling in mean residential densities equated with a 20-30 percent decrease in 
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single-occupant vehicle commuting. Holtzclaw (1994) found similar results in a study 

of 28 California communities, where vehicle ownership and use fell by one-quarter as 

densities doubled. And light rail line investigations by the National Research Council 

found that every 10 percent increase in population densities surrounding the train 

stations resulted in an increase of 6% in boardings at the stops (Bernick and Cervero, 

1997). 

In detailed studies done in Paris and Los Angeles, similar results between density and 

fuel use or public transport use were found. In Paris, data show that transport energy 

use declines with increasing densities across the city's suburbs (see Figure 14-1). In 

Los Angeles, increasing density across suburbs of the city strongly relates to 

increasing public transport use (see Figure 14-2). 
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Figure 14-1: Urban Density and Transport Energy Use - Paris (1991 i22 

222 INRETS (1995). 
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Figure 14-2: Urban Density and Public Transport Patronage - Los Angeles (1990)223 

These results support the concept that increasing density within "nodes" or "urban 

village" sub-centres of a city can reduce both automobile dependence and increase 

public transport use. 

If a city's daily activities are brought closer together, into a series of nodes along 

defined corridors of activities like "beads on a necklace", as the results of this research 

suggest, as density increases there will be less travel in general as well as more use of 

non-auto modes. In addition, if transport policies and infrastructure development 

support this nodes and corridors approach then the full benefit of integration can occur 

(see Bernick and Cervero, 1997; Newman and Kenworthy, 1998). Improved public 

transport services, the physical design of the nodes (or sub-centres), and the road 

network can all be supportive of increasing use of public transport, and the inherently 

shorter trips which result will then be more easily made by foot or on bicycle. Only 

with such an integrated and co-ordinated package can alternative modes become 

attractive options to the convenience of private vehicles. Figure 14-3 depicts such a 

nodes and corridors approach,zz4 

223 Data are from the Los Angeles SCRTD (South Coast Rapid Transit District) and included in Kenworthy 
and Newman (1993). 

224 This figure was previously presented as Figure 5-2, and is used for illustrative purposes only; it is clear 
that existing urban areas would include significant roading between these nodes and across the 
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How to translate the nodes and corridors approach into a practical reality is explored 

below using the concept of an "urban village". 

The Urban Village Concept 

The urban village concept combines a number of community and transport goals for 

achieving greater sustainability of our urban environments (Katz, 1994; Calthorpe, 

1994; Bernick and Cervero, 1997). Essentially the urban village includes a coherent 

design strategy to improve urban quality of life by increasing the "liveability" of urban 

spaces, while at the same time reducing the need for auto-dependent traveL The 

characteristics of an urban village are adapted from Newman and Kenworthy (1998) 

and shown in the box below. 

corridors. What is suggested is that even in the existing urban fabric these sub-centres or nodes would 
receive significant increased population and general "activity" increases; nodal development would also 
be recommended in new peripheral areas of the urban environment to support the corridor(s) of 
development. 
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Characteristics of the Urban Vii/age 

• Medium to high density land uses so that everything within the 'village' is within 

walking and cycling distance; 

'" Mixed land use with offices, shops, businesses, and community facilities on main 

spines or in nodes, surrounded by residential development; 

!i> A heavy rail or light rail station near the core; 
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Pedestrian and cycle links with car parks placed underground and traffic calming on 

peripheral roads, with an aim for a traffic-free, people-oriented environment, not one 

designed around the space demands of surface car parks; 

@I Public spaces with strong design features (water, street furniture, sculptures, 

playgrounds) ; 

'" A high degree of self-sufficiency for the community for local needs, but with good rail 

and bus links to the wider city for employment, higher education and so on; 

$ Considerable landscaping and attractive public spaces; 

@I A mixture of public, private or co-operative housing with an emphasis wherever 

possible on families and hence large internal dwelling spaces and spacious 

community areas; 

!i> Extensive provision for children, such as playgrounds, and other safe and creative 

kinds of play space in good view of dwellings; 

1& Recreational opportunities such as sporting facilities (swimming pool, tennis courts, 

indoor sports, etc.); 

• Community facilities (schools, libraries, etc.) within the village or nearby. 

To achieve an integrated transport and land use approach, including the design 

elements outlined in the urban village concept, cities need to: 

@I facilitate increasing density and public transport improvements in select nodes 

and corridors; and 

II pursue an urban area growth management strategy which supports this 

integrated approach. 

Key components for each of these elements are explored below. 
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Facilitating Density Increases at Nodes and Along Corridors 

Increasing density at nodes and along corridors associated with improvements 

in a public transport network is critical. There may be a "chicken and egg" 

element to development, where if the network is not there people won't use it, 

but if the people aren't there the network won't be built. To overcome this a 

facilitated partnership may be required where local land owners, commercial 

interests and infrastructure providers combine interests and project goals to 

reap the benefits of integrated development (Bernick and Cervero, 1997225
). 

Increasing density in existing urban areas ("intensification") may require 

design guidelines to maintain many of the qualities of the urban area (WAPC, 

1997; WRC, 1997; PCE, 1997a). As the results of the New Zealand city data 

analysis suggests, increasing density is occurring in the CBD and inner areas 

across all three New Zealand cities (with similar increases in density between 

1980 and 1990 in a number of other cities as found by Newman and 

Kenworthy (1998) in the global city data set). However, in New Zealand 

unless a design guideline approach is pursued which addresses the effects of 

infill, there is a very real threat that the effects of poor intensification will 

receive significant "backlash" from existing residents.226
, 227 

• Mixed use (commercial and residential) developments can also facilitate the 

necessary local linking of activities to reduce trip distances and better support 

public transport services (see Katz, 1994; Calthorpe, 1994; Bernick and 

Cervero, 1997). Conversely, a low density spread of undifferentiated, unmixed 

land use (e.g. areas with only suburban residential or only commercial 

activities) wi1l1ead to increasing car dependence (Bernick and Cervero, 1997). 

225 Bernick and Cervero (1997) refer to eady rail development in the United States where transport 
providers were often in financial partnership with land use and commercial interests, effectively as an 
integrated consortium. 

226 As witnessed with recent responses to poor infill outcomes in Christchurch (e.g., PCE, 1997b) and in 
Auckland (ARC, 1998b). 

227 It is important to note that the development of design guidelines should involve local community 
members, developers, politicians and local government transport and land use planning departments 
since all parties have an interest in ensuring intensification process produces acceptable results (W APC, 
1997; Bachels, Newman and Kenworthy, 1999). 
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Urban Area Growth Management 

e The data analysis perfonned in this research clearly indicate that urban area 

growth directly relates to increasing transport use or conversely growth 

management policies which limit (or slow) the absolute spread of the total 

urban area would relate to less transport energy use, less car travel and less car 

dependence. 

If a growth management strategy is pursued which supports the recommended 

nodes and corridors approach, and that enables growth along the "beads of a 

necklace", then it will inherently discourage (or limit) unhindered "sprawl" 

which is not easily supported by public transport services or conducive to 

shorter trips made by cycling and walking. 

14.2.2 Strategies for Improving Public Transport, Cycling and 

Walking 

The development of urban transport strategies which support alternative transport 

such as public transport, cycling and walking should be considered a critical second 

prong of reducing car dependence (Newman and Kenworthy, 1998; Mees, 1998; 

Engwicht, 1992). Alternatives to car travel should be significantly enhanced to 

encourage reductions in car use. 

Public Transport Strategies 

Integrated transport and land use requires excellent public transport services (e.g. see 

the UK guidelines PPG13 (DOEIDOT, 1994)). Cities should develop public transport 

strategies which support integrated transport and land use goals. Improvements to 

public transport should be pursued including: 
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Service provision (and image) of public transport as the results of this research 

indicate increasing service frequency and coverage relate to increasing use. 

Upgrading the service will also improve the image of public transport.228 

• Improving the speed of public transport to make it more competitive with car 

travel is critical (both through segregated, priority provisions like rail. and through 

fast efficient express bus services, and improved ticketing systems for fast 

efficient passenger 10ading)?29 

Rail systems should be evaluated and provided where feasible (where segregated 

corridors free from traffic congestion assure quick travel times) combined with 

integrated land use commitments to encourage increasing the density of activities 

of jobs and people along these rail lines. Electric rail may also have a preference 

over diesel units.230 

Cycling and Walking Strategies 

Over the past few decades, transport planning has often neglected the needs of cyclists 

and pedestrians (Hillman and Whalley, 1983; Tolley and Turton, 1995). Improving 

access and safety for cyclists and pedestrians would increase their use and contribute 

to reducing vehicle travel, especially for short trips. 

Evidence from the literature as well as the analysis conducted in this research suggests 

these slow modes are being increasingly marginalised by increasing traffic volumes 

and traffic speeds (see White1egg, 1993; Hillman and Whalley, 1983).231 

228 In New Zealand cities, discussions with some council staff suggest the image of public transport in some 
areas may be reasonably low (personal communication Wayne Holton-Jeffreys, Canterbury Regional 
Council, and Ken McLeod, Auckland Regional Council). 

229 In a recent public transport strategy the author co-ordinated for Christchurch, one of the kcy 
improvement areas identified by users and non-users of public transport was making services faster 
(CRC, 1998b). 

230 For example in Perth, Australia once the rail system was electrified (and one new line added) patronage 
increased from a 1991 base of about 8 million trips per year to over 28 million trips by 1997; 
conversely over the same period in Adelaide where the rail services remained as diesel units, patronage 
remained did not increase between 1991 and 1997 (personal communication Jeff Kenworthy, Murdoch 
University, see also Bachels, Newman and Kenworthy, 1999). 

231 For example, one of the significant deterrents to cyclists in Christchurch is both the volume and speed of 
traffic, particularly on roads with no defined or painted cycle lane (CCC, 1996b). 
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Efforts should be increased to determine what "accessibility" design elements and 

infrastructure best meet cyclist and pedestrian needs, both in urban mixed-use settings 

as well as suburban/residential settings. As a recent US study found, areas with 

continuous footpaths and short blocks have far higher pedestrian counts (by almost 

three to one) than areas with long blocks and discontinuous footpaths (see Moudon et 

aI, 1997). In addition, recent trends show that more and more parents are driving their 

children to school and to other activities partially due to the real and perceived danger 

that streets are no longer traffic safe for young cyclists and pedestrians (see Whitelegg, 

1993). 

A review of the road code in New Zealand could be considered to give greater priority 

to the "rights" of slower modes (cyclists and pedestrians). Along with greater priority 

on the road, an education campaign of motorists (and cyclists and pedestrians) should 

ensure a culture of respect for slower modes (Havlick and Newman, 1998). Finally, a 

re-education of many traffic engineers and planners may be required to not only cater 

to reducing the need to travel but to significantly increasing the design detail of 

project improvements to meet the needs of cyclists and pedestrians (Goodwin, 1997). 

As indicated, unfriendly traffic engineering and traffic planning can be a significant 

deterrent to cyclists and pedestrians (CCC, 1996b; Moudon et aI, 1997). 

14.2.3 Strategies for Reducing Travel Demand 

In an effort to identify "balancing" feedback policies to reduce car dependence, a 

number of transport planning policies can also reduce the demand for travel. As 

described in greater detail in section 6.8, generally these strategies are identified as 

traffic or travel demand strategies (TDM) and include such elements as: 

• Traffic calming measures to slow or "calm" vehicle traffic include traffic 

priority for slower modes (pedestrians and cyclists), improving motorist 

recognition of the need to ensure cyclist and pedestrian safety, enhancing the 

quality of provisions made for pedestrian flow and general urban design 
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principles which reduce the adverse effects of vehicle traffic on communities 

(even to the point of "car-free city centres") (e.g. see Tolley and Turton, 

1995; Engwicht, 1992; Topp and Pharoah, 1994). 

e Parking policies - recognising that controls on the number of parking spaces 

and pricing mechanisms can influence modal choice232 (e.g., see Dasgupta et 

a11994; Topp, 1991). 

il Traffic priority for alternatives - ensuring all traffic improvement 

programmes and projects address public transport, cyclist and pedestrian 

needs, with particular emphasis for improving the relative speed of travel as 

well as accessibility to sites and areas (e.g. see Ewing, 1995; Davis, 1995; 

Cairncross, 1996). 

• Pricing mechanisms numerous pricing policies exist including fuel taxes, 

parking costs, congestion pricing etc. any number of which should be used 

to directly fund improving alternatives (e.g. see Bartley, 1995; RCEP, 1994; 

Litman, 1998a). 

(It n ride, kiss n ride, car pooling programmes targeted at either 

improving use of public transport (through car- or cycle-to-public transport 

transfers) or reducing single occupant vehicle use (e.g. see Ewing, 1995; 

Bernick and Cervero, 1997). 

• Recognise/Accountfor induced traffic-the UK's SACTRA (1994) report 

conclusively stated that increases in road capacity lead to increasing traffic. 

These findings suggest that the traditional project improvement approach 

(road congestion) of "predict future traffic flow and provide additional lane 

capacity" requires review to account for additional "induced" travel from 

roading improvements. Recent findings also suggest the reverse: that traffic 

may disappear with reductions in road capacity (Cairns, Hass-Klau and 

Goodwin, 1998). 

232 These parking policies are generally used in the central business district to reduce trips to work by car, 
although with changing travel patterns and less dominance of the journey-to-work parking policies 
should in fact be developed as city-wide strategies. 
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Requiring integrated transport and land use plans Legislation in the UK 

now requires the integration of transport and land use planning, with the 

adoption of Planning Policy Guidelines (PPG) 4, 6 and especially 13 

(DOEIDOT, 1994; WAPC, 1998). Similar regulatory requirements now 

exist in the US: originally called ISTEA and recently revised and re-adopted 

as TEA-21 (1998), this legislation requires local councils to develop and 

adopt an integrated transport and land use plan with funding priorities for all 

transport modes (or risk loss of federal funding).233 

14.3 Improving Indicators on Urban Transport in New 

Zealand 

After a significant effort in collecting data on New Zealand cities some reflection on 

appropriate policies for improving the availability and gathering of data may improve 

future indicator work on urban transport. 

Developing a Consistent NZ Urban Transport Indicator Programme 

There are a number of New Zealand local and central government urban transport 

indicator programmes including Mill (1998) and numerous local and regional council 

transport strategies (RLTS) which often include transport (and to some degree land 

use) indicators. Unfortunately each of the local and regional transport indicator 

programmes are unique with commonality only by accident not by intention (that is 

there may be discussion amongst staff and council but no formal consistent policy 

approach has been adopted) (for example see CRC, 1996b; WRC, 1996a; ARC, 

1998c). 

The framework utilised in this research could be applied toward developing a 

consistent policy for standardising at least some of these programmes and thus 

provide a common ground for future comparison of changes in urban transport and 

233 See also Pierce (1998) regarding the use of urban growth boundary and integrated planning 
requirements in some US states previously described in section 5.6.7. 
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land use. Due to the time and complexity of data gathering, it may not be necessary 

(or prudent) to undertake the full scale of indicators developed for this research. 

However, a number of key indicators could be developed, using a consistent 

methodology (based upon the approaches utilised in this research), to enhance the 

comparability of New Zealand urban transport systems in the future, and to "indicate" 

changes in transport choices and outcomes over time. 

A national policy for improving data availability in New Zealand should be seriously 

considered, particularly with respect to consistent reporting mechanisms in urban 

areas for vehicle use, registration and public transport indicators. Importantly, data 

availability in some other countries (notably the US) is defined by national transport 

agency policies, often as a condition of federal/central government funding. Such 

funding mechanisms with conditions of quality data provision should be considered 

for New Zealand policies for consistent indicator development and reporting. 

14.3.1 Data Availability and Collection in New Zealand Cities 

In general data gathered for this research were reasonably available. However, as with 

most data gathering exercises there is room for improvement. This section briefly 

identifies what data were difficult to retrieve (in comparison to other international 

cities) and how NZ's data collection could be improved. 

Land Use Data 

For the most part data on population and jobs were readily available from NZ 

Department of Statistics. Data on actual land use were not very easily retrieved. It 

does appear from our efforts that each NZ city could improve its understanding of 

how, where and by how much land use is changing. There was no common land use 

assessment data collection source for the NZ cities. This analysis heavily relied upon 
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geographic infonnation system staff (which as described elsewhere) generally used 

different types ofinfonnation to identify land use in each city.234 
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Finally, economic data on regional gross domestic product in New Zealand urban 

areas were not available from the respective government organisations (it was 

retrieved by region from the National Bank). This also might be an area for which 

cities should develop a consistent indicator and policy approach, to better understand 

city economies and transport related investment. 

Transport Data 

In total transport data were reasonably available from a number of different sources. 

The most significant difficulties were found in identifying the number of vehicles in 

each study area and the total vehicle kilometres travelled. In some instances, data 

were retrieved from transport models but these models were not designed to 

necessarily produce annual city travel data (but instead are designed to capture daily 

traffic flow on key arterial roads). There would be use in developing a national policy 

approach for data collection on vehicle activity by region, by vehicle type, and fuel 

used.235,236 

Public Transport Data 

Data on public transport were patchy on balance between the three cities. Aucldand 

was able to report data quite readily,237 Christchurch data were a bit less readily 

available, and Wellington required significant efforts to produce data for the 

234 In comparison, land use data is far more readily available in the US (from the lO-yearly census data are 
available on compact disc), as well as in Europe and Wealthy Asian countries; Australia, Canada and 
Developing Asian country land use data is not very easily retrieved and is similar to New Zealand. 

235 Discussions were held with the Land Transport Safety Authority, Transport Registry Centre, however 
they could not provide a breakdown of vehicle fuel type or vehicle travel statistics. 

236 In comparison, Australia and the US have readily available published data on many transport system 
aspects (particularly for vehicle registration and use where in Australia data are available by urban area 
from the Survey of Motor Vehicle Usage, and in the US vehicle data by urban area are available from 
the annual Highway Statistics); Wealthy Asian data on transport characteristics are also readily 
available. On the other hand data from Canada and Europe varies and can be more difficult to retrieve. 

237 Auckland could not provide complete public transport data for 1990/91 but instead provided data for 
1991192. 
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availability would be valuable for New Zealand cities.238, 239 

Cycling and Walking 
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Unfortunately only limited data were collected for this research on cycling and 

pedestrian activities (and is identified as one of the short-comings of the indicator 

methodology developed by Newman and Kenworthy).24o There is also a need to 

develop improved indicators (and understanding) for safety and accessibility, and the 

effects of traffic engineering and traffic planning proj ects, which support ( or deter) 

cyclist and pedestrian use. 

Additiollallndicator Data 

There are a number of indicators on transport and land use that were not collected for 

this research which could provide additional insights into the effects of transport and 

land use planning policies on transport choice (and transport energy use) including: 

• Accessibility by geographic area and mode - understanding local area 

accessibility for different trips (shops, recreation areas, work, etc.) by each 

mode will provide insight into the need for necessary local improvements; 

• Project improvement funding by mode could clarify the funding priority which 

each mode receives (e.g., cyclists make up about 10% of modal share but 

receive far less than 10% of project funding in Christchurch)241; 

238 It is understood that following de-regulation of the public transport industry in New Zealand in 1991 
individual route data may be commercially sensitive, but route specific data could be aggregated to 
provide system-wide data. 

239 In comparison, Australia has public transport data published in Annual Reports from the operators 
(although with recent commercialisation, data availability may become more difficult as it has in New 
Zealand). In the US public transport data are readily available from the required federal government 
Section 15 reporting data and from the American Public Transport Association; also in Canada (from 
the Canada Urban Transit Association), Europe and in Wealthy Asian countries public transport data 
are far more readily available than comparable data in New Zealand. Consistent with other data, 
Developing Asian country data on public transport are quite difficult to retrieve. 

240 It is understood that in a current project developing indicators for 100 cities internationally, Kenworthy 
and Newman are pursuing a few more indicators on cycling and walking activity to do with trip length. 

24J Personal communication Alix Newman, Cycle Planning Officer, Christchurch City Council. 
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@ Transport mode split and population density by geographic area (not simply 

city-wide data as were collected for this research). Such data could clarify the 

relationship between population density, proximity to attractions, and mode 

split within local sub-centres (nodes) of activities; 

@ Safety indicators for pedestrians and cyclists by geographic area - both in 

actual accident data and in perceptions of safety to identify if there are certain 

physical areas and specific issues which require improvement; 

III Successful traffic demand management projects which identify what works 

(and what does not work) in a New Zealand context; 

A record of land use infill projects and their outcomes/effects to develop an 

understanding of infill and redevelopment policies which produce acceptable 

outcomes for both local residents and developers. 

This concludes the review of relevant policy implications of the research. The final 

chapter summarising the conclusions of the thesis are presented next in Chapter 15. 
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15.1 Answers to the Hypothesis and Questions 

This thesis sought to identify key planning interactions affecting urban transport 

energy use. The research focused on transport and land use planning policies to 

identify interactions between policies and feedback mechanisms which may be 

increasing car use. 

The hypothesis of this research stated: 
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Independent and uncoordinated urban transport and land use planning 

prc»ceSSEtS are producing synergistic and unintended systemic 

outcomes, leading to increasing car use and transport 

energy use. 

To examine these interactions, the research in this thesis has necessarily been 

interdisciplinary. 1t has focused on the policy influences affecting transport energy 

use. In so doing it has not limited itself to a single area of traditional analysis such as 

geography, transport engineering, transport economics, land use planning, public 

transport provision, or general transport planning. Instead, the research reviewed the 

mix of planning factors which affect transport use and has drawn connections between 

planning treatises and actual results. 

The holistic approach adopted in this thesis developed the following tenet: unless 

means and ways are pursued which provide balancing feedback to increasing car use -

unintended planning processes will continue to support increasing automobile 

dependence. 
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To address this hypothesis three questions were raised. Each of these questions has 

been addressed and the results summarised below. 

15.1.1 Question 1: Christchurch and Planning Policies Affecting 

Transport Energy Use 

What can a study of Christchurch, as a typical New Zealand city, reveal about 

local planning policy factors and their effect on trends and patterns of urban 

transport energy use? 

To address question one, Chapters 2 through 8 utilised Christchurch as a case study, 

along with an extensive literature review, and identified key transport and land use 

planning policies which affect transport energy use. 

Placing urban transport energy use in context, Chapter 2 presented the results of an 

energy use survey of Canterbury and Christchurch conducted by the author. The 

energy survey results showed that transport energy use is the largest and fastest 

growing energy use sector (where urban transport energy made up about 50% of total 

urban energy consumption, with growth in transport energy of c 2-3% per year). 

Chapter 3 reviewed relevant local statutory plans and determined that in the case study 

of Christchurch (and in New Zealand generally) there are transport and land use plans 

and policies which can affect transport energy use. These statutory plans include 

district plans, regional land transport strategies, public transport plans and regional 

policy statements. 

Continuing the case study approach, recent travel trends in Christchurch showed that 

modal share of cars is increasing, with declining relative use of cycling, walking and 

public transport (Chapter 4). In addition, mode split, overall travel distance and trip 

length were identified as key determinants for reducing transport energy use: 

essentially public transport, cycling and walking use far less energy per passenger 
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kilometre compared to automobiles. However, current trends showed overall 

automobile travel is increasing. 
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Chapter 5 reviewed in detail land use planning policies affecting transport energy use. 

The chapter presented a mixture of data from Christchurch as well as international 

literature. Starting with a broad overview of the development of urban form of cities, 

where over the past 100 years cities generally evolved from a "walking city", to a 

"public transport city", to an "automobile city". Christchurch, New Zealand, is shown 

to have followed this evolution and generally fits a category describing an automobile 

city. Key land use and urban form policies affecting transport choice and transport 

energy use were identified including population and job density, size of the urban 

area, and trip length, Overall, shorter trips were found to be more conducive to 

cycling and walking (and to a lesser degree public transport), and longer trips are 

generally dominated by car use. Increasing density was found to relate to both 

decreasing transport energy use and decreasing journey length. However both journey 

lengths and transport energy use are shown to be increasing (Newman and Kenworthy, 

1998). Accessibility to urban areas, and within specific sites, was also found to be an 

important determinant in transport mode choice: over the past few decades land use 

planning has focused on improving accessibility for automobiles and either 

overlooked or specifically excluded improving accessibility for more sustainable 

modes like cycling, walking and public transport. A review of literature on urban 

form suggested that a nodes and corridors approach to land use planning may be more 

conducive to reducing transport energy use (by reducing vehicle trip distances and 

enabling more viable alternative transport options). In addition, total size of the urban 

area was found to relate to greater car use (for example, historical maps of 

Christchurch showed its general tendency toward urban "sprawl" particularly in the 

last 50 or so years). And finally, urban intensification and infill policies along with 

concepts like urban villages and transit-oriented design were identified as land-use 

planning policies which may reduce travel demand. 

Transport planning policies affecting transport energy use were analysed in detail in 

Chapter 6. A general review of traditional transport planning suggests that 
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improvements for automobile use have received far higher priority than improvements 

for alternative transport modes; however, over the past few years there has been an 

increasing interest in integrated transport and land use planning (although not 

necessarily in the case study of Christchurch). Project improvement criteria and 

specifically the use and application of the benefit/cost ratio were found to directly 

support increasing car use (both in travel time and accident reductions); however, the 

traditional benefit-cost ratio does not capture a number of "externalities" of car use 

nor does it account for some of the benefits of more sustainable transport modes. 

Analysis of the use and application of transportation models combined with the 

application of the benefit-cost ratio appeared to result in a "predict and provide" 

approach (Owens, 1995; Goodwin, 1997). Essentially this "predict and provide" 

paradigm could be viewed as a mandate to increase road capacity: forecast increases 

in traffic growth lead to increases in road capacity to meet predicted traffic demand; 

with little attention paid to the effects of car use (on the environment or on inducing 

additional traffic) nor were significant analysis of improvements to alternative 

transport modes generally conducted. Importantly, the benefit-cost evaluation criteria 

approach showed very little support for improving cycling, walking or public 

transport. Overall, Plane (1986) refers to this process as the "black hole theory of 

highway investment" - where increasing road capacity leads to urban sprawl, 

increasing average trip lengths and overall travel, leading to more congestion and the 

need to build more roads. 

The literature reviewed also indicated there has been a strong emphasis on improving 

traffic speeds and a general lack of an appreciation of the effects of traffic speeds and 

increasing traffic volumes on cycling and walking safety. However, with respect to 

vehicle travel and speeds, over the past decades (and even centuries) there has been a 

consistent travel time budget particularly for work (SACTRA, 1994). Thus with 

increasing travel speeds due to roading and vehicle improvements, people may only 

travel further not less. This suggests that the calculated time savings (from the 

benefit-cost ratio) used to justify roading improvements to relieve congestion are not 

realised in the long-term (as travel time "gains" are eroded by increasing levels of 

induced travel (SACTRA, 1994». Speed increases result in two deterrents to slower 
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walking. 
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Chapter 6 also included a review of public transport provision and use, suggesting that 

increasing provision of services can lead to increasing use (or vice versa), identifying 

a "vicious" or "virtuous" cycle for public transport use and provision. 

Finally transport planning policies were investigated which might reduce travel 

demand including such measures as the use of parking policies, traffic calming, 

pricing the use of automobiles to capture "true" costs, and improving priority, design 

and accessibility for cycling, walking and public transport. 

Chapter 7 explored in depth the Proposed Christchurch City Plan including policies 

and trends affecting transport energy use. The review of the city plan suggested 

current urban growth policies which allow (and even promote) extensive urban area 

growth may contribute to increasing car use. In addition, poor infill (intensification) 

policies may in the long-term contribute to expansion of the urban area as existing 

residents "fight" against the current infill outcomes (thus reducing the prospects for 

further intensification). Transport planning policies and rules in the city plan 

appeared to generally support increases in automobile use with only cursory mention 

to improve alternatives (specifically very few rules in the proposed city plan require 

improvements for cycling, walking and public transport). 

A number of other factors affecting transport energy use were briefly addressed in 

Chapter 8, including economic and technological signals. Although these were not 

the focus of the research, it is acknowledged that alone planning policies may not be 

adequate to significantly reduce transport energy use, but that a mix of appropriate 

economic, technological and planning policies is required. 

On balance the composite of Chapters 2 through 8 provided answers to Question 1 

and combined showed that the use of Christchurch as a case study was valuable in 
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revealing local planning policy factors affecting transport energy use. These policy 

factors appeared to warrant a larger context for pursuing their veracity. 

15.1.2 Question International City Data Comparisons 

Transport Energy Use 

How can a global study of city comparisons further develop an understanding 

of this set offactors and interactions affecting transport energy use? 

Question 2 suggests that analysis comparing data across cities might reveal further 

insights into transport and land use planning policy effects on transport energy use. 

In original research for New Zealand, using an indicator approach developed by 

Newman and Kenworthy (1989, 1998) and Kenworthy et al (1997), the author 

collected data on over 60 indicators on transport, land use, economic and 

environmental effects for all three main New Zealand cities: Auckland, Wellington 

and Christchurch. Results were presented in Chapter 9. 

Analysis of the New Zealand city data revealed reasonably stark differences between 

Auckland, Wellington and Christchurch transport and land use characteristics. These 

comparisons begin to show how different transport and land use policies like public 

transport provision, urban density, support for transport alternatives like cycling and 

walking, trip length, and road capacity appear to affect transport choices and resulting 

transport energy use. Interestingly, all three cities showed reasonably strong levels of 

re-urbanisation (or intensification). 

Overall, in tenus of transport energy use, Auckland had the highest private transport 

energy use per capita about 20% higher than Wellington and 10% higher than 

Christchurch. 

Chapter 15 - Conclusions 



378 

Detailed comparison between the New Zealand cities revealed that Auckland was the 

most car dependent, had the longest average journey lengths, and had the highest 

transport energy consumption; in addition Auckland had relatively low use (and 

provision) of public transport, cycling and walking, and significantly lower urban area 

popUlation and job density than Wellington. Wellington had far lower transport 

energy use than Auckland, far lower trip lengths and the best provision and use of 

public transport in New Zealand (clearly contributing to lower transport energy use 

per passenger kilometre); in addition, Wellington showed reasonably high use of 

walking to work (but only small use of cycling) and the highest popUlation and job 

density of the NZ cities. Finally, Christchurch used slightly more transport energy per 

capita than Wellington but far less than Auckland, had the shortest journey lengths in 

New Zealand, the lowest public transport use (and provision) in New Zealand, but the 

highest use of cycling and reasonably high use of walking (which both contributed to 

lower overall transport energy use per capita); overall Christchurch's popUlation and 

job density was the lowest of the NZ cities. 

International city comparisons between the three New Zealand cities and similar data 

collected on 46 other international cities were provided in Chapter 10. 

The international city comparisons effectively magnify many of the findings of the 

three New Zealand cities. Overall on a per capita basis, US cities were found to drive 

the most, used the most transport energy, had very low use and provision of public 

transport, cycling and walking, and along with Australian cities had the lowest 

densities of all country/region averages. Australian and Canadian cities had less 

private vehicle use, greater public transport services and use, and slightly higher 

densities than the US cities. New Zealand cities fell somewhere between the 

Canadian cities and European cities with per capita less driving and more use of 

cycling and walking than Canadian cities (however with very low provision and use of 

public transport). Conversely, the European and Asian cities generally showed far 

lower per capita transport energy use, lower levels of driving, higher use of public 

transport cycling and walking, higher urban densities, less urban sprawl, lower road 

capacity and higher relative speeds of public transport. 
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Although not central to this thesis, interesting results are also documented which show 

that cities which are more automobile dependent spent a greater proportion of their 

city wealth on transport operations, had higher traffic fatalities and higher transport 

emissions per capita. 

What these results suggested is that there are distinct interconnections between 

transport and land use policies and transport choices (and transport energy use). And 

importantly what it also revealed was that cities clearly make policy choices regarding 

transport infrastructure, transport planning (including traffic engineering and design), 

as well as land use policies to affect urban transport choices. 

The simple data comparisons clearly showed that generally cities with low density and 

plenty of roads had higher vehicle use, or conversely cities with higher density and 

good public transport had lower vehicle use. 

Chapter 10 concluded with the results of some regression analyses which show the 

complexity of factors and interconnections between transport and land use policies 

and transport choices (and ultimately transport energy consumption). A number of 

these relationships include: 

e Decreasing urban density relates to increasing car use and transport energy use 

(and associated local and global air emissions); 

I) Increasing size of the urban area relates to increasing travel; 

II Increasing density relates to increasing public transport; 

III Increasing use of cycling and walking relates to decreasing transport energy use; 

" Increasing public transport service provision relates to decreasing transport energy 

use; 

• Lower vehicle costs relate to increasing vehicle use; and 

It Increasing public transport user costs relate to increasing car use. 
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Overall Chapters 9 and 10 provided answers to Question 2 and showed that a global 

study of city comparisons across 49 cities (including original data for all three main 

New Zealand cities) provided invaluable insights into the factors and interconnections 

between transport and land use policies and effects on transport choices and transport 

energy use. In addition, analysis of the global city data set revealed the tremendous 

complexity of these factors and suggested that use of a systems modelling approach 

was appropriate. 

Question 3: Systems Analysis - Policy Interactions Affecting 

Transport Energy Use 

Can systems theory and use of qualitative systems models assist in developing 

a way of thinking (a conceptual model) about the interactions of planning 

policies on transport energy use, to enable a more sustainable approach to be 

adopted? 

Chapter 11 introduced the use of a systems approach and systems modelling as a tool 

for simplifying complex interactions between numerous different influences. An 

influence diagram relationship was utilised to show that the polarity of influence 

between variables, when constructed into a closed loop, can indicate either positive or 

negative feedback, where positive feedback results in a growing unchecked and 

unbalanced system (or conversely negative feedback exhibits a system which is in 

balance). 

Chapter 12 applied the systems modelling approach to the planning policies 

investigated in earlier chapters of the thesis. A number of feedback influence 

diagrams were developed. The development of these systems models involved 

synthesising the Christchurch case study data, analysis of extensive literature, and 

systematic use of the New Zealand city and international global city data, as well as 

professional judgement to determine what are generally independent policy decisions 

affecting transport energy use. The application of systems analysis and the 

Chapter 15 - Conclusions 



381 

development of influence diagrams enabled a far more holistic view of the effects of 

these independent decisions on transport choices - effectively identifying possible 

feedback mechanisms involved in what are otherwise linear and often independent 

planning policy decisions. Many of the theoretical influence diagrams developed in 

Chapter 12 suggested that positive feedback for increasing car use is occurring. 

Chapter 13 then took the analysis a step further and developed a methodology for 

testing the proposed system model influence diagrams. For each variable in the 

influence diagrams an indicator was developed from the Global Cities Data set. In 

each case, the influence diagrams were "tested" by performing correlation analysis on 

the global cities study data for correlation between dependent and independent 

variables. In total six of the nine influence diagrams were tested (three of the systems 

model influence diagrams could not be tested due to insufficient data). The 

correlation analysis across data for 49 cities in general strongly support the following 

influence diagrams: 

• Urban Form (Area and Density) - Overall, data analysis of the influence 

diagram showed positive feedback for increasing urban area size leading 

to increasing car use: increases in the urban area and decreases in popUlation 

density relate to increases in car travel, decreases in use of public transport, 

cycling and walking, and increases in car use relate to increases in the size of 

the urban area . 

., Road Building -The influence diagram showed that policies which 

increase road capacity relate to increasing car use: increases in road 

capacity relate to increases in traffic speed, increases in trip length, decreases 

in population density and increases in urban area size; these changes, relate to 

increases in travel which increases congestion, and under the current benefit

cost evaluation paradigm, result in additional road capacity. 

It Public Transport The influence diagram showed that increasing public 

transport services feedback to increases in use and vice versa: increases in 

public transport services relate to increasing use and increasing revenue, which 
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support increases in services. However, the positive (or virtuous) influence 

can tum into a vicious cycle of declining services and reducing use (partially 

due to increases in car use). 

III Accessibility - Overall, the influence diagram showed increasing 

access for cars generally increases car use: increasing access for cars 

decreases access for cyclists, pedestrians and to a lesser degree public 

transport; decreasing use of cycling, walking and public transport increases car 

use. There were however some limits to data on cycling and walking. 

Ii Slow Mode Safety - The results generally confirmed that increases in 

traffic volumes and speeds results in positive feedback for increasing car 

use: increases in traffic volumes and traffic speeds are decreasing safety and 

use of slow modes (cycling and walking), which leads to increasing car use; 

there were some identified limits to the data in terms of cycling and walking 

and assessing traffic volumes. 

III Traffic Demand Management - The analysis confirmed the proposed 

influence diagram that measures for reducing travel demand can result 

"balancing" or negative feedback to reduce car use: controls on parking, 

increasing traffic priority for alternatives (public transport), and increasing cost 

of private vehicle use all result in decreasing use of private vehicles. 

As indicated in Chapter 13 all results were highly statistically significant, with many 

correlation coefficients of determination (r2 values) ranging between 0.4 and 0.9 

suggesting that in some cases up to 80-90% of changes in the dependent variable are 

related to changes in the independent variable.242 From the regression analysis 

conducted between variables in the Global Cities Data set (including the three New 

Zealand cities), some very strong statistical relationships were found (see Chapter 10 

and 13 for details). 

242 For example increasing size of the urban area relates to increasing travel per capita with correlation of 
determination (~) value of 0.912 or suggesting that 91% of changes in car travel per capita relate to 
changes in the size of the urban area. 
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There were some limits to using the Global Cities Data - specifically problems were 

encountered with developing a robust indicator for congestion and traffic volumes 

which did not enable some of the proposed influences to be verified using the 

available data; there were also limits to assessing effects on cyclist and pedestrian 

activities (these "limits" are discussed in detail in Chapter 13). 

Most importantly for the hypothesis in this research, positive and negative influence 

proposed in the system model influence diagrams were supported by mathematical 

correlation relationships between variables in the Global Cities Data set. In fact for 

over 60 proposed influences developed using the systems modelling approach, the 

correlation analysis between dependent and independent variables resulted in 

mathematical equations which supported over 50 of the proposed positive and 

negative signs of influence. As indicated above all six of the tested influence 

diagrams were confirmed, with five showing positive feedback for increasing car use, 

and the traffic demand management influence diagram which showed that negative 

feedback could be introduced. 

Importantly, there appeared to be two separate (but related) reasons for increasing car 

use as a result of the interactions between the planning policies investigated: 1) the 

synergy of decreasing use of alternatives and 2) the direct increases in car use. What 

the results suggested is that typical planning policies may be looking at linear 

relationships (e.g., congestion leads to the need to increase road capacity), instead of 

considering a more holistic view of the consequences and complexities of feedback 

mechanisms affecting car use. This thesis has attempted to unveil some of these 

complexities. The results suggest that linear planning policy approaches require a 

more holistic appraisal if car dependence (and associated energy use) are to be 

reduced. 

Overall, the findings of this research confirm the hypothesis that independent and 

uncoordinated urban transport land use planning policies are producing 

unintended and systemic outcomes, leading to increasing car use associated 

energy use. 
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Overall the results of this research confirm the hypothesis proposed in this thesis. 

However, as would be expected, there are potential improvements to the systems 

models developed and the city indicators data utilised. 

Systems Modelling Analysis 
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Further development of the qualitative systems models used in this thesis, into 

quantitative systems models, would be the next logical step for related research. This 

thesis took a significant step in that direction by assigning variable specific indicators 

and using regression analysis to determine the strength of relationships between 

variables (although the regression analysis was applied to test proposed positive and 

negative feedback mechanisms not for modelling purposes per se). Time-series 

analysis of the quantitative variables could result in the development of quantitative 

system dynamic models which capture the interacting effects over time of changes in 

transport and land use patterns (data are available for over 35 of the 49 cities for many 

of the indicators for 1960, 1970,1980 and 1990). In essence, such a tool (combined 

with multivariate regression analysis between variables) could be used to identify 

which policy options have the most effect on transport choices, including transport 

energy use. 

Utilising quantitative data will require further clarification of the complex interactions 

of qualitative and quantitative influences. There are a number of issues which may 

require a mix of qualitative and quantitative assessment including accessibility, social 

effects of traffic demand management, and the effects of infill policies (and associated 

amenity outcomes) to name a few. The mix may require the integration of different 

approaches, such as use of traditional transport models combined with results from 

qualitative exercises (e.g., like focus group findings on perceptions of slow mode 

safety). 

Influence Diagrams as Useful Visual Tools 
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There is also the potential to simplify the influence diagrams for use in public 

presentations to stimulate debate among policy decision-makers and members of the 

public. The visual presentation of complex feedback processes could apply the axiom 

that "a picture is worth a thousand words". Although these influence diagrams should 

not be considered definitive, they could stimulate useful discussion and needed 

critique of the processes which are determining transport demand and transport energy 

consumption. 

n""'''"n1UData Quality the Proposed Systems Models 

As described in Chapter 13, there were some limits to the Global Cities Data in 

developing appropriate variables for the proposed qualitative systems models. 

Largely as a result of the "snapshot" nature of the indicators utilised in this research, 

there were problems with identifying time sensitive variables like "congestion" and 

"traffic volumes". The difficulties encountered suggest that the indicator approach 

developed by Newman and Kenworthy (1989, 1998) and Kenworthy et al (1997) 

could benefit if some form of peak period traffic assessment was made. This 

particularly relates to infrastructure assessments such as major road building and 

public transport improvements. There is also a clear need to improve data quality on 

cycling and walking. Unfortunately the only data gathered for cycling and walking on 

the Global Cities Data are for the joumey-to-work mode share (and even then cycling 

and walking are combined into one indicator), thus limiting the ability to understand 

relationships affecting cycling and walking for available indicators in the 49 cities 

studied. 

If these improvements were made, further work could progress on providing a more 

robust assessment for the "Slow Mode Safety" and "Accessibility" systems model 

influence diagrams developed in this thesis. In addition, other proposed systems 

models for the "Christchurch City Plan", "Transport ImprovementslProject 

Evaluation", and "Transport Funding" could not be tested using the Global Cities 

Data set. To validate or reject these systems models would require in depth study of: 

the Christchurch City Plan including its land use policies and land use results over 

time; transport project specific studies which reviewed the effects of road building 
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projects on car use and alternative transport modes (including something similar to 

that carried out by SACTRA (1994) on the effects of induced traffic and such 

measures as decreases to road capacity done by Cairns, Hass-Klau and Goodwin 

(1998)); and to assess the funding systems model, the effects of petrol taxation and 

pricing policies on transport funding levels in New Zealand would be required 

(unfortunately this would be fraught with analytical difficulty due to annual political 

decisions of funding and expenditure for numerous govemmentprojects of which 

transport is only one part). 

It is recommended that New Zealand cities (and appropriate central government 

agencies) consider developing a transport indicators approach which applies the 

methodology utilised in this research (and as developed by Newman and Kenworthy 

with improved indicators for cycling, walking and peak period traffic). 

The methodology undeliaken is rather time and data intensive, requiring a significant 

amount of effort (as well as co-operation from a reasonably large number of agencies) 

to gather quality data for each city. This was particularly true for the land use data

identifying where and by how much cities have changed their urbanised land use 

profiles. Cities could adopt a staged approach: first gathering what are the simpler 

indicators on mode split and trip patterns between transport modes (journey length, 

annual public transport data, etc.), and then if required, pursue the more complicated 

indicators on economic and environmental effects (transport costs, gross regional 

product, air emissions and energy use). Overall, establishing a common policy on 

urban indicators for New Zealand cities could improve future research. 

And finally, as with many inter-disciplinary approaches there is a combination of data 

analysis, literature review and professional judgement involved in both assessing the 

adequacy of the indicator data (as well as the development of the qualitative systems 

models). Thus good judgement and an adequate critique of modelling approaches 

would be required. 
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Application of a systems model approach provided important insights into the 

interaction of factors affecting urban transport energy use. 
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Significant positive feedback for increasing transport energy consumption was 

identified using qualitative systems modelling. Current planning policy approaches 

which showed increasing positive feedback for car use included increasing size of the 

urban area, decreasing urban density, and increasing roading infrastructure which 

provides greater priority to car use and less to alternative transport modes. There are 

land use and transport planning policies which could provide "balancing" or 

"negative" feedback for the growth in car use. Or conversely, policies could be 

developed which provide more positive feedback for sustainable transport modes. 

Policy implications were investigated in Chapter 14 and included: 

'" Integrated Transport and Land Use Strategies ensuring that transport and 

land use plans and policies are integrated particularly with respect to 

infrastructure (roads and public transport), improving alternatives (public 

transport, cycling and walking), urban form (density, design, etc.) and transport 

planning (including engineering and design); 

It Urban Form - Development of an urban growth management strategy which 

incorporated density increases in appropriate locations (e.g., nodes and 

corridors), and addressed infilllintensification improvements. Improving the 

amenity outcomes of infill development may reduce the current social backlash 

against infill housing (exhibited in New Zealand) and could contribute to 

reducing the growth in size of the urban area; 

• Transport Accessibility and Safety Guidelines improving transport planning 

accessibility guidelines and safety for more sustainable modes to support their 

use; 

Transport Provision - Ensuring transport provision (e.g., roads and public 

transport services) and planning improved support for alternatives to car travel 
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(including a reassessment of the benefit cost evaluation criteria which appears 

to strongly favour roading capacity improvements); 

(D Traffic Demand Management - increasing application of traffic demand 

management techniques to reduce car reliance and increase use of alternative 

modes. 

In general, a shift to an integrated transport planning paradigm should occur: 

improvements for alternative modes should be included in all assessments including 

transport improvement projects, land use designs (site and area accessibility), urban 

form, traffic engineering and transport planning. 

It is also very clear that change and specifically intervention in our current approaches 

to transport and land use planning and policy is required. Part of the need for 

"intervention" rests with the complex interaction between individual decisions and 

community outcomes or as Hardin (1968) so eloquently termed it, the "tragedy ofthe 

commons" where individual decisions to maximise individual benefit, if left 

unchecked, will inevitably lead to a degradation of the quality of the commons.243 

Goodwin (1997) holds a very similar view in discussing current transport patterns and 

trends, with specific reference to the effects of growing traffic congestion in the UK: 

"It is one of those cases where Adam Smith's individuals pursuing their own 

best interests do not add up to Jeremy Bentham's greatest good for the greatest 

number. The benefit can only be delivered by intervention, either in the 

allocation of road space - bus lanes and so on or by pricing. " (p 2) 

It is important to recognise that integrating transport and land use planning to reduce 

car use (and transport energy use) is no panacea - by itself it will not "solve" the 

problems of automobile dependence. Changes in land use and transport planning 

policy can be slow and potentially politically difficult (both due to local challenges 

243 Hardin's example used grazing of common land but the analogy is useful for any "common" resource 
such as clean air, road space, etc, 
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and at times political uneasiness). However the tide does appear to be tuming with 

respect to policies which mandate transport-land use integration in a number of 

countries including the United States and the United Kingdom.244 

What this research suggests is that an integrated approach for reducing automobile 

dependence and transport energy use is both desirable and required, to take advantage 

of the synergy of feedback interactions and to realise a new direction for more 

sustainable urban transport systems. 

244 For example, see TEA 21 (1998) legislation in the United States and various different acts in the UK 
including the Policy Planning Guidelines (PPG) 4,6 and 13 (DOEIDOT, 1994). 

Chapter 15 - Conclusions 



390 

1 

Allan, S. 1994. "Opportunities for Energy Efficiency and Conservation Through the 
Resource Management Act and Associated Legislation", report to the Energy 
Efficiency and Conservation Authority, June. 

Altshuler, A, Pucker, J., Womack, 1. 1979. The Urban Transportation Problem: 
Politics and Policy Innovation, MIT Press, Cambridge, USA. 

Altshuler, A, Roos, D., Womack, J., Anderson, M., Jones, D. 1984. The Future of the 
Automobile, MIT Press, Cambridge, USA 

Appleyard, D. 1981. Liveable Streets, University of California Press, Berkeley. 
ARC, 1998a. "Auckland Air Emissions Inventory - Final Report", prepared for the 

Auckland Regional Council by the Environmental Protection Authority 
(Melbourne, Australia), Technical Publication No. 91, March. 

ARC, 1998b. "Regional Growth Forum - A Draft Regional Growth Strategy for 
2050", prepared by the Auckland Regional Growth Forum, July. 

ARC, 1998c. "Draft Regional Land Transport Strategy", Auckland Regional Council, 
July. 

Arnoux, L. & Associates. 1993. "Transport Advisory Group Report: Recommended 
Long Term Transport Strategy" for the Canterbury Regional Council, May. 

Bachels, M. 1994a. "Survey of Fuel and Energy Consumption for Canterbury and 
Urban Christchurch, 1982-1992". Report prepared for the Canterbury Regional 
Council, March. (Included as Appendix B - Energy Survey). 

Bachels, M. 1994b. "Developing a Regional Energy Strategy for Sustainability", Eco
Politics Conference 1994, Lincoln University, New Zealand, July 8-10, pp13 (refer 
Appendix A Relevant Publications). 

Bachels, M. 1996. "Developing Positive Feedback for Sustainable Transport: learning 
from car-dependence", Sustainable Energy Forum Conference, Tauranga, New 
Zealand, March 29-30, pp21-30 (refer Appendix A - Relevant Publications). 

Bachels, M. 1998. "Opportunities and Threats for Sustainable Urban Transport 
'Getting the Right Balance"', Urban Transport Forum, March 2-3, 1998, 
Wellington (refer Appendix A-Relevant Publications). 

Bachels, M., Newman, P. and Kenworthy, 1. 1998. "Intractable Problem Or Attractive 
Opportunity: Reducing Urban Transport Energy Use In New Zealand Cities An 
International Comparison", Proceedings of Solar 98 the 36th Annual Conference
Australia & New Zealand Solar Energy Society, November, pp208-216 (refer 
Appendix A - Relevant Publications). 

Bachels, M., Newman, P., and Kenworthy J., 1999. "Indicators of Urban Transport 
Efficiency in New Zealand's Main Cities", a study prepared for a number of New 
Zealand government bodies, by the Institute for Science and Technology Policy, 
Murdoch University (in press). 

Baines, 1. 1993. New Zealand Energy Information Handbook. 
Bank of America, California Resources Agency, and Greenbelt Alliance, 1995. 

Beyond Sprawl: New Patterns of Growth to Fit the New California. San Francisco, 
January. 

Banister, D. 1994. Transport Planning. E&FN Spon, London, UK. 
Banister, D. 1995. Transport and Urban Development. E&FN Spon, London, UK. 
Bartholomew, K. 1995 "A Tale of Two Cities", Transportation 22: 273-293. 

References 



391 

Bartley, B. 1995. "Mobility Impacts, Reactions and Opinions Traffic Demand 
Management Options in Europe: The Miro Project", Traffic Engineering + Control, 
November, pp596-603. 

Beca Carter Hollings & Ferner 1994. "Changing Energy Efficiency of Petroleum 
Products in the Transport Sector", report for the Energy Efficiency and 
Conservation Authority, May. 

Bell, M. 1995. "Solutions to urban traffic problems: toward a new realism", Traffic 
Engineering + Control, February, pp78-82. 

BERL 1996. "Approaches to Modelling Transport/Land Use Interactions" report 
prepared for the Wellington Regional Council by Business and Economic Research 
Ltd (BERL), May. 

Bernick, M.and Cervero, R. 1997. Transit Villages in the 2rt Century. McGraw
Hill, USA. 

Berry, B., et a1. 1974. Land Use, Urban Form and Environmental Quality, Research 
Paper 155, University of Chicago Press, Chicago. 

Bland BH. 1979. "Land use patterns and the viability of bus services", paper M24 in 
Planning and Transportation Research and Computation Summer Annual Meeting, 
Warwick University, 9-12 July, PTRC London (cited in TRRL 1980). 

Bleicher, H. 1892. "Statistical description of Frankfurt am Main and it inhabitants", 
Beitrage zur Statistik (cited in TRRL 1980). 

Bossel, H. 1994. Modeling and Simulation, AK Peters Ltd, USA. 
Bourgoin, M. 1987. "Fighting congestion in city centres", 47th International Congress 

Lausanne. 
Brady, T. and Pullen, D. 1985. "Survey of Fuel, Energy and Air Pollution in the 

Christchurch Metropolitan Area". Department of Public Health, Air Pollution 
Section, March. 

Brennan, D. 1994. "The evaluation of residential traffic calming: a new multi-criteria 
approach" Traffic Engineering + Control, January, ppI9-24. 

Brennand, A. 1996. "Good Transport Provision is Essential for Sustainable Growth" 
20th Australasian Transport Research Forum, Auckland (cited in Brennand and 
Lupton 1997). 

Brennand, A., Lupton, D. 1997. "Evaluation of Strategic Transport Packages", 21 st 

Australasian Transport Research Forum, Adelaide, September, pp437-453. 
Brindle, RE, 1994. "Lies Damned Lies and Automobile Dependence - Some 

Hyberbolic Reflections", Australian Transport Research Forum, Vol 19, pp117-
131. 

Brundtland Report. 1987. Our Common Future: Report of the World Commission on 
Environment and Development, Brundtland, W.H., et al Oxford: Oxford University 
Press. 

Bussiere, R. 1975. Urban Interactions - the CRU model, Annales, Paris (cited in 
TRRL 1980). 

CAAA, 1990. 1990 Clean Air Act Amendments, USA. 
Cairncross, C. 1996. "Urban Fabric Must Support Public Transport", Planning 

Quarterly (NZ), June, pp20-23. 
Cairns, S., Hass-Klau, C., and Goodwin, P. 1998. Traffic Impact of Highway 

Capacity Reductions: Assessment of the Evidence, Landor Publishing, London. 
Calthorpe, P. 1993. The Next American Metropolis. Princeton Arch. Press, Princeton. 
Calthorpe, P. 1994. "The Region" in The New Urbanism by Peter Katz, McGraw

Hill, New York. 

References 



Cambridge Systematics 1991. "Making the Land Use Transportation Air Quality 
Connection: Modeling Practices Volume 1", prepared for I 000 Friends of 
Portland, Oregon, USA. 

392 

Cameron, M. 1991. "Transportation Efficiency: Tackling Southern California's Air 
Pollution and Congestion", Environmental Defense Fund, Oakland, CA, USA. 

Campbell, C. and Laherrere, 11998. "The End of Cheap Oil", Scientific American, 
pp78-83, March. 

Carson, R. 1962. Silent Spring. Houghton Mifflin Company, Boston, USA. 
CCC 1967. "Christchurch Development", report prepared by the Town Plamling, 

Engineering and Architectural Department, Bascands Ltd Printers, Christchurch, 
New Zealand. 

CCC 1994a. City Plan Christchurch, Urban Growth, Section 32, Volume 5 -
Evaluation of Urban Growth Options, Christchurch City Council, (Up-dated) Draft 
June. 

CCC 1994b. City Plan Christchurch, Urban Growth, Section 32, Volume 3, 
Christchurch City Council, June. 

CCC 1995a. Proposed Christchurch City Council Plan, Volumes I, II, and III, 
Christchurch City Council. 

CCC 1995b. "Parking Strategy for the Central City of Christchurch", Christchurch 
City Council, March. 

CCC 1996a. Christchurch Transport Study - Revised Vehicle Driver Model 
Calibration Report, Christchurch City Council, March, Draft #2. 

CCC 1996b. Proposed Christchurch City Plan, Hearings of Submissions on Matters 
Relating to Urban Growth, Officer's Report No.1, Christchurch City Council, 
2/12/96 

CCC 1996c. "Towards a Long Term Urban Growth Strategy for Christchurch", 
Environmental Policy and Planning Unit, Christchurch City Council, June. 

CCC 1996d. Cycle Strategy for Christchurch City Council, October. 
CCC 1996e. Christchurch City Council Children's Strategy, Christchurch City 

Council. 
CCC 1997a. City Plan Hearings, Officer's Report PLlCP/35.01lSW/46, Christchurch 

City Council, 20/1197. 
CCC 1997b. "Update Report 1996", Christchurch City Council. 
CCC 1997c. "Christchurch Transport Study - The Case for a Multi-Modal Model: 

Draft Brief for Scoping Report", City Streets Unit, Christchurch City Council, 
March 

CEC 1993. "Energy A ware Planning Guide", California Energy Commission, 
January. 

Census 1996. Department of Statistics New Zealand, Census data. 
Cervero, R. 1989. America's Urban Centres: A Study of the Land Use 

Transportation Link, Unwin Hyman, Boston. 
Cervero, B. and Landis, J. 1995. "Development Impacts of Urban Transport: a US 

Perspective" in Transport and Urban Development, Ed Banister, E&FN Spon, 
London. 

Checkland, 1981. Systems Thinking Systems Practice, J Wiley and Sons, UK. 
Checkland, P. and Scholes, J. 1990. Soft Systems Methodology in Action, Wiley & 

Sons Ltd., UK. 
Chicago Area Transportation Study. 1960. Final Report, Chicago, Illinois, USA. 

References 



393 

Chicago Area Transportation Study. 1969. Study Report, vol. 1-3, Chicago, Illinois, 
USA. 

Chisholm, M. 1997. "The Road Traffic Reduction Act 1997 lacks teeth", Traffic 
Engineering + Control, September, pp454-456. 

CIT 1998. "Beyond Oil: Transport & Fuel for the Future", Chartered Institute of 
Transport in Australia, 1998 National Symposium, Statement of Outcomes, Media 
Release, November 12, pp2. 

City of Auckland, 1997. Proposed District Plan. 
Coal Research. 1992. Analysis Update 1992 - Analysis of New Zealand Industrial 

Coals, Coal Research, Wellington. 
CRC 1993. "Transport Directions" Canterbury Regional Council. 
CRC 1994. "Canterbury Regional Council Passenger Transport Plan 1994", 

Canterbury Regional Council. 
CRC 1995a. "Regional Environment Report 1993-94", Canterbury Regional Council, 

Report 95(5), May. 
CRC 1995b. Canterbury Regional Council submissions on Proposed Christchurch 

City Plan, November. 
CRC 1996a. Regional Energy Survey: Survey of Fuel and Energy Consumption for 

Canterbury and Urban Christchurch 1982-1994, Energy and Transport Planning 
Section, Canterbury Regional Council, U96/37, June. 

CRC 1996b. "Canterbury Regional Council Regional Land Transport Strategy 1996-
2001", Canterbury Regional Council. 

CRC 1997. "Christchurch Inventory of Total Emissions", prepared by NIWA, 
Canterbury Regional Council, Report no. R9717, June. 

CRC 1998a. Canterbury Regional Council Regional Policy Statement, June. 
CRC 1998b. "Our Future Our Choice: Christchurch Public Passenger Transport 

Strategy", Canterbury Regional Council Report No. R981l1, August. 
CUC 1979. Canterbury Regional Planning Scheme Draft Second Review Section One 

Settlement Distribution, Canterbury United Council/Canterbury Regional Planning 
Authority. 

CUC 1985. Canterbury Regional Planning Scheme Section 1 Overall Objectives and 
Settlement Distribution, Canterbury United Council. 

Daly, H. 1980. Economics, Ecology, Ethics: Toward a Steady-State Economy. WH 
Freeman, San Francisco. 

Dasgupta et a1. 1994. "Impact of Transport Policies in Five Cities", Project Report 
107, T1I27, Transport Research Laboratory, UK. 

Davis, A. 1994. "The Speed and Mobility Culture: The sacrifice of health and quality 
ofHfe", Traffic Engineering + Control, October, pp568-572. 

Davis, A. 1995. "Wonderful Copenhagen Breathes Again", Surveyor, 30 November. 
Department of Statistics. INFOS computer program, Building Consent Statistics. 
Department of Statistics. SUPERMAP computer program. 
DETR, 1998. UK Government's White Paper on the Future oJTransport-A New Deal 

Jor Transport, Better Jor Everyone, Department of Environment, Transport and the 
Regions, United Kingdom. Cited on the Internet: httpllwww.detr.gov.uk/itwp, 
December 17. 

Dijst, M and Vidakovic, V. "Individual Action Space in the City" in Activity-Based 
Approaches to Travel Analysis, D. Ettema and H. Timmermans (eds.), Pergamon, 
pplI7-134. 

References 



394 

Dittmar, H. 1995. "A Broader Context for Transportation Planning", APA Journal, 
Winter, pp7-13. 

DOE 1972. Getting the Best Roadsfor Our Money: The COBA Method Of Appraisal. 
London, HMSO (in Banister 1994). 

DOEIDOT, 1994. "Planning Policy Guidance: Transport (PPG 13)", Department of 
the Environment and Department of Transport, HMSO, London. 

Donnelly, A. 1995. "New Zealand Urban Transport System is Unsustainable", 
Planning Quarterly, September. 

DOT 1995. "Transport policies and programme submissions for 1996-97: 
Supplementary guidance notes on the Package Approach." Department of 
Transport, London. 

Eastman, B. 1984. Intelpreting Mathematical Economics and Econometrics, 
MacMillan Ltd. 

ECOTEC 1993. "Reducing Transport Emissions Through Planning". Department of 
the Environment and Department of Transport. HMSO, London. 

EECA, 1997. "Energy Efficiency Trends in NZ - a compendium of energy end-use 
analysis and statistics" Monitoring and Analysis Unit, Energy Efficiency and 
Conservation Authority, Wellington. 

Eggleston, HS. 1992. "Pollution in the atmosphere", Warren Spring Laboratory 
Report, LR 888 (cited in Merry 1995). 

Elkin, T., McLaren, D., Hillman, M. 1991. Reviving the City: towards sustainable 
urban development. London: Friends of the Earth, UK. 

Engwicht, D. 1992. Toward an EcoCity: calming the traffic. Envirobook. 
Evill, B. 1995. "Population, Urban Density, and Fuel Use: Eliminating Spurious 

Correlation", Urban Policy and Research, Vol. 13, No.1, pp29-36. 
Ewing, R. 1995. "Measuring Transportation Performance", Transportation 

Quarterly, Vol. 49, No.1, pp91-104. 
Fielding, G. 1995. "Transit in American Cities" in The Geography of Urban 

Transportation edited by Susan Hanson, 2nd edition, Guilford Press, New York. 
Fitzsimons, J. 1990. "Urban Form and Transport Fuel in Auckland", New Zealand 

Planning Quarterly, June, pp1 18. 
Fleay, B. 1995. The Decline of the Age of Oil, Pluto Press, Sydney, Australia. 
Fleay, B. 1998. "Climaxing Oil How Will Transport Adapt?" Theme paper at 

Chartered Institute of Transport in Australia, National Symposium, Tasmania, 
November. 

Flood, J. 1997. "Indicators Programme 1994-96: Programme activities, analysis and 
data collection", Report prepared for the UNHCS Centre for Human Settlements, 
Australian Housing and Urban Research Institute. 
Forrester,lW. 1961. Industrial Dynamics, Portland, Ore.: Productivity Press, USA. 
Gabites, Alington and Edmondson. 1982. "Canterbury Regional Energy Study", New 

Zealand Energy Research and Development Committee, Report No. 74, February. 
Gehl, J. 1992. "The Challenge of Making a Human Quality in the City", in Perth 

Beyond 2000 Proceedings of the City Challenge Conference, Perth, September. 
George, R. 1998. "Mining for Oil". Scientific American, March, pp84-85. 
Giuliano, G. 1995. "Land Use Impacts of Transportation Investments", in The 

Geography of Urban Transportation edited by Susan Hanson, 2nd edition, 
Guilford Press, New York. 

Gomez-Ibanez, JA. 1991. "A Global View of Automobile Dependence", Journal of 
the American Planning Association, Vol. 57, No.3, pp376-379. 

References 



395 

Goodwin, P. 1997. "Solving Congestion (when we must not build roads, increase 
spending, lose votes, damage the economy or hann the environment, and will never 
find equilibrium)". Inaugural Lecture for the Professorship of Transport Policy, 
University College London, 23rd October (: http://www.llcl.ac.uk/transport
studies/scl.htm). 

Gordon, P., Kumar, A. and Richardson, H. 1989. "The Influence of Metropolitan 
Spatial Structure on Commuting Times", Journal of Urban Economics, 26, pp138-
149. 

Gordon, P, and Richardson, H. 1989. "Gasoline Consumption and Cities: A Reply, 
Journal of the American Planning Association, VoL No.2, pp342-345. 

Gordon; P, Richardson, and Jun, M. 1991. "The Commuting Paradox-Evidence 
From the Top Twenty", Journal of the American Planning Association, VoL 57, pp 
416-420. 

Hansen, M. and Huang, Y. 1997. "Road Supply and Traffic in California Urban 
Areas", Transportation Research A, Vol. 31, No.3, pp205-2l8 

Hanson, S. 1995. The Geography of Urban Transportation edited by Susan Hanson, 
2nd edition, Guilford Press, New York. 

Hass-Klau, C. 1990. The Pedestrian and City Traffic, Belhaven Press, UK. 
Harcup, T. 1996. "How they made Methley green", Surveyor, 22 August, p20-21. 
Hardin, G. 1968. "Tragedy of the Commons." Science, Vol. 162, ppI243-1249, 

December. 
Hathaway, B. 1996. "Above all else", Landscape Design, March, pp26-29. 
Havlick, S. 1974. The Urban Organism, Macmillan Publishing, New York. 
Havlick, S. and Newman, P. 1998. "Can Demand Management Tame the Automobile 

in a Metropolitan Region?", World Transport Policy and Practice, Vol. 4, Number 
l. 

Higgins, T. 1989 "Parking Management and Traffic Mitigation in Six Cities: 
Implications for Local Policy", Transportation Research Record 1232, January. 

Hillman, M. and Whalley, A. 1979. Walking is Transport, Policy Studies Institute, 
UK. 

Hillman, M. and Whalley, A. 1983. "Energy and Personal Travel: obstacles to 
conservation", Policy studies Institute, Report No 611 - cited in TRL 1995, 
"Literature review of short trips", TRL Project Report 104, UG49. 

Hillman, M. Adams, J., Whitelegg, J. 1991. One False Move: a study of children's 
independent mobility, Policy Studies Institute, London. 

Hillman, M. 1996. "Curbing car use: The dangers of exaggerating the future role of 
public transport", Traffic Engineering + Control, January. 

Holtzclaw, J. 1994. "Residential Patterns and Transit, Auto Dependence and Costs" 
(San Francisco: Natural Resources Defense Council). 

HMSO 1963. Noise: Final Report, Sessional Papers, London, 1963 (in Hutchinson 
1974). 

Hubbert, M. 1965. "Energy Resources", In Resources and Man, National Academy of 
Sciences, Freeman, San Francisco. 

Hutchinson, B. 1974. Principles of Urban Transport Systems Planning. Scripta Book 
Co., Washington DC, USA. 

Independent Commission on Transport, 1974. Changing Directions, The Ecological 
Foundation, published by Coronet Books, London, UK. 

References 



396 

INRETS. 1995. Budgets Energie Environment des Deplacements (BEED) en lIe-de
France - Analyse de la Depense Energetique et des Emissions Pollutantes Liees a 
la Mobilite des Franciliens, Rapport de Convention. 

IPCC, 1996. Climate Change ]995: IPCC Second Assessment Report, Cambridge 
University Press. 

ISTEA 1991. 1991 Intermodal Surface Transportation Efficiency Act, USA. 
Jane's 1994. Jane's Urban Transport Systems ]994-]995. Edited by Chris Bushell. 

Jane's Information Group, Surrey, UK. 
Jacobs, J. 1961. The Death and Life of Great American Cities. Vintage Books, New 

York. 
Jacobs, J. 1984. Cities and the Wealth of Nations. Penguin, Harmondworth. 
Johnston, W.B. 1965. Traffic in a New Zealand City, edited by W.B. Johnston, 
Christchurch Regional Planning Authority. 
Katz, P. 1994. The New Urbanism: Toward an Architecture of Community. 
McGraw-Hill, New York. 
Kaufman, C. 1997. Submissions made on the Proposed Christchurch City Plan on 

behalf of App1efields, Ltd and others, March. 
Keating, M. 1993. The Earth's Summit Agenda for Change a plain language version 

of Agenda 2] and the other Rio Agreements. Centre for Our Common Future, 
Geneva, Switzerland. 

Kennedy, A.M., Brown, V.M.M, Peet, N.J. 1972. Survey of Fuel, Energy and Air 
Pollution in the Christchurch Urban Area (1966-1969). Department of Chemical 
Engineering, University of Canterbury, August 1974. 

Kennedy, A.M., Peet, N.J., Marlow, J.C., Brown, KJ. 1974. Survey of Fuel, Energy 
and Air Pollution in the Christchurch Urban Area (1966-1973). Department of 
Chemical Engineering, University of Canterbury. 

Kenworthy, J., Laube, F., Newman, P., Barter, P. 1997 "Indicators of Transport 
Efficiency in 37 Global Cities", a report produced for the World Bank, ISTP, 
Murdoch University, February. 

Kenworthy, J., Laube, F., et al. 1999. An International Sourcebook of Automobile 
Dependence in Cities, ]960-]990. University Press of Colorado (in press). 

Kenworthy, J. and Newman, P. 1993. "Automobile Dependence 'The Irresistible 
Force'?", University of Technology, Sydney and ISTP, Murdoch University, 
August. 

Kessler, J., Schroeer, W. 1993. "Meeting Mobility and Air Quality Goals: Strategies 
That Work" Office of Policy Analysis, US Environmental Protection Agency, 
Washington D.C. (cited in Ewing, 1995). 

Kingston Morrison. 1995. "Passenger Transport Supportive Land Use Guidelines", 
September, prepared for the Auckland Regional Council. 

Kirwan, R. 1992. "Urban Form, Energy and Transport: A Note on the Newman
Kenworthy Thesis", Urban Policy and Research, Vol. 10, No.1, pp6-23. 

Kissling, C. 1971. "Accessibility and Urban Economic Activity Structure" in 
Geographical Approaches to Canadian Problems, R. Gentilcore (ed.), Prentice 
Hall, pp164-l75. 

Kissling, C and Douglass, M. 1993. "Transportation" in Environmental Planning in 
New Zealand, P. Memon and H. Perkins (eds.) Dunmore Press.pp33-56 

KRTA, 1985. "Energy and Urban Form", New Zealand Energy Research and 
DeVelopment Committee, Report No. 119, October 1985, prepared by KRTA Ltd 
Auckland. 

References 



397 

Land Transport Amendment Act 1995, New Zealand. 
Laube, 1998. "Optimising Urban Passenger Transport: developing a least-cost 

model based on international comparisons of urban transport costs, transport 
patterns, land use, infrastructure, environment and best practice in public 
transport." Unpublished PhD thesis, Murdoch University, Australia. 

Lee, D. 1973. Requiem for Large-Scale Models, Journal of the American Institute of 
Planners, Vol 39(3), ppI63-178. 

Lee, R. and McDermott, P. 1998. "The diversification of urbanisation: new challenges 
for New Zealand planning", Urban Policy and Research, Vol. 16 No.2. 

Litman, T. 1998a. "Driving Out Subsidies", Alternative Journal 24: 1, Winter, pp36-
42. 

Litman, T. 1998b. "Sustainable Transportation Indicators", Victoria Transport Policy 
Institute, Victoria, Canada, see web site: http://www.islandnet.com accessed on 
23/10/98. 

Lowe, M. 1990. "Alternative to the Automobile: Transport for Livable Cities", 
Worldwatch Institute, Washington, D.C .. 

Luk, 1. 1992. "Models for travel demand management - a review", Road & Transport 
Research, Vol 1 (3), September, pp5 8-73. 

Mackett, R. 1995. "Land Use Transportation Models for Policy Analysis", 
Transportation Research Record 1466, pp71-78. 

Magee, A. 1996. "Waitakere Eco-City: Potential for Local Sustainability Initiatives", 
The 4th Sustainable Energy Forum, Tauranga, New Zealand, March. 

Manning, J. 1978. The Journey to Work. George Allen and Unwin, Sydney. 
May AD and Gardener, KE. 1990a. "Transport policy for London in 2001: the case for 

an integrated approach". Transportation 16 pp257-277. 
May, AD. 1990b. Integrated transport strategies: a new initiative, or a return to the 

1960s?, Working paper 307, Institute for Transport Studies, University of Leeds, 
Leeds, September. . 

May AD, Roberts M, and Mason, P. 1992. "The development of transport strategies 
for Edinburgh". Proceedings ICE Transport 95(2). 

May, AD, and Roberts, M. 1995. The design of integrated transport strategies. 
Transport Policy 2(2). 

May, AD. 1996. Lectures on Transport Policy Formulation, draft chapters of a book 
to be published in 1996, presented at Canterbury University, New Zealand, April to 
May. 

McChesney, 1. 1993. Christchurch Community Energy Project: Pre-Feasibility 
Report. Community Energy Project report to the Canterbury Regional Council, 
Southpower and the Christchurch City Council, January. 

McClintock, H.l996. "Is there life without a carT', Landscape Design, March, pp30-
31. 

McCallum, L. 1998. Evidence presented on April, 17, 1998 for the Christchurch 
Proposed City Plan hearings on "rezoning of land from rural to urban east of the 
Airport on the Memorial Avenue-Russley Block and Russley-Hawthornden 
Block", prepared for submission by the Canterbury Regional Counci1. 

McShane, O. 1997. "The Resource Management Act Vision Reality Why the 
Difference?", Building Owners Management Association (BOMA) South Island 
Forum, I 7 March. 

McShane, O. 1998. "The Prospect for Rail in Cities of 1 Million People or Are We 
Being Railroaded?", IPENZ Conference, Aucldand, February 12-16. 

References 



Meadows, D. et al1972. Limits to Growth. Universe Books, New York. 
Meadows, D. et al1992. Beyond the Limits. Chelsea Green Publishing Company, 

Post Mills, Vermont. 

398 

Mees, P. 1998. A Very Public Solution: Transport in the Dispersed City, Faculty of 
Architecture, Building and Planning, University of Melbourne, Australia. 

Merry, R. 1995, "Literature review of short trips", TRL Project Report 104 - UG49, 
UK. 

Meyer, JR et al. 1965. The Urban Transportation Problem, Harvard University Press, 
Cambridge, Massachusetts, USA. 

MtE 1996. "Climate Change and C02 Policy", Ministry for the Environment, June. 
MtE 1997. "Climate Change - the New Zealand response II - New Zealand's Second 

National Communication Under the Framework Convention on Climate Change", 
Ministry for the Environment (MtE), Wellington. 

MtE 1998. "The Indicator", Ministry for the Environment (Mill) - Environmental 
Performance Indicators Programme Newsletter, Issue 1, August. 

Ministry of Commerce 1981-1993. Annual Statistics in Relation to the Electric 
Power Industry in New Zealand (various reports). 

Ministry of Commerce 1992. "An Energy Baseline Forecast to 2020: Supply and 
Demand Interactions in New Zealand's Energy Markets". 

Ministry of Commerce 1993. Energy Data File January. 
Ministry of Commerce 1994. "Energy Supply and Demand Scenarios to 2020", July. 
Ministry of Commerce 1995. "New Zealand Energy Greenhouse Gas Emissions 

1990-1994" , December. 
Ministry of Commerce 1998. Energy Data File January. 
Ministry of Forestry 1993. "National Exotic Forest Description: 1992 National and 

Regional Wood Supply Forecasts", April. 
Moody, T. 1987. "Survey of Household Heating, Christchurch City". City Health 

Department, Christchurch City Council. New Zealand Energy Research and 
Development Committee, Report No. 149, September. 

MOT, 1994a. "Greenhouse Gas Emissions from New Zealand Transport 
Supplementary Report: Regional Distribution of Vehicle Kilometres of Travel", 
prepared for New Zealand Ministry of Transport by Becca et al July. 

MOT, 1994b. "Land Transport Strategies and Network Funding", Ministry of 
Transport, July. 

MOT 1995a. "Land Transport Pricing Study: The Cost ofRoading Infrastructure
Full Report", Ministry of Transport, July. 

MOT 1995b. "Public Transport: Funding Review", Ministry of Transport, March. 
MOT, 1995c. "Greenhouse Gas Emissions from New Zealand Transport", Becca et al 

report to the New Zealand Ministry of Transport, October. 
MOT 1995-1997. Reports on the "Land Transport Pricing Study", Ministry of 

Transport. 
MOT 1996. "Land Transport Pricing Study: Summary report roading as an economic 

good", Ministry of Transport. 
MOT 1997a. "National Land Transport Strategy - Draft Transport Strategy Group 

Recommendations", Ministry of Transport, June. 
MOT, 1997b. "Vehicle Fleet Emissions Control Strategy: Stage 1 Carbon Monoxide 

Emissions", Ministry of Transport, September. 
Moudon, A., Hess, P., Snyder, M., Stanilov., K. 1997. "Effects of Site Design on 

Pedestrian Travel in Mixed-Use, Medium Density Environments". Prepared for 

References 



Washington State Transportation Commission, May. Research Report T9903, 
Task 65. 

399 

NBR 1995. "Riccarton Mall revamp puts it in top three", National Business Review, 
April 13, p 44. 

National Business Review July 5, 1996, p 2. 
National Business Review July 12, 1996, P 38. 
Neff,1. 1996. "Substitution Rates Between Transit and Automobile Travel", paper 

presented at the Association of American Geographer's Annual Meeting, 
Chartlotte, North Carolina, April (13pp). 

Newman, P. 1993. "Planning in an age of uncertainty", Urban planning seminar, 
Hobart Metropolitan Councils Association, Hobart, November, 14pp. 

Newman, P and Hogan, T. 1987, "Urban Density and Transport: A Simple Model 
Based on 3 City Types", Transport Research Paper 1/87, Environmental Science 
Murdoch University, 36pp. 

Newman, P. and Kenworthy, J. 1988a. "Gasoline Consumption and Cities: A 
Comparison of US Cities with a Global Survey", Journal 0/ American Planning 
Association, 55, 1:24-37. 

Newman, P. and Kenworthy, J. 1988b. "The Transport Energy Trade-Off: Fuel 
Efficient Traffic Versus Fuel-Efficient Cities", Transportation Research-A, Vol. 
22A, ppI63-174. 

Newman, P. and Kenworthy J. 1989. Cities and Automobile Dependence, Gower 
Technical: Aldershot. 

Newman, P. and Kenworthy, 1. 1996. "The Land Use-Transport Connection. An 
Overview". Land Use Policy, Pergamon Press, UK, Vol. 13 No I, ppl-22 

Newman, P. and Kenworthy, J. 1998. Sustainability and Cities: Overcoming 
Automobile Dependence, Island Press, Washington DC. 

Newman, L. and Scott, G. 1986. "Air Pollution in Christchurch: How Much is Too 
Much?" Centre for Resource Management, Lincoln University, New Zealand. 
November. 

NZ House of Representatives, 1998. "Inquiry into the Environmental Effects of Road 
Transport", Interim Report of the Transport and Environment Committee, 
September. 

North Shore CC & Others v Auckland Regional Council 1996. 2 ELRNZ 305, 
Decision Number A086/96. 

OECD, 1994. Internalising the Social Costs o/Transport, European Conference of 
Ministers of Transport, Paris. 

OECDIECMT, 1995. Urban Travel and Sustainable Development. OECD, Paris, 
France. 

OECDIIEA, 1997. Transport, Energy and Climate Change. Energy and 
Environment, Policy Analysis Series, OECD, Paris, France. 

Ogden, K. 1993. "Managing Congestion and Demand: Facing the Challenge", 
Proceedings 16th ARRB Conference, Part 1. 

Oliver, G. 1994. "Portland Revs Up for Action". Planning, V. 60, Issue 8, pp8-12, 
August. 

Owens, S. 1992. "Land-Use Planning for Energy Efficiency", Applied Energy 43, 
pp81-114. 

Owens, S. 1995. "From 'predict and provide' to 'predict and prevent'?: pricing and 
planning in transport policy". Transport Policy, 2, pp43-49. 

References 



Paterson, J. 1927. The History and Development of Road Transport, Pitman's 
Transport Library, Bath, UK. 

400 

Patterson, M. 1979. "A Quantification of Energy Derived From Wood in New Zealand 
- A Discussion Paper". Department of Trade and Industry, Resource Conservation 
Series 3. 

Patterson, M. 1980. "Wood Energy Resources in New Zealand", unpublished Masters 
Thesis, University of Canterbury. 

PCE 1997a. "The Management of Suburban Amenity Values", Parliamentary 
Commissioner for the Environment, March. 

PCE 1997b. "The Management of Suburban Amenity Values in Christchurch City", 
Parliamentary Commissioner for the Environment, July. 

PCE 1998. "The Cities and Their People - New Zealand's urban environment", 
Office of the Parliamentary Commissioner for the Environment, June. 

Pederson, 1980. Transportation in Cities. Pergamon, New York. 
Peet, J. 1992. Energy and the Ecological Economics of Sustainability, Island Press, 

Washington DC. 
Pierce, N. 1998. "Curbing Sprawl: Tennessee's Surprise Breakthrough", Washington 

Post, October 11. 
Plane, D. 1986. Cited in Tolley and Turton 1995. 
Plane, D. 1995. "Urban Transportation - Policy Alternatives" in The Geography of 

Urban Transportation edited by Susan Hanson, 2nd edition, Guilford Press, New 
York. 

Pushkarev, B. and Zupan, J. 1977. Public Transit and Land Use Policy, Indiana 
University Press, USA. 

Rails 1997. "Cost Benefit formula frustrates regional transport strategies", Rails, 
pp 172-173, March. 

RAG I 997."Road Reforms - The Way Forward", Roading Advisory Group Final 
Report, New Zealand, November. . 

RCEP 1994. "Royal Commission on Environmental Pollution: Transport and the 
Environment". October. HMSO, London. 

Rees, W. and Wackernagel, M. 1994. "Ecological footprints and appropriate carrying 
capacity" in Jannsom, Hammer, Folke and Costanza Eds Investing in Natural 
Capital, Island Press, Washington DC. 

Rickaby, P A. 1987. "Six settlement patterns compared". Environment and Planning 
B, Planning and Design, 14, ppI93-223. 

RMA 1991. Resource Management Act, New Zealand. 
SACTRA 1994. "Trunk Roads and the Generation of Traffic", report by The 

Standing Advisory Committee on Trunk Road Assessment, Department of 
Transport, London, HMSO. 

Schipper, L. and Meyers, S. 1992. Energy Efficiency and Human Activity, Cambridge 
University Press. 

Senge, P. 1990. The Fifth Discipline, Double Day, New York, New York. 
Sheppard, D. 1995. "Modeling and Predicting Aggregate Flows", in The Geography 

of Urban Transportation edited by Susan Hanson, 2nd edition, Guilford Press, 
New York. 

Shoup, D. and Wilson, R. 1991. "Commuting, Congestion, and Air Pollution: The 
Free Parking Connection", report prepared for the TransportationILand Use/Air 
Quality Connection Symposium, UCLA, November 6-8. 

References 



Sperling, D., 1995. Future Drive - Electric Vehicles and Transportation. Island 
Press, Washington DC. 

Stafford Beer. 1974. Designing Freedom, J Wiley and Sons. 
Sterman, 1. 1994. "Learning in and about complex systems", System Dynamics 

Review, Volume 10 No 2-3, Summer-Fall. 
Still, B. 1996. "The Importance of transport impacts on land use in strategic 

planning", Traffic Engineering + Control, October, pp564-571. 

401 

STPP, 1998. Surface Transportation Policy Project - Progress, March, Volume VIII, 
Number 2. 

Symonds Travers Morgan 1996. "CRC FareslTicketing Project", Symonds Travers 
Morgan report to the Canterbury Regional Council, Z9360. 

TEA-21 1998. Transport Equity Act, USA. 
Tegner G, et at. 1974. "Commuters propensity to work in residential areas - a dynamic 

analysis of the relationship between internal commuting and the availability of 
local jobs", and later unpublished papers, Joint Planning Board, Stockholm (cited 
in TRRL 1980). 

The Press, February 9, 1994. "Diesel Boom Taxes Land Transport Authority". The 
Press, Christchurch. 

The Press, October 5, 1995, Letters to the editor re: Riccarton Mall, The Press, 
Christchurch. 

The Press, March 2, 1996, Weekend Section p 1. The Press, Christchurch. 
The Press, June 1996, p 5. The Press, Christchurch. 
The Press, December 13, 1996, P 9. The Press, Christchurch. 
The Press, March 11, 1997, P 15. The Press, Christchurch. 
The Press, June 7,1997, p 23. The Press, Christchurch. 
The Press, November 8, 1998, p 1. The Press, Christchurch. 
Thomson, JM. 1977. Great Cities and Their Traffic. London, Gollancz (cited in 

TRRL 1980). 
TNZ 1991. Transit New Zealand Research Paper No.7. 
TNZ 1996. "Submissions to TNZ Authority re: Evaluation of Strategic Roading 

Projects in Wellington", Submission No 96/5/2327. 
TNZ 1997. Project Evaluation Manual, Transit New Zealand. 
Tolley, R. 1993. The Greening of Urban Transport, Belhaven Press, London 
Tolley, R and Turton, B. 1995. Transport Systems, Policy and Planning, Longman 

Scientific and Technical, UK. 
Topp, H. 1991. "Parking policies in large cities in Germany", Transportation 18: 3-

21. 
Topp, H. and Pharoah, T. 1994. "Car-Free City Centres", Transportation 21 :231-247. 
Town and Country Planning Act, 1977. New Zealand. 
TransFund 1997. TransFund News, January, no.4. 
Transit 1996. "National Traffic Database Discussion Document", April. 
Transport Services Licensing Act 1989, New Zealand. 
Travers Morgan 1993. "Public Transport Elasticities", report done for the Canterbury 

Regional Council (car ownership data based on New Zealand Post data). 
TRB 1989. "Highway Capacity Manual", Transportation Research Board (TRE), 

Washington D.C. 
TRRL 1980. The Demand for Public Transport: Report of the International 

Collaborative Study of the Factors Affecting Public Passenger Transport 

References 



402 

Patronage, Chainnan Dr. F.V. Webster, Transport and Road Research Laboratory, 
Crowthorne, UK. 

UITP 1992. Assessments 0/ Mobility in Europe, Union Internationale des Transports 
Publics, Brussels (cited in Whitelegg, 1993). 

UN Habitat, 1996. An Urbanizing World: Global Report on Human Settlements, 
United Nations Centre for Human Settlements, Oxford University Press. 

UNCED, 1992. United Nations Conference on Environment and Development, Rio de 
Janeiro, June. 

USDOT,1991. Guidelines/or Transit Sensitive Suburban Land Use Design, US 
Department of Transportation, July. 

USEP A, 1999. Report on an assessment of induced traffic cited on the Internet: 
http//www.epa.gov/tp/trb-rn.pdf, January 19, 1999. 

Valleley, M. 1997. Parking Perspectives Sourcebook/or the development o/Parking 
Policy, Landor Publishing, UK. 

van den Bergh, J. and van der Straaten, J. 1994. Toward Sustainable Development, 
Island Press, Washington DC. 

van Vuren, T., Gunn, H., Daly, A. 1995 "Disaggregate travel demand models: their 
applicability for British transport planning practice", Traffic Engineering + 
Control, June, pp336-344. 

Vensim 1994. Vensim® User's Guide and Reference Manual, Ventana Systems, Inc. 
Wachs, M. and Crawford, M. 1991. The Car and the City: the automobile, the built 

environment and daily urban life, University of Michigan Press, Ann Arbor, USA. 
W APC, 1997. "Liveable Neighbourhoods - Community Design Code, Edition 1", 

Western Australia Planning Commission, December. 
W APC, 1998. "Integrated Land Use and Transport Planning Policies" a discussion 

paper prepared for the Western Australia Planning Commission, by Carey Curtis, 
October. 

WCC,1994. "Transport Strategy" Wellington City Council, December 
Wenban-Smith, A. May, AD, Jones, AD. 1990. "Integrated transport studies: lessons 

from a Binningham study." Traffic Engineering + Control 31 (11). 
Whitelaw, J.S. 1967. Auckland in Ferment, New Zealand Geographical Society. 
Whitelegg, J. 1993. Transport/or a Sustainable Future- The Case/or Europe. 

Belhaven Press, London, UK. 
WRC, 1992. "The Transport Model - GATS Greater Wellington Area Land Use 

and Transport Strategic Review", Wellington Regional Council, December. 
WRC, 1996a. "Wellington Regional Land Transport Strategy", Wellington Regional 

Council, February. 
WRC, 1996b. "Transport Futures" infonnation pamphlet produced by the Wellington 

Regional Council, October. 
WRC, 1997. "Wellington Regional Council Proposed Planning Guidelines to Support 

Alternative Modes" (WRPG 1, 2, 3, and 4) prepared by Kingston Morrison Ltd for 
the Wellington Regional Council. 

Wright, J., Baines, J. 1986. Supply Curves of Conserved Energy - The Potential for 
Conservation in New Zealand's Houses. Ministry of Energy, September. 

Zeibots, M. 1994. The Economic Role of Cities, Honours Thesis at the Institute of 
Science Technology Policy, Murdoch University, Perth, Australia (pp48). 

Zuckerman, W. 1991. End o/the Road. Chelsea Green Publishing Company, Post Mills, 
Vermont. 

References 



A 

L 

Ii 

V V,J, ..... " , by the 
un.tv"'u University, March. 

2. M., Newman, and Kenworthy, 1 1998. "Intractable Problem Or 
Attractive Opportunity: Reducing Transport New Zealand 
Cities - International Comparison", Proceedings of the 361h Annual 
Conference Australia & New Zealand Solar Energy Society, November, pp208-
216. 

3. M. 1998. "Opportunities Threats Sustainable Urban Transport 
'Getting the Right , Urban Transport Forum, March 2-3, 1998, 
Wellington, 4. 

Bachels, M. 1996. "Developing Feedback for Sustainable Transport: 
.",,",,,"u •. up;., from car-dependence", Sustainable Energy Forum Conference, Tauranga, 
New Zealand, March 29-30, pp21 

5. Bachels, M. 1994b. "Developing a Regional Energy Strategy for Sustainability", 
Eco-Politics Conference 1994, Lincoln New Zealand, 8-10, pp13. 



of 
An 

by 

Mark Bachels 
Peter Newman and 

Jeff Kenworthy 

for 
Canterbury Regional Council 

Christchurch City Council 
Wellington Regional Council 

Auckland City Council 
Auckland Regional Council 

Landcare Research 
Energy Efficiency and Conservation Authority 

Science and Technology Policy 
Murdoch University 

March 1999 



INDICATORS OF URBAN TRANSPORT EFFICIENCY 
IN NEW ZEALAND'S MAIN CITIES 

Comparison 
of Transport, Land Use and Economic Indicators 

by 

Mark Bachels 
Peter Newman and 

Jeff Kenworthy 

Institute for Science and Technology Policy 
Murdoch University 

March 1999 

© ISTP, Murdoch University 
ISBN 0-86905-669-7 

2 



3 

Table of Contents 

1 Executive 7 

2 Background Why are city transport issues important? ............................................... 10 

2.1 List of Contributing Agencies "., ................................. ,. ......................................................... 11 

3 Indicators: New Zealand City Data and Data Collection ............................................. . 

of .......... , ........ 13 

3.2 General .................................................................................................................................... . 
3.2.1 Data Collection for 1991 and 1996 ................................................................................................ 14 
3.2.2 Annual Data Definitions ................................................................................................................ 14 
3.2.3 General Land Use Area Definitions ............................................................................................... 14 
3.2.4 Auckland, Wellington and Christchurch Land Use Areas ............................................................. 14 

4.1 Land Use, Demographic and Economic Data ....................................................................... 19 
4.1.1 Urbanised Area .............................................................................................................................. 19 
4.1.2 Population and Job Data ................................................................................................................ 20 
4.1.3 Gross Regional Product (GRP) ...................................................................................................... 20 

4.2 Transport Characteristics ...................................................................................................... 22 
4.2.1 Data on CBD Parking ~ Off-Street and On-Street Spaces ............................................................. 23 
4.2.2 Road Network Data - Road Network Speed and Road Lengths (km) ............................................ 23 
4.2.3 Number of Vehicles ....................................................................................................................... 23 
4.2.4 Vehicles Kilometres Travelled (VKT) ........................................................................................... 23 
4.2.5 Passenger Kilometres and Vehicle Occupancy ....................................................... ,.. .................... 23 
4.2.6 Transport Fuel Use and Energy Consumption ............................................................................... 24 
4.2.7 Journey-To-Work Mode Split ........................................................................................................ 24 
4.2.8 Average Trip Length ...................................................................................................................... 24 

4.3 Data on Public Transportation .............................................................................................. 24 

4.4 Data on the Costs and Performance of the Transportation Systems ................................. 26 
4.4.1 Average Cost Of A Car Trip .......................................................................................................... 26 
4.4.2 Annual Investment Spending on Public Roads .............................................................................. 26 
4.4.3 Total Annual Passenger Transport Costs (and as % ofGRP) ........................................................ 26 
4.4.4 Number Of Traffic Accident Fatalities Annually ................................................. : ......................... 27 
4.4.5 Air Pollutant Inventory .................................................................................................................. 27 
4.4.6 Estimated Urban Transport CO2 Emissions ................................................................................... 28 

4.5 Comparison of New Zealand City Results ............................................................................ 29 
4.5.1 Population Density of New Zealand Cities .................................................................................... 30 
4.5.2 Employment Density of New Zealand Cities ................................................................................. 33 
4.5.3 Transport Indicators of New Zealand Cities .................................................................................. 33 
4.5.4 Public Transport Indicators of New Zealand Cities ....................................................................... 36 
4.5.5 Additional Economic and Environmental Indicators of New Zealand Cities ................................ 39 

4.6 Urban Transport in Cities Brief Conclusions ............................................................. 40 

5 COfltparison to International City Data .......................................................................... 44 

5.1 List of International Cities Studied ....................................................................................... 44 

5.2 Urban Form - International City Comparisons ..... " ........................................................... 45 
5.2.1 Population Density Comparisons ................................................................................................... 45 
5.2.2 Employment Density Comparisons ................................................................................................ 47 

5.3 Transport Provision - International City Comparisons ........................ , ... , .............. , ........ .48 
5.3.1 Parking ........................................................................................................................................... 48 
5.3.2 Length of Road per Person ............................................................................................................. 48 
5.3.3 Car Traffic and Public Transport Speeds ....................................................................................... 49 



4 

5.4 Transport Patterns - International City Comparisons ....................................................... 50 
5.4.1 Vehicle Ownership ......................................................................................................................... 51 
5.4.2 Private Vehicle Use - Car Passenger Kms and Energy Use per Capita ......................................... 51 
5.4.3 Public Transport Service and Use (Number of Trips and Passenger Kms) .................................... 52 
5.4.4 Journey-to-Work - Percent Modal Split ........................................................................................ 55 

5.5 Economic and Environmental Performance of the Transport Systems _ International 
City Com pariso ns , .. $ ......... " .... 0 ......... o ••••••. u, .... ooo" ••• o" ............... 00 ... 0001100 •• "0$" •••••• 0040 .... ItO ....... 00 ...... 0 ...... 00 ...... 0 ................... DO 56 

5.5.1 Annual Car Costs per Km ($US 1990) .......................................................................................... 56 
5.5.2 Investment in Roading ................................................................................................................... 57 
5.5.3 Transport Fatalities per Person (and per Vehicle Kilometre) ......................................................... 57 
5.5.4 Transport Air Emissions per Capita ............................................................................................... 58 

6 Key in Transport Patterns - Correlation Analysis ............................................ 59 

6.1 Urban Density Relationships 
6.1.1 Car Use .......................................................................................................................................... 59 
6.1.2 Public Transport Use ...................................................................................................................... 60 
6.1.3 Car Ownership ............................................................................................................................... 61 
6.1.4 Urban Density and Road Length .................................................................................................... 61 
6.1.5 Roading Provisions and Car Use .................................................................................................... 62 
6.1.6 CBD Parking Provision and the Joumey-to-Work by Car ............................................................. 63 

6.2 Urban Area Relationships ...................................................................................................... 63 
6.2.1 Car Use and Urban Area ................................................................................................................ 64 
6.2.2 Private Transport Energy Use and Urban Area .............................................................................. 64 

6.3 Transport Service Provision Relationships .......................................................................... 65 
6.3.1 Public Transport Service Provisions .............................................................................................. 65 
6.3.2 EconomiclWealth Correlation ........................................................................................................ 67 
6.3.3 The Affordability of Transport ....................................................................................................... 69 

6.4 Transport Energy Use, CO2 and Local Transport Air Emissions ...................................... 70 
6.4.1 Transport Energy Use (and CO2) ................................................................................................... 70 
6.4.2 Local Transport Air Emissions ...................................................................................................... 72 

7 Policies for Land Use and Transport Integration .......................................................... 74 

7.1 Within a City - Studies Which Show Density Matters ........................................................ 74 

8 Key Findings - Policy Implicat;ons ........ DD ............ o ........ oo ••••••••••••• 9 •• ~ ••••••• o.o .................... o •••••• o •• 77 

8.1 Key Issues for Each New Zealand City ................................................................................. 77 
8.1.1 Key Factors Affecting Urban Transport Systems .......................................................................... 77 
8.1.2 Planning Policy Strategies for Reducing Car Dependence ............................................................ 78 
8.1.3 Key Recommendations for each NZ City ...................................................................................... 84 
8.1.4 Embracing Technology, Economic Pricing and Appropriate Planning Policies ............................ 88 

8.2 Transport Energy and CO2 Policy Implications .................................................................. 88 

8.3 Improving Indicators on Urban Transport in New Zealand .............................................. 91 
8.3.1 Data Availability and Collection .................................................................................................... 92 

9 Appendix A - Derived Data Explanations ...................................................................... 94 

9.1 Number of Cars ....................................................................................................................... 95 

9.2 Vehicll;s Kilometres Travel1ed ............................................................................................... 96 

9.3 Estimated Urban Transport Fuel and Energy Use .............................................................. 98 
9.3.1 Petrol and Diesel Sales ................................................................................................................... 98 
9.3.2 LPG and CNG .................. : ............................................................................................................. 99 
9.3.3 Fuel Use Conversion Factors ......................................................................................................... 99 
9.3.4 Private-Passenger, Public-Passenger and Non-Passenger Transport Fuel Use ............................ 100 
9.3.5 Increases in Diesel Fuel Sales ...................................................................................................... 104 



5 

10 References ...................................................................................................................... 106 

Figure 1: Auckland Study Area Map ........................................................................................ 16 
Figure 2: Wellington Study Area Map ..................................................................................... 17 
Figure 3: Christchurch Study Area Map ............................................................ : ...................... 18 
Figure 4: Auckland Population Density Changes 1991-1996 .................................................. 30 
Figure 5 : Wellington Population Density Changes 1991-1996 ................................................ 31 
Figure 6: Christchurch Population Density Changes 1991-1996 ............................................. 31 
Figure 7: Change in Public Transport Trips per Capita 1991-1996 ......................................... 37 
Figure 8: Change in Public Transport Service Provision per Capita 1991-1996 ..................... 38 
Figure 9: Average Urban Density by CountrylRegion (1991) ................................................. 46 
Figure 10: Average Length of Road per Person (1991) .......................................................... .49 
Figure 11 : Average Private and Public Transport Speeds (1991) ............................................ 50 
Figure 1 Average Private Transport Energy Use per Capita (1991) ..................................... 52 
Figure 13 : Average Public Transport Service Provision (1991) ............................................. . 
Figure 14: Average Public Transport Trips per Capita (1991) ................................................. 53 
Figure 15: Rail Provision in the Global City Sample for Cities with Population between 

600,000 and 1.7 Million (1991) ........................................................................................ 54 
Figure 16: Perth versus Adelaide Rail Patronage 1991-1997 ................................................... 55 
Figure 17: Average Transport Deaths per 100,000 People (1991) ......................................... .. 
Figure 18: Car Kilometres per Capita versus Urban Density (1991) ....................................... 60 
Figure 19: Public Transport Trips per Capita versus Urban Density (1991 ) ............................ 60 
Figure 20: Car Ownership and Urban Density (1991) ............................................................. 61 
Figure 21: Road Length per Person and Urban Density (1991) ............................................... 62 
Figure 22: Road Length per Person and Car Use (1991) ......................................................... 62 
Figure 23: CBD Parking Spaces and the Journey-to-Work by Car (%) (1991) ....................... 63 
Figure 24: Car Vehicle Kilometres and Urban Area (1991) .................................................... 64 
Figure 25: Private Transport Fuel Use and Urban Area (1991) ............................................... 65 
Figure 26: Public Transport Trips per Capita and Service Provision per Hectare (1991 ) ........ 66· 
Figure 27: Public Transport Trips and Vehicle Service Provision per Capita (1991 ) .............. 66 
Figure 28: Gross Regional Product and Car Use (1991 ) (excluding the Developing Asian 

Cities) ................................................................................................................................ 67 
Figure 29: PubliclPrivate Transport Speeds and % GRP Spent on Total Passenger Transport 

Operations 1991 (excluding Developing Asian Cities) .................................................... 68 
Figure 30: Road Length per Person and % GRP Spent on Total Passenger Transport 

Operations 1991 (excluding Developing Asian Cities) .................................................... 69 
Figure 31: Public Transport Operating Costs per Passenger km and Car Use (1991) ............. 69 
Figure 32:Variable Car Costs per GRP and Vehicle Kilometres Travelled (1991) ................. 70 
Figure 33: Private Passenger Transport Energy Use and Urban Density (1991) ..................... 71 
Figure 34: Total Urban Transport CO2 Emissions per Capita and Urban Density (1991) ....... 72 
Figure 35: Transport Air Emissions per Capita (excl. CO2) and Urban Density (1991 ) .......... 73 
Figure 36: Paris Urban Density and Transport Energy Use (1991) ......................................... 75 
Figure 37: Urban Density and Public Transport Patronage .. Los Angeles (1991) ................... 76 
Figure 38: Integrated Transport and Land Use - Nodes and Corridors .................................... 79 
Figure 39: Newly Registered Diesel Vehicles ........................................................................ I 05 



6 

Table 1: Urban and Non-Urban Area Land Use Definitions .................................................... 20 
Table 2: Gross Regional Product per Capita (Nominal $) ........................................................ 21 
Table 3: New Zealand City Land Use and Transport Data ...................................................... 22 
Table 4: New Zealand City Public Transport Data .................................................................. 25 
Table 5: Transport System Costs and Investments (Nominal $) .............................................. 26 
Table 6: Urban Traffic Accident Fatalities 1991 and 1996 ...................................................... 27 
Table 7: Air Shed Study Area Estimated Motor Vehicle Emissions ........................................ 28 
Table 8: Estimated Urban Land Transport CO2 Emissions for 1991 and 1996 ....................... 28 
Table 9: New Zealand City Standardised Land Use and Transport Indicators ........................ 29 
Table 10: New Zealand City Standardised Public Transport Indicators .................................. 36 
Table 11: Transport System Economic and Environmental Indicators - NZ Cities (1991) ..... 39 
Table 12: List of International Cities in Study (and Populations) ........................................... .44 
Table 13: Urban Form Population Densities - An International Comparison 1991 ............... .45 
Table 14: Urban Form Employment Density - An International Comparison 1991 .............. .47 
Table 15: Transport Provisions - International City Comparison 1991.. ................................ .48 
Table 16: Transport Patterns - International City Comparison 1991 ....................................... 51 
Table 17: Transport System Efficiency Indicators - International City Comparison 1991 ...... 56 
Table 18: Number of Cars per Capita for each Study Area ...................................................... 95 
Table 19: Comparison of Estimated Annual VKT by Metropolitan Study Area for 1996 ...... 97 
Table 20: National Petrol and Diesel Consumption by Vehicle Type ................................... 100 
Table 21: Regional Petrol Fuel Consumption Estimates by Vehicle Category ...................... 1 01 
Table 22: Regional Diesel Fuel Consumption Estimates by Vehicle Category ..................... 101 
Table 23: Petrol Fuel Consumption by Transport Category ................................................... 1 02 
Table 24: Diesel Fuel Consumption by Transport Category .................................................. 103 
Table 25: Transport Energy Consumption by Metropolitan Study Area for 1991 ................. 103 
Table 26: Transport Energy Consumption by Metropolitan Study Area for 1996 ................. 104 



INTRACT ABLE PROBLEM OR ATTRACTIVE OPPORTUNITY: 
REDUCING URBAN TRANSPORT ENERGY USE IN NEW ZEALAND CITIES

AN INTERNATIONAL COMPARISON 

by 
Mark Bachels*I, Peter Newman, leffKenworthy 

Abstract 
Transport related greenhouse gas emissions are proving to be one of the most intractable areas for 
nations to find ways of responding to the Kyoto agreements. Rather than just looking at technological 
efficiency there is a need to look at urban efficiency in terms of how land use and transport are 
integrated, the level of travel that settlement patterns generate and the kind of priorities that are in 
operation in terms of transport infrastructure provision. 

Data have been gathered on Auckland, Wellington and Christchurch to compare factors on urban 
transport and land use, transport energy use, and transport economic investment and network efficiency 
for New Zealand's main cities to similar data collected in over 35 cities throughout the world. 

In this paper, comparison of urban transport and land use characteristics, and associated transport 
energy use are made. Results indicate2 that in transport energy and greenhouse gas contributions, New 
Zealand cities are more energy efficient than cities in the United States, Australia and Canada, but less 
efficient than European and Asian Cities. Arguments are also presented that appropriate land use is 
one of the key policy tools for reducing transport energy demand. 

1 Transport Energy and CO2 Emissions 
Transport related greenhouse gas emissions are proving to be one of the most intractable areas for 
nations to find ways of responding to the Kyoto agreements (Newman and Kenworthy, 1998). In 1996, 
New Zealand's land transport consumed 165.5 petajoules (PJ) of energy out of a total national energy 
consumption of 432.7 PJ; or in percentage terms, 38% of total energy consumed was for land transport 
(EECA, 1997). 

In terms of carbon dioxide emissions (C02), in 1995, New Zealand's land transport contributed 40% of 
the CO2 emissions in New Zealand (MfE, 1997).3 If New Zealand, among other countries, is serious 
about reducing global greenhouse emissions and meeting the commitments made at the Kyoto summit, 
land transport energy use requires significant reduction. 

In transport energy terms, urban land transport energy, excluding air and marine fuel use, is a 
significant proportion of a city's energy use. In Christchurch, land transport consumes approxinmtely 
50% of urban energy demand (Bachels 1994, CRC 1996). 

2 Why is Urban Transport Important - Sustain ability Implications 
More and more cities are dominating our lives. In New Zealand, recent popUlation growth in cities is 
outstripping rural and small town population growth by a factor of more than 2.5 to 1 (between 1991 
and 1996 "main urban areas" grew by 8.1 % while "secondary urban areas" grew by only 3.1 %).4 

Urban areas are now the focus of more and more resource consumption, including energy demand and 
use. Transportation is a major part of our urban lifestyles. How we move ourselves and our products 

1 Presenting author: Mark Bachels, CRC, PO Box 345,Christchurch, New Zealand or email 
markb@crc.govt.nz; Newman and Kenworthy can be contacted at ISTP, Murdoch University, WA 
6150, Australia or by email: ist:p@central.murdoch.edu.au. 
2 Some figures presented in this paper are preliminary and may vary slightly once final figures are 
received (a final report on New Zealand cities will be produced by the end of the year). However, the 
thrust of the conclusions reached will remain the same. 
3 Total transport emissions of CO2 were 10983 Giga-grams (Gg) of a total estimated CO2 emissions of 
27367 Gg (including energy, industrial and land use changes) (MfE 1997). 
4 Department of Statistics New Zealand, Census 1991 and 1996 "Usually Resident Population". 
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around is a complex and multi-faceted activity. As the results below show, we are relying more and 
more heavily upon private motor vehicles for our transportation needs, with declining use in 
alternatives transport modes such as public transport, cycling and walking. 

As increasing car use dominates our lives and our lifestyles, associated effects of car use are increasing. 
Such effects include both local and global air pollution, increasing noise from traffic and transport, and 
in some communities - decreasing quality of our "community" streets. 

The tenets of sustainability often discuss and describe social, environmental and economic well-being: 
to enable our current and future generations to enjoy the quality of life we enjoy today (Newman and 
Kenworthy, 1998). There is no question that the automobile has enhanced our quality of life. 
However, there is creeping· doubt amongst many analysts, researchers, planners, politicians and 
members of our community about the sustainability of our growing car dependence. 

3 New Zealand Cities - An International Comparison of Transport and Land Use 
Characteristicss 

Data have been gathered on Auckland, Wellington and Christchurch to compare factors on urban 
transport and land use, transport energy use, and transport economic investment and network efficiency 
for New Zealand's main cities6 to similar data collected in over 35 cities throughout the world 
(Newman and Kenworthy, 1989; Kenworthy et al 1997). 

Over 60 indicators on transport, land use, economic activity, and transport investment were derived and 
developed for each of these three main centres for the years 1991 and 1996. These indicators adopt the 
approach developed by Newman and Kenworthy (1989) and Kenworthy et al (1997). Only data for 
1991 are presented in the main analysis because this is the latest year available for the global data set. 

Although not all the results or analysis for the 60+ indicators are presented here, the figures on 
transport energy use in the three main New Zealand cities are reviewed. A full review of New Zealand 
city data will be published later in 1998. Comparisons are presented for New Zealand cities and 
compared to data collected on over 40 cities throughout the world. 

3.1 Energy Data Collection: A Brie/Synopsis 

Transport fuel use in each main New Zealand centre was derived from a number of sources, primarily 
relating to fuel sales data collected from petroleum company statistics within each relevant area. All of 
the transport fuel use is for land based transport (thus excluding air and marine transport) and only for 
that transport which occurs within the metropolitan area.? 

Fuel use data were gathered from the Local Area Petrol Tax (LAPT) filings for petrol and diesel, for 
those LAPT areas which covered each metropolitan area. Fuel sales for compressed natural gas (CNG) 
and liquid petroleum gas (LPG) come from bulk-wholesale suppliers. All fuel figures were adjusted to 
match respective metropolitan boundaries based upon respective populations. 

5 The authors would like to thank the numerous staff from various New Zealand authorities (local, 
regional and central government agencies), institutions and companies who have given generously of 
their time in providing data for this project. As usual, any conclusions reached in this report are the 
sole responsibility of the authors. 
6 Metropolitan areas for each city were defmed by respective transport modelled areas. Auckland 
includes Auckland City, Manakau, North-Shore, Papakura, Waitakere and portions of Rodney and 
Franklin Districts; Wellington includes Wellington City, Upper Hutt, Lower Hutt, Porirua, and Kapiti 
Coast Districts; Christchurch includes Christchurch City, Lyttelton and Diamond Harbour (Banks 
Peninsula), Lincoln (Selwyn), Rangiora and Kaiapoi (Wairnakariri). 
? There is a base assumption that fuel purchased within the area is nsed within the area; although some 
fuel may be used for travel outside the area, it is assumed that a like amount of fuel was purchased 
outside, and consumed within, each study area. 



3 

In addition transport fuel sales figures were separated for pllvate-passenger transport, public-passenger 
transport and non-passenger transport energy consumption.s 

Table 1 provides estimated transport energy consumption by sector for 1991 for each metropolitan 
area. 

Table 1: Estimated Transport Energy Consumption by Metropolitan Area (1991) 

AUCKLAND Petrol Diesel LPG CNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) 

Nales (1, 5) (1,4,5) (2,5) (3,5) 
Private Passenger Transport 22,418,411,692 128,443,629 1 ,083,225,000 370,014,837 24,000,095,158 
Public Passenger Transport (6) 390,459,340 91,415.430 481.874,770 
Non·Passenger Transport 2,004,290,924 3,582,331.522 5,586,622,446 
Total 24,422,702.616 4.101.234,491 l,OB3.225.000 461.430.267 30.068.592.374 

WELLINGTON Petrol Diesel LPG eNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 7,406,015.553 71.243.519 366,927.437 75.855.302 7.920.041,811 
Public Passenger Transport (6) 120.000,000 120.000.000 
Non-Passenger Transport 662,125,844 1,320,280.912 1.982,406,756 
Total 8.068,141,397 1.511.524,431 366.927,437 75,855.302 10,022,448,567 

CHRISTCHURCH Petrol Diesel LPG CNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 7.504,303,301 189,412.578 388.861,615 8,082,577.494 
Public Passenger Transport 123.875.058 123,875,058 
Non-Passenger Transport 670.913,141 2,162,832,435 2.833,745,575 
Total 8.175,216,441 2.4 76, 120.070 388.861,615 11,040.198.127 

MJ Megajoules 
Noles; 

1) All figures based upon pelrolcompany Local Area PetroVDiesel Tax (LAPT) filing less non-transport fuel use based on 
national estimates (MOT 1995): Christchurch figures use 96% of Central Canterbury and 59% of North Canterbury based 
upon population in the transport study area; Wellington figures are based upon 98% of the LAPT filing corresponding to 
transport study area population; figures for Auckland fuel consumption are based upon 93% of the LAPT filing corresponding 
to the proportion of the transport study area population within the LAPT boundary. 
2) LPG Association regional figures weighted for popufation within the study area. 
3) CNG data provided by Enema CNG wholesalers. 
4) Diesel split between truck and private transport is estimated using national figures from MOT (1995) and recent diesel 
vehicle registrations; public transport energy use /s provided by respective regional councils; tour bus diesel is included in 
private passenger transport. 
5) Energy conversions are made using gross calorific values consistent with Newman and Kenworthy (1989): petrol 34.69 
MJllitre, diesel 38.29 MJlfitre. LPG 26.26 MJllitre; CNG energy figures provided in MJoufes by wholesalers. 

I 6) Public-passenger transport energy use is estimated. still awaiting final figures (Wellington figures currently exclude 
. electricity energy requirements for trolley and passenger rail). 

3.2 Urban Density Figures for New Zealand Cities 

Figures on the urbanised area of each metropolitan area were provided by respective regional and city 
councils, and required extensive data analysis and manipulation, using a number of different sources 
including landsat photographs, vacant land registers and figures from the New Zealand valuation 
database. All figures were derived using geographic information systems mapping to match each 
metropolitan study area. The urbanised area is generally defmed by those areas either built upon 
(residential, commercial, industrial, roading, etc.), or used for recreational and community purposes 
(sports grounds, schools, hospitals, etc.). The figures presented are actual land use as opposed to zoned 
land use. Large bodies of water, agricultural space, forests, regional scale open space and vacant land 

8 Following Newman and Kenworthy (1989) private-passenger transport energy use includes both cars 
and small petrol driven trucks «2000cc); in this study small petrol-powered trucks for New Zealand 
cities makeup c. 5-7% of total private-passenger transport energy use. Public-passenger transport 
energy consumption figures were provided by the three respective regional councils: Canterbury, 
Wellington and Auckland. 
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were excluded.9 Urban density, in people per urbanised hectare for Auckland, Wellington and 
Christchurch are shown in Table 2. 

Table 2: Urban Density for New Zealand Cities (1991 and 1996) 

1991 Density 1996 Density 
(persons per (persons per 
urbanised urbanised 
hectare) hectare) 

Auckland 18.1 JU 18.9 
Wellington 23.0 22.0 
Christchurch 16.0 17.0 

3.3 Transport and Land Use Energy Relationship 

In seminal work on transport energy and land use relationships, Newman and Kenworthy (1989) 
presented data on 32 international cities comparing transport energy use with urban density. 
Effectively, what Newman and Kenworthy showed was that as urban density increases, transport fuel 
use decreases. This paper adds New Zealand's main cities to an updated international city comparison 
which now includes over 40 cities (Kenworthy et al 1999). 
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Figure 1: Private Passenger Transport Energy Use and Urban Density (1991) 

350 

As shown in Figure 111 New Zealand cities "fit" nicely into this transport and land use energy 
relationship. In general, in terms of private passenger transport energy usage, New Zealand cities are 
less transport energy demanding per capita than cities in the United States, Australia or Canada; 
however, they use more transport energy than cities studied in Europe or Asia. 

9 Specific definitions of what is included as ''urbanised land" can be provided by contacting the 
author(s). 
10 Fitzsimons (1990) came to a very similar figure in work done by census-area-unit, where she 
identified a density of 18.14 personlha for analysis of 182 census area units. 
II Data for 1996 are available for New Zealand but not presented as other city data is presently only 
available for 1990/1991. 
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The correlation between private passenger transport energy use and urban density is very strong, with 
an; or variance component of 0.848 (an r value or correlation of 0.92), signifying that 85% of urban 
private passenger transport energy use is "explainable" or related to the popUlation density of the city! 

It is important to note that this correlation between transport energy use and urban density has 
increased (gotten stronger) as more cities have been added to this international city comparison (for the 
"32" city analysis made on fuel use (Newman and Kenworthy 1989), the; value was 0.737 where as it 
is 0.848 for the cities in this sample). 

3.4 Estimated Urban Transport CO2 Emissions 
Public and private urban land transport CO2 emissions per capita for each of the international cities is 
presented in Figure 2. As transport CO2 emissions are a direct result of transport energy usage, again 
the correlation between CO2 emissions per capita and urban density is quite strong (r2==0.785, an r value 
equivalent to 0.8912

), or 79% of the variance in CO2 emissions per capita is explained by urban 
population density.]) 
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Figure 2: Total Urban Land Transport COl Emissions per Capita and Urban Density (1991) 

3.5 New Zealand City Data - A Comparison 
The three New Zealand cities use less private passenger transport energy per capita than Canadian and 
Australian cities, and are far below US cities. In 1991, Auckland used the highest private passenger 
transport energy per capita followed by Christchurch, and then Wellington (Wellington is by far the 
most transport energy efficient New Zealand city in per capita terms). The figures for each city are 
presented in Table 3. 

Table 3: Private Transport Energy Use per Capita (1991 and 1996) 

12 The lower r value in this relationship compared to the energy data is partly explained by the fact that 
different fuel types have lower emissions of CO2; the international cities data account for fuel type, 
with for example, electricity generated from hydro sources, and used in electric public transport 
systems, having zero CO2 emissions, whereas electricity from low grade coal has very high emissions 
of CO2, 

13 CO2 emissions are presented for only one Canadian city, as other CO2 city data were not available for 
this paper. 
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In private passenger transport energy use per capita in both 1991 and 1996, Auckland used about 10% 
more than Christchurch and 20% more than Wellington per capita. 

Average urban density across the countries/areas studied for 1991 is shown in Table 4. 

Table 4: Average Urban Density (1991)14 

Average Urban Density 1991 
(PeoplelUrbanised Hectare) 

Australia 12.3 
United States 14.2 
New Zealand 19.1 
Canadian 28.5 
European 49.9 
Asian 161.9 

New Zealand cities are on average more dense than US and Australian cities but less dense than 
Canadian cities, and far less dense than European or Asian cities included in the study. 

Some key insights into the New Zealand city data in terms of transport energy use can be suggested as 
follows: 
It Auckland is by far the most car dependent New Zealand city with car use approaching (and in 

some cases) exceeding the car use of Australian and Canadian cities. The population and job 
density is reasonably low (considerably lower than Wellington). There are some topographical 
constraints in Auckland (the various water bodies, etc.) which may provide some natural limits to 
growth on the one hand, but in essence may ultimately be extending journey lengths Qourney-to
work 1991 was 12.6 km, increasing to 13.9 km for 1996 - by far the longest amongst New Zealand 
cities studied). Overall, the use of public transport is low Qourney-to-work mode split was 7.6% 
for 1991 (declining to 6.0% for 1996». 
Wellington has reasonably low car use and reasonably high public .transport use. High public 
transport use is largely based on linear corridors and nodal development combined with a very 
focused job market in the central business district; the "natural" land use topography of 
Wellington, with well-defined corridors (constrained at either end), enable good quality public 
transport service provision and a viable alternative to car use, resulting in a journey-to-work mode 
split for public transport of 15.£1% for 1991 (which actually increased marginally to 15.5% for 
1996). 

• Christchurch has reasonably low energy use per capita (slightly higher than Wellington), 
although its density is not extremely high. The comparatively low energy use appears to be a 
function of the city's reasonably short average trip distances and the "permeability" of its grid 
street network providing more direct travel options to destinations than a curvilinear street 
network. Average journey lengths in Christchurch are shorter than in both Wellington and 
Auckland (average journey-to-work trip lengths for 1991 were: Christchurch 8.0 km, Wellington 
10.6 km, Auckland 12.6 km). In addition, partially due to its flat topography, Christchurch has a 
reasonably high use of cycling as well as walking Qourney-to-work 1991 mode split for cycling 
and walking was: Christchurch 15.0%, Wellington 10.6%, Auckland 7.5%). Public transport use 

14 Note these are for the cities studied not for all cities in each country. International cities include: 
Australia: Adelaide, Canberra, Brisbane, Melbourne, Perth, Sydney; United States: Boston, Chicago, 
Denver, Detroit, Houston, Los Angeles, New York, Phoenix, Portland, Sacramento, San Diego, San 
Francisco, Washington; New Zealand: Auckland, Wellington, Christchurch; Canada: Calgary, 
Edmonton, Montreal, Ottawa, Toronto (Metro), Vancouver, Winnipeg: European: Amsterdam, 
Brussels, Copenhagen, Frankfurt, Hamburg, London, Munich, Paris, Stockholm, Vienna, Ziirich; 
Asian: Hong Kong, Singapore, Tokyo, Bangkok, Jakarta, Kuala Lumpur, Manila, Seoul, Surabaya. 
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is the lowest of the New Zealand cities reviewed with just 4.7% (1991) of the journey-to-work 
(and even lower at 4.2% for 1996). 

3.6 How Milch Do We Use 0111' Cars - VKT ComparisOits 

The amount of travel by car in vehicle kilometres travelled (VKT) per year per capita also shows a 
strong relationship to our city's land use, as shown in Figure 3 (r ::::: 0.816 or 82% of explained 
variance, and r :::: 0.90). These figures suggest there is a reasonably stark difference between Auckland 
(which is more comparable to some of the Australian cities), and Christchurch and Wellington which 
have much lower car use per capita; overall, in a global perspective, the New Zealand cities are fairly 
similar. 
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Figure 3: Car Kilometres per Capita versus Urban Density (1991) 
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Public transport trips per capita versus urban density are shown in Figure 4 for the whole international 
sample. The correlation shows an r value of 0.706, which implies that 71 % of the variance in public 
transport trips is related to urban density. These results support the practical contention that more 
people in a physical area means public transport service levels can be higher and thus public transport 
can provide a viable alternative to many car trips. It is interesting to note how low public transport 
trips per capita are in Auckland and Christchurch in comparison to other cities: Auckland and 
Christchurch show very little public transport use per capita even in comparison to Australian cities; 
whereas Wellington has comparable public transport trips per capita to most Australian cities (except 
for Sydney which is significantly higher at 160 trips per capita). 15 

15 Figures on 1991 patronage for Wellington are provided by the Wellington Regional Council (WRC); 
however, there is some variation in reported patronage and fmal figures are still to be confrrmed (1991 
patronage estimates provided by the WRC range from 26.6 million to 31.5 million; the figures 
presented here use the lower estimate). 
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Figure 4: Public Transport Trips per Capita versus Urban Density (1991) 

3.7 Car Ownership and Urban Density 

Car ownership per 1000 people is placed against urban density in Figure 5, with quite a high negative 
correlation (~=0.735), suggesting that low density cities actually require greater car ownership. 
Conversely, higher density cities have: much lower car ownership, allow for shorter trips which are 
more conducive to cycling and walking, and enable improved provision of public transport services - in 
total providing viable alternatives to car ownership (and use). 
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Figure 5: Car Ownership and Urban Density (1991) 

4 Striking the Right Balance 

350 

There is a long standing dispute regarding which policy tool is "best" to reduce environmental effects 
from transport: economic signals, technological improvements, or land use (and transport) planning 
(OECDIECMT,1996). 

The evidence produced in this paper for New Zealand cities suggests that appropriate land use is a 
necessary component to reduce transport energy use and associated greenhouse gas emissions. There is 
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no question that technological improvements (more efficient vehicles, low-emission engines, etc.) and 
proper pricing mechanisms are also necessary tools to reduce the environmental effects of transport. 

Within New Zealand there are various signals coming from central government as to how best to deal 
with environmental effects of transport. 

The MOT (1997) investigated methods for reducing the impacts of vehicular emissions, particularly 
within local/regional air sheds. The report recommends a 60% reduction for carbon monoxide 
emissions from vehicles, and investigates technological vehicle fleet improvements (including more 
efficient engines/vehicles, cleaner fuels, tuning, etc.), pricing mechanisms, and land use and transport 
planning approaches to achieve that target. The report concludes that non-technical means (reducing 
demand and local traffic and land use planning provide the most likely solutions for reducing local CO 
levels): "ultimately, managing the demand for (urban) travel, and its supply by means of the motor 
vehicle, should govern the long term policy for emissions control" (p 97) and continues: "Non
technical measures applied to traffic corridor management appear to provide the best means of 
preventing local air quality CO exceedances occurring within the near term. "(MOT, 1997, P 138) 

Even in US cities, where dramatic improvements in vehicle technology have reduced air emissions, 
there is acknowledgment that the growth in vehicle trips will soon erode the gains made in air quality. 
In Denver (Colorado) an Environmental Protection Agency scientist recently stated: "The number of 
vehicle trips is projected to double by the year 2010 ... We anticipate that at some time, the gains we've 
made [in air quality] will be overcome by the increase in trips people take. If you're going to get 
better, cleaner air, you've got to deal with cars. You have to start looking at getting people out of their 
cars" (Christian Science Monitor, April 21, 1998, p 5). 

What is missing in these debates is an awareness of how land use can shape car use and transport 
energy use (and associated CO2 emissions). In particular, the need to re-urbanise car dependent low 
density cities is obvious. Many of our urban environments are already increasing in density, especially 
in the inner and central city areas. The figures collected in this project show that between 1991 and 
1996 Wellington's central business district (CBD) population density doubled, from 7.3 to 14.2 
personJha; Auckland figures suggest CBD population density increased almost three fold from 3.7 to 
9.6 personJha; and Christchurch CBD also increased from 13.2 to 15.4 personJha16

• Inner city suburb 
populations also increased across all three New Zealand cities. This trend toward increasing CBD and 
inner city suburb population density are findings consistent with the other cities studied (Newman and 
Kenworthy, 1998; Kenworthy et al 1999). 

5 Household Energy Budgets: Location versus Design 
Energy analysts often focus on housing design and household technology energy efficiency in an effort 
to reduce household annual energy demands. Seldom is the transport energy component of individual 
household energy budgets considered. However, transportation makes up a significant proportion of 
total household energy consumed. 17 And importantly, the location of where we choose to live, and our 
proximity to attractions (shopping, work, recreation, etc.), combined with our mode of travel, have a 
profound effect upon our household energy consumption. 

A modelling effort by Browning et al (1998) of two generic household total energy budgets reveals that 
location can dominate the household energy equation. Two households were modelled: one new 
energy efficient household located in a Portland suburb, and another 90-year old energy inefficient 
household in Portland's inner city. The modelling results suggest that the highly energy efficient 
household located in the suburb has a higher total energy budget (112% higher) than an inefficient 
household located in Portland's inner city. IS Thus if a household is located where car-dependence is a 

16 Note the Christchurch CBD area (419ha) is almost twice as large as the Wellington CBD area 
(218ha) and basically equal to the Auckland CBD area (396 ha), thus change in the Christchurch CBD 
will be slower or require significantly faster popUlation growth to increase density. 
17 Estimates made for Urban Christchurch indicate that land transport energy consumption comprised 
ajproximately 50% of total energy consumed (Bachels 1994, CRC 1996). 
I Browning et al (1998) assume that a typical suburban household is more car-dependent (48,000 
km/year) whereas the inner city household is less car~dependent (24,000 km/year) based upon figures 
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necessity, household transportation energy demands outstrip any energy savings made in energy 
efficient household and appliance design. The conclusion by the authors with respect to household 
energy use: 

"where we build ultimately has more impact on our overburdened environment than what we 
build" (p 39). 

6 Conclusions 
It is clear from the results presented that to reduce urban transport energy use and associated CO2 

emissions we need land use policies which encourage increasing urban density. Increasing urban 
density enables a number of elements to occur: 

<I> Reduces car travel (and trip lengths) 
Provides improved public transport opportunities (for viable alternatives to car trips) 
Encourages walking and cycling (along with land use and traffic planning which supports 
these slow modes) 

There is no question that increasing urban density has environmental and social effects (both positive 
and negative). Many of the potential negative effects can be addressed through community consultation 
and with the development of guidelines which enable appropriate developments focussed into central 
cities, sub-centres and corridors. Increasing urban density does not mean covering a city with higher 
density housing, it means choosing the right places in which to strategically increase densities at focal 
points to enable public transport to operate effectively, and to encourage increasing use of walking and 
cycling. 

Although reducing greenhouse gases and transport energy use appear to be intractable problems, there 
are attractive opportunities to improve our city's land use and transport development to reduce our 
transport energy use. As increases in urban density are already occurring, the real question is can we 
enable it to occur in such a way that quality city environments are developed which further support 
reducing our car dependence? 
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This paper reviews current trends in urban transport, focusing largely on Christchurch, New Zealand 
(although data from other cities is also presented). The findings suggest that processes we use to deliver 
our urban transport choices heavily favour car use. The key question: can we alter the balance of 
influences to improve alternative transport modes? 

Firstly, let's be clear - use of our cars has produced incredible improvement in our lives. They provide us 
phenomenal personal mobility, have enhanced our business flexibility, and provided us with lifestyles only 
dreamed of a few decades ago. For the foreseeable future our cars will continue to be our primary source 
of mobility. However, car use may be increasing to the point of imbalance - there are growing concerns 
with meeting our continued unfettered desire to faster, further car travel. The environmental consequences 
of heavily relying on our cars, along with the economic costs of providing infrastructure to meet roading 
demands, are raising concerns in a number of our communities. 

1 ' ...... 'n.1t Trends 

].} Mode Split in Christchurch 
As a proxy for mode split for all trip types, Figure 1 shows historic workjoumeys in Christchurch by mode 
between 1971 and 19961

• The work trip trends by mode show: 

<I the proportion of work trips made by driving a car has steadily increased; 
<I work trips made by bus have declined {from over 10% to under 5%);2 
<I work trips by cycle have remained relatively constant at about 10% with some decline in the 

past few census periods; 
<I work trips by walking have declined from about 10% in the 1970s to about 5%. 

The increase in car work trips and the decrease in work trips by public transport are common trends in all 
major cities in New Zealand. Nationally between 1981 and 1991 the proportion of car work trips increased 
from 55% to 70% and public transport trips halved from 11 % to 5% (MOT, 1995). Unfortunately long 
term trends for other trip types (e.g., shopping, social, recreation, etc.) for Christchurch are not readily 
available. 

Data are from the 5-yearly census. Figures exclude "other" and "did not travel to work today"; walk data for 
1981 and 1986 are interpolated. 

Wellington has the highest percentage of work trips by public transport (8%) in New Zealand (MOT, 1995b). 
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Figure I: Mode split for work journeys in Christchurch 

1.2 Urban Area of Christchurch 
As shown in Figure 2, like many cities dominated by car use, Christchurch has developed and appears to 
continue to be developing a strong "sprawling" tendency. This sprawling city size is common in many 
"newer" cities, and relates to both absolute population growth (and decreasing people per household) and 
increases in mobility. Growth in population (and associated increases in housing demand), combined with 
expansionist land use tendencies, have increased the area of our cities. In addition our transport mobility 
has increased, with improvements in transport technology (mostly car technology) and supporting 
infrastructure (roads, etc.). The result - our ability to travel further and faster has enabled and supported 
the physical expansion of our cities. 
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Figure 2: Christchurch Urban Area Expansion 
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1,3 Growth in Travel (UK data) 
The number of journeys we take per person and the length of each journey are increasing, far outstripping 
population growth.3 Data are shown below from a study in the UK. Unfortunately such comparative data 
for Christchurch are not available. 

Table 1 shows growth in UK popUlation, journeys per person, km per journey, and overall person-km 
between 1965 and 1991 (May 1996). The increases in journeys per person and km per journey are 
significant, each exceeding 30%. Combined, total person-km per year increased by over 80% between 
1965 and 1991, with much of the growth occurring in the five years between 1986 and 1991. 

Table 1: UK Growth in Person Travel per Year 
(index 1965= 100) 

1965 1975/76 1985186 1990191 % Growth 1965-
1991 

Population 100 102 104 106 6% 
Journeys/Person 100 113 118 132 32% 
KmlJoumey 100 114 120 131 31% 
Total Person-km 100 129 148 183 83% 

1.4 Energy Use- One Indicator o!Transport Effects 
Although only one effect of transport, energy use provides a good indicator of pollutant contributions from 
transport to our air, water and soil. In addition, energy use by fuel type provides some indication of how 
sustainable our resource use is. A study done for the Canterbury Regional Council (Bachels 1994, CRC 
1996) indicates that transport energy use is the dominant energy sector in our region, and most of that 
transport energy use is reliant upon petroleum products - a non-renewable, high quality energy resource. 
Energy consumption increased by 43% for the period 1982-1994 as shown in Figure 3 (CRC, 1996). 
Annual growth rates by sector for 1982-1994 included: Transport - 4.6% (land vehicle - 2.2%), 
Industrial/Commercial - 1.5%, and Domestic Energy - 1 %. The conclusion is self-evident: the largest 
threat to sustainable energy use in the Canterbury region is by far the transport sector. Transport is the 
largest energy sector in Canterbury (even excluding air and marine transport energy consumption) and it is 
experiencing the fastest growth.4 

1982 19I14 1986 19I1ll 1990 1992 1994 

Figure 3: Canterbury Energy Consumption by Sector 

McShane (1998) suggests that population drives transport demand - these figures clearly show that 
popUlation growth is no longer such a dominant driver- instead in the UK it is increases in the number of 
journeys and injoumey length. 

Reducing the risk of global warming is a noted policy concern in New Zealand (MFE 1996). CO2 emissions 
in Canterbury for 1995 were estimated at 20% higher than the 1990 level, an international benchmark year 
adopted by New Zealand (MFE 1996). 
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Trends - Key Points: 
<I> Car use is increasingly dominating our transport mode split 
II) We are travelling further and further (both in each journey, and in the number of journeys we 

make) 
'" Our cities are spreading out in total area 

Transport effects are increasing: e.g., energy use and pollution 

1.5 Effects of Car Dependency 
The effects of ever increasing reliance on use of our motor vehicles are well documented. Such effects 
include: 

Increases in local pollution (MOT, 1997) 
'" Increases in global pollution (AA, 1997; MFE, 1996) 
'" Traffic noise 
iii Social severance - separating communities by decreasing accessibility 

Acknowledgement that road building "will only temporarily alleviate congestion" (MOT, 1998) 
and may even induce future traffic (DOT, 1994) 

<I> Increases in traffic speed and volumes may destroy some of our community streets (Appleyard, 
1981i 

The projections for Christchurch future traffic growth and its effects include: 

• 43% traffic growth over the next twenty years (this may be an understatement since traffic 
increased 18% between 1996 and 1991 at this rate traffic would grow by over 70% in the next 
20 years) (CRCICCC, 1998) 

4 

'" Estimated roading costs for Christchurch of $226 million over the next 20 years for road widening 
and roading improvements just to address this expected congestion (CRCICCC, 1998) 

• 60% increase in travel time for peak period trips (CRCICCC, 1998), including increases in time 
wasting, frustration, and possible increases in incidences of road rage 

'" One study suggests that increasing car dependence leads to an increasing drain on our economy 
(World Bank, 1997) 

2 Planning for Multi-Modal Transport - no silver bullet! 

2.1 Urban Area, Density and Transport Fuel Consumption 
Land use and transport energy demand are related. Seminal work by Newman and Kenworthy (1989) in 
their study of 32 international large cities showed an "apparent" direct relationship between population 
density and transport fuel use. The results are presented below in Figure 4, including the relative position 
of Christchurch. 6 

5 

6 

In recent hearings of the Christchurch City Plan (February 1998), a local neighbourhood group identified that 
in a survey of 320 households, un-prompted primary concerns of residents were traffic volumes and traffic 
safety, on a road which currently carries about 2200 veh/day (a very low level collector road). The survey 
response rate was 57%. 

Figure 4 includes data for Christchurch for 1980 where fuel consumption is based upon Bachels (1994) and 
population density estimates were provided by Ken Gimlet, Christchurch City Council. Auckland is 
comparable to Perth based upon figures presented in Allan, 1994. These results suggest that New Zealand 
cities are similar to Australian cities in their fuel use and density relationships, as would be expected from 
their similar city age and physical structure. 
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Figure 4: Petrol Use per Capita Versus Density (l980) 

From their graph Newman and Kenworthy (1989) infer there is a possible strong negative exponential 
relationship for cities with population density below 30 persons per hectare. They suggested that "if cities 
of around 10 personJha were able to consolidate and move to densities around 30/ha then fuel consumption 
could be reduced by half or even to around one third ofits low density value" (p 47). 

Newman and Kenworthy's (1989) tenet is that land use has a large effect upon modal choice, transport 
journey length, energy consumption and associated environmental effects (including air pollution). The 
ideas of land use effecting transport mode choice are not new and have been explored for some time (see 
TRRL, 1980; Meyer et al. 1965). However, Newman and Kenworthy's (1989) figures were some of the 
first to show an international comparison of land use and transport fuel consumption. 

Urban Area and Fuel Use 
Brindle (1994) shows that the correlation between fuel use per capita and population density (capita/ha) for 
Figure 4 is low, r=0.37, which suggests that more than 60% of the fuel use is not explained by its 
relationship with population density. Through re-analysis of this "32 cities" data Brindle (1994) suggests 
there is a higher correlation between area of a city and fuel use (Figure 5), with correlation of determination 
r=0.95.7 

7 Brindle (1994) notes that if the line is adjusted to pass through the origin, since fuel use would not be 
negative, i!=O.91 and is still statistically significant. 
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Figure 5: Correlation of Fuel Use to Area of City (32 City Comparison) 

The mix of social demand, land use, and transport alternatives is not easily separated.8 However, Newman 
and Kenworthy's (1989) data indicate there may be significant potential for improving our land use to 
reduce energy consumption.9 

2.2 Density, Travel Distance and Mode Choice 
A number of studies suggest that as density increases, particularly in appropriate locations, alternative 
transport modes such as public transport become more viable (Newman and Kenworthy, 1989; DO£100T, 
1994; Owens, 1992; Cervero, 1989). As shown in Figure 6, in the UK, distance travelled by car 
consistently declines with increasing population density (ECOTEC, 1993). 
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Figure 6: UK Distance and Mode Travelled as a Function of Population Density 

There are undoubtedly a number of social, economic and environmental issues "wrapped" into the above 
figures. 

Gomez-Ibanez (1991) suggests that multi-variate analysis of the data presented by Newman and Kenworthy 
(1989) would reveal more about the causes of auto-dependence; Gomez-Ibanez suggests that due to tbe lack 
of statistical analysis, Newman and Kenworthy's "policy prescriptions" need to be taken with caution. He 
also suggests that some of the "costs" (social, economic, etc.) of increasing density are not accurately 
reflected in Newman and Kenworthy's work. 

6 



From the UK travel surveys, increasing population density: 

• decreases overall travel requirements; 
• decreases car travel; and 
• increases the use of more environmentally friendly transport (local bus, rail and 

walk). 

Unfortunately, cycling does not make up a significant proportion of mode share in the UK and thus 
comparison to density and trips made by cycle are not readily available. This is important in the context of 
Christchurch where cycling makes up approximately 10% of work trips. 

Additional evidence from neighbourhood surveys showed that those areas with higher density had a larger 
percentage of shorter-distance trips to local facilities; however, the "range and quality of facilities offered 
at local centres .. .is an important determinant of the extent to which people use neighbourhood centres" 
(ECOTEC, 1993, p. 35). The report does caution that simple reliance on increasing density may be 
misleading and integrated approaches will be necessary: 

"the potential benefits. in terms of energy consumption, from focusing development at high density 
in urban areas may be reduced by lower vehicle-operating efficiencies associated with more 
congested conditions and increases in distance travelled due to rerouting. Complementary policies 
will thus be required" (ECOTEC, 1993, p. 38). 

2.3 Travel Distance and Trip Length 

Trip Length 
Short trips made by car are generally energy and emission inefficient due to higher emissions with cold 
engines, and the stop and start traffic often associated with short trips (Eggleston, 1992). It is these short 
trips which are the most likely to be made by more environmentally friendly modes such as cycling, 
walking and public transport (as shown below). In terms of recognising the advantages of mode shifting 
with respect to land use, these short trips are the trips we should enhance. 

Travel Patterns in the UK 
There is significant potential for improving use of more friendly environmental transport, particularly for 
short trips. UK Travel Survey data for 1989/91 showed that for all journeys, 73% were less than 5 miles in 
length, and 45% of journeys less than 5 miles in length were made by car (Merry, 1995). These results are 
similar to those found in Christchurch (see below), where shorter journeys are more likely to be made by 
more environmentally friendly modes such as walking and cycling. 

Trip Length, Density and Trip Purposes 
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May (1996) relies on data from ECOTEC (1993) to show that as density increases journey length decreases 
for all trip purposes (see Figure 7). 
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Trip Length and Mode Split 
Table 2 below suggests that journey length also has a significant effect on mode choice in the UK. Short 
journeys are dominated by walking (57%). The car and bus become dominant modes for 1.6-5 km trips. 
Interestingly, for journeys greater than 5 km, bus travel becomes the dominant travel mode from results of 
these neighbourhood travel surveys. As ECOTEC (1993) suggests, the data is highly related to such factors 
as socio-economics and the availability of transport modes; in this case it is apparent that bus travel is a 
significant alternative to car travel (the case is clearly different in many New Zealand cities). 

Table 2: Mode Split by Journey Length for Neighbourhood Travel Surveys (UK) 
Distance (kms) Car Bus Train Walk Cycle. Total 

<1.6 27% 14% 0% 57% 2%, 100% 
1.0-5 44% 43% 0% 12% 1% 100% 

>5 45% 48% 4% 2% 1% 100% 

Source: ECOTEC 1993 

Christchurch Trip Length and Mode Split 
Similar figures for Christchurch also reflect this relationship. Figure 8 shows trip distance and mode split 
in Christchurch (data for 1991 per CCC, 1996a). As would be expected, shorter trips are more conducive 
to walking and cycling. Walking trips account for about 15% of 1-2 km trips; however, very few trips are 
walked iflonger than 3·4 km, and none iflonger than 5 km. Cycling accounts for about 15% of trips less 
than 4 kill, and declines to less than 10% for trips 4-10 km. Overall, the proportion of car trips decreases 
with decreasing trip distance (or conversely increase with increasing trip distance). 
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Figure 8: Christchurch Mode Share versus Trip Length 

::::;, The important point from these results ;s that in Christchurch as trip length increases we are more 
prone to use our car; or conversely as trip length decreases we are more likely to walk, cycle or bus. 



3 Positive Feedback for Car Use 
There are a number of transport and land use planning elements affecting transport modal choice and 
vehicle trip length, namely land use, travel time, safety, and transport improvement/funding elements. 
Some positive feedback elements which support increasing car use are reviewed below. 

3.1 Urban Area, Trip Length and Mode Split 
As depicted in Figure 9, land use planning affects the size of the urban area, and our population densities. 
As described earlier, the total size of the urban area and the proximity of housing to attractions determines 
both trip length and mode split. Thus some of the more important land use planning factors and influences 
we have include urban form, transport provision (both infrastructure and planning/accessibility policies) 
and infill policies. 

Access Guidelines 

9 

The provision of transport access is critical to land use development. Site and regional access can 
determine mode choice. If an area is ill designed for cyclists or public transport, we'll use our car. Access 
designs depend upon the outcomes desired. Traditional transport access has focused on car use -
subdivision cul-de-sac developments, motorways, and most suburban malls are devoted and designed to 
cater for cars. Traditionally access requirements are geared toward adequate car access (e.g., CCC City 
Plan Volume 3, rules for parking requirements, driveways, arterial road access, etc.). Multi-mode 
accessibility should make both site and regional development schemes accessible for all modes of transport 
- not just cars. Thus accessibility guidelines need to be developed and adopted by councils to ensure that 
any developments (existing and new housing areas as well as business and retailing) cater for improved 
acbess for public transport, cycling and walking as well as car use. 

Infill policies 
InfIll policies can have an astounding effect on how well we use our existing urban areas. If infill is 
allowed, but the outcomes are poor, communities rightly complain about the process (e.g., the tilt-slab 
developments seen in many of our existing urban areas with commensurate loss in urban quality, heritage 
buildings, and loss of trees and greenspace). "New urbanists" suggest that infill and increasing densities 
can be achieved with high quality outcomes (e.g. Katz, 1994) - however, at present councils appear to 
maintain a very laissez-faire approach to infill policies prescribing minimum lot sizes and building heights 
(e.g., CCC City Plan). The result in Christchurch has seen residents complaining about poor quality infill 
developments where site design does not account for local neighbourhood amenity.10 In response to these 
pressures the CCC may decrease allowable infill in its Proposed City Plan (e.g., recent changes to 
minimum lot sizes require 400m2 rather than previous policy which allowed smaller section sizes). 
Unfortunately, regulatory reactionary policies may reduce infill density and result in a greater need for 
additional urban area thus increasing our overall urban area and increasing our need for further travel. 

10 
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Figure 9: Urban Area Expansion 
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See: The Press, June 5, 1996; The Press, December 13, 1996; The Press, March 11, 1997; and a number of 
submissions to the Christchurch City Plan summarised in CCC, 1996b and CCC, 1997a), 
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3.2 Slow Mode Safety 
Transport planning currently devotes a tremendous amount of its expertise toward increasing traffic 
volumes and traffic speeds. However, increasing traffic volumes and speed deter cyclists and pedestrians. 
One of the main concerns identified in Christchurch as a deterrence to cycling is decreasing safety due to 
increasing traffic (and poor driving habits) (CCC, 1996b). 

Unfortunately at present there is a very positive feedback in traditional traffic management to ensure that 
traffic volumes and traffic speeds are at least maintained if not increased. This planning paradigm provides 
strong negative feedback to slow modes and very positive feedback for increasing car use. Figure 10 
suggests that with traditional traffic management, increases in traffic volumes and speed reduce cyclist and 
pedestrian safety, which increases car use, which increases traffic volumes. 

Decrease 
Pedestrian and 

( eyo'" s..ty 

Decrease Walking 
and Cycling 

~ Congestion 

Traffic Volumes ) 
and Speed 

)

' Traditional Traffic ~ Management 

Car Use 

Figure 10: Slow Mode Safety 

Examples in Christchurch are very appropriate - more and more children are now being driven to school 
because parents believe that cycling is no longer safe. 1 

I A recent survey of Christchurch Children showed 
that noise, traffic and roads are the second most negative aspect of Christchurcb (CCC, 1996c). 

In addition, traffic engineers in Christchurch are removing pedestrian crosswalks after deeming them 
unsafe for both pedestrians and motorists, replacing them with flush medians (and at times refuge islands). 
In fact 32 pedestrian crossings (c. 25%) have been removed since 1989 as a response to poor driving 
behaviour that is, motorists not giving way to pedestrians (per Mike Thomson, ccq. These changes 
signal to motorists that their poor driving skills will be accommodated, and that pedestrians must relinquish 
their rights. Pedestrians are even killed at pedestrian cross-walks (Christchurch Press 26/1/98, p9). These 
sorts of signals give entirely the wrong message if we are serious about multi-modal transport. It is not the 
pedestrian who is at fault. It is in fact our poor driving skills to which the traffic engineers and pedestrians 
must accommodate. It is a "might makes right" reaction/provision. 

How often do you see young kids waiting patiently at a cross walk for a stream of traffic to stop - or 
mothers with prams trapped in a busy flush median attempting to cross a busy shopping road. These sites 
are common occurrences in Christchurch. As a native of California, where pedestrians have absolute right 
of way at pedestrian crosswalks (and a roading "hierarchy" where motorists must avoid hitting a pedestrian 
in all circumstances) - it is clear that NZ motorists need to be trained to recognise pedestrian crosswalks 
and giveway, not the otherway around. 

3.3 Transport Project Funding Evaluation Criteria 
Current transport project evaluation criteria largely support increasing car use. The benefit/cost (B/q ratio 
increases for projects that improve vehicle travel time, reduce accidents, and reduce vehicle operations and 
maintenance. Most projects in Christchurch that receive B/C funding are those that either improve vehicle 
travel time or reduce vehicle accidents (per Bill Sissons, ccq. Figure 11 depicts this feedback: where 

II Driving as little as 3-4 blocks due to concerns for their safety in traffic, per Mike Thomson, CCC. 
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increasing car use increases traffic volumes, as volumes increase speed decreases (with congestion) and/or 
accidents often increase, funding is then devoted to projects which improve vehicle time and reduce 
accidents, which increases car use. 

Travel Time 

Benefit Cost 
Evaluation 

Criteria 

,.," .. ""'/ Improvement 
Projects 

Figure 11: Transport Project Evaluation 

3.4 Funding Mechanisms 
Petrol Sales 
Funding for roading improvements is partially based upon petrol volumes sold (and the excise tax 
collected). Thus as car use increases, funding for transport projects increases. However, because the B/C 
heavily favours car based improvements, most ofthe funding is directed toward improving traffic volumes 
and speed, which increases car use and petrol volumes. And the cycle continues. 

Unfortunately, the roading reform proposals by the Roading Advisory Group (and central government) do 
not address this anomaly (RAG, 1997). RAG proposes that petrol tax;es increase - but the roading authority 
has no identified provision for investing in alternative transport modes. Thus the feedback loop may be 
even more closed than at present where improvements would be solely targeted toward vehicle roading 
improvements, not toward overall transport improvements. In fact, in my view, that is where the current 
proposals miss the mark entirely - what was called the Land Transport Pricing Study has now become the 
Roading Reform, with a very defmite mechanism for funding roading improvements and no link to 
improving public transport, cycling or pedestrian activities. In fact some might argue that improving 
cycling, walking and/or public transport would decrease traffic volumes which would decrease the 
proposed Roading Authorities Statement of Corporate Intent - to make a profit (RAG, 1997).12 

Public Transport Provision 
There is also a negative feedback cycle for improving public transport: decreasing use of public transport 
results in lower fares revenue, decreasing service provision, which results in decreasing use, resulting in 
decreasing fares revenue ... and a negative cycle occurs. 

What this suggests is that the benefits which public transport can provide are either undervalued or they are 
not presenting much value. In the case of declining patronage it is very clear that from a customer 
perspective public transport is not providing value comparable with private motor vehicles. From an 

12 The Roading Authority may have no interest in promoting alternatives to decrease traffic volumes. 
Investment may be rather "lumpy" considering that if roadspace is constrained the Roading Authority would 
be interested in reducing congestion up until extra road space (or "plant") is added. At the point at which 
that extra road space investment is made, the Authority will want to see maximum return on its new 
investment, which means increasing traffic volumes, not promoting alternatives. 
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overall community point of view, it may be that the value public transport provides toward reducing 
expenditure on future roading requirements, reducing environmental effects of car-dependency (pollution, 
noise, severance, etc.) are not being properly valued by either our system of project evaluation or our 
political decision-making investors. 

4 Principles of Sustainable Transport 
A few key principles for sustainable transpOli planning emerge. To reduce the effects of increasing car use, 
in general: 

III More emphasis should be placed on supporting public transport, cycling, walking and increasing 
car occupancy 
Reducing vehicle trip lengths can reduce the effects of vehicle use and make alternatives to car use 
more viable 

Specifically within land use planning the following principles apply: 
<II Reduce the expansion of our urban areas 
<I> Increase population density close to attractions and along transport corridors and at appropriate 

nodes 
'" Improve accessibility guidelines for all modes (not just cars) design does matter 

With respect to transport planning there are a number of principles that require thorough review: 
'" Our project funding criteria should achieve desired sustainability outcomes (to improve the 

assessment and value of effects) 
'" Our funding policy should not produce positive feedback for car use, but should provide direct 

financial incentives for improved outcomes (e.g., reducing effects of transport) 
110 Safety for slow modes should be a top priority 
'" Traffic management should focus on balancing transport provision and support alternatives 
,. Travel demand management techniques should be pursued to reduce the need to travel faster and 

further 
'" We should question what appears to be an "insatiable appetite for faster and further travel" 

(Hillman, 1996). 

Overall, we need to recognise that many of our roads are community streets - not just traffic arteries. This 
requires our transport planning profession to embrace a new paradigm, where transport planning requires 
integrated assessments not simply traffic engineering solutions. 

We need to get our pricing and funding signals right. Unfortunately, the recent "road reform" proposals 
appear to miss the mark, and in fact may send signals which further fund roading improvements to the 
detriment of alternatives. These reforms should produce an integrated transport reform not simply a car 
based "road reform". 

We need to recognise that integrated, city-wide policies are required. Our transport and land use policies 
must look at our urban areas as one "live" entity - e.g., introducing parking policies into our central cities 
may only push traffic into the suburbs with longer, harder problems to address later. 

And finally, very clearly technology improvements will be part of the solution. We will see improvements 
in vehicle fleet technologies, in road space use improvements, etc. However, placing all our reliance on 
technological fixes would be highly imprudent. Smart investors diversify to reduce risk. The same 
theorem applies to sustainable transport planning. There is no single solution, no technological fix. It will 
require a healthy mix of improving our land use and transport provision, along with technological gains, to 
improve our transport outcomes. 
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5 Development a Christchurch Public Transport Strategy - Community Visions 
In response to some of these findings, especially with regard to improving public transport use in 
Christchurch, a public transport strategy is in the process of development. 

Public transport in Christchurch currently makes up less than 5% of our total trips. Patronage had been in 
long-term decline until 1993. Since 1993 patronage has increased from a low of about 6.5 million to just 
under 9 million annual trips today. Development of a public transport strategy was viewed as a key 
determinant in improving our understanding of what non-users and existing users want. A collaborative 
effort was established between the regional and city council, including joint funding and staffing. A series 
of public surveys, focus groups and the creation of a standing advisory group produced a discussion 
document entitled "Two Futures - One Choice" (CRC/CCC, 1998). The strategy is a non-statutory 
document. It will set the future direction of public transport services in Christchurch for the next 5-15 
years. 

A number of slides used in public meetings are provided below. 

Submissions closed on February 27th
• To date we had received over 700 submissions, with a reasonably 

even mix between existing users and non-users (about 50% of each). Of the 500 submissions analysed 
before this conference, over 90% of respondents are concerned about traffic growth, and 85% believe 
significant public transport improvements are required. 

In order to verify that submissions are representative, a random survey will be conducted this week which 
asks the same questions. 

Next Steps 
Once submissions are analysed both the regional and city councils will review the services we currently 
provide for public transport. If there is a clear request to significantly improve services, a number of 
improvements will be pursued including (to name a few): 

III faster services (ticketing, express/limited stops, traffic priority, etc.) 
• improved stops and shelters 
III cross-suburban routes 
II> newer buses (the CRC recently approved 23 new "super-low floor" buses for its June 1998 

tender) and 
III improving the image of public transport. 
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Introduction 

There are a number of interacting reasons why we now 
find our urban transport so dependant on car use. This 
paper explores a number of the factors which have so 
far determined our reliance on our "car convenience" 
and examines ways in which we can provide similar 
positive feedback mechanisms toward supporting more 
sustainable transport. 

Where are we now: Long-term Trends in 
Urban Transport 

Energy Use 
Transport makes up a significant amount of New 
Zealand's current energy requirements, about 44 % of 
our consumer energy for 1990 (Ministry of 
Commerce, 1994). Demand for personal travel and 
transport is growing at a steady and some would 
suggest alarming rate. Future demand scenarios 
expect transport energy to continue to increase; one 
report suggests land transport will maintain 

approximately a 2 % per annum growth rate through 
2020 (Ministry of Commerce, 1994). 

As an indication of energy usage, between 1990 and 
1994, domestic transport CO2 emissions increased at 

about 4.3% per year, faster than any other sector 
(Ministry of Commerce, 1995). The same data shows 
that New Zealand CO2 emissions from domestic 

transport (excluding air and sea travel) increased by 
about 7.4% between 1993 and 1994 and accounted for 
about 43 % of end use combustion emissions. 

In Canterbury, transport accounts for about 54 % of 
direct energy consumption and for 1982-1992 was the 
fastest growing sector at about 3.8 % per year 
(Bachels, 1994). Figure I below depicts total energy 
consumption by sector for Canterbury, and highlights 
that transport energy consumptfon is clearly a driving 
determinant in energy consumption. In the urban 
context, Christchurch transport energy consumption 
accounted for about 43 % of total urban energy 
consumption in 1992. 

Canterbury T etal Energy Cons urrption by 
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Travel Distances 
• Increasing travel trend in km per year per capita, 

with significant increases in car use and reductions 
in other modes (1.5 %~2.5 % per year increase in 
overall travel between 1970 and 1987) (Beea et al 
1994) 

• For comparison, average kilometres travelled per 
country for 1987 are shown in Table 1. New 
Zealand per capita total travel is similar to many 
European countries but less than the United States. 
New Zealand car travel grew at a comparably 
slower rate than other countries, possibly due to its 
already high car ownership rates. 

Modal Choice 
• There is an increasing reliance on car use for all 

trip purposes (see Figure 2 for Christchurch work 
journeys) 
• growing car use (increasing ownership rate of 

cars/lOOO) 

decreasing public transport use 
• decreasing cycling trips 
• decreasing walk trips 

Land use 
• increasing sprawl (true in most large urban cities) 
• increasing provision for car mobility (suburban 

design, access, etc.) 
increasing provision for car parking (to meet 
cultural demand and off-street parking to minimise 
impact to road efficiency) 

Transport Planning and Funding 
• increasing priority given to car use: traffic priority, 

infrastructure, car parking requirements, etc. 
• increasing road km (motorways, streets, etc.) 
• decreasing use of and provisions for alternatives 

(public passenger transport (PPT), cycling, etc.) 

Table 1 

A verage Passenger Kms per Capita 19871 

Total Car Bus Rail Air 
Japan 9019 5037 842 2821 319 
Italy 9967 7754 1359 767 87 
UK 10220 8745 720 685 70 

Germany 10350 8614 868 786 82 
New Zealand 11141 9375 1113 132 521 

Sweden 11682 9322 1062 944 354 
France 11718 9597 755 1240 126 

USA 22113 19007 779 155 2172 

Modal Split for Work Journeys in Christchurch 

Energy, Transport and Development Policy as if People matler. March 1996 
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Technology 
significant improvements in car quality (speed, 
fuel/work efficiency, comfort, safety) 

Lifestyle and Convenience 
adoption of more convenient modes over time 
(walking, to horse, to bike, to bus, to car) 

• improvements in mobility (greater access to cars 
and thus places, etc.) 
increasing mobility demand for all (people and 
freight) 
increasing general activity - increases in trips for 
shopping, recreation and leisure 

general global increase in specialisation leading to 
greater travel requirements (including rapid 
increases in air travel I ) 

Environmental Effects - Air Pollution 
• increasing CO2 emissions (see Figure 3) 

• increasing air pollution due to transport (see 
4-6) 

Safety 
increasing safety for car motorists 
decreasing safety for cyclists 

• decreasing safety for pedestrians on streets 
(particularly children) 
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Christchurch Example Factors 
Figure 72 shows comparisons between public 
transport patronage in Christchurch and other potentia) 
factors affecting mode choice. Between 1986 and 
1992, bus patronage fell rather steep I y, while real 
petrol prices declined, NZ car ownership per capita 
continued to increase, real bus fares increased and 
Christchurch unemployment generally increased. 
(Between 1992 and now bus patronage has levelled off 
and in fact increased; although no thorough study has 
been conducted, many believe this is due mostly to 
improvements in local economic activity, a stable bus 

system following 1991 deregulation, and no bus fare 
in creases. ) 

The Current Feedback Cycle - The of 
Car Convenience 

As more and more of our planning decisions, funding 
decisions and cultural expectations have supported the 
car, it is no wonder that car use has significantly 
increased. As Figure 8 suggests, these are very 
connected activities: 

Christchurch Trends in Factors Affecting 
Public Transport Usage Figure 7 
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The past few decades have provided tremendous 
positive feedback for car use and have subsequently 
produced what now might be considered "car 
dependence«, including the following key concepts: 

Land Use 
• planning and cultural demands create "sprawl" 
• sprawl leads to greater travel distances 
• car parking requirements and provisions support 

and eventuall y demand pri vale car use 
mall and suburb development which is car friendly 
and not PPT or cycle friendly 

Travel Time 
distance increases make alternative transport modes 
less convenient (PPT cannot compete with car 
travel time, etc.) 

., car travel enhancement projects continue the 
advantage of cars ("twenty minutes" to work 
covers greater distance) 

Safety 
., as car speed increases, cycling and walking saf~ty decreases 

(including PPT users who walk and/or cycle) 
., transport planning makes cllr transport safer 

Transport Planning and Funding 
• Motorways and traffic planning improve car speed 

and reduce car accidents 
• new motorways access previous agricultural lands 

for suburban development. supporting continued 
sprawl 

., funding paradigm supports traffic management 
which increases car speeds (B/C based on savings 
in time, accidents O&M) 

• as car transit times improve, and car use is made 
safer, the benefit/cost ratio for funding mechanisms 
supports car infrastructure funding 

Economic Signals 
• cheaper car costs (including real costs of fuel and 

few parking charges) 
• rising GDP per capita provides higher standard of 

living, greater disposable income to spend on 
transport 

Technology 
• greater market demand for cars, increases car 

research to improve car quality, which leads to 
nicer and more favourable generations of cars (and 
car users) 

Modal Decision 
as travel distance increases, PPT, cycling and 
walking use decrease and car use is more 
convenient 

as car speeds increase, safety for cyclists and 
pedestrians decreases and use decreases 

• as funding supports car use, alternative transport 
use declines 

Lifestyle and Convenience Mobility 
Function 
general hope/requirement for 1/4 acre section with 
garden, garage, etc. creates demand for "sprawl" 

II as travel by car becomes more convenient "sprawl" 
is supported 

II our mobility expectations and "requirements" 
increase - we become car-dependent 

<I increasing activity rates related to increasing access 
to car (shopping and recreational trips signiticantly 
increase) 

<I "Society is in transition from one based on work to 
one based on leisure, self-fulfilment and travel" 
(Bannister 1994, p 16) 

• increased cultural and social reliance on car 
supports continued use and provision of car 
facilities 

• car users come to not only enjoy but even to expect 
the convenience of door-to-door travel 

Recent Trends: Awareness of the Costs of 
Car Reliance 

There is an increasing awareness of the "costs" of car
dependent lifestyles. 

The environmental effects of car use are becoming 
more and more apparent with interest in reducing 
air pollutants with programmes to: 

• reduce CO2 emissions 

• introduce local air emission controls (catalytic 
converters, "smog/WoF" checks, etc.) 

• (Christchurch air pollution regularly fails to meet 
WHO standards; 21-29 deaths per year are 
estimated due to poor air quality) 

The social impact of car use is also hecoming an issue 
with increasing interest in: 

• traffic calming 
<I improving safety for pedestrians and cyclists 
• improving the sense of neighbourhood and 

community through reducing travel demands 

Car congestion is increasing in cities, often increasing 
environmental degradation, and increasing travel 
times, increasing stress and generally decreasing 
quality of life. There is some recognition that simply 
increasing road capacity to relieve congestion may be 
temporary and may in fact increase the magnitude of 
the overall problem: 
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"Increasingly. it has become apparent that more 
capacity, particularly in roads, generates more 
traffic and allows for the dispersal of activities, 
which in tum makes the provision of public 
transport services problematical" (Bannister, 1994, 
p 221) 

Collective Vision Can we break 
(or at least slow it down)? 

cycle 

With recent policy directions included in the Resource 
Management Act, Framework Convention on Climate 
Change, Bio-Security Act, etc, improving quality of 
life will now include a greater emphasis on and 
consideration for local and global environmental 
quality, future generations, and ecological system 
quality. 

With respect to transport, we now demand mobility. 
However that mobility as we currently express it in 
use of our cars has its costs. We must balance other 
factors into our transport equation, including the 
environmental and social impacts of this mobility 
demand, for transport decisions, provisions and modal 
choice. 

Transport planning cannot be made in isolation from 
general social requirements, as David Bannister points 
out: 

"Transport planning must be seen as part of the 
land-use planning and development process which 
requires an integrated approach to analysis and a 
clear vision of the type of city and society in which 
we wish to live. All decisions influence this 
pattern of development, and if we are serious about 
achieving targets for reductions in emissions, 
improved safety, and a better quality of life in 
cities, then these issues must be fully reflected in 
the decision-making process. In many cases, only 
limited value seems to be placed on environment, 
accidents and guality factors. Yet increasingly, 
these are the issues which people claim to be 
concerned about." (Bannister, 1994, p 221) 
(emphasis added). . 

Developing a Positive Feedback Loop for 
Sustainable Transport 

There are a number of factors involved in detennining 
our choice of transport mode. Many of these are 
identified above. The key to developing a more 
sustainable transport future is in learning from the 
positive feedback loop which the car has enjoyed and 

applying similar "convenience" incentives for more 
sustainable modes. 

Effectively, this will require that priority be given to 
sustainable transport instead of what has been the 
traditional priority for car transport. 

Traditional transport planning has relied upon 
reducing travel times and costs. Both of these basic 
planning premises are being challenged: safety 
considerations are now requiring reductions in car 
speed; and travel costs should now take into account 
not only O&M of the vehicle but also include 
externalities (environmental and social). 

To make alternative transport more competitive with 
car use, total transit times and transport costs should 
provide a more equitable relationship for all modes 
(and arguably better provision for more sustainable 
transport). Transit times are affected by land-use 
developments (including door-to-door access 
improvements), parking provisions, and traffic 
management priorities. Travel costs will be affected 
by marginal cost pricing (fuel costs, parking charges, 
etc) as well as fixed cost investment and funding 
procedures. 

A number of key recommendations emerge: 

Land Use 
• general planning which supports public transport, 

cycling and walking (generally increasing 
population density often at existing commercial 
nodes and along existing PPT transport corridors) 

• Parking provisions which place limits on minimum 
and maximum provisions3 

• mall development which gives priority not to cars 

but to alternatives4 

• subdivision developments which cater for PPT, 
cycle and walking access 

• general recognition that the most important 
sustainable transport may in fact be walking and 

cycling5 
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Research in the UK provides insight into the 
relationship between travel distance, modal choice 
and residential land-use density (see Table 26). 
This research suggests that increasing population 
density decreases overall travel requirements, 
decreases car travel and increases the use of 
environmentally friendly transport. 

Additional evidence from neighbourhood surveys 
showed that those areas with higher density had a 
larger percentage of short-distance trips to local 
facilities; however, the "range and quality of facilities 
offered at local centres ... is an important determinant 
of the extent to which people use neighbourhood 
centres" (DOEIDOT 1993, P 35). 

Traffic Planning and Design 
• traffic priority for pedestrians - improving motorist 

recognition of the need to ensure pedestrian safety, 
enhancing the quality of provisions made for 
pedestrian flow 

• trartic priority for cyclists - ensuring all traffic 
improvement programmes and projects address 
cyclist needs, providing excellent cycle routes 
which have increasingly greater priority and most 
importantly improving cyclist safety (one of the 
key barriers to cycling) 7 

• traffic priority for PPT - improving general transit 
times, access, etc. 

Transport Funding and Infrastructure 
Developments 

• ensure that funding mechanisms include 
environmental and social considerations 

• ensure that the playing tield is level, not only 
between rail and trucking (which the recent Land 
Transport Pricing Studies appear to suggest) but 
for all modes 

Economic Signals 
• recognise the general relationship between fuel 

costs and fuel use (see Figure 9)8 

Distance Travelled per Person per Week by Mode and Population 
Density: 1985/67 

(kilometres) 
Density All Car Local Rail Walk Other 

(Persons per Modes Bus 
Hectare) 
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III the Royal Commission on Environmental Pollution 
report on transport (RCEP 1994) suggests an 
elasticity function for fuel prices of about -0.3 (for 
a 10% increase in fuel prices there would be a 3 % 
decrease in fuel use)9 
interesting to note that central government has 
recently stopped the regional council's petrol tax 
provision without any signal that such a tax might 
support more sustainable transport 

III parking charges can also affect modal choice albeit 
possibly limited: one study found doubling the 
parking charge would reduce city-wide travel by 1-
3 % and CO2 emissions by 1. 6 to 3.7 % for the five 

UK cities studied 10 
III a Los Angeles study suggests that some pricing 

mechanisms may have limited effect in reducing 
travel (Cameron 1991): 
-+ a tax of $2.25 per day on employee parking 
would reduce travel by only 1.5 %; 
-+ a $110 annual vehicle registration tax would 
reduce travel by only 0.4 %; 
-+ free transit for all families with incomes less 
than $25,000 per year would reduce travel by only 
2%; 
-+ a large petrol tax of $2 per gallon (or about 
200 % as current costs are about $1 per gallon) 
wold reduce travel by about 8.1 %; however, a tax 
of that magnitude is politically unlikely (Sperling 
1995). 

Technologies 
developing requirements for improved fuel 
efficiency, low-emission motors (Table 3 shows 
the relative energy efficiency of different modes, 

where as expected, walking and cycling are the 
most fuel efficient, followed by bus, rail and then 
car) 

III important to note that mode efficiency is at present 
not a driving determinant in modal choice (at 
present the convenience of cars far outweighs the 
perceiVed additional costs in fuel) 

SUMMARY 

There is no question that a number of these provisions 
need to be treated as a package: the synergistic effects 
may far outweigh the singular opportunities. This will 
require that different authorities which may be in 
charge of different parameters recognise a common 
goal (eg, land-use is a city planning function, whereas 
fuel costs and taxation currently rest with central 
government). 

We will need to evaluate the relationship which 
personal mobility has on each of these factors (eg, 
simply increasing public transport frequency may not 
decrease car use but may increase trips by existing 
public transport users). 

In addition there appears to be a fundamental unstated 
assumption in the transport and energy arena: the 
intention to meet what might be termed the 
"inalienable right" to transport mobility, and the 
"insatiable appetite for faster and further travel" 
(Hillman 1996). These two fundamental principles 
may be culminating in the manifestation of our 
"lifestyle"demand for convenience and mobility. 

Table 3 

Energy Consumption for Different Passenger 
Trans ort Modes at Di erent Occu anc Rates12 

Occupancy Rate 
Mode (MJ primary energy/passenger-km) 

25% 100% 
Petrol Car 

2.61 1.31 0.87 0.62 
2.98 1.49 0.99 0.75 
4.65 2.33 1.55 1.16 

Diesel Car 
d.4litres '2.26 1.13 0.75 0.57 
1.4-2.0 Iitres 2.76 1.38 0.92 0.69 
> 2.0 litres 3.65 1.83 1.22 0.91 

1.14 0.57 0.38 0.29 
1.17 0.58 0.39 0.29 
1.42 0.71 0.47 0.35 

0.06 
0.16 
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Key Points 
long-term support for car use combined with social 
demand for increasing mobility has led to a 
lifestyle of car-dependence 

\I need to turn that positive feedback loop toward 
more sustainable transport 

• traditional transport planning has relied on 
reducing travel time and cost 
-+ this is now changing with recognition of the 

social and environmental costs of car
dependence 
need to capture these social and environmental 
factors in all of the factors affecting transport 
demand 

two fundamental principles which need to be 
questioned: 
-+ "insatiable appetites for further, faster travel" 
-+ "inalienable right to meet our travel 

expectations" albeit via less environmentally 
damaging alternatives 

• recognise there is a raft of different factors 
affecting urban transport including: 
-+ lifestyle and mobility demands 
-+ land-use development 
-+ parking controls (maximum limits and 

charging) 
-+ economic signals and transport funding 

provisions 
-+ technological improvements/requirements 

• mix of measures will be important: no single 
measure will suffice (there are different desired 
goals/visions) 

• the mix will not necessarily come from one single 
source but from a mix of sources 
-+ central government 
-+ local government 
-+ local enterprise. 
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safety is believed to be a major contributing element to 
the decline of cycling in Christchurch, based on work 
and discussions of the Christchurch Cycle Steering 
Group, convened to oversee the Christchurch Cycle 
Strategy. 
8 Source: RCEP, 1994, p 114. It is interesting 
to note that the fuel price to fuel use relationship 
depicted in this figure shows a strong similarity to 
Newman and Kenworthy's population density to fuel 
use graph: where the USA was highest, Australia and 
Canada were next, European countries were next and 
Asian countries had the lowest fuel use and highest 
population density. The comparison between these 
graphs suggests that the connections between fuel price 
and land-use density may have some strong 
overlapping factors affecting fuel use. 
9 The report notes that .. in order to limit carbon 
dioxide emissions from real road transport to 1990 
levels by this means alone, the price of fuel would 
have to increase by 80% in real terms by 2000, and by 
250% by 2025" (p Ill). 
10 Dasgupta et aI, 1994 
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Developing a Regional Energy Strategy for Sustainability 
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A survey of fuel and energy consumption was completed for Canterbury and Urban Christchurch 
for 1982-1992. Results show energy consumption is increasing in all sectors, with particular 
growth occurring in tran..;;portation energy consumption. Estimates of air pollution by fuel and 
sector were also made. The next phase of research will involve development of a general systems 
model to assist in understanding some of the relationships of regional population settlement 
patterns, transport needs, economic activity and energy consumption. Scenarios will be developed 
to understand key sensitivities and indicators of energy sustainability (or unsustainability) among 
these inter-relating factors. Approaches will be explored to evaluate policies and actions which the 
local regional council could pursue or support to ensure a more sustainable use of energy 
resources. 

INTRODUCTION 

New Zealand's total primary energy consumption has risen by 65% in the past twenty years (Allan, 
1994).1 A great deal of the country's energy (and increases in energy consumption) rely upon the 
unsustainable use of fossil fuels. In the Canterbury region, energy consumption increased about 
31 % between 1982 and 1992 (Bachels, 1994); not surprisingly, a large proportion of the region's 
energy consumption is based upon fossil fuels. With these increases and the heavy reliance on 
nomenewable fuels, the need to address sustainable energy planning is apparent. 

New Zealand's Resource Management Act of 1991 (RMA) requires local planning bodies, 
including the regional councils, to develop policy statements for sustainable management of natural 
resources. In addition, the Transit New Zealand Act 1989 requires that each regional council 
prepare a land transport strategy which is consistent with both the regional policy statements and 
the RMA Many of the regional council.;; in New Zealand are developing strategies for determining 
appropriate approaches and policies toward sustainable management of energy related resources.

2 

Such approaches may include an energy chapter in the regional policy statement or more detailed 
explicit energy strategies and plans (energy is also often mentioned in regional air and transport 
plans), 

2 

Although unstated, it is assumed that the increase cited by Allan (1994) is in primary energy supply. 

Regional energy planning has been an issue among regional planning authorities for some time (see Gabites 
et al., 1984); however, the RMA and its requirements may bring new opportunities and responsibilities for 
regional and territorial authorities to affect energy planning and consumption. 



2 

Furthermore, international protocol,> to which New Zealand is a member or signatory (like the 
Framework Convention for Climate Change and Agenda 21

3
) require member countries to address 

issues of sustainable development and either directly or indirectly develop appropriate strategies for 
creating a sustainable energy pathway. 

THE REGIONAL COUNCIL'S ROLE 

Energy supply and demand involves a number of processes. Natural resources (such as crude oil) 
are extracted, converted into a usable form (such as petrol), distributed and consumed. Energy 
planning can focus on a combination of supply- and/or demand-side approaches. For example, 
supply-side planning may analyse the development opportunities for finding new petroleum 
reserves or developing a wind generation site. On the demand-side of the energy picture, the focus 
is on policies and programmes which affect consumption (e.g., electricity efficiency measures or 
passenger transport planning). 

Under the RMA it appears that the regional councils will have more direct control over individual 
energy production development proposals in their region (through the consent process) and far less 
control over end-use consumption of energy resources

4 
(see Allan, 1994). 

At the New Zealand regional council planning level, many of the resources consumed in anyone 
region are imported (e.g., petrol, coal, etc.). Thus the councils may not have much direct control 
over the supply-side end of the energy picture. Even if there are resource development projects 
within the region, such projects are often a portion of a much larger supply-network (e.g., the 
recently proposed Taranaki gas-fired project by Electricity Corporation of New Zealand). 

In addition, decisions regarding demand-side planning measures such as electricity efficiency 
standards or fuel efficiency of vehicles are often made at the national level and do not explicitly 
come under regional council authority. 

The question becomes: What can the regional councils do to ensure a more sustainable use of 
energy resources in their region? This research aims to develop a systems approach to address this 
question for the Canterbury region. 

Developing a regional energy strategy will require defining what the goals of the strategy are, 
including addressing such key concepts as: 

and 

3 

4 

o sustainability 

o security 

what does it mean and how is it achieved with respect to energy? 

in tenm: of the long term security of supply (e.g, the risk of 
disruption from imported fossil fuel,>, etc.) and assurance that 
energy resources will be available in the long term. 

From the United Nations Conference on Environment and Development in Rio de Janiero in 1992. 

Since consumption of energy resources does not explicitly require regional council consent (however, 
indirectly a project's energy consumption might be reviewed during a consent for emissions). 
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The results of the survey provide a starting point to begin the development of a regional energy 
strategy. Understanding the energy consumption picture requires detailed knowledge of current, 
existing consumption trends across all sectors of energy usage. A number of questions arise with 
regard to developing a regional energy strategy for sustainability and the regional council's role: 

1) What role can the Canterbury Regional Council play in developing a regional energy 
strategy to address current trends and long term forecasts of regional energy use? 

2) What actions or policies can be pursued by the Council which address issues of energy 
sustainability and security while minimizing environmental and social impacts? 

3) How are energy sustainability and security defined? And in what context of energy 
sustainability can the existing knowledge of energy flows and energy use be understood and 
applied? 

4) Do current trends in energy usage portend future energy consumption? How will potential 
large scale increases in transportation fuel consumption to the Canterbury area affect a 
regional energy strategy'f 

5) Are there specific tools the Council could use to affect regional energy consumption? If so, 
how effective would certain tools be and at what cost (economic, sociaL environmental)? 

PROJECT OVERVIEW 

A number of cities (in New Zealand and overseas) realise the importance of urban planning and its 
affect on energy consumption (Allan, 1994; Owens, 1985). Policies which affect urban density may 
affect transport requirements of residents and business alike. Transport policies and programmes 
can directly affect transport fuel consumption (both for passengers and freight). Building consents 
which address design, energy conservation and efficiency can affect energy consumption in 
buildings. Local air quality plans may also affect energy consumption in attempts to reduce air 

11 · 6 po utIon. 

The approach taken in this research could be conducted for any planning area (including cities). 
This study has specifically focused on the Canterbury region with particular emphasis on its largest 
city, Christchurch. 

The goal of the analysis will be to assess current and forecast regional energy usage and associated 
sustainability. In addition, the study will review potential regional council policies and actions 
which could provide a long term regional plan towards a sustainable energy future. 

5 
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Recent estimates suggest that tourism in the region could expand three fold over the next thirty years 
(Amoux, 1993). In addition, a report by the Ministry of Commerce forecasts that national transportation 
energy demands will grow at 1.7% per year, and overall energy demands at 1.4% per year (Ministry of 
Commerce, 1992). 

Strategies to address air pollution problems are being reviewed in cities like Christchurch which have acute 
air pollution problems associated with local fuel burning, geography and weather. 
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The project is outlined below using the following objectives: 

i) Understand existing and historic trends in fuel and energy consumption by sector and fueJ 
source; 

ii) Develop a systems model to assist understanding of the interactions between factors 
affecting energy consumption; 

iii) Develop indicators of sustain ability of energy resource use; and 

iv) Evaluate and determine appropriate policies which increase the proportions of energy use 
that are from sustainable resources within the region. 

Each of these objectives is discussed below. 

OBJECTIVE I: EXISTING AND HISTORIC ENERGY CONSUMPTION 

At the outset of this project, regional energy consumption data were not readily available.
7 

Thus to 
meet objective 1, a survey of fuel and energy consumption for Urban Christchurch and Canterbury 
was conducted (Bachels, 1994). The survey covered the period 1982-1992 for the Canterbury 
region; trends for Urban Christchurch covered the period 1972-1992 combining recent survey data 
with data from earlier reports (Brady and Pullen, 1985; Kennedyet al, 1974). 

From the results of the survey, it is apparent that the importance of developing a regional energy 
strategy cannot be understated. 

Regional energy consumption continued to rise across all sectors (31 % increase during the 1982-
1992 period, see Figure 18 below). 

7 

8 

McChesney (1993) identified an energy "data gap" which made analysing potential policy decisions difficult. 
Allan (1994) points out that regional energy "information is generally not available" but would be 

"particularly useful for local authorities developing policies and plans to address energy efficiency" (p.IS). 

"Oil Products - NT" in Figure 1 refer to those consumed in non-transport energy consumption uses. 
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Population growth in the Canterbury region also rose but at a far slower pace (about 3.4% between 
1981 and 1991 based on Department of Statistics census results). Thus growth in energy 
consumption outpaced growth in population by a factor of about nine.9 

If we look at regional annual energy consumption per person including intra-area transport (air and 
sea), in 1982 the average energy consumption per person was 83 giga joules (GJ) per person; by 
1992 this figure had risen to about 105 GJ per person (a 27% increase). This implies that each 
person used about one quarter more energy in 1992 than in 1982. Of course this very simple 
analysis could be misleading for it does not take into account changes in non-personal energy 
consumption such as increases in foreign tourists, exports or changes in heavy industry. However, 
assuming that such changes provided direct benefit to members of the population of the Canterbury 
area, such simple calculations can be insightful 

Regardless of the definition, we are using more and more energy per person per year in the 
Canterbury region. Is such energy consumption growth sustainable physically, economically, 
environmentally or socially? 

SURVEY RESULTS 

9 
A large amount of the increase in energy consumption was due to increases in transportation for goods and 
passengers into and out of Canterbury (aviation and marine transport). In Urban Christchurch, energy 
consumption increased about 15% and population growth increased by about 4.9% between 1982-1992. 
These Urban Christchurch energy consumption figures exclude aviation and marine transport; without these 
significant sectors, energy consumption still rose about 3 times faster than population growth. 
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Sectoral analysis included fuel and energy consumption for transport, industrial/commercial and 
domestic sectors. Transport included land, sea and air. In total, Canterbury energy consumption 
increased by about 31 % between 1982-1992 (or about 2.7% per annum); in comparison over the 
last twenty years New Zealand's primary energy consumption has increased by about 65% (or 
about 2.6% per annum) (Allan, 1994). 

Transport 

Total transport energy consumption was the largest (54% of total) and the fastest growing sector, 
increasing by about 45% during the period. Transport continued to increase its market share, with 
particularly large increases in aviation and marine fuel sales. Vehicle transportation fuel 
consumption (petrol, diesel and liquid petroleum gas (LPG)) was about 67% of total transport 
demand and increased by about 15%. 

IndustriaJlCommercial 

Industrial/commercial energy consumption made up about 27% of total energy consumed and 
increased by about 15% during the period. Fuel sources included electricity, coal, diesel, wood, 
and petroleum products (fuel oils, kerosene and LPG). Electricity consumption is the largest (45% 
of sector total) and fastest growing (47% inG'Tease during the period) fuel source in the 
industrial/commercial sector. 

Domestic 

Domestic energy consumption made up about 19% of total energy consumed and increased by 
about 16% during the period. Electricity consumption made up over 70% of domestic energy 
consumption and increased by 21 %. Use of fossil fuels (coal, fuel oils, diesel and kerosene) for 
domestic energy significantly declined with the exception of LPG which increased (LPG remains a 
small portion of total domestic energy consumption, about 1 %); wood consumption increased in 
the period by 24%. 

Estimated Air Pollution for Urban Christchurch from Fuel Sources 

Urban Christchurch air pollution by pollutant and sector were estimated based upon the results of 
the fuel consumption survey and emission factors from earlier studies of air pollution in 
Christchurch (Brady and Pullen, 1985). Results showed that total tonnages of air pollutants 
continued to rise during the 1972-1992 period for carbon monoxide, hydrocarbons, and nitrogen 
oxides; sulphur dioxide emissions declined; smoke and particulate emissions were estimated to have 
remained relatively constant. 

Vehicle transportation dominated emissions for carbon monoxide, hydrocarbons, and nitrogen 
oxides; the industrial/commercial sector dominated emissions of sulphur dioxide (primarily from 
coal); the domestic sector dominated emissions from smoke (burning of firewood). 

Estimated Regional C02 Emissions 

Although international agreements like the Framework Convention for Climate Change are directed 
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at national government, regional energy planning can affect CO:! emissions (both regionally and 
nationally). Thus, incorporating estimated CO:! emissions into thill research may assist policy 
decision makers in meeting national obligations to international treaties. 

Total estimated regional CO:! emissions increased by about 26% during the period, driven by 
growth in transportation CO:! emissions. In 1992, transport contributed about 70% of total CO:! 
emissions. lO Industrial/commercial CO:! emissions contributed about 25% of total CO:! emissions 
(50% of this from the burning of coal). Domestic emissions accounted for about 5% of CO:! 
emissions; most domestic CO:! emissions carne from out-of-area thermal power electricity 
generation (50%) and the burning of coal (45%). 

OBJECTIVE II: DEVELOPING SYSTEMS MODEL 

"The value of a model lies in its ability to aid in the development of understanding and 
insight; no model can ever explain more than a small part of a whole" 

(Peet, 1992, p.21). 

A systems model will be developed to ascertain key relationships between factors influencing 
regional energy consumption. The intent of developing such a model is to assist in understanding 
the principle factors affecting regional energy consumption and ways in which these can be altered 
by regional council policy. Depending upon data availability and structural assumptions, it is 
envisioned that the model will provide a reasonable tool for assessing how certain policies or 
actions the regional planning authority may pursue could affect the transition to regional sustainable 
energy consumption. 

In general this systems approach will heed Herman Daly's astute comment: 

"It's better to deal incompletely with the whole than wholly with the incomplete." 

In other words, for this application, it is better to understand the parts of the puzzle which are the . 
influential factors affecting energy demand in the region before delving directly into technical 
specifics. A systems approach is also appropriate in attempting to address such an elusive and 
difficult concept as sustainability. 

As in peeling the layers of an onion, Figure 2 provides an example of the first modelling layer of 
general influences or factors which drive energy consumption in the region. I I Driving influences 
shown in Figure 2 include population (and settlement), transport demands, and economic activity; 
feedback mechanisms could include policy and investment decisions, and indicators of sustainability 

10 

II 

By far the largest contribution to C02 emissions is made from on-land vehicles, which in 1992 accounted for 
about two-thirds of total transportation C02 emissions or almost 50% of total regional C02 emissions. 

There are of course a number of factors which affect energy consumption, including many social elements not 
included here. This project is specifically designed to address physical resources and not necessarily address 
social aspects; however, it is clear that many of the decisions made by consumers rely on social factors: 
Arnoux (1993) points out that "personal mobility has become a basic need. Social pressure in favour of 
increased use of cars is extremely strong and unlikely to be significantly reversed within the 30 year time 
horizon" of the study (P35). 
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(discussed later). In this influence diagram, the output of energy consumption is air pollution (of 
course many other pollution outputs could be modelled). 

Figure 2: Example Regional Energy Systems Model Influence Diagram 

Population density, location and total numbers affect energy consumption. Some causal factors 
may include the relationship of households to average number of occupants.

12 
Shifts in occupancy 

per household may affect domestic energy consumption per capita. In addition, transport needs per 
household may relate to the number of occupants per household. Where populations settle may 
also determine energy consumption rates, partiCUlarly transportation energy requirements. 13 

Transport demands included in the model will address such issues as passenger kilometres per 
year, modes of transport, and fuel efficiency of transport. Figure 3 provides an exam:r.le of how 
transport could be modelled for private vehicle passenger transport for tm') project. 4 In this 
influence diagram, passenger kilometres are affected by population (people and households), 
settlement (density), and economic activity; feedback mechanisms could include policy decisions 
and price of transport. Fuel consumption within transport would be affected by fuel type and fuel 
efficiency (each of these factors would in turn have a number of influence factors). 

12 

13 

14 

In recent decades the nationwide average number of occupants per household declined from 3.54 in 1971 to 
2.92 in 1991 (Department of Statistics Census results). Regional trends show similar results (Canterbury 
Regional Council, 1993). 

In a comparison of city densities, Newman and Kenworthy (1990) found thai those cities with higher density 
had less petrol consumption per capita than cities with lower densities (note: these results have been 
challenged by a number of researchers as being too simplistic (see Allan, 1994)). Thus an important element 
of planning at the regional and district level may be increasing urban densities through zonal consents. 

The ideas explored in this research will work in concert with current transport modelling efforts being 
conducted by the Canterbury Regional Council in the Christchurch Transportation Study. 
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-

Figure 3: Exa.mple ..,a~~~~nnl~r Transport Influence Diagram 

Economic activity has shown a reasonably strong correlation to energy consumption. In New 
Zealand, the elasticity of energy consumption to growth in gross domestic product (GDP) is 
estimated by the Ministry of Commerce at about 0.5 (Ministry of Commerce, 1992).15 Regional 
elasticities of energy consumption to GDP may be available.16 

Energy consumption model outputs would rely upon the factors addressed above. Back-casting 
could be conducted to compare with the results of the survey to verify and bench mark the model 
Accuracy of the data and reliability of the input relationships will determine the accuracy of the 

17 
model's output. 

15 

16 

17 

On closer inspection of the report's forecasts, GDP is forecast to grow at about 2% per annum and energy is 
forecast to grow at about 1.4% per annum, resulting in a GDP/Energy elasticity of closer to 0.7. Using this 
calculation, the national elasticity for all transportation (land, sea and air) energy consumption to growth in 
GDP is estimated at about 0.85. 

Donnelly (1994) collected regional GDP figures for 1982-1990. Preliminary analysis shows similarities in 
regional and national elasticities of energy consumption to GDP. 

The adage "garbage in yields garbage out" must always be applied. 
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Air pollution emissions can be estimated using air pollutant emission factors by fuel and sector 
technology. Pollutants will include local (carbon monoxide, sulphur, etc.) and global air pollution 
(COz) emitted from fuel burning. 

OBJECTIVE ill: SUST AINABILlTY INDICATORS 

"A compromise between scientific accuracy and the demand for infonnation" 
(Kuik, O. and Verbruggen, H., 1991, p.2). 

Evaluating output from the systems model will require appropriate evaluation tools or indicators. 
These indicators will measure the physical energy sustainability of the system Combined with a 
scenario approach to "test" different policy or action approaches, these indicators would provide 
some insight into the rate or direction of change with regard to energy consumption. Such 
indicators would be a key facet of determining where we are and where we are headed, thus 
adequate definition is critical. 

Defining what is sustainable is an elusive and difficult target.
18 This project will necessarily limit the 

discussion and "measurement" of sustainability to physical energy flows, using only those energy 
flows for which data are reasonably and readily available.

19 
Quantifying sustainable energy use may 

be difficult, if not nearly impossible. Determining sustainable use of renewable resources may be 
easier (e.g., forestry, biomass, etc.); however, determining an adequate sustainable "development" 
use of non-renewable energy sources (like petroleum products) may not be so easy.20 

Use of indicators of "unsustainability" may be a more appropriate initial exercise than attempting to 
define indicators of sustainability (Baines et al, 1988; Wright, 1991). 

Sole reliance on conventional economic indicators would not be appropriate as accounting 
practices like GDP are based on natural resource depletion, with no regard for sustaining the 
resource on which the economy is based.

21 
For this reason, figures of energy intensity are useful 

but may be inadequate for addressing environmental costs and associated sustainability (using the 
"traditional" definition of energy intensity in units of energy consumption per increase in economic 
growth (MJ/$». 

18 

19 

20 

21 

Reference is often made to the definition of sustainable development provided in the Brundtland report: 
"development that meets the needs of the present without compromising the ability of future generations to 
meet their needs" (WeED, 1987, p.43). The use of sustainability indicators in this study will focus 
specifically on determining reasonably accessible and usable indicators of sustainable energy use and not 
address long term issues such as intergenerational equity. 

We will not measure social or economic aspects of sustainabiLity, e.g., cultural values or economic 
production. 

A number of authors and analysts suggest using our "free lunch" of non-renewable fuels as a means of 
transition to a reliance on renewables (Peet, 1992; Piddington, 1993). 

For example the clean up costs of the Exxon-Valdez oil spill in Alaska actually added to the state's GDP, 
with no accounting of the loss to wildlife or other natural capital. Tinbergen and Hueting (1991) suggest that 
"it roughly holds that the more burdensome for the environment our activities are, the higher their 
contribution is to national income, and vice versa. Thus driving a car contributes more to GNP than riding a 
bicycle" (p.37). 



11 

Wright (1991) suggests four reasonably measurable indicators of energy sustainability: energy 
efficiency, energy security, resource mix and environmental costs of energy use. 

Energy efficiencl2 indicators at the national level are often measured in energy intensity per GDP, 
which, as discussed above, are economically based and often do not capture environmental costs. 
However, as Wright (1991) points out, energy use by sector would reveal more about energy 
efficiency trends (and sectors ripe for improvement). Some energy efficiency indicators using data 
retrieved in the regional fuel and energy survey could include energy per passenger-km, household 
(or person) domestic space heating requirements, etc.

23 

Energy security indicators would provide infonnation on the energy security of the region. 
Quantitatively, energy security could be measured as the percentage of an energy resource 
produced in the region divided by the total energy resource consumed (oil, coal, wood, etc.). For 
example, the Canterbury region "exports" a tremendous amount of its indigenous hydro-electric 
resources but does not produce any petroleum products. Thus if measured with regard to 
electricity, Canterbury would be reasonably energy secure; whereas with regard to fossil fuel use, 
the region's energy security is completely reliant on other regions or nations. 

Resource mix indicators may reveal the proportion of energy supply which comes from renewable 
(or non-renewable) resources; such indicators would assist in "measuring the degree of transition" 
to an energy supply based on renewables. 

Environmental cost indicators could provide insight in to the environmental costs of energy
related resource consumption or use. 

OBJECTIVE IV: POLICY EVALUATION 

"Energy efficiency should be the cutting edge of natipnal energy policies 
for sustainable development" I 

(WCED, 1987, p.196). 

Policy decisions affecting energy consumption come from international, national and regiona1/local 
political levels. The options open to the regional council may be inherently limited and/or 
determined by such national or international decisions. An important factor in determining policy 
options will be detennining which "controls" are in the hands of the regional council and which lie 

24 elsewhere. 

To some degree potential policies could be delineated as exogenous or endogenous to regional 

22 

23 

24 

Patterson (1993) investigates in some detail energy efficiency indicators and implementation options, 
identifying discrepancies in energy quality and time frame, and needs for improvement in data quality. 

Wright (1991) points out that fairly specific indicators may not provide adequate information. She uses an 
example of a very efficient transport system where patrons may travel very long distances (due to settlement 
distribution densities, etc.); in this example "transport energy per person-kIn may be low but total transport 
energy will be high" (Wright, 1991, p.16). 

There will be integration, overlap and a number of "grey" areas amongst planning policies. 
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council control For example, international agreements on ccn emissions would be considered 
exogenous to the regional council's policy purview; endogenous controls may include local 
transport plans, vehicle air emissions testing, or limiting use of certain fuels. "Grey" area policies 
might include supporting energy efficiency implementation measures in domestic housing or the use 
of electric vehicles for private transport. 

Scenarios could be developed to test the sensitivity of energy consumption (and the resultant 
indicators of sustainability/unsustainability) to a full range of policies, from international to local.

25 

Allan (1994) points out that in any policy decision made under the guise of the RMA there will be a 
"need to strike a balance between the economic and social wellbeing of people and the sustainable 
management of energy (resources)" as outlined in Section 5(2) of the RMA (Allan, 1994, p.3). 
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EXECUTfVESU~RY 

Background 

This report was commissioI}ed by staff at the Canterbury Regional Cquncil (CRC) to review 
energy usage in the CRe's geographic jurisdiction. The intent of the study was to determine 
energy consumption trends across sectors and fuels, and to provide a foundation of current 
consumption figures to be used in determination of a regional energy strategy. 

Fuel and energy consumption studies were conducted for Urban Christchurch in the 1970s and 
1980s. To maintain continuity with these earlier studies, this report uses a similar format; it 
also provides figures on Urban Christchurch fuel and energy consumption, and estimates of 
air pollution emissions due to fuel burning. 

Energy consumption figures were based upon fuel usage across a number of energy 
consumption markets, namely the transportation, industrial/commercial and domestic sectors. 
A variety of fuels are consumed in these sectors. Transport fuel analysis is separated into on
land vehicle fuel consumption (petrol, diesel and liquid petroleum gas (LPG)), aviation fuels, 
and marine transport (diesel and fuel oils). Industrial/commercial and domestic market fuels 
include electricity, coal, wood, oil products and LPG. 

The study reviews energy consumption between 1982 and 1992 throughout the Canterbury 
region. In addition, data are presented on fuel use, energy consumption and annual air 
emission estimates for Urban Christchurch between 1972 and 1992 (using data for 1972-1981 
from earlier reports). 

Energy Consumption 

Total energy consumption in Canterbury increased by about 2.7% per year between 1982 and 
1992, an overall increase of about 31% (see Graph S-l). Transportation fuel is both the 
largest and the fastest growing energy consumption sector: it currently accounts for about 54% 
of regional energy consumption and increased by about 3.8% per year during the period (note 
transport includes vehicle, aviation and marine uses). Industrial/commercial energy 
consumption is the second largest energy consumption sector and currently makes up about 
27% of regional energy consumption; it increased by about 1.4% per year. The domestic 
sector currently accounts for about 19% of regional energy consumption and increased by 
about 1.5% per year. 

It is clear from these trends, that with regard to energy consumption and issues of energy 
sustainability, transportation energy consumption is the most important sector. 
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Transportation energy consumption increased ~y about 45% during the 1982-1992 period. 
Growth among transportation energy consumption sectors included: vehicle 18%, aviation 
150%, rail (-3%), marine 300%. Thus the fastest growing sectors in transportation energy 
consumption are aviation and marine transport, both of which are heavily involved in 
transporting goods and passengers into and out of the Canterbury area. 

Industrial/commercial energy consumption is dominated by electricity (44%) and coal (26%). 
Electricity was the fastest growing source increasing by 47% during the 1982-1992 period 
(LPG and wood also significantly increased but they are far smaller portions of 
industrial/commercial energy consumption). Coal consumption showed a moderate increase 
of about 10% during the period. 

Domestic energy consumption is dominated by electricity (75%), wood (16%) and coal (7%). 
Electricity and wood were the fastest growing sectors at 21 % and 24% respectively between 
1982 and 1992 (coal energy consumption declined by about 23%). 

Vlll 



Fuel Consumption 

Oil product fuel consumption showed large increases in transportation fuels, particularly for 
aviation and marine fueis. Fuel oil usage significantly declined in the industrial/commercial 
and domestic markets. Wpod usage increased in both domestic ansi industrial/commercial 
applications. Coal consumption increased slightly in the industrial/commercial market and 
significantly declined in the domestic market. Liquid petroleum gas (LPG) consumption also 
significantly increased, especially in its market share in the industrial/commercial sector 
(although it remains a reasonably small portion of the fuels consumed in the transportation 
and domestic markets). Electricity consumption increased by over 30% during the period. 

Urban Christchurch Estimated Air Emissions 

Estimated emissions from on-land transportation dominate the emissions released in the Urban 
Christchurch area for carbon monoxide, NOx and hydrocarbons. As more and more fuel was 
burned for on-land transportation, estimated emissions continued to rise for these pollutants. 

The industrial/commercial sector dominates emissions of sulphur dioxide, although emissions 
have declined due to a decline in the use of fuel oils. 

The domestic sector dominates emissions of smoke, attributable to wood and coal fires. 
Estimated smoke emissions have declined slightly, mostly attributable to declines in the use 
of coal as a domestic heating source. There was an increase in estimated domestic smoke 
emissions in 1992 due primarily to increased coal consumption (coal sales increased 
corresponding to the electricity crisis and a decline in domestic electricity consumption). 

Report Outline 

The following chapters provide the foundation of the results presented in this summary. 
Chapter 1 introduces the report and identifies the need to understand current energy 
consumption trends in the Canterbury region as a preliminary step toward developing a 
regional energy strategy. Chapter 2 provides detailed summaries of fuel consumption for 
transportation, industrial/commercial and domestic markets. Chapter 3 converts fuel 
consumption sources into comparable energy consumption figures by market and fuel source. 
Chapter 4 provides estimated air pollution emissions for Urban Christchurch. A discussion 
of results constitutes Chapter 5. 
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1. INTRODUCTION 

This report was commissioned by staff at the Canterbury Regional Council as a first step 
toward developing a regional energy strategy: to understand existing fuel and energy 
consumption trends in the Canterbury region. Similar studies were conducted on energy 
consumption for Urban Chri'stchurch from the mid 1960s to the mid 1980s, with data available 
from these reports through 1983.1 None of these studies reviewed regional energy usage nor 
was aviation, rail or marine transportation fuel consumption assessed. 2 

Prior to embarking on arlalysis of potential Council policies to address a regional energy 
strategy, an assessment of current trends in energy consumption needed to be performed.3 A 
survey of fuel consumption across sectors and fuels for the region was conducted for this 
study, including energy consumption for out-of-area trarlsportation (air, rail and marine). A 
similar format to previous reports on Urban Christchurch energy usage was maintained to 
provide data consistency arid to determine trends among sectoral fuel arid energy consumption 
over a longer time frame, namely 1972-19924

; in addition, estimated air pollution emissions 
by fuel source and sector are also provided for Urban Christchurch. 

The document is intended to be used as reference material by staff and other interested parties 
and is not indicative of either potential policies or actions which the staff or the Council may 
pursue. 

The report is presented by chapters addressing fuel consumption by sector (Chapter 2), 
conversion to comparable energy consumption figures across fuels arid sectors (Chapter 3), 
estimates of Urbarl Christchurch air emissions (Chapter 4), arid a brief discussion of key 
findings (Chapter 5). 

2 

See Kennedy et al. (1974) and Brady and Pullen (1985). 

There was a study which reviewed energy consumption for 1979 for the Canterbury United Council; 
however, the geographic area considered comprises only a portion of what is now the Canterbury 
Regional Council's jurisdiction. In addition, the study only reviewed energy consumption for one year 
and did not report on trends in fuels consumed, see Gabites et al. (1982). 

The need to fill this "data gap" for adequate policy decision making has been identified by a number of 
staff members at the cOlUlcil as well as in other recent energy projects done for the Council (see 
McChesney 1993, p. i). 

Note that the Urban Christchurch area used in this report applies the current Department of Statistics 
geographic definition of the Urban Christchurch area. This is close to but may differ in some ways 
from the deflnition used either by Kennedy et aL (1974) or Brady and Pullen (1985). Any differences in 
population or dwelling number have been smoothed where needed with relation to trends between Brady 
and Pullen (1985) results and results obtained in this study. 
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Data were retrieved from a number of sources. In the interest of maintaining commercial 
sensitivity, company names and contacts have been purposefully omitted. The report outlines 
fuel consumption by sector in the following order: transportation, industrial/commercial and 
domestic markets. 

Transportation fuel demands for vehicles were retrieved from the three district cOilllcils in 
charge of distributing the local area petrol tax filing for petrol and diesel (LPG sales were 
provided by the national delivery company); aviation fuel consumption came from sales made 
by oil companies; rail fuel consumption came from New Zealand Rail; marine fuel 
consumption was estimated based upon deliveries to the ports, less known on-land oil product 
consumption. 

Industrial/commercial and domestic sector fuel consumption data included the following 
sources: electricity consumption data came from annual reports by the Ministry of Commerce 
(Urban Christchurch data were provided by Southpower); coal fuel consumption data were 
based upon surveys of coal merchants; oil product fuel sales were based upon data provided 
by the local oil companies and deliveries made to the ports of Lyttelton and Timaru; and 
wood fuel consumption was based upon an extensive survey conducted for this study. 

Estimates of air emissions in Urban Christchurch were also made based upon fuel 
consumption statistics. 
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2. FUEL SALES BY SECTOR 

2.1 Transportation Fuel Sales 

To capture regional energy usage for transportation purposes a number of different sources 
were contacted including fu'el companies, district councils and shipping authorities. As with 
other parts of this study, confidentiality was maintained to eliminate reporting what could be 
commercially sensitive data. Thus, company names and associated sales totals have been 
purposefully omitted. 

Transportation fuel demands include the following sectors: road transport, rail, aviation and 
marine (fishing and international shipping). 

Vehicle energy consumption data are made up of petrol, diesel and liquid petroleum gas 
(LPG). Petrol and diesel transportation consumption data are from the Local Area Petrol Tax 
(LAPT) filing made by the oil companies to the local district authorities. Area wide data 
were retrieved from the following district authorities: Central Canterbury from the 
Christchurch District Council, South Canterbury from the Timaru District Council, and Nonh 
Canterbury from the Waimakariri District Council. LPG data come from the national 
distribution company, Liquigas. 

Aviation fuel consumption data come from oil company sales at the Christchurch International 
Airport. 

Rail energy consumption data come from New Zealand Rail. 

Estimates are included on marine fuel consumption for local fishing and international shipping 
based upon data from the oil companies. 

It should be noted that a number of fuels are initially purchased in the region but may be 
utilised for exporting goods out of area (this is true for aviation fuels, rail, marine uses and 
to a lesser degree vehicle fuel consumption). This study assumes that all fuels purchased in 
the region are part of a round trip of energy consumption (that is, that transport fuel products 
sold in the Canterbury region are equally met by fuel sales made out of region and used to 
bring goods or passengers into the region). This argument applies mostly to fuels consumed 
for air, rail and marine travel. Thus no accounting is made of fuels purchased in other areas 
but used in Canterbury, nor of fuels which could be subtracted from Canterbury fuel sales 
data and consumed in other areas. 1 

Difficulty does arise in applying this simplified assumption to fuels purchased clearly for international 
use, such as large marine vessels or international air flights. The assumption used in this study requires 
that goods or passengers were delivered into the region which required fuel to be transported here and 
that an equal amoWlt of fuel sales made out of the region were required to import or export goods or 
passengers in to or out of Canterbury to other regions. Possible conflict or double cOWlting could and 
Wldoubtedly occurs for trips where refuelling is made in Canterbury for products delivered to a number 
of port destinations (for example. Russian ships which may deliver goods to Auckland and then to 
Canterbury but refuel for the return trip to Russia from facilities in Canterbury without refuelling at 
other New Zealand ports). To accoWlt for all the exchanges of fuel purchases and inter-area fuel 
consumption goes beyond the scope of this study. However. more extensive analysis could reveal that 

3 



2.1.1 Total Transportation Fuel Consumption Data 

Fuel consumption data in millions of litres are sho\x;n in Table 1 (and Graph 1) for each 
sector of transportation demand throughout the Canterbury region. 

Table 1: Canterbury Transportation Fuel Consumption Data by Sector 
(Millions of Litres) 

Vehicle Vehicle Vehicle Aviation Rail Marine Marine 
Petrol Diesel LPG Fuel Diesel Diesel Fuel Oil 

1982 289 134 0 45 11 9 17 

1983 293 131 0 51 12 22 20 

1984 303 136 0 59 11 36 27 
1985 289 134 4 68 12 34 32 
1986 295 135 8 80 11 33 
1987 302 130 8 126 12 15 39 
1988 307 125 8 131 11 14 30 
1989 313 129 9 110 10 30 30 
1990 324 131 9 114 10 45 41 
1991 325 144 10 107 10 52 44 
1992 326 162 11 114 11 52 51 

Percent Change 
1982-1992 13% 21% NA 153% -3% 480% 206% 

Notes: 
1) Transportation LPG is assumed as 30% of total regional LPG sales. 

TOTAL 
505 
530 

572 
573 
587 
631 

626 
631 
675 
691 
727 

44% 

2) Estimates are made for Aviation fuel 1982-1983, and LPG for 1982-1985 based on data through 1992. 

3) Marine diesel and fuel oil are estimates based upon deliveries to the Lyttelton and Timaru ports. 

Total regional transportation fuel consumption increased by about 3.6% per year for the 1982-
1992 period. Average annual growth rates for each sector during the period were as follows: 
petrol 1.2%, diesel 1.9%, LPG 6%, aviation fuel 9.8%, rail 0%, marine diesel 19%, marine 
fuel oil 11.9%. 

With significant increases in marine and aviation fuel consumption, these sectors became a 
larger portion of total transportation fuel consumption. In general, in the early 1980s vehicle 
fuel consumption was about 80% of total transport fuel consumption; by the early 1990s, 
vehicle fuel consumption was about 68% of total. 

Each transport sector is discussed in more detail in the following sections. 

fuel for inter-area transportation uses would affect the results presented here. 
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2.1.2 Vehicle Transport Fuel Consumption 

Vehicle fuel consumption is dominated by petrol (65%), followed by diesel (33%) and lastly 
LPG (2%). However, diesel fuel consumption has grown faster than petrol, particularly in the 
past few years. These trends in fuel consumption by type are discussed below. 

Petrol Consumption 

Petrol consumption for the Canterbury region by area is shown in Graph 2. Petrol 
consumption includes both unleaded petrol and "super" petroL Over the period 1982 to 1992, 
annual petrol consumption for the region increased on average by about 1 % per year (or 
about 13% for the period). Petrol consumption for the Canterbury region in 1982 was 289 
million litres; by 1992, total petrol consumption was 326 million litres. 

Canterbury Petrol Consumption 
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Graph 2 

F or comparison, total New Zealand petrol consumption between 1982 and 1991 increased by 
about 14.5% (Ministry of Commerce, 1993). For the same period, 1982-1991, Canterbury 
petrol consumption increased by about 12.5%, suggesting that Canterbury petrol consumption 
is growing at a slightly slower rate than national petrol consumption. 

Comparing petrol consumption figures across Central, South and North Canterbury, in 1982 
Central Canterbury made up about 66%, South Canterbury was about 24% and North 
Canterbury was about 10% of total regional petrol consumption. These relative figures have 
changed slightly since 1982. Central Canterbury currently makes up about 70%, South 
Canterbury about 20% and North Canterbury about 10% of total regional petrol consumption. 
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The historical grovrth rates per annum of petrol consumption in each geographic area between 
1982-1992 were: Central Canterbury 1.9%, North Canterbury 1.8%, South Canterbury (-0.9%). 

Thus there has been a shift in area petrol consumption as a percent of regional consumption. 
These differences in annual petrol consumption suggest that tPe declines in petrol 
consumption in South Canterbury are more than made up for by increases in Central 
Canterbury petrol consumption and appear to reflect the increasing urbanization of 
Christchurch and the associated increases in population. 

Separation of domestic versus commercial/industrial petrol consumption is not readily 
available (one industry analyst suggested that domestic demand generally makes up about 
90% of petrol consumption and about 30% of diesel consumption). 

A note-worthy trend in quarterly petrol consumption for Central Canterbury (the Waimakariri 
to Rakaia area) shows a consistent peak in the fourth quarter of each year for the October to 
December months. There are a number of possible explanations for this consistent seasonal 
increase: as the weather turns fine, more motorists vacation; longer daily and weekend trips 
may be taken due to better weather conditions; school is out and local tourists travel; an 
influx of international tourists and associated travel may increase summer time demand. 

The Split Between Unleaded and Super Petrol 

Differentiation of unleaded and super petrol sales was not readily available from all of the oil 
companies for sales in the Canterbury region . 

. Significant sales of unleaded petrol were first sold in New Zealand in 1987 (Ministry of 
Commerce, 1993). Industry wide national sales show that unleaded petrol makes up about 
43% of total petrol sales for October 1993, having risen from 27.5% in January 1991 (data 
per industry representative). Unleaded sales have grown as a share of the market by about 
0.5% per month since the beginning of 1991. 

Since the inception of unleaded petrol sales, the market for unleaded has grown tremendously. 
In 1987, unleaded petrol made up about 4.5% of total national sales; by 1993 unleaded petrol 
made up over 40% of total petrol sales. This trend is expected to continue as new cars which 
run on unleaded petrol replace older automobiles. 

Unleaded petrol sales appear to be a slightly higher percentage of total petrol sales in 
Canterbury than nationally. A limited amount of data were available for Canterbury. For 
1993 to date, unleaded petrol sales have comprised about 47% of total petrol sales in 
Canterbury, slightly higher than the national average of 43 %. For 1992, unleaded sales were 
about 40% of the total petrol sales in Canterbury (industry representative); whereas national 
unleaded petrol sales were about 37% of total petrol sales. 

Alternative fuels (LPG and Compressed Natural Gas (CNG» are more widely used in the 
North Island as transportation fuels. This may explain why there is a higher percentage of 
unleaded fuel consumed in the Canterbury region when compared to national figures. 
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Diesel 

Diesel consumption transportation data are from the LAPT filing.l 

Graph 3 shows total diesel ,demand for the entire Canterbury region, separated by Central, 
South and North Canterbury; Overall, from 1983 through 1992, diesel demand increased by 
about 1.9% per year for the entire Canterbury region. 
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This average increase may be misleading: diesel demand from 1982 through 1990 was 
relatively constant. However, there was a significant increase in diesel fuel consumption in 
Central and North Canterbury in 1991 and 1992 (about 13% and l5% respectively), with a 
large increase in South Canterbury diesel consumption for 1992 of 12% (1991 consumption 
for South Canterbury increased by only 1,6%). Some industry analysts suggest the increase 
is due to a pick-up in the economy and increases in agricultural exports. In addition, there 
have been significant increases in registration of diesel vehicles across New Zealand for light 
trucks and automobiles (133,000 diesel vehicles registered for the year to date June 1993 and 
81,000 diesel vehicle registrations for the year to date June 1992) (The Press, 9/2/94). 

There may be some amount of diesel fuel which is included in the LAPT filing but which is not used 
for transportation purposes. Diesel fuel which is purchased in a petrol station but used for non
transportation uses can receive a refund of the petrol tax paid (for example if a farmer uses diesel 
purchased at a petrol station but consumed in a non·transport process). From discussions with industry 
representatives, the amount of diesel used for non-transport purposes but included in the LAFT reporting 
is assumed to be small (less than 3%). 
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A breakdown of diesel consumption within the Canterbury region shows that Central 
Canterbury consumes about 60%, South Canterbury about 30% and North Canterbury about 
10%. Unlike petrol consumption between 1982 and 1992, percentage sales by region have 
not changed for diesel vehicle fuel consumption. 

Separation of domestic versus commercial/industrial diesel consumption is not readily 
available (one industry analyst suggested that domestic diesel demand makes up about 30% 
of total regional diesel demand). 

Liquid petroleum gas (LPG) consumption has been increasing, both for transportation and 
commercial/domestic uses (see Graph 4). Data for the Canterbury region were provided by 
the national distributer of LPG, Liquigas; large scale deliveries to the region started in mid~ 
1985. From discussions with industry representatives, automobile sales make up about 30% 
of the LPG sold in the region; this is significantly different than LPG sales in the North 
Island, where LPG sold for transportation makes up about 60% of the total LPG sales. 
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Thus data provided in Graph 4 assume a simple split of 30% of all sales of LPG are for 
transportation and assume that sectoral growth within LPG sales in the region has remained 
consistent since 1986.1 Total LPG sales in Canterbury are increasing at a significant rate, 
averaging about a 6% increase per year since 1986. 

This may not be true, as one industry representative suggested that sales of LPG for domestic borne 
heating was recently the fastest growing market; domestic home heating currently makes up about 10% 
of total regional LPG sales. 
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Sales on a year by year basis nationally, showed reasonably varied fluctuations; however, on 
average, sales increased by about 2.7% per year between 1986 and 1991. This is far lower 
than the average per year.increase in Canterbury of 6% per year and would suggest that much 
of the LPG sales market in the Canterbury region is yet to be met. 

Urban Christchurch Petrol and Diesel Consumption 

Although Urban Christchurch data were not specifically sought for this study a reasonable 
estimate can be made from the Central Canterbury consumption figures and comparison to 
results from Brady and Pullen (1985).1 Graph 5 shows estimated petrol and diesel fuel 
consumption figures for Urban Christchurch from 1972 to 1992. Petrol consumption 
increased by about 1.5% per year from 1982-1992 and by a slightly slower growth of about 
1.3% from 1972-1992. Diesel fuel consumption in Urban Christchurch increased by about 
2.4% per year from 1982-1992 (with greater increases in the past few years) and by about 
1.7% over the twenty year period from 1972-1992. 
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The units of millions of Htres of diesel consumption from Brady and Pullen appear to be incorrect and 
instead should have been in millions of gallons. As verification, Kennedy et al. (1974) showed Urban 
Christchurch consumption of 12 million gallons where Brady and Pullen (1985) reported 11.9 million 
Htres for 1973. Brady and Pullen diesel results were converted from gallons into litres for this study. 
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2.1.3 Air Transport 

Data from aviation fuel suppliers at the Christchurch International Airport show that Jet fuel 
sales increased by 112% from 1984 through 1992 (see Graph 6) (estimates were made for 
1982-1983 based upon growth for the 1984-1992 period). Jet fuel consumption (Jet AI) 
makes up the largest fuel consumption source, about 90% of total aviation fuel consumed at 
Christchurch airport. 
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There was a 14% per year increase in Jet Al fuel consumed between 1984 and 1992. During 
this period there was a significant increase in fuel consumption in 1987 and 1988, due to an 
increase in flights offered by Ansett Airlines, a new carrier at the time (in the following years 
jet fuel consumption declined and subsequently levelled off). 

Overall aviation fuel consumption peaked in 1988 at about 120 million litres. However, since 
1988 Jet Al fuel consumption has averaged about 100 million litres per year. There were 
tremendous annual increases in Jet Al fuel sales in 1986 and 1987, followed by very slow 
years from 1988 through 1991 (where sales actually decreased). Sales for 1992 increased 
about 10% reflecting a response to regional and possibly national economic growth. I 

On average between 1984 and 1992, all aviation fuel sales averaged a 10% per year growth 
rate. This significant increase in fuel consumption is attributable to increases in international 
tourism, national domestic passenger flights and more products being transported by air. 

Note, there was it 14% increase in sales for the first quarter of 1993. 
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2.1.4 Rail Transport 

Rail transport in the Canterbury region uses diesel fue1. Graph 7 shows that diesel fuel 
consumption for rail transportation has not changed significantly OVj;;r the past decade. 
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2.1.5 Marine Transport 

Marine fuel consumption includes use for fishing and shipping (national and international). 
Fuels consumed in marine transport include heavy fuel oil (BFO), light fuel oil (LFO) and 
diesel. Data included in Graph 8 are estimates of marine fuel consumption. Actual data was 
provided for 1991 and 1992 by the oil companies (more historic data was both difficult and 
considered "commercially sensitive" and thus was not provided). Estimates of marine fuel 
consumption were made using known deliveries to the ports of Lyttelton and Timaru less 
known consumption of LFO, BFO and diesel for on land industry and on land transportation. 
Recent growth in marine fuel consumption as shown in Graph 8 was verified by industry 
representatives. In addition, New Zealand wide use of fuel oils for international transport has 
significantly increased in the past five years (Ministry of Commerce, 1993). 

For marine fuels sold in the Canterbury region, estimated growth was about 15% per year 
over the 1982-1992 period. 
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2.2 Industrial/Commercial and Domestic Fuel Sales 

2.2.1 Electricity 

Canterbury Regional electricity consumption increased by an aven\!~e growth rate of about 
3.6% per year with an overall increase of 32% between 1982 and 1992. 

Table 2 and Graph 9 provide electricity consumption data. l 

Note that electricity consumption declined in 1992 (the first decline since 1987), reflecting 
the shortage of hydro-electric power and requests by Electricorp to curtail electricity 
consumption if possible. 

Table 2: Canterbury Electricity Consumption by Sector 

GWh % Change % of Total 

Domestic Ind.lCom. Total Domestic Ind.lCom. Total Domestic Ind.lCom. 

1982 1,350 1,005 2,469 57% 

1983 1,414 1,066 2,605 4.8% 6.1 % 5.5% 57% 

1984 1,413 1,180 2,723 -0.1 % 10.7% 4.5% 54% 

1985 1,421 1,187 2,738 0.5% 0.5% 0.5% 54% 

1986 1,504 1,258 2,901 5.9% 6.0% 6.0% 54% 

1987 1,454 1,262 2,852 -3.4% 0.3% -1.7% 54% 

1988 1,476 1,343 2,959 1.5% 6.4% 3.8% 52% 

1989 1,564 1,371 3,066 6.0% 2.1 % 3.6% 53% 

1990 1,579 1,400 3,128 0.9% 2.2% 2.0% 53% 

1991 1,673 1,495 3,319 6.0% 6.8% 6.1 % 53% 

1992 1,634 1,475 3,295 -2.3% -1.4% -0.7% 53% 

Percent Change AveragelY ear 

1982-1992 21 % 47% 33% 1.9% 3.9% 3.6% 

Notes: 1) Total includes supply authority use and losses in transmission and distribution; 

2) The year is fiscal year, e.g., "1982" :::; April 1982 to March 1983. 

Data are from the "Annual Statistics in Relation to the Electric Power Industry, New Zealand," Ministry of 
Commerce. 
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Canterbury Regional Electricity Consumption by Sector 
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Electricity Consumption by Sector 

As Table 2 shows, the rate of growth in electricity consumption differs betWeen the domestic 
and industrial/commercial sectors. Domestic electricity consumption in Canterbury has grown 
at about l.9% per year compared to industrial/commercial electricity consumption growth of 
about 3.9% per year over the same period. 

As a percent of total consumption, domestic electricity consumption made up about 57% of 
total electricity consumption in 1982. By 1992, domestic electricity consumption had declined 
to about 53% of regional electricity consumption. Graph 10 represents this trend. 

The faster growth rate of electricity consumption in the commercial and industrial sectors 
could be explained by a greater reliance on technologies which utilize electric power (for 
example electro~mechanical devices, computers, etc.); however, data were not readily available 
to justify this assumption. 

Some analysts believe this trend in increasing electrification of the workplace will continue 
as more and more businesses and industries rely upon electrically-based technologies. A 
recent forecast by the Ministry of Commerce suggests that if this trend is maintained and 
demand increases, rising electricity demand could increase electric power prices faster than 
II currently" forecast, requiring responsive electricity planning measures to meet increasing 
demands (such as additional electric power stations and increases in conservation) (Ministry 
of Commerce, 1992). 
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Trends in Domestic Electricity Consumption 

Average consumption per domestic consumer for the region and for Urban Christchurch is 
represented in Graph 11. As might be expected, Urban Christchurch domestic consumers 
have a higher rate of electricity consumption per year compared to domestic consumers 
throughout the region. Higher Urban Christchurch domestic consumption per consumer may 
reflect a higher consumption lifestyle or greater reliance on electricity as a fuel source (where 
more rural areas may rely on other fuel sources such as wood for heating). Domestic 
consumption trends in Urban Christchurch for all energy sources consumed are analyzed in 
a later section. 

Overall, growth in consumption of electricity per domestic consumer has grown by about 22% 
from 1982 to 1992 (or about 2% per year). Note there was a significant decline in domestic 
consumption per consumer for 1992, possibly reflecting the request by the power authorities 
and Electricorp to conserve electricity in response to the power shortage and lack of adequate 
hydro generation. 

There is a large variance in electricity consumption per commercial and/or industrial based 
consumer. Due to these extreme differences, comparisons of inter-class consumption per 
consumer for the commercial/industrial sector are not analyzed. 
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Urban Christchurch Electricity Consumption 

Table 3 and Graph 12 show Urban Christchurch electricity consumption by sector since 1966.1 

Table 3: Urban Christchurch Electricity Consumption by Sector 

GWh % Change % of Total 

Domestic Ind.lCom. Total Domestic Ind.lCom. Total Domestic Ind./Com. 

1966 584 304 888 66% 34% 

1967 604 325 929 3.4% 6.9% 4.6% 65% 35% 

1968 625 343 968 3.5% 5.5% 4.2% 65% 35% 

1969 645 360 1,005 3.2% 5.0% 3.8% 64% 36% 

1970 652 374 1,026 1.1% 3.9% 2.1 % 64% 36% 

1971 691 411 1,102 6.0% 9.9% 7.4% 63% 37% 

1972 822 432 1,254 19.0% 5.1 % 13.8% 66% 34% 

1973 826 483 1,309 0.5% 11.8% 4.4% 63% 37% 

1974 851 506 1,357 3.0% 4.8% 3.7% 63% 37% 

1975 972 559 1,531 14.2% 10.5% 12.8% 63% 37% 

1976 938 547 1,485 -3.5% -2.1 % -3.0% 63% 37% 

1977 916 557 1,473 -2.3% 1.8% -0.8% 62% 38% 

1978 910 563 1,473 -0.7% 1.1% 0.0% 62% 38% 

1979 844 572 1,416 -7.3% 1.6% -3.9% 60% 40% 

1980 859 591 1,450 1.8% 3.3% 2.4% 59% 41 % 

1981 910 629 1,539 5.9% 6.4% 6.1 % 59% 41% 

1982 975 623 1,598 7.1% -1.0% 3.8% 61 % 39% 

1983 995 731 1,726 2.1% 17.3% 8.0% 58% . 42% 

1984 1,002 785 1.876 0.7% 7.4% 8.7% 56% 44% 

1985 1,010 806 1,906 0.8% 2.6% 1.6% 56% 44% 

1986 1,056 823 1,973 4.5% 2.2% 3.5% 56% 44% 

1987 1,018 826 1,936 -3.5% 0.3% -1.8% 55% 45% 

1988 1,028 844 1,966 1.0% 2.2% 1.5% 55% 45% 

1989 1,112 759 1,964 8.2% -10.1 % -0.1 % 59% 41 % 

1990 1,117 768 1,979 0.4% 1.3% 0.8% 59% 41 % 

1991 1,194 840 2,136 7.0% 9.3% 7.9% 59% 41 % 

1992 1,152 994 2,146 -3.6% 18.3% 0.4% 54% 46% 

Average Growth RateslYr 
1966-1971 3.4% 6.2% 4.4% 

1972-1981 3.1 % 4.4% 3.6% 

1982-1992 2.2% 4.5% 3.1% 

1966-1992 2.8% 4.8% 3.5% 

Note: Data for 1966-1973 are from Kennedy et aI. (1974),1974-1983 are from Brady and Pullen (1985); 
average growth rates over periods are simple averages. Southpower provided data on Urban Christchurch 
electricity consumption for 1985-1992 for industrial/commercial and domestic sectors; data were compared 
and verified with reported sales in the • Annual Statistics in Relation to Electric Power Industry" published 
by the Ministry of Commerce for those years prior to Southpower's existence. 
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Overall, between 1966 and 1992, domestic electricity consumption increased by about 2.8% 
per year, commercial and industrial electricity consumption increased by about 4.8% per year 
and total Urban Christchurch electricity consumption increased by about 3.5% per year, Note 
that the greatest growth in electricity consumption occurred between 1966 and 1971, with 
slower growth in each successive decade. 

Greater electrification in the workplace is also a trend in the Urban Christchurch area dating 
back to the early 1970s. Kennedy et al. (1974) reported that industrial/commercial electricity 
consumption made up about 34% of total Urban Christchurch electricity consumption in 1972. 
This study reveals that currently industrial/commercial electricity consumption is about 44% 
of total Urban Christchurch electricity consumption. 

Although less pronounced than results for the entire region, Urban Christchurch growth in 
industrial/commercial electricity consumption continues to outpace the growth in domestic 
electricity consumption. 
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2.2.2 Coal Fuel Sales 

To determine regional coal consumption, a survey was conducted of coal merchants who sell 
industrial and domestic coal in the Canterbury Region. 

Table 4 shows the number of coal merchants identified, contacted and surveyed. In total 37 
coal merchants were contacted in the Canterbury Region. As with firewood merchants, the 
scale of merchant coal sales varied from very large firms selling industrial and domestic coals, 
to much smaller merchants selling only a limited tonnage to domestic customers. 

Table 4: Coal Survey Contact Results No. of Coal I 
Merchants 

I 

Number Identified 43 

Number Contacted 40 

Number Unwilling to Provide Data 3 

Total Number of Responses 37 

Other studies have previously been performed on coal sales in Urban Christchurch. To 
determine long-term trends and maintain continuity with these reports, data were separated 
for the Urban Christchurch area from the rest of the Canterbury Region. 

Many of the small domestic sellers purchase their coal from the larger distributers. Data were 
collected from the large distributers and double counting of small merchant sales was avoided. 
Accurate data were not available for 1984 to 1988. Even data before 1991 were difficult to 
retrieve from a number of the smaller merchants as either they did not have records or in 
some instances they were not in business. As with firewood merchants, there appears to be 
a reasonably high tum-over of small merchants over time. 

Data for 1993 were collected to evaluate the effects of the cold winter of 1992 on coal sales. 
Year to date totals were provided by the larger coal distributers through November 1993 (and 
estimates made for year end sales); smaller domestic coal sellers were asked to total year to 
date sales (survey conducted in September and October) and to estimate year end sales. 

Energy consumption figures provided later in this report for Urban Christchurch between 
1984·1988 were based upon interpolated data from Brady and Pullen (1985) results for 1983 
and results from this survey for 1989. Energy consumption figures for Canterbury for 1982-
1988 were based upon Urban Christchurch figures as a percent of total Canterbury sales for 
both industrial and domestic sectors. 
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Canterbury Region Coal Sales 

i. Industrial and Domestic Sales 

Table 5 shows survey results for industrial and domestic coal sales and average sulphur 
content for 1989 to 1993 fo'r the Canterbury Region and for Urban Christchurch. Graph 13 
depicts Canterbury coal sales data by sector. 

Table 5: Canterbury Regional Coal Sales 
Tonnes 

Canterbury Region Urban Christchurch 

Industrial Domestic Total Industrial Domestic Total 

1989 116,530 21,534 138,064 68,238 15,137 83,375 

1990 116,995 19,222 136,217 65,991 14,597 80,588 

1991 122,320 21,006 143,326 68,914 17,012 85,926 

1992 119,817 26,351 146,168 70,797 22,078 92,875 

1993 123,976 20,343 144,318 71,852 16,417 88,268 

Average Sulphur Percent 

Canterbury Region Uman Christchurch 

Industrial Domestic Total Industrial Domestic Total 

1989 0.67 0.52 0.65 0.74 0.60 0.71 

1990 0.72 0.53 0.69 0,86 0.55 0.81 

1991 ·0.66 0.69 0.67 0.83 0.73 0.81 

1992 0.64 0.74 0.66 0.70 0.80 0.72 

1993 0.64 0.69 0.65 0.6& 0.74 0.69 

Canterbury Coal Sales By Sector 
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Regional industrial sales slightly increased in the past few years, responding to what may be 
an increase in regional economic activity. Industrial coal sales in Urban Christchurch have 
also increased slightly (compared to long-term trends discussed below, sales are relatively 
constant). 

Domestic coal sales have been reasonably consistent in both Canterbury and in Urban 
Christchurch. However, there was a significant increase in 1992 sales of domestic coal in 
response to the extremely cold winter of 1992; domestic sales in both Christchurch and 
Canterbury for 1992 increased by over 25% compared to 1991 or 1993 sales. Industrial sales 
did not show the same weather fluctuation response as domestic coal heating requirements. 

Note that Urban Christchurch makes up slightly more than 50% of industrial Canterbury sales 
and about 75% of domestic Canterbury coal sales. 

ii. Sulphur Content of Canterbury Coal Sales by Sector 

Earlier studies (Kennedy et al., 1972, 1974; Brady and Pullen 1985) provided coal sales by 
sulphur content for Urban Christchurch. To maintain consistency and evaluate trends over 
time, a similar format is reported for sales of coal by sulphur content in this report. It should 
be noted that the sulphur content of coals sold will not necessarily indicate air pollution 
impacts. The method of burning, the efficiency with which the fuel is burned and the specific 
volatile compounds included in specific coals determines air emission contributions. Thus 
sulphur content is only one of many factors which should be used in evaluating coal's air 
pollution contribution. 

Table 6 provides Canterbury coal sales by sulphur content for both industrial and domestic 
coal sales for 1989 to 1993. 

Table 6: Canterbury Coal Sales By Sulphur % 
(TolUles) 

Industrial Coal Sales 
%S<O.5 0.5<=%S<1 1<=%S<1.5 1.5<=%S<2 2<=S%<3 3<=%5 Total Avg S% 

1989 72,540 12,221 19,564 10,621 1,373 211 116,530 0.67 

1990 70,825 15,212 17,170 10,118 982 2,690 116,995 0.72 

1991 80,158 18,854 12,182 5,524 2,475 3,127 122,320 0.66 

1992 79,363 18,591 13,793 2,178 3,175 2,717 119,817 0.64 

1993 82,252 19,160 13,762 2,530 3,166 3,106 123,976 0.64 

Domestic Coal Sales 
%S<0.5 0.5<=%5<1 1<=%5<1.5 L5<=%S<2 2<=S%<3 3<=%S Total Avg S% 

1989 17,769 330 0 3,416 20 0 21,534 0.51 

1990 15,267 1,712 0 2,223 20 0 19,212 0.53 

1991 14,588 473 371 5,555 20 0 21,006 0.69 

1992 17,269 71 472 8,540 0 0 26,351 0.74 

1993 13,913 527 410 5,491 0 0 20,343 0.69 



Overall, the average sulphur content in industrial coals has not changed significantly in the 
past five years. However, there has been a slight shift in the sulphur content of industrial coal 
volumes sold: coal sales of less than 0.5% sulphur increased, coal of sulphur between 1 % and 
2% declined, and sales of coal greater than 2% sulphur slightly increased. The data are 
shown graphically in Graph 14. 

1 

Canterbury Industrial Coal Sales by Sulphur Content (%) 

9O,CXXl 

8O,CXXl 

70,CXXl _________ 0/0$ <0.5 

6Q,CXXl __ 0.5 <=0/0$ <1 
i 

:;j 50,CXXl 
______ 1 <= 0/0$ <1.5 

c: .. -.-.{J-.. -. t5 <=0/0$ <2 c: 
.:: 4O,CXXl 

._-,'u-. __ .. 2 <= %S <.3 

3O,CXXl 
I --·-·v .. -- 3 <= 0/0$ 

20,CXXl 
i 

10,CXXl 

° 
I 
I 

1989 1900 1991 1992 1993 

Graph 14 

Most domestic coal sales are of coals with less than 0.5% sulphur (about 65-70%). There has 
been an increase in the past few years of domestic coals with slightly higher sulphur content; 
this was particularly true for sales of coal of 1.5% to 2% sulphur, with a marked increase in 
sales for the extremely cold winter of 1992. Average sulphur content in regional domestic 
coals sold subsequently peaked in 1992. Graph 15 shows regional domestic sales of coal by 
sulphur content 

It should be pointed out that the sulphur content of a coal does not explicitly identify its 
contribution to air pollution. For example, "faster" coals are often used in open coal fires. 
These faster coals may have a reasonably low sulphur content (e.g., Strongman is considered 
a "fast" coal but has a low sulphur content of 0.19%) but can often have higher concentrations 
of volatile compounds.! When burned in an open fire, these concentrations of volatile organic 
compounds may contribute more to Urban Christchurch air pollution in the form of smoke 
than a higher sulphur content coal. 

Per John Peet, University of Canterbury. 
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Canterbury Domestic Coal Sales by Sulphur 
Content (%) 

Graph 15 

Urban Christchurch Coal Sales 
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To address air quality concerns and to maintain continuity with other energy studies made of 
the Urban Christchurch area (Kennedy et al., 1972,1974; Brady and Pullen 1985), this report 
provides coal sales by industrial and domestic sector for the Urban Christchurch area Data 
for 1972 to 1983 are from Brady and Pullen (1985). In this survey, accurate and 
comprehensive data were not available from all merchants for coal sales from 1984 to 1988; 
data is thus interpolated for 1984 to 1988. 

Graph 16 utilizes data from this survey and historic data from Brady and Pullen (1985) to 
show trends in industrial and domestic coal sales. As depicted in Graph 16, industrial coal 
sales in Urban Christchurch have remained relatively consistent over the past twenty years at 
about 70,000 tonnes per year. However, domestic coal sales in Urban Christchurch have 
fallen from about 35,000 tonnes per year in the mid 1970s to about 17,000 tonnes per year 
over the past five years. Thus even with an increase in the urban population of Christchurch, 
domestic coal sales contribute less and less to domestic energy consumption. This downturn 
in domestic coal sales through the early-l 980s was attributed to tighter clean air standards 
which prohibited the sale of high sulphur coal in the Christchurch area (Brady and Pullen, 
1985).1 

Another study suggests that the downturn in sales of coal and specifically high sulphur coals may have 
occurred before the 1977 Clean Air Zone Order (Newman and Scott, 1986, p. 45). 
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1972-1993 Urban Christchurch Coal Sales by Sector 
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ii. Sulphur Content of Urban Christchurch Coal Sales by Sector 

Graph 17 shows coal sales for Urban Christchurch by sulphur percent for 1972 to 1993 (with 
no data available for 1984-1988) for industrial sales. 

Urban Christchurch Industrial Coal Sales 1972·1993 by Sulphur % 
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Average sulphur content of industrial coal sales were below 1 %. There was a decrease in the 
average sulphur content of industrial coals sold over the past four years (from 0.86% in 1989 
to about 0.68% in 1993). However, in comparing the 1989 to 1993 average sulphur content 
to that reported by Brady and Pullen (1985) for the 1972 to 1983 period, there appears to 
have been a slight increase in the average sulphur content of coals sold for industrial purposes· 
in the Urban Christchurch area, A simple average l for the 1972-1983 period sulphur content 
for industrial coal sales averages about 0.64% sulphur~ the 1989-1993 period sulphur content 
of industrial coal sales averages about 0.76% sulphur. Although coal tonnage sales for lower 
sulphur coals (less than 1.5%) have remained relatively constant since about 1979, there has 
been a noticeable increase in coal sales for sulphur content over 2% for the 1989 to 1993 
period compared to the 1972 to 1983 period. 

Graph 18 provides sales of Urban Christchurch domestic coals by sulphur percent. Overall, 
average sulphur content for domestic coals remains below 1%. There was a noticeable 
increase in higher sulphur coals sold for domestic use during the extremely cold winter of 
1992. This suggests that colder winters may increase air pollution in Urban Christchurch in 
two ways: 1) more consumption of known fuel pollution from coal and wood for domestic 
heating; and 2) consumption of "dirtier" coals to meet excessive demands. 

A simple average is used because raw data are not available from the Brady and Pullen report 

26 



Similar to results discussed for industrial coal sales, compared to the 1972-1983 period, there 
was more coal sold of a slightly higher sulphur content in the 1989-1993 period (between 
1.5% and 2.0% sulphur content). A simple average l of each year's average sulphur content 
reported by Brady and Pullen (1985) shows that domestic coal averaged about 0.54% sulphur 
content for 1972-1983; for 1989-1993, a simple average yields 0.68%osulphur content Thus, 
as with industrial based coals, there has been a slight increase in the average sulphur content 
of domestic coal sales. 

Urban Christchurch Domestic Coal Sales 1972·1993 by Sulphur % 
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A simple average is used because raw data are not available from the Brady and Pullen report. 
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2.2.3 Oil Product Fuel Sales 

Canterbury Total Oil Pro,duct Fuel Sales 

Oil products used for thermal energy requirements in the Canterbury area include fuel oils, 
diesel, kerosene and liquid petroleum gas (LPG). Fuel consumption figures for each of these 
fuels were retrieved from a number of sources including oil companies, the tankering delivery 
company and the LPG distributer for New Zealand. 

Oil product fuel sales data for Canterbury and Urban Christchurch were only available for 
1991 and 1992 from the oil companies; data for the 1982-1990 period were derived by 
determining known sales to Urban Christchurch in the early 1980s (from Brady and Pullen, 
1985) and extrapolated for Canterbury sales. Data were then trended to current consumption 
figures. 

Total Canterbury oil product fuel sales for thermal energy requirements in industrial and 
domestic consumption are shown in Graph 19. Total oil product sales declined in the late-
1980s; however, an increase in diesel and LPG sales in the early 1990s, with a continued 
decline in fuel oil sales combined to make overall oil product sales relatively constant 
between 1983 and 1992. 
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Canterbury Industrial and Commercial Oil Product Fuel Sales 

Industrial/commercial consumption makes up over 90% of the total oil products consumed for 
thermal energy requirements (including domestic sales). Total oil product fuel sales for 
industrial/commercial energy consumption are shown in Table 7. 

Table 7: Canterbury Industrial/Commercial Oil Product Fuel Sales 
(Tounes) 

Kerosene LFO HFO Diesel LPG Total 

1982 1,349 22,566 29,874 35,832 0 89,621 

1983 1,262 20,370 12,741 30,045 0 64,418 

1984 1,175 18,873 15,046 33,068 0 68,162 

1985 1,044 14,490 17,057 32,150 4,854 69,595 

1986 1,131 13,935 15,488 30,195 8,677 69,425 

1987 1,218 15,078 15,836 27,051 9,310 68,493 

1988 1,001 17,060 7,896 25,556 9,263 60,775 

1989 1,001 14,436 6,708 28,590 9,287 60,022 

1990 783 11,075 11,059 31,102 9,359 63,378 

1991 814 12,360 8,416 33,930 9,931 65,450 

1992 922 13,116 7,309 36,537 10,845 68,730 

Percent Change 

1982-1992 -46% -72% -309% 2% 100% -30% 
AvgfYr -4.0% -5.5% -12.5% 0.0% 11.5% -3.0% 

Overall, total oil product industrial/commercial fuel sales declined by 33% between 1982 and 
1992 (only LPG sales increased): kerosene sales declined (about 46%), LFO and FIFO sales 
both declined (by 72% and over 300% respectively), non-transport diesel consumption 
remained relatively constant over the period (with a decline in the late 1980s but an increase 
in the early 1990s), and LPG sales significantly increased. 

These results are visually presented in Graph 20. 
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Canterbury Industrial/Commercial Oil Product Fuel Sales 
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Canterbury Domestic Oil Product Fuel Sales 

Oil product fuel requirements for domestic energy uses are shown in Table 8 (and Graph 21). 
Domestic sales of kerosene, fuel oils and diesel all declined between 1982 and 1992; LPG 
sales on the other hand significantly increased. 

Table 8: Canterbury Domestic Oil Product Fuel Sales 
(Tonnes) 

Kerosene BFO Diesel LPG Total 

1982 450 813 707 0 3,951 

1983 421 515 1,272 0 4,190 

1984 392 363 1,127 0 3,866 

1985 348 257 999 373 3,962 

1986 377 181 885 667 4,097 

1987 406 128 785 873 4,178 

1988 334 90 695 1,029 4,136 

1989 334 64 616 1,548 4,550 

1990 261 45 546 1,745 4,587 

1991 271 32 484 2,055 4,833 

1992 307 23 429 2,474 5,224 

Percent Change 

1982-1992 -46% -3512% -65% 100% 24% 

AvglYr -4.5% -30.0% -4.5% 29.4% 2.2% 
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Urban Christchurch Oil Product Fuel Sales 

To maintain continuity with previous reports, this study separated fuel sales for the Urban 
Christchurch region from the rest of Canterbury fuel sales. 

i. Urban Christchurch Industrial/Commercial Oil Product Fuel Sales 

As Graph 22 shows, industrial/commercial oil product fuel sales for energy requirements for 
Urban Christchurch declined significantly since the early 19705 (data for 1972-1983 are taken 
from Brady and Pullen (1985) and Kennedy et al. (1974)). 
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u. Urban Christchurch Domestic Oil Product Fuel Sales 

Graph 23 shows· domestic oil product fuel sales for Urban Christchurch for 1972-1992, 
Overall, similar domestic fuel usage trends were found between the greater Canterbury area 
and Urban Christchurch, with declines in kerosene, BFO and Diesel alld increases in the sales 
of LPG. In general, over the twenty-one year period reliance on oil products for domestic 
energy requirements has significantly decreased, 
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2.2.4 Wood Fuel Consumption 

Total Wood Fuel Consumption 

A survey of wood as a fuel source for Canterbury consumption was conducted for this study. 
Appendix A describes in detail the approach and results of the survey. 

Interpolation between the last wood fuel survey made for Urban Christchurch and the results 
of the survey conducted for this study are shown in Table 9 and Graph 24 for Canterbury 
total wood fuel consumption for domestic and industrial sectors, for both Urban Christchurch 
and Other Canterbury Areas. Details by sector are discussed below. 

Table 9: Total 'Vood Fuel Consumption by Sector 
(fonnes) 

Christchurch Christchurch Other Canty Other Canty Total Total 

Domestic Industrial Domestic Industrial Domestic Industrial TOTAL 

1980 52,000 0 25,279 11,615 77,279 11,615 88,894 

1981 52,754 0 25,848 12,122 78,602 12,122 90,724 

1982 53,519 0 26,430 12,629 79,948 12,629 92,578 
1983 54,295 0 27,024 13,136 81,319 13,136 94,456 
1984 55,082 0 27,632 13,644 82,714 13,644 96,358 

1985 55,881 0 28,254 14,151 84,135 14,151 98,286 

1986 56,691 1,106 28,890 14,658 85,581 15,765 101,345 
1987 57,513 2,167 29,540 27,289 87,053 29,456 116,508 

1988 58,347 2,519 30,204 28,303 88,551 30,823 119,374 

1989 59,193 2,727 30,884 29,318 90,077 32,044 122,121 

1990 60,051 2,676 31,579 30,332 91,630 33,008 124,639 

1991 60,922 2,194 32,289 31,347 93,212 33,541 126,752 
1992 64,952 2,696 34,374 32,361 99,326 35,058 134,383 
1993 56,765 2,696 30,101 33,376 86,867 36,072 122,939 

Domestic Firewood Consumption 

Domestic firewood consumption for Urban Christchurch was estimated by Brady and Pullen 
(1985) at about 40,000 tormes for 1980.1 Brady and Pullen's results did not account for self
collection; this study adjusts these 1980 results to account for self-collected wood. A straight 
line interpolation is made between the adjusted 1980 results and results obtained from the 
survey conducted for this study (for sales in 1992 and 1993). 

This was based on extrapolated results of a survey conducted by Patterson (1979). 
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The results for Urban Christchurch suggest that about 52,000 tonnes of firewood were 
consumed in 1980 and approximately 61,000 tonnes in 1992-1993. These results would 
suggest there has been about a 15% increase in firewood consumption in Urban Christchurch 
(or on average about 1.5% per year). Total current Canterbury domestic firewood 
consumption is estimated at about 93,000 tonnes. 

Canterbury Wood Fuel· Consumption by Sector 
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There have been consistent Increases In the number of wood burner installation permit 
approvals since 1980. Data on the number of installation permits approved for heating 
appliances in the Christchurch urban area reveals two dramatic increases since 1980 (see 
Graph 25). Separation of heating appliance type into coal and wood burners prior to 1988 
is difficult. Since 1988 only wood-burners have been allowed a clean air permit~ thus there 
have not been any legal installations of coal burners since 1988. 

As Graph 25 shows, there have been two significant increases in heating appliance permit 
approvals per year in the past 13 years: one in 1983 which may have be'en a response to 
disallowing the sale of high sulphur coal in Christchurch in the early 1980s (Brady and 
Pullen, 1985); there has also been a steady increase in wood-burner permit installations since 
1989 (in fact April 1993 saw the highest number of permits approved in one month since 
1980, when 420 permits were approved), 
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Christchurch Heating Applicance Installation Permit Approvals 
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There has been speculation that more people would install wood-burners following the 
electricity shortage of 1992, wanting to limit the risk of fuel limitations for heating in future 
winters. However, as Graph 25 shows, the recent increase in wood-burner installation permits 
slightly precedes the 1992 electricity shortage and may instead relate to decreases in wood
burner costs (per John Peet). 

Industrial Firewood Consumption 

Table 9 shows industrial wood fuel consumption; since the mid- to late-1980s industrial wood 
fuel consumption has approximately doubled, with current estimates at about 36,000 tonnes 
per year. Results for the early 1980s are based on discussions with current industrial wood 
fuel consumers and are estimates only; however, they are considerably higher than the 2,500 
tonnes which Patterson (1979) reported for 1980. These industrial users generally use wood 
waste products collected from their own operations or from sawmills and timber mills. 
In addition, an increase in industrial consumption is expected for 1994, which could almost 
double the volume of wood fuel used in industrial thermal consumption (estimated to be 
closer to 70,000 tonnes per year by 1995). 

As a result of this tremendous increase in industrial firewood usage since the mid 1980s, there 
has been a significant shift in market suppliers. For the Canterbury area in 1979, about 75% 
of all firewood was supplied by sawmills and chip mills (Patterson 1979). Now sawmills and 
chip mills provide less than 2% of firewood provided for Urban Christchurch (results from 
this survey). Instead the majority of firewood for domestic Urban Christchurch consumption 
is now provided by firewood merchants. Patterson found there were 14 fuelwood merchants 
in 1979; this study identified over 90 fuelwood merchants in the Urban Christchurch area. 
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Firewood Consumption by Species, Sources and Supplies 

The survey also asked what type of trees the merchants sold as firewood. Pine dominates the 
firewood specie market making up about 48% of total sales (both for Urban Christchurch and 
for those merchants surveyed in Other Canterbury Areas). The remaining specie supplies 
come from oregon (10%), macrocarpa (9%), larch (8%), willow (6%), beech (5%), blue gum 
(5%), eucalypt (3%), jarrah (3%), and other (3%). 

There were a number of merchants who suggested they are having to go further and further 
to retrieve their wood supplies (many reported having to go to the NelsonlMarlborough areas 
or the west coast). One merchant had been receiving large amounts of wood from a local 
plantation, until that plantation started using its own plantation' trees for industrial heating 
purposes. A decrease in plantation trees required the merchant to import firewood from out 
of the Canterbury region. 

It is difficult to determine the amount of wood that is imported from out of the Canterbury 
area. Although many merchants suggested they brought logs in from other areas, many did 
not keep accurate records on a percentage basis of imported firewoods. In general, it appears 
that merchants are having to increase out of Canterbury area imports to meet Urban 
Christchurch firewood demand. 

To further increase future competition for Canterbury area wood supplies, a recent report by 
the Ministry of Forestry (Ministry of Forestry, 1993) suggests that the regional wood supply 
will not increase in the next few years. This forecast identifies that Canterbury exotic 
plantation supplies will remain approximately level until 1998-1999, when existing plantation 
harvests will increase by about 25%. 

Due to the combination of an increase in domestic firewood demand as seen over the past 
decade (certainly within the Urban Christchurch area), the expected doubling of Canterbury's 
largest industrial user of wood wastes, and no significant increase in available exotic 
plantation forests, many wood experts believe that the firewood market will "tighten" in the 
next few years, consequently increasing the price of firewood to new heights. With increased 
competition and subsequent increases in prices, one forestry analyst suggested there may be 
a decrease in aesthetic fires (those fires lit mostly for aesthetics and not necessarily as a 
primary heat source). 
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3. TOTAL ENERGY CONSUMPTION 

3,1 Total Canterbury Energy Consumption by Sector and Fuel 

Total energy consumption .for transportation, industrial/commercial and domestic uses is 
presented in Graph 26 and Table 10. 1 Total regional energy consumption increased by about 
31% over the 1982-1992 period (about 2.7% per year). By sector, transportation energy 
consumption makes up about 54% (land, air and marine), industrial/commercial about 27% 
and domestic about 19% of total energy consumption (see discussion below and Graph 27). 
Transportation was the fastest growing energy consumption sector, increasing 45% during the 
1982-1992 period; industrial/commercial energy consumption increased by about 15% and 
domestic energy consumption by about 16%. 
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Conversions for energy sources other than wood and coal are net calorific values and are based on Baines 
(1993). Total energy from wood fuel assumes that fIrewood consumed for domestic purposes has a moisture 
content of about 25% (as required by local law) and an associated energy content of 13.5 MIlkg (Baines 
1993). This conversion figure is in general agreement with the conversion figure of 13.39 MIlkg used by 
Brady and Pullen (1985). Energy conversion for industrial wood fuels are based on figures provided by the 
industrial consumers. Coal energy conversion is based on data provided by Coal Research (1992) for 
specific mines and applied to volumes sold as reported in the coal merchants survey from each mine for 
1989-1992. Estimates made of coal energy consumption for Urban Christchurch between 1984-1988 were 
based upon interpolated data from Brady and Pullen (1985) results for 1983 and results from this survey 
for 1989. Energy consumption figures for Canterbury coal sales for 1982·1988 were based upon Urban 
Christchurch figures as a percent of total Canterbury sales for both industrial and domestic sectors for 1989· 
1993 coal sale survey results. 
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Errata to the "Surveyor Fuel and Energy Consumption for Canterbury and Urban Christchurch 
1982·1992" report: 

The table below. Total Canterbury Energy Consumption by Fuel. should replace the same table on page 39 
of the repon. The two alterations to the table include the following: 

1) A clarifying nOle in the table, identifying that electricity line losses are included in 
total electricity consumption but nOl in sector electricilY consumption (see Tables 12 
and 1:'): and 

2) A correction to LPG used for non-transport energy consumption. The revised num bers 
de<::rease the "Oil Products (NT)" column by approximately 6% and decrease the total 
regional energy consumption by about 0.5% annually for the 1985-1992 period. The 
correction only affects this table and does not affect other sections of the reporl. 

Table 10: Total Canterbury Energy Consumption by Fuel 
(Tera Joules) 

Oil Prod. 

Elcctricity Transport Coal Wood (NT) Toml 

191\2 8.890 17.004 3,767 1,319 3,830 34,810 

1983 9,377 17,889 3,488 1,347 2,799 34.900 

19~4 9.~03 19.355 3.517 1,376 2,951 37,002 

191\5 9.856 19.378 3,547 1,405 3,040 37,225 

1986 10,443 19,771 3,576 1,455 3,057 38,302 

1987 10.266 21,265 3.605 1.735 3,023 39,893 

1988 10,653 21,027 3,634 1,781 2,701 39,796 

1989 11,038 21.202 3,634 1,825 2,695 40,393 

1990 11,262 22,770 3,577 1,864 2,840 42,314 

1991 11,949 23,343 3,745 1,896 2,946 43,878 

1992 11,861 24,585 3,832 2.007 3,109 45,395 

A vg % of Total 

1982-1984 26% 51% 10% 4% 9% 

1990-1992 27% 54% 8% 4% 7% 

PcrcenL Change 

1982-1992 33% 45% 2% 52% -19% 30% 

Avg/Yr 2.9% 3.8% 0.2% 4.3% -1.3% 2.8% 

NOles: 
I) Oil Producls (NT) are those consumed in non-lransport (NT) uses. 
2) Eleclricity total includes line losses: sector data in Tables 12 and 13 exclude line losses. 



The two largest sectors of regional energy consumption are electricity and transportation. 
Between 1982 and 1992, electricity remained consistent at 26% and transport energy 
consumption increased slightly from 51% to 54% of total energy consumed (see Table 10). 
The market share of other sectors changed over the period: the most notable changes were 
increases in transport for av.iation and marine fuel consumption, and ,a decrease in the use of 
on-land fuel oil (see discussions in subsequent sections). 

Energy consumption by sector is more thoroughly discussed in the following sections. 

Table 10: Total Canterbury Energy Consumption by Fuel 

(Tera Joules) 

Oil Prod. 

Electricity Transport Coal Wood (NT) Total 

1982 8,890 17,004 3,767 1,319 3,830 34,810 

1983 9,377 17,889 3,488 1,347 2,799 34,900 

1984 9,803 19,355 3,517 1,376 2,951 37,002 

1985 9,856 19,409 3,547 1,405 3,143 37,359 

1986 10,443 19,826 3,576 1,455 3,241 38,541 

1987 10,266 21,325 3,605 1,735 3,224 40,154 

1988 10,653 21,088 3,634 1,781 2,904 40,060 

1989 11,038 21,266 3,634 1,825 2,909 40,671 

1990 11,262 22,835 3,577 1,864 3,059 42,598 

1991 11,949 23,414 3,745 1,896 3,182 44,186 

1992 11,861 24,664 3,832 2,007 3,372 45,736 

Avg % of Total 

1982-1984 26% 51% 10% 4% 9% 

1990-1992 26% 54% 8% 4% 7% 

Percent Change 

1982-1992 33% 45% 2% 52% -12% 31% 

AvgfYr 2.9% 3.8% 0.2% 4.3% -1.3% 2.8% 

Note: Oil Products (NT) are those consumed in non-transport (NT) uses. 
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3.1.1 Market Share by Sector 

Graph 27 provides the .percent of total energy consumed by sector for transportation, 
industrial/commercial and domestic markets. Graph 27 shows that Other Transport 
(aviation, marine and rail) is the fastest growing sector of 'energy consumption in 
Canterbury. Excluding Other Transport, the relative mix of on-land vehicle transport, 
industrial/commercial and domestic energy consumption remained relatively stable between 
1982 and 1992 (vehicle transport 44%, industrial/commercial 33% and domestic 23% of 
total energy consumption excluding Other Transport). 
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3.1.2 Canterbury Transportation Energy Consumption by Sector and Fuel 

Graph 28 provides transportation energy consumed by sector and fuel-type in the Canterbury 
regIon. 
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Graph 28 

As Table 11 shows, transportation energy consumption increased by about 45% between 1982 
and 1992 (or about a 3.8% per year growth rate). Vehicle petrol consumption dominates 
transportation energy, currently making up about 44% of total transportation energy; vehicle 
diesel is second, currently at about 22%. 

All transport energy sectors have increased during the period except one (only rail energy 
consumption has declined slightly). Among vehicle energy consumption, LPG is the fastest 
growing fuel source (although it comprises only about 1% of vehicle energy consumption); 
vehicle diesel fuel growth (21 %) outpaced petrol growth (13%) during the period. 

Aviation fuels and marine fuel consumption are the fastest growing large energy consumption 
sectors. Growth in these "out-of~area" transport sectors reflect the international nature of 
Canterbury'S expanding economy (where passengers and goods are transported into and out 
of the Canterbury area); this trend mimics expanding international transport throughout New 
Zealand, where energy and fuel demands for international transport significantly increased 
over the past decade (Ministry of Commerce, 1993). 
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Table 11: Total Transportation Energy Consumed By Sector and Fuel 
(Tera Joules) 

Vehicle Vehicle Vehicle Aviation Rail Marine Marine TOTAL , 
Petrol Diesel LPG Fuel Diesel Diesel Fuel Oil 

1982 9,275 4,802 0 1,551 409 321 647 17,004 

1983 9,412 4,691 0 1,770 425 797 793 17,889 

1984 9,726 4,853 0 2,039 396 1,308 1,032 19,355 

1985 9,271 4,791 103 2,343 1 1,234 1,236 19,409 

1986 9,470 4,825 184 2,746 409 914 1,279 19,826 

1987 9,694 4,636 201 4,337 418 538 1,500 21,325 

1988 9,846 4,465 203 4,519 391 503 1,161 21,088 

1989 10,047 4,624 214 3,786 374 1,062 1,158 21,266 

1990 10,414 4,691 219 3,937 370 1,616 1,589 22,835 

1991 10,443 5,149 236 3,682 354 1,879 1,671 23,414 

1992 10,472 5,806 263 3,918 397 1,858 1,950 24,664 

Avg % of Total 
1982-84 52% 27% 0% 10% 2% 4% 5% 
1990-92 44% 22% 1% 16% 2% 8% 7% 

Percent Change 
1982-92 13% 21% NA 153% -3% 480% 201% 45% 

3.1.3 Canterbury Industrial/Commercial Energy Consumption by Fuel 

Total industrial/commercial energy conswnption is shown in Graph 29 and Table 12. 
Overall, industrial/commercial energy consumption increased by about 15% between 1982 
and 1992. 

Electricity is the largest energy source for industrial/commercial energy consumption 
(currently making up about 44% of total industrial/commercial energy consumption). 
Aside from LPG and wood fuel, which make up a small portion of total energy 
consumption, electricity is the fastest growing industrial/commercial energy source. 

Energy consumption for minor fuels is shown in Graph 3 O. Among minor fuels, coal 
maintained a reasonably stable portion of industrial/commercial energy conswnption. Fuel 
oils (LFO and HFO) and kerosene use declined in total consumption, made up by large 
increases in electricity, wood and LPG. Use of diesel as an industrial fuel declined 
slightly in the mid-1980s; but declines in the relative price of diesel and its ease of use 
(compared to fuel oils) saw diesel energy consumption for industrial/commercial uses 
increase in the late 19805 and early 19905. 
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Table 12: Canterbury Industrial/Commercial Energy Consumption by Fuel 

(Tera Joules) 

Electricity Coal Wood LFO HFO Diesel Kerosene LPG TOTAL 

1982 3,618 2,833 240 946 1,228 1,541 59 0 10,464 

1983 3,838 2,745 250 854 524 1,292 55 0 9,557 

1984 4,249 2,810 259 791 618 1,422 51 0 10,201 

1985 4,272 2,876 269 607 701 1,382 45 224 10,376 

1986 4,530 2,942 300 584 637 1,298 49 400 10,739 

1987 4,544 3,007 560 632 651. 1,163 53 429 11,039 

1988 4,833 3,073 586 715 325 1,099 43 427 11 ,100 

1989 4,934 3,061 609 605 276 1,229 43 428 11,185 

1990 5,041 3,081 627 464 455' 1,337 34 431 11,470 

1991 5,383 3,186 637 518 346- 1,459 35 458 12,022 

1992 5,308 3,123 666 550 300 1,571 40 500 12,059 

Avg % of Total 

1982-84 39% 28% 2% 9% 8% 14% 1% 0% 

1990-92 44% 26% 5% 4% 3% 12% 0% 4% 

Percent Change 

1982~92 47% 10% 178% -42% -76% 2% -32% NA 15% 
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3.104 Canterbury Domestic Sector Energy Consumption by Fuel 

Graph 31 and Table 13 show domestic energy consumption in Canterbury. Electricity 
makes up about 75% of the total domestic energy consumed currently. Wood provides 
more energy for domestic energy consumption than does coal (note that coal provided 
more energy than wood up to the early 1980s for Urban Christchurch, see below). Coal 
consumption for domestic use declined by over 20% between 1982 and 1992. 
Consumption of other petroleum product fuels (fuel oil, diesel and kerosene) also declined. 
Electricity, wood and LPG are the only fuel sources with increasing sales (with 
respectively, 21 %, 32% and almost three times total growth during the period). Electricity 
continued to increase its overall share of the domestic market (from 72% to 75%). 
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Table 13: Canterbury Domestic Energy Consumption by Fuel 

(Tera Joules) 

. 
Electricity Coal Wood BFO Diesel Kerosene LPG TOTAL 

1982 4,860 925 1,079 33 30 20 ° 6,948 

1983 5,092 735 1,098 21 55 18 0 7,019 

1984 5,087 699 1,117 15 48 17 0 6,983 

1985 5,115 662 1,136 11 43 15 17 6,999 

1986 5,416 626 1,155 7 38 16 31 7,289 

1987 5,233 589 1,175 5 34 18 40 7,094 

1988 5,313 552 1,195 4 30 14 47 7,156 

1989 5,630 573 1,216 3 26 14 71 7,534 

1990 5,684 496 1,237 2 23 11 80 7,534 

1991 6,022 559 1,258 21 12 95 7,968 

1992 5,881 709 1,341 1 18 13 114 8,077 

Avg % of Total 

1982-84 72% 11% 16% 0% 1% 0% 0% 

1990-92 75% 7% 16% 0% 0% 0% 1% 

Percent Change 

1982-92 21% -23% 24% -97% -39% -32% NA 16% 

Domestic energy consumption per household is shown in Graph 32 for Canterbury and Urban 
Christchurch (data for 1972 to 1981 are from Brady and Pullen (1985». Note that energy 
consumption per domestic dwelling in Urban Christchurch declined during the 1970s and 
subsequently levelled off in the 1980s. This may be due in large part to a decline in the 
number of people per dwelling, where in 1960 there were 3.7 and by 1991 there were 2.9 
people per dwelling (McChesney 1993). 

Since about 1988 there has been a consistent albeit subtle increase per year m energy . 
consumption per dwelling for both Canterbury and Urban Christchurch. 

In addition, Urban Christchurch domestic energy consumption per dwelling was generally 
higher than Other Canterbury Area domestic consumption per dwelling during the early and 
mid 1980s. However, in the late 1980s and early 1990s. Other Canterbury Areas increased 
their domestic energy consumption per dwelling to a similar level as Urban Christchurch. 
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Urban Onistchurch Energy Consumption 1972-1992 

3.2.1 Total Urban Christchurch Energy Consumption by Sector and Fuel 

Graph 33 shows total energy consumption for Urban Christchurch between 1972 and 1992 
by sector. Note that transportation energy consumption (on~land veHicles only) displaced the 
industrial/commercial sector as the leading energy consumption sector in the early 198 Os. By 
percent of total current Urban Christchurch energy consumption, the transportation sector 
accounts for about 43%, the industrial/commercial sector accounts for about 33% and the 
domestic sector makes up about 24%. 

Each sector is discussed in brief below. 
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Urban Christchurch Transportation Energy Consumption by Fuel 

Graph 34 shows that vehicle transportation energy consumption in Urban Christchurch is 
dominated by petrol consumption (currently 67%) followed by diesel (currently 31%); LPG 
sales have increased in the past few years but still remain a sxpall portion of market 
consumption. 

Table 14 provides the energy consumption figures. I Note that diesel consumption grew much 
faster than petrol consumption between 1982-1992 (33% compared to 18%). 
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Note estimates were made for all three fuel types based upon discussions with industry representatives and 
data from previous Urban Christchurch surveys: petrol and diesel are assumed at about 90% of central 
canterbury transport fuel consumption; LPG consumption is assumed as 70% of regional transportation fuel 
consumption. 
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Table 14: Urban Christchurch Transportation Energy Consumption 

Tera Joules 

Petrol Diesel LPG' Subtotal 

1972 5,027 2,100 0 7,127 

1973 5,361 1,612 0 6,973 

1974 5,406 2,060 0 7,465 

1975 5,508 1,504 0 7,012 

1976 5,486 1,640 0 7,125 

1977 5,569 1,924 0 7,493 

1978 5,245 2,263 0 7,508 

1979 5,335 2,398 0 7,733 

1980 5,280 2,290 0 7,570 

1981 5,306 2,154 0 7,461 

1982 5,820 2,412 0 8,232 

1983 5,791 2,683 0 8,474 

1984 6,050 2,567 0 8,617 

1985 5,807 2,597 72 8,476 

1986 6,010 2,633 129 8,772 

1987 6,160 2,605 141 8,906 

1988 6,323 2,455 142 8,920 

1989 6,533 2,596 150 9,278 

1990 6,738 2,528 .' 153 9,420 

1991 6,804 2,859 166 9,829 

1992 6,851 3,214 184 10,249 

Percent Change 

1972-1982 16% 15% NA 15% 

1982-1992 18% 33% NA 25% 
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3.2.3 Urban Christchurch Industrial/Commercial Energy Consumption by Fuel 

Industrial/commercial energy consumption for Urban Christchurch is shown in Graph 35 and 
Table 15 between 1972 and 1992. Note that electricity has effectively replaced oil products 
as the primary energy source for the industrial/commercial sector; sales of oil products 
declined significantly over the period. Energy from coal has remain~d relatively stable; LPG 
consumption increased since its first large scale deliveries to the region began in 1985. Use 
of wood fuel began in the mid 19805 but remains a small portion of industrial/commercial 
energy consumption. 

The electricity crisis of 1992 appears to have produced a slight levelling off in 
industrial/commercial electricity consumption; there were however increases in all other fuels, 
producing a continued rise in overall energy consumption in the industrial/commercial sector. 
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Table' Urban Christchurch Industrial/Commercial Energy Consumption by Fuel 

(Tera Joules) 

Oil 
Electricity Coal Wood Products Gas/Coke LPG Total 

1972 1,555 1,724 0 3,445 410 0 7,135 

1973 1,739 1,620 0 3,679 421 0 7,459 

1974 1,822 1,775 0 3,845 472 0 7,913 

1975 2,012 1,559 0 3,370 490 0 7,430 

1976 1,969 1,868 0 3,409 547 0 7,794 

1977 2,005 1,890 0 3,683 482 0 8,060 

1978 2,027 1,897 0 3,614 418 0 7,956 

1979 2,059 1,674 0 3,240 418 0 7,391 

1980 2,128 1,825 0 3,215 418 0 7,585 

1981 2,264 1,919 0 2,945 418 0 7,546 

1982 2,243 1,632 0 2,988 270 0 7,133 

1983 2,632 1,581 0 2,066 0 0 6,279 

1984 2,755 1,619 0 2,046 0 0 6,420 

1985 2,943 1,656 0 1,941 0 179 6,720 

1986 3,006 1,694 21 1,819 0 320 6,860 

1987 3,072 1,732 41 1,767 0 343 6,956 

1988 3,087 1,770 48 1,544 0 342 6,791 

1989 3,234 1,834 1,522/' 0 343 6,984 

1990 3,340 1,778 51 1,616 0 345 7,130 

1991 3,572 1,823 42 1,662 0 366 7,465 

1992 3,579 1,861 51 1,732 0 400 7,622 

Percent Change 
1972-1982 44% -5% NA -13% -34% NA 0% 
1982-1992 60% 14% NA -42% -100% NA 7% 
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3.2.4 Urban Christchurch Domestic Energy Consumption by Fu~l 

Domestic energy consumption by fuel source for Urban Christchurch is presented in Graph 
36 and Table 16. Electricity has dominated the domestic energy consumption market for 
the past twenty years. Coal continued a steady decline as a dom~stic energy source. In 
the early 1980s, wood displaced coal as the second most common energy source in 
domestic applications. The use of oil products continued to decline through the 1972-1992 
period; in the past few years there has been an increase in sales of LPG (although LPG 
still makes up a very small portion of total domestic energy consumption). 

Note that the electricity crisis during the cold winter of 1992 and consequent requests by 
Electricorp to cut electricity consumption produced the first decline in domestic electricity 
consumption since 1987; there were respective increases in both coal and wood as 
replacement fuels (note that overall domestic energy consumption did not decline). As a 
result, the increase in coal and wood usage is estimated to have increased emissions of 
smoke in Urban Christchurch during 1992 (see Chapter 4). 
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Table 16: Urban Christchurch Domestic Energy Consumption by Fuel 
(Tera Joules) 

Oil 

Electricity Coal Wood Products Gas/Coke LPG TOTAL 

1972 2,959 994 133 324 3~9 0 4,799 
1973 2,974 904 133 389 418 0 4,817 
1974 3,064 1,181 133 410 403 0 5,191 
1975 3,499 706 148 331 367 0 5,051 
1976 3,377 972 158 338 342 0 5,188 
1977 3,298 875 202 295 317 0 4,986 
1978 3,276 922 227 209 252 0 4,885 
1979 3,038 1,080 266 176 252 0 4,813 
1980 3,092 914 400 119 252 0 4,777 
1981 3,276 936 533 90 220 0 5,054 
1982 3,510 720 7'" --' 65 176 0 5,193 
1983 3,582 572 733 65 0 0 4,952 
1984 3,682 544 744 57 0 0 5,026 
1985 3,765 515 754 49 0 14 5,098 
1986 3,935 487 765 45 0 25 5,256 
1987 3,794 458 776 41 0 32 5,103 
1988 3,831 430 788 35 0 38 5,122 
1989 3,993 401 799 32 0 57 5,283 
1990 4,045 379 811 27 0 64 5,326 

/ 

1991 4,233 454 822 25 0 76 5,610 
1992 4,145 595 877 25 0 91 5,733 

Percent Change 

1972-1982 19% -28% 442% -80% -55% NA 8% 
1982-1992 18% -17% 21% -62% NA NA 10% 
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4. URBAN CHRISTCHURCH ESTIMATED Am EMISSIONS FROM F1JEL BURt'flNG 

4.1 Total Estimated Emissions by Sector and Pollutant 

Graphs 37 through 44 show estimated emissions for Urban Christchurch for 1972 to 1992 by 
pollutant. l Data are based upon total fuel consumption. Emission factors are taken from 
Brady and Pullen (1985) which rely upon fairly dated material, partieularly for transportation 
emissions.2 
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Estimated air pollution emissions by sector are shown in Graph 37 for on~land transportation, 
industrial/commercial and domestic sectors. Emissions from transportation dominate the total 
estimated emissions to Urban Christchurch. In addition, estimated total emission~ from the 
industrial/commercial sector have declined over the past twenty years; estimated total 
emissions from the domestic sector have remained relatively constant? 

2 

Data for 1972 to 1983 are based upon Brady and Pullen (1985), with changes in estinlated wood 
conswnption for 1982 and 1983; in addition, corrections to vehicle diesel were made using units of gallons 
and not litres as Brady and Pullen (1985) used. See relevant discussions in the sections on wood fuel and 
vehicular diesel conswnption for details. 

Performing an update of emission factors goes beyond the scope of this work; however, using emission 
factors from Brady and Pullen (1985) should provide a reasonable estimate of trends in emissions among 
pollutants and between sectors. 

Estinlated emissions for wood, coal and fuel oils are based upon trended data; thus emission estimates 
should be used as a guide and not as exact year in year out emissions. In addition, calculating emissions 
for fuel types is highly generalized, as specific boilers. vehicles, etc. will produce quite different emissions 
with the same fuel source. 
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Graph 38 shows the total estimated emissions by constituent pollutant. Carbon monoxide 
(CO) currently accounts for about 75% of the total pollution tonnage emitted, followed by the 
"minor" pollutants of hydro carbons (HC), nitrous oxides (NOx), sulphur dioxide (S02), 
smoke and particulates. These "minor" pollutant emissions are depicted in Graph 39. Among 
the minor pollutants only estimated emissions of S02 declined over the past twenty years, 
with slight declines in smoke emissions. 
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Graphs 40 to 44 show estimated emissions for carbon monoxide (CO), NOx, hydrocarbons 
(HC), smoke/particulates and sulphur-dioxide (S02) respectively. 

Transportation emissions dominate the carbon monoxide, NOx and hydrocarbon estimated 
emissions (Graphs 40 to 42). Note that with increasing transportation fuel consumption, there 
have been steady increases in these three pollutants over the past twenty years. 

Estimated emissions of smoke and particulates are dominated by domestic energy 
consumption, predominantly from wood and coal fires (Graph 43). Smoke and particulate 
emissions in total, and specifically smoke from the domestic sector, are estimated to have 
decreased over the past ten or so years. This is attributable to the decline in the use of coal, 
and to a much lesser degree a decline in the use of petroleum products, as heating fuels. The 
increase in 1991 and 1992 is mostly attributable to increases in coal consumption (and 
increases in the average sulphur % of domestic coal sales).l It should be kept in mind that 
these emission estimates are annual figures: domestic smoke emissions would be significantly 
more dominant as a percent of total winter time emissions corresponding to peak domestic 
fuel consumption for heating purposes.2 In contrast industrial and transport fuel consumption 
and associated emissions of smoke and particulates are fairly evenly spread throughout the 
year. 

Estimated emISSIons of sulphur dioxide (Graph 44) are dominated by the 
industrial/commercial sector. Sulphur dioxide emissions decreased over the past twenty years, 
predominantly due to less fuel oil usage in the industrial/commercial sector. 

2 

.. -

Note that increases in smoke emissiol1S in 1992 correspond to the electricity crisis of 1992 and Electricorp's 
concurrent request to reduce electricity consumption; declines in domestic electricity consumption were 

replaced by increases in coal and wood cOl1Sumption which increased estimated smoke emissiol1S. 

A number of studies point out that inversion periods in Christchurch typically occur in the winter season 
when domestic heating fuel cOl1Sumption peaks, see Kennedy et al. (1974), Brady and Pullen (1985), and 
Newman and Scott (1986). 
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Esdmated Carbon Monoxide 
Emissions for Urban Christchurch by 

Sector 

Estimated Hydrocarbon Emissions for 
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Estimated Smoke and Particulate Emissions 
for Urban Christchurch by Sector 
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Emissions by IndustriallCommerciaI and Domestic Sectors 

Domestic sector emissions by pollutant are shown in Graph 45. Total emissions have not 
significantly changed in the past twenty years. Emissions from petroleum products have 
declined slightly, where emissions from wood fires are estimated to have increased (especially 
carbon monoxide). 

1972 

Graph 45 
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Industrial/commercial sector estimated total emISSIons are shown in Graph 46. Total 
emissions from the industrial/commercial sector have declined significantly over the past 
twenty years. This is predominantly due to a greater reliance on electricity and less use of 
fuel oils. 

Estimated Industrial/Commercial Emissions for Urban 
Christchurch by Pollutant 
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CONCLUSIONS AND DISCUSSION 

In discussions with staff at the Regional Council it was determined that a study was needed 
to assist staff in developing a regional energy strategy. The first step in developing such a 
strategy would be to determine current energy consumption in the region across all sectors 
and fuel types. Once the foundation of data was established, it was envisioned that a number 
of different scenarios could be analyzed as potential regional strategies for developing a 
comprehensive regional energy plan. 

This report provides that foundation of data on fuel and energy consumption trends in the 
Canterbury area from 1982 to 1992. In addition, data are combined with previous studies 
made of Urban Christchurch to assess trends in energy consumption and estimates of air 
pollution contributions from fuel burning for 1972-1992. 

Outlined below are key conclusions from results of the survey. These key summary points 
are followed by a brief overview of potential questions and analyses to be addressed in 
developing a regional energy strategy. 

Total Energy Consumption 

Total energy consumption in Canterbury increased by about 2.7% per year between 1982 and 
1992, an overall increase of about 31 % (see Graph 47). Transportation fuel is both the largest 
and the fastest growing energy consumption sector: it currently accounts for about 54% of 
regional energy consumption and increased by about 3.8% per year during the period (note 
transport includes vehicle, aviation and marine uses). Industrial/commercial energy 
consumption is the second largest sector and currently makes up about 27% of regional 
consumption; it increased by about 1.4% per year. The domestic sector currently accounts 
for about 19% of regional consumption and increased by aoout 1.5% per year. 

It is clear from these trends, that with regard to energy consumption and issues of regional 
energy sustainability, transportation is the most important sector. 

In Urban Christchurch vehicle transportation energy consumption was approximately equal 
to industrial/commercial energy consumption through the 1970s (both contributing about 38% 
of total); however in the 1980s and early 1990s, vehicle transportation made up a larger 
portion of total Urban Christchurch energy consumption (about 43% compared to 33% for 
industrial/comm ercial). 
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Canterbury Total Energy Consumption by 
Sector 
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Transportation energy consumption increased by about 45% during the 1982-1992 period. 
Growth among transportation energy consumption sectonr'included: vehicle 18%, aviation 
150%, rail (-3%), marine 300%. Thus the fastest growing sectors in transportation energy 
consumption are aviation and marine transport, both of which are heavily involved In 

transporting goods and passengers into and out of the Canterbury area. 

Industrial/commercial energy consumption is dominated by electricity (44%) and coal (26%), 
followed by all oil products combined (about 20%). Electricity was the fastest growing 
source increasing by 47% during the 1982-1992 period (LPG and wood also significantly 
increased but they are far smaller portions of industrial/commercial energy consumption). 
Coal consumption showed a moderate increase of about 10% during the period. 

In Urban Christchurch, in the early 1970s oil products provided about 50% of total 
industrial/commercial energy requirements; by 1992, oil products provided only about 23 % 
of energy requirements and were replaced by electricity as the primary fuel type, which 
increased to about 47% of the total. 

Domestic energy consumption is dominated by electricity (75%), wood (16%) and coal (7%). 
Electricity and wood were the fastest growing sectors at 21 % and 24% respectively between 
1982 and 1992 (coal energy consumption declined by about 23%). Wood replaced coal in 
Urban Christchurch as the second most important domestic energy source in the early 1980s. 
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Fuel Conswnption 

Oil product fuel consumption showed large increases in transportation fuels, particularly for 
aviation and marine fuels. Fuel oil usage significantly declined in the industrial/commercial 
and domestic markets. Wood usage increased in both domestic and industrial/commercial 
applications; wood became the second most important dom1;;stic fuel, although in 
industrial/commercial fuel sources it stilI plays a fairly small role. Coal consumption 
increased slightly in the industrial/commercial market and significantly declined in the 
domestic market. Liquid petroleum gas (LPG) consumption also significantly increased, 
especially in its market share in the industrial/commercial sector (although it remains a 
reasonably small portion of the fuels consumed in the transportation and domestic markets). 
Electricity consumption increased by over 30% during the period. 

Among vehicle transportation fuels, petrol remains the dominate fuel (65%), followed by 
diesel (32%) and then LPG (2%).1 In addition, unleaded fuel now contributes about 47% of 
total petrol sales and has risen at about 0.5% per month over the past few years. 

U man Christchurch Estimated Air Emissions 

Transportation contributes the most pollution to Urban Christchurch in total tonnes of 
pollutants. Estimated emissions from on-land transportation dominate the emissions released 
for carbon monoxide, NOx and hydrocarbons. As more and more fuel was burned for on-land 
transportation, estimated emissions continued to rise for these pollutants. 

The industrial/commercial sector dominates emissions of sulphur dioxide, although emissions 
have declined due to a decline in the use of fuel oils. 

The domestic sector continues to contribute the most ,.,smoke and particulates, mainly 
attributable to wood and coal fires. Estimated smoke emissions have declined slightly with 
declines in the use of coal as a domestic heating source. There was an increase in estimated 
domestic smoke emissions in 1992 due primarily to increased coal consumption (coal sales 
increased corresponding to the electricity crisis and a decline in domestic .electricity 
consumption ). 

Note that diesel and LPG had faster annual growth rates than petrol in the last few years (about 13% and 
6% respectively. compared to petrol at about 1.2%). 
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Issues of the Future 

The importance of developing a regional energy strategy cannot be understated. 

Overall, regional energy consumption continued to rise across all ~ectors (31 % during the 
1982-1992 period). Population growth in the Canterbury region also rose but at a far slower 
pace (about 3.4% between 1981 and 1991 based on Department of Statistics census results). 
Thus growth in energy consumption outpaced growth in population by a factor of about nine. 

Much of this growth in energy consumption came about from increases in transportation for 
goods and passengers into and out of Canterbury (aviation and marine transport). 

In Urban Christchurch, energy consumption increased about 15% and population growth 
increased by about 4.9% between 1982-1992. Urban Christchurch energy consumption figures 
exclude aviation and marine transport; thus without these significant energy consumption 
sectors, energy consumption still rose about 3 times faster than population growth. 

Overall, if we look at regional annual energy consumption per person including intra-area 
transport: in 1982 the average energy consumption per person was 83 GJ per person, by 1992 
this figure had risen to about 105 GJ per person (or a 27% increase). This implies that each 
person uses about one quarter more energy than in 1982. Of course this very simple analysis 
could be misleading for it does not take into account changes in non-personal energy 
consumption such as increases in foreign tourists, exports or changes in heavy industry. 
However, assuming that such changes provided direct benefit to members of the population 
of the Canterbury area, such simple calculations can still be insightful. Regardless of the 
definition, we are using more and more energy per person per year. 

The question becomes: is such energy consumption growth sustainable, either economically, 
environmentally or socially? 

There are a myriad of environmental impacts associated with energy consumption,including 
air pollution, effects on water and soil quality, and impacts from construction of roadways or 
electricity power stations to name a few. 

Social values will also necessarily define future energy consumption: life styles (cars per 
person, etc.)I, travel, etc. 

For example, as Arnoux (1993) points out: "personal mobility has become a basic need. Social pressure 
in favour of increased use of cars is extremely strong and unlikely to be significantly reversed within the 
30 year time horizon" of the study (p 35). 
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Developing a regional energy strategy will require defining what the goals of the strategy are, 
including addressing such key concepts as: 

and 
o sustainability - what does it mean and how is it achieved with respect to energy? 

o reliability - in terms of reliable fuel sources (imported' fossil fuels, etc.) and 
assurance that energy will be available in the long term. 

This report provides a starting point to begin the development of a regional energy strategy. 
Understanding the energy consumption picture requires detailed knowledge of current, existing 
consumption trends across all sectors of energy usage. With the foundation of regional energy 
consumption data reported in this study, analysis will next be pursued to address such larger 
questions as: 

1) What role can the Canterbury Regional Council play in developing a regional energy 
strategy to best address current trends and long term forecasts of regional energy use? 

2) What actions or policies can be pursued by the Council which address issues of energy 
reliability and sustainability while minimizing environmental and social impacts? 

3) How are energy sustainability and reliability defined? And in what context of energy 
sustainability can the existing knowledge of energy flows and energy use be 
understood and applied? 

4) Do current trends in energy usage portend future energy consumption? How will 
potential large. scale increases in transportation fuel consumption to the Canterbury 
area affect a regional energy strategy?! 

5) What sectors are most important in current energy usage? How can Regional Council 
decisions affect regional energy usage among sectors or fuel types? 

6) Are there specific tools the Council could use to affect regional energy usage? If so, 
how effective would certain tools be and at what cost (economic, social, 
environmental )? 

The field of energy is by nature an interdisciplinary one. Thus, the integration of policies and 
actions across other Council decision-making arenas is fundamental. Such integration could 
include: development of strategic transportation plans (better public transport, more efficient 
vehicles, alternative fuels, cycle ways, etc.), increasing the implementation of energy 
efficiency technologies, supporting the development of alternative non-fossil based energy 
production, and understanding what regional council policies and actions could minimize the 
impacts of fuel use on air pollution emissions. 

Recent estimates suggest that tourism in the region could expand three fold over the next thirty years 
(Amoux, 1993). In addition, a report by the Ministry of Commerce forecasts that national transportation 
energy demands will grow at 1.7% per year, and overall energy demands at 1.4% per year (Ministry of 
Commerce, 1992). 
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APPENDIX A: FIREWOOD SURVEY RESULTS 

No data were available on current wood consumption for energy. usage in Canterbury or 
Urban Christchurch, thus a survey was conducted for this study. 

There are at least two methods of determining solid fuel consumption: a survey of merchants 
and a survey of consumers. A survey of merchants is generally considered to be less time 
consuming and less costly than. a survey of consumers (an adequate survey of consumers 
should contact about 10% of the population (Moody, personal communication)). On the other 
hand a survey of merchants can introduce a number of errors or limits to the survey results. 
Specifically, a survey of merchants will not account for firewood which consumers do not pay 
for but collect themselves or receive as gifts.1 

I. History of Surveys 

One survey of Canterbury and one survey of a portion of Christchurch of heating and 
firewood consumption were made about a decade ago; although these are now rather dated, 
the survey styles and associated difficulties remain similar. There are generally two main 
survey methodologies: 1) a survey of firewood merchants or 2) a representative household 
survey to determine average firewood consumption. Due to a limited budget, the merchant 
survey was conducted for this study. 

Earlier firewood merchant surveys found difficulty in retrieving accurate data. As noted by 
Kennedy et al. (1972, 1974) determining firewood sold and consumed in the Urban 
Christchurch area is extremely difficult to assess. The Department of Health also found 
difficulty in a survey questionnaire it attempted, finding a poor response rate and reluctance 
on behalf of merchants to provide data (Brady and Pullen 1985).' 

Brady and Pullen (1985) relied upon a survey by Patterson (1979) made in late 1978 and 
early 1979 for the Canterbury area. Patterson surveyed sawmills, timber merchants, joinery 
manufacturers, furniture makers and firewood merchants. Patterson found that there were only 
14 specific firewood merchants selling firewood in the Canterbury region, who sold about 
10% of total firewood consumed. He found that a very large proportion of firewood sales 
were made by sawmills and timber mills (about 75%). 

Brady and Pullen (1985) converted Patterson's Canterbury area survey results into comparable 
results for the Urban Christchurch area, estimating that about 40,000 tonnes of firewood were 
consumed in 1980.2 Due to the difficulty of conducting a survey, Brady and Pullen (1985) 
used the same figure of 40,000 tonnes for 1981 to 1983. 

2 

Consumers of firewood are known to collect their own wood from various sources; capturing this 
consumption can only be accounted for in a survey of consumers. 

Patterson's swvey was conducted for the 12 months of sales corresponding to late 1978 or early 1979. 
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An extensive household heating consumer survey was conducted by the City of Christchurch 
in 1981. Moody (1987) utilized data from this survey reporting on fuel burner types, usage 
periods, consumption, etc. The survey results suggested that about 26,000 tonnes of firewood 
were consumed for home heating of the 60,024 households in the Christchurch City area 
surveyed (Moody, personal communication); the Christchurch City area surveyed did not 
include the greater "metropolitan area" which Brady and Pullen (1985) used. Brady and 
Pullen (1985) extrapolated this data to the Urban Christchurch area and estimated that total 
household firewood consumption in 1981 would have been about 43,000 tonnes (this was in 
reasonable agreement with Patterson's.extrapolated result of 40,000 tonnes). 

A. of Surveys 

Moody (personal communication) points out that the household survey conducted in 1981 
accounted for all firewood consumption in the area including self~collected firewood (that 
firewood which does not enter the market, e.g., firewood self-cut, from friends and family, 
collected off farms, etc). A survey of merchants, as was conducted for this study (and which 
Patterson conducted in 1978-79), fails to capture this non-market firewood consumption. 
Wright and Baines (1986) suggested that the Patterson survey significantly underestimated 
firewood consumption by not accounting for this non-market consumption source; Wright and 
Baines estimated that if these non-market sources had been taken into account, firewood 
consumption in the Urban Christchurch area would have been closer to 60,000 tonnes (not 
40,000 tonnes as Patterson estimated).! 

Brady and Pullen (1985) suggested that Patterson's (1979) results were similar to the 
extrapolated results made from the Christchurch City Household Heating Survey. However 
this similarity points out the difficulty of comparing survey results: the Patterson (1979) 
merchant-survey results (of about 40,000 tonnes) are about 7.5% lower than the extrapolated 
results of the Moody household survey (43,000 tonnes). ~The conflict arises in comparing 
survey methodology and results. If the household survey correctly accounted for self
collected firewood, then Moody's extrapolated results of 43,000 tonnes should be correct for 
the Urban Christchurch area. However, to account for self-collection in Patterson's (1979) 
results, using a 50% increase as Wright and Baines (1986) used, Patterson's results would be 
closer to 60,000 tonnes, and about 40% higher than the Christchurch City Household Heating 
Survey results of 43,000 tonnes. 

Further review of the Household Heating Survey shows that 51.2% of the respondents who 
used wood self-collected their own wood which included excess wood picked up from 
sawmills, timber yards, etc. as well as self-cut wood.2 Although difficult to differentiate by 
source, it is clear that the 51 % self-collection result includes wood collected from sawmills 

2 

Wright and Baines cite communication with T. Moody self-collection; the Christchurch 1981 
household heating survey found that 51 % of respondents collected their own wood. 

Of the respondents, 1,609 of 3,140 fuelwood users collected their own wood. The survey results included 
the following collection sources: "yard" (1088), "other" (906), "own" (282), "merchants" (264) and "joinery" 
(213). Where "yard" included sawmills and timber yards (Moody, personal communication). These results 
did not indicate how much wood was self-collected by volume but only the number of respondents who 
collected their own wood. 
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and timber "yards" (Moody, personal communication). 

In comparison, Patterson's (1979) results included data from sawmills and timber yards (in 
fact about 75% of total firewood came from these sources) and therefore must have accounted 
for some of the self-collected wood accounted for in the Christchurch 1981 Household 
Heating Survey. This would suggest that application of a 50% increase to Patterson's results, 
as Wright and Baines (1986) applied, would overestimate firewood consumption in the Urban 
Christchurch area. 

Overall, these discrepancies in comparing previous surveys only supports findings that surveys 
of firewood consumption are both difficult and may contain a reasonably large standard error 
(or degree of variation). 

Review of the Firewood Merchant and Industrial Consumers Survey 

Due to a limited budget, it was determined that a phone survey would be an adequate method 
for retrieving information from fuelwood merchants. I From preliminary discussions with 
merchants it was apparent that data was unavailable for most merchants prior to 1992. Thus, 
data for 1992 and 1993 was requested in an attempt to trend firewood consumption to survey 
results from Patterson's survey made in 1978-1979. It should be kept in mind that the winter 
of 1992 was very cold and the winter of 1993 was relatively warm (where a cold winter 
would increase fuelwood sales above a warm winter). 

A list of over 150 firewood merchants, sawmills and timber yards was collected from such 
sources as yellow page advertisements, listings in local newspapers and from a list provided 
by the Ministry of Forestry, The survey was conducted between August and September 1993 
(with preliminary phone calls in July and some follow-up phone calls in October). A sample 
survey is attached at the end of this Appendix. Initial contact was conducted by phone. Most 
of the respondents provided data over the phone (including many follow-up phone calls). 
Some merchants requested a letter/questionnaire. Table A-I below documents the results of 
the contact/response survey. 

Most of Patterson's (1979) survey was conducted in person. 
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Table A-I Firewood 
Merchants 

Number Identified 150 

Number Contacted 140 

Number Still Awaiting Response! 7 

Number Unwilling to Provide Data 5 

Total Number of Responses 128 

As Table A-I shows, in total over 120 firewood merchants responded. Five merchants were 
not willing to provide data; seven merchants never responded or we were unable to make 
contact, despite repeated attempts. 

Sellers of firewood varied from larger, established operations to very small one-time firewood 
sellers. The larger sellers might sell as much as 10,000 tonnes of firewood annually; the 
smaller sellers might sell only a few tonnes of firewood annually. Although the survey was 
reasonably extensive, receiving data from over 120 firewood merchants, we were not able to 
determine how much firewood is self-collected in a non-market sense, for example, firewood 
cut and collected from a friend's or relative's land. As mentioned above, a household survey 
could account for self-collection. There is undoubtedly a large market of firewood cut and 
collected which may never be sold and is therefore difficult to capture in a survey of 
merchants. 

Even within a survey of merchants there are a number of factors which might limit the 
accuracy of a merchant survey: 1) many sellers do not keep accurate records or if they do it 
might take a great deal of time to provide the data (in this circumstance we asked the 
merchant to make an estimate); 2) many sellers may not be GST registered and thus may be 
reluctant to provide data or they may provide a IIl0wball" estimate of data in fear or an audit 
by the tax department (to minimize "lowball" estimates we made it expressly clear that all 
data would remain anonymous and only aggregated data would be published) ; 3) we were 
not able to reach all firewood merchants (there certainly are a number of "side of the road 
merchants" which are difficult to contact; in addition, as mentioned above we were unable to 
reach some merchants or receive data in time for this report). 

Most of the firewood merchants contacted in this survey did not have records which covered 
the intervening years since the last survey conducted by Patterson in 1978-79. Many of the 
merchants have been in the business only a short time (over 30 had been in business only for 
1993). Thus determining firewood consumption on a year-by-year basis over the past ten 
years or so is nearly impossible. Instead, only an overall trend could be suggested between 
the surveys made in the late 1970s and early 1980s and this survey. 

Where a "Response" identifies that a data sheet was completed. 
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Another factor affecting results of this survey is the number of sellers which said they did not 
sell firewood in 1992 but have sold firewood in 1993. The survey results show there were 58 
merchants contacted who sold firewood in the Urban Christchurch area in 1992; there were 
an additional 31 merchants who sold firewood in the same area in 1993 but not in 1992. This 
is an increase in firewood merchants of over 50% and suggests that merchant contact and 
associated sales for 1992 may be under-represented. It should be noted that these extra/new 
sellers sold about 20% of the reported sales for 1993. 

There are a number of possible explanations for this "increase" in sellers: 1) there appears to 
be a high turnover of merchants (a number of merchants had been in business for less than 
a year); 2) non-GST registered merchants may not be willing to provide data over the last few 
years, possibly in fear of a tax audit; 3) there were a number of merchants contacted who had 
only short-term sales (clearing a few trees, fund raisers, etc.); 4) expectations of another cold 
winter may have increased the number of people selling firewood. 

Self-Collection: Non-Market Firewood Sources 

Patterson (1979) reported the following firewood supplies from various sources: sawmills and 
chip mills (73%), merchants (10%), timber yards (4%), joineries (2%), wood product 
manufacturers (1 %), furniture makers (1 %), building trade (6%) and other (3%). 

The survey conducted for this study accounted for results from merchants, sawmills and 
timber yards. This survey assumes that firewood from joineries, furniture makers, building 
trade and other sources identified by Patterson would generally fall under the category of self
collected wood. 

To account for firewood from joineries, 25 joineries (of over 90 listed in the yellow pages) 
were called in the Christchurch area. Only one of the joinefies provided wood to the public; 
it was provided free of charge. Twelve of the joineries contacted had been in business since 
the early 1980s. Many of these joineries recalled that in the early 1980s they had more wood 
available for either self-collection (free) or for a minimal charge. Now, however, they are 
using far less solid timber and instead utilise more particle board for their products. This 
information supports the idea that far less wood is available for self-collection compared to 
the early 1980s (self-collection is discussed later in this section). 

Furniture makers were not contacted for this survey. However, it is assumed that as with 
joineries, particle board wood products are more commonly used in the furniture industry than 
they were in the late 1970s, thus decreasing available solid wood offcuts for use as firewood. 

Building statistics from the Building Research Association in Wellington, show that a typical 
new domestic dwelling includes 1 19 cubic metres of wood (depending upon construction 
type) in a 150 square metre house (page, personal communication). Patterson (1980) reported 
that in a limited survey of builders, there was on average about 7% wood waste given away 
as firewood. The Department of Statistics (INFOS, Building Consent Statistics) reports that 
there were 1,944 new building consents for fiscal year 1992, and 1,980 new building consents 
for fiscal year 1993 for Urban Christchurch (average floor space was 145 and 139.5 square 
metres respectively). Assuming a 7% wood waste for firewood as Patterson found, this 
converts to about 2,000 cubic metres or about 850 tonnes of building wood waste available 
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for firewood in Urban Christchurch. For the Canterbury region there were about 2,900 new 
dwelling consents for 1992, converting to about 3,000 cubic metres or about 1,250 tonnes. 
This is significantly lower than the estimate which Patterson (1979) made of 6,500 tonnes of 
firewood available in Canterbury from building sites. Although a building survey was not 
conducted for this survey, it may be that particle board has also replaced a lot of solid wood 
construction material for new dwelling construction. 

In general, it appears that excess wood usable as firewood from joineries, furniture makers 
and building sites has decreased compared to results which Patterson found in the late 1970s. 

There are a number of reasons the 1981 Christchurch survey results of 51 % for self collected 
wood may be lower today: 1) As results below show, excess wood available for self-collection 
from sawmills and timber yards in the Canterbury area has dramatically declined due to the 
increase in use of these wood wastes by large industrial users; 2) there were large wind 
storms which blew over a number of trees and increased wood available for self-collection 
during the period just prior to the household heating survey (Moody and Walker, personal 
communication); 3) less use of solid wood and greater use of particle board (generally 
unusable as firewood) in building, joineries, furniture manufacturers, etc.; 4) increases in per 
capita income may decrease the desire by Christchurch inhabitants to self-collect wood 
(Moody, personal communication); 5) a limited survey of about 140 houses by the Ministry 
of Forestry showed that self-collection in 1986 accounted for 8-14% of total wood consumed 
(R. Jamieson, personal communication). With these figures in mind, this report will assume 
that self-collected wood within the Urban Christchurch area for 1992 and 1993 is about 20% 
of firewood sales. 

Considering factors described above, to account for firewood from these and other "self
collection" sources the simplified assumption is made in this survey that self-collection 
accounts for an increase of 20% above merchant sales in Ux:ban Christchurch; a higher self
collection rate of 50% is assumed for rural areas of Canterbury to account for both greater 
access to wood sources and greater consumption per dwelling. I 

There is no known quantification of self-collection for either Urban Christchurch or rural Canterbury. These 
assumptions follow from a review of the literature discussed above and discussions with Moody, Jamieson 
and Walker. 
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IV. Survey Results - Firewood Merchants and Industrial Firewood Survey 

Very few firewood merchants have data for 1991 or before. Thus what is reported here is 
data for 1992 and 1993 (where for 1993, merchants were requested to provide year-to-date 
totals and estimate sales to the end of the year). Table A-2 below.provides the results. 

Table Preliminary Results - Firewood Merchant and Industrial Firewood 
Survey 

1992 1993 

IOMFS' HEATING 

URBAN CHRISTCHURCH 

No. Merchants Contacted 58 89 I 

Merchants - Tonnes Sold ,536 46,714 

No. SawmillsfTimber Yards Contacted 7 7 

SawmillsfTimber Yards - Tonnes Sold 590 590 

I~ Tonnes Sold 54,127 47,304 

OmER CANTERBURY AREAS 

No. Merchants Contacted 4 7 

No. SawmillsfTimber Yards Contacted / 22 25 

Tonnes Sold 13,295 14,292 

TOTAL DOMESTIC REA TING 

All Merchants Contacted 91 128 

Tonnes Sold 67,421 61,596 

INDUSTRIAL HEATING CONSUMPTION (Tonnes) 35,058 36,072 

TOTAL FUELWOOD CONSUMPTION (Tonnes) 104,740 100,099 
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Note that merchants, sawmills and timber yards gave figures in cords, tonnes or cubic 
metres. For the larger firewood merchants, conversion figures carne from the merchants. 
General conversion figures were used for smaller merchants, sawmills and timber yards. 1 

Included in Table A-2 are results from the known industrial wood-waste consumers. 
These industrial operations used wood shavings, sawdust and wood chips as fuel for 
industrial boilers.2 

Urban Christchurch Domestic Firewood Sales 

For the Urban Christchurch area about 54,000 tonnes of firewood were sold in 1992 and about 
47,000 tonnes of estimated sales for 1993. This represents a 13% decline in reported sales 
between 1992 and 1993, most probably due to the difference in heating needs between a 
severe winter in 1992 and a mild winter in 1993. 

Notice there was a significant difference between the number of sellers in each year: in 1992 
there were 58 merchants, in 1993 there were 89 merchants. All of the merchants who sold 
wood in 1992 sold wood in 1993; however, there were 31 additional merchants selling in 
1993. It should be kept in mind that the tum-over of firewood merchants appears to be very 
high, thus estimates made for 1992 may in fact underestimate firewood sales due to the fact 
that a number of firewood merchants were out of business in 1993, and thus not contacted 
during this survey. 

There was a significant decline in firewood sales by those merchants contacted who sold 
firewood in both 1992 and 1993. The same 58 merchants who sold wood in 1992, sold about 
28% less firewood in 1993.3 This significant decline could be attributable to the difference 
between the extremely cold winter of 1992, which increased home heating needs and thus 
firewood consumption, and the relatively mild winter of 19-93. In addition, a larger number 
of sellers in 1993 could have increased competition, and decreased sales per merchant. 

It is important to note that there were an additional 31 sellers of firewood in 1993 who did 
not sell in 1992; these sellers sold about 20% of the total sales in the Urban Christchurch area 
for 1993.4 

3 

4 

The following conversion figures were provided by Ross Jamieson at the Ministry of Forestry: 1 thrO\vTI 
cord:::: 3.6 thrown cubic metres = 2.37 solid cubic metres. Tonnage conversions were based upon data 
from the :tvlinistry of Forestry, the larger merchants where appropriate and Baines (1993). These conversion 
figures are in general agreement with figures used by Patterson (1979) and Baines (1993). 

:tvlinistry of Forestry conversions used for industrial wood uses were for dry pine products: 1 cubic metre 
shavings:::: 0.19 cubic metres solid; I cubic metre sawdust ::= 0.27 cubic metre solid; 1 cubic metre of wood 
chips:::: 0.38 solid cubic metres; and for energy, dry wood 19 MJlkg. 

This decline also matches a similar decline in domestic coal sales. 

If there were a similar number of flrewood merchants for 1992 who we were not able to contact this year, 
it may not be unreasonable to assume I O~20% increase in sales over what was reported for 1992. 
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Due to the lack of data availability from previous years it is difficult to determine what trends 
may exist in firewood consumption. Data from this smvey is only available for what was an 
extremely cold winter of 1992 and a relatively warm winter of 1993. Very possibly an 
average winter may be somewhere in between these two figures. In addition, it is difficult 
to decipher why there were so many additional sellers for 1993. It might be likely that there 
were more sellers in 1992 (small one-time sellers) who did not list' advertisements in 1993 
newspapers and thus were not contacted regarding sales they made in 1992. For continuity, 
to develop a trend in firewood merchant sales, it is recommended that a similar merchant 
survey be conducted at the end of next winter. In addition, although more expensive, a 
household survey would capture the difficult consumption figures of self-collecting as well 
as other needed information on fuel burner types, usage, etc. 

Other Canterbury Area Domestic Firewood Sales 

Far fewer firewood merchants in areas outside the Urban Christchurch region were contacted. 
There are a number of reasons for this, but primarily a far more thorough survey of sellers 
was conducted in the Urban Christchurch areas than was feasible in Other Canterbury Areas 
(rural areas). In general, contacting merchants in rural areas and smaller towns proved very 
difficult (both in terms of getting contact phone numbers and in making actual contact). 
Sawmills and timber mills were more easily contacted, probably because they held regular 
business hours. 

Due to these difficulties, it is assumed that the survey results for Other Canterbury Areas 
shown in Table A-2 do not reflect accurate domestic rural firewood consumption. As is 
discussed below, an extrapolation is made to more accurately account for Other Canterbury 
Area domestic firewood consumption. 

C. Industrial Firewood Consumption 

Firewood and specifically waste-wood consumption by large industrial users has significantly 
increased since the mid-1980s. A number oflarge industrial users of wood-wastes stated they 
were using either fuel oil or diesel as a fuel source for their industrial boilers until the mid-
1980s. Industrial firewood consumption is a significant portion of firewood consumed for 
energy usage in the Canterbury area (from Table A-2 over 30%). Industrial users generally 
use waste wood products (sawdust, wood chips, etc.). Results from this survey show that 
about 36,000 tonnes of firewood are currently consumed for industrial purposes. 
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Industrial wood-waste consumption is expected to significantly increase in early 1994, as the 
largest industrial wood-waste user expects to double its wood-waste demand (overall 
consumption could nearly double to about 70,000 tonnes per year). 

The increase in industrial use of firewood products has certainly affected the existing firewood 
market (far fewer sawmills now sell firewood and instead waste wood is delivered to these 
large industrial users as wood chips, etc.) With significant increases fn demand by the largest 
industrial user, competition for firewood and especially waste-wood will significantly increase 
in the near future. 

v. The Need for Adjustments to the Domestic Firewood SUlVey Results 

There are a number of important factors which need to be taken into account and suggest that 
"adjustments" are needed to the domestic firewood survey results reported in Table A-2. 
These factors include: 1) the difficulty encountered in contacting rural area firewood 
merchants; 2) accounting for self-collection in the Urban area and in rural Canterbury; and 
3) greater firewood consumption per dwelling in rural areas versus Urban Christchurch. 

To compare and contrast the above results I have made a simple extrapolation. Table 
shows that if average consumption were calculated by dwelling within the Christchurch Urban 
area (as defined by the Department of Statistics), the average household would consume 0.48 
tonnes. If this consumption figure is extrapolated for the "Other Canterbury Areas" (areas 
outside Urban Christchurch), the total Canterbury consumption would be about 77,000 tonnes. 
This is approximately 15% higher than the survey results for domestic consumption reported 
in Table A-2 and suggests the survey underestimates Other Canterbury Area domestic 
firewood consumption. 

Table A-3: Extrapolation of Domestic Firewood SaleslDwelling 

1992 

URBAN CHRISTCHURCH 

Tonnes of Domestic Firewood Sold 54,127 

No. of Dwellings 113,713 

Tonnes of Domestic FirewoodlDwelling 0.476 

CANTERBURY 

Tonnes of Domestic FirewoodlDwelling 0.476 

No. of Dwellings 161,857 

Extrapolated Firewood Tonnes Sold 77,042 

In addition, data from the Department of Statistics 5-Year Census on "Means of Heating" 
shows there is a much greater reliance on wood heating in rural areas of Canterbury than 
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in Urban Christchurch (see Table A-4). The census results indicate that only 4% of Urban 
Christchurch dwellings rely solely on Wood-Only means of heating, whereas 15.6% of 
dwellings in Other Canterbury Areas rely on Wood-only means of heating (suggesting that 
homes in rural areas are four times as likely to use only wood heating). Table A-4 also 
shows that dwellings in Urban Christchurch rely upon Electricity and Wood and/or Coal 
for 36.4% of heating needs, whereas in Other Canterbury Areas the combination of 
Electricity, Wood and/or Coal is greater at 52.1% of dwellings. These census results 
suggest that those dwellings in Other Canterbury Areas which use wood, would use a 
greater amount of firewood on average to heat their homes than the average dwelling in 
Urban Christchurch. 

Table A-4: Means of Heating - 1991 Census Results 

Wood Only % of Total Electri city, % of Total Total No. 
(No. of Wood and/or Dwellings 
Dwellings) Coal (No. of 

Dwellings) 

Urban 4,494 4% 40,941 36.4% 112,365 
Christchurch 

Other 7,392 15.6% 24,732 52.1% 47,478 
Canterbury 
Areas 

Canterbury 11,886 7.4% 65,673 41.1% 159,843 

With the results from Tables A-3 and A-4, it is clear that rural Canterbury areas use greater 
amounts of wood per dwelling than Urban Christchurch. However the survey results shown 
in Table A-2 do not reflect this difference, and probably unaerstate rural consumption. Thus, 
to more accurately capture firewood consumption in rural Canterbury areas, data for Urban 
Christchurch will be used to extrapolate for rural Canterbury dwelling consumption figures. 

In addition, as noted above, self-collection was not accounted for in the merchant survey 
results reported in Table A-2. Self-collection assumptions are included in the following 
sections. 

VI Summary Results 

Extrapolation: Accounting for Self-Collection and Greater Rural Consumption 

From results of the Christchurch 1981 Household Heating Survey, it is clear that firewood 
self-collection 'needs to be taken into account. The Christchurch City Council Household 
Heating Survey found that 51 % of households surveyed, retrieved their firewood from non
market sources (Moody, personal communication). As discussed above, this report will 
assume a self-collection rate for Urban Christchurch of 20% of firewood sales. For rural 
areas of Canterbury a 50% increase above the "base tonne/dwelling" is applied to account for 
the following: rural areas are more likely to have greater access to wood sources, greater 
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inclination to self-collect wood, and a greater reliance on wood as a fuel source as the results 
of Table A-4 imply.l 

Table A-5 provides summary results for firewood consumption in the Canterbury area. Table 
A-5 includes the following aforementioned adjustments: 1) extrapolation of Urban 
Christchurch results of tonnes of firewood consumed per dweHing to all dwellings in 
Canterbury to account for lack in quality data in contacting rural merchants; 2) increases in 
self-collection not accounted for in the merchant survey (20% for Urban Christchurch and 
50% for Other Canterbury Areas); and 3) a 33% increase in firewood consumption per 
dwelling for rural areas. 

Table A-5 shows that Urban Christchurch firewood consumption was about 65,000 tonnes 
for 1992 and 57,000 tonnes for 1993. Total Canterbury domestic firewood consumption was 
99,000 tonnes for 1992 and 87,000 tonnes for 1993. Industrial firewood consumption is 
unadjusted from Table A-2. Total firewood consumption for both domestic and industrial 
uses was 134,000 tonnes for 1992 and 123,000 tonnes for 1993. 

This assumption is based on discussions with numerous sellers in rural and urban areas, Ross Jamieson of 
the Ministry of Forestry, Terry Moody of the Christchurch City Council, and John Feet of the University 
of Canterbury. 
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Table A-5: - Canterbury Firewood 

Firewood Consumption 

Va'ban Christchurch Other Areas 

Base Incl. Self- Base Inci. Self-

No. of Base Ton.! Collection Adjusted No. of Ton.! Collection 

Dwellings Tonnes Dwelling ToolDweli Tonnes Dwellings Ton/Dwell Tonnes 

20% 50% 

0.48 0.71 34,374 
0041 0.62 101 

1992 113,713 54,127 0.48 0.57 64,952 1 48,144 

1993 115,078 47,304 0041 0.49 56,765 48.818 

Wood Fuel Consumption bv Sector 

ChCh ChCll Oiller Canty Other Canty Total Total 

Domestic Industrial Domestic Industrial Domestic Industrial TOTAL 

Tonnes Tonnes Tonn~s Tonnes Tonnes Tmmes Tormes 

1992 64,952 2,696 34,374 32,361 99,326 35,058 134,383 

1993 56,765 2,696 30,101 33,376 86,867 36,072 122,939 
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Trends in Firewood Consumption - Comparison to Previous Studies 

Table A-6 and Graph A-I show Canterbury total wood fuel consumption for domestic and 
industrial sectors, for both Urban Christchurch and Other Canterbury Areas. Details by 
sector are discussed below. 

\ 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Table A-6: Total 'Vood Fuel Consumption by Sector 
(Tonnes) 

ChCh ChCh Other Canty Other Canty 

Domestic Industrial Domestic Industrial 

52,000 ° 25,279 11,615 

52,754 ° 25,848 12,122 

53,519 ° 26,430 12,629 

54,295 ° 27,024 13,136 

55,082 ° 27,632 13,644 

55,881 ° 28,254 14,151 

56,691 1,106 28,890 14,658 

57,513 2,167 29,540 27,289 

58,347 2,519 30,204 28,303 

59,193 2,727 30,884 29,318 

60,051 2,676 31,579 30,332 

60,922 2,194 32,289 31,347 

64,952 2,696 34,374 32,361 

56,765 2,696 30,101 33,376 

Canterbury Wood Fuel Consumption by Sector 

,~"" I 
:::L----

00.000 -l:.' ..--._-...----

Total Total 

Domestic Industrial 

77,279 11,615 

78,602 12,122 

79,948 12,629 

81,319 13,136 

82,714 13,644 

84,135 14,151 

85,581 15,765 

87,053 29,456 

88,551 30,823 

90,077 32,044 

91,630 33,008 

93,212 33,541 

99,326 35,058 

86,867 36,072 

_Tatal 

----- Total OamasK 

- Toallndustrial 

I -tIr-- ChChOort'lll!:SDc 

00.000 L--........--.....---,...---<-----..,...---~. ,-.. - OtNrCOl1\Vlnd ....... 1 

_ --a- O'lt\er Canty OOrtl!tstic 

Graph 
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TOTAL 

88,894 

90,724 

92,578 

94,456 

96,358 

98,286 

101,345 

116,508 

119,374 

122,121 

124,639 

126,752 

134,383 

122,939 



Domestic Consumption 

A comparison to Patterson's (1979) results is made because the survey methods were similar 
(contacting merchants and not household consumers as the Christchurch 1981 survey did). 
In addition, neither study accurately accounts for self-collection. There are some significant 
differences, however. The area which Patterson surveyed in 1979'was the Canterbury area 
as then defmed by the Department of Statistics; the geographic area for the Canterbury 
Regional Council is larger (including regions south and north) than the area which Patterson 
surveyed. 

Brady and Pullen (1985) extrapolated Patterson's results to the Urban Christchurch area, 
suggesting that 40,000 tonnes of firewood were consumed in 1980. 

Because Patterson's survey did not account for self-collection, it may be more reasonable to 
increase his estimates by between 10-40% (where a higher percentage would assume that 
more wood was available for self-collection in the early 1980s and that Christchurch residents 
were more likely to self-collect their wood).! 

Table A-7 interpolates between Patterson's (1979) results for 1980 and the results obtained 
from this survey. Note that Patterson's results are adjusted to account for an increase of 30 % 
self-collection, resulting in about 52,000 tonnes consumed for 1980 in Urban Christchurch. 
Using a self-collection rate of 20% for 1992-93, results in approximately a 60,000 tonne 
consumption per year currently for Urban Christchurch. These results would suggest there 
has been about a 15 % increase in firewood consumption in Urban Christchurch (or on 
average about 1.5 % per year) . 

Due to the different nature of the studies, and the fact that Patterson did not conclusively 
account for self-collection, comparisons are difficult. However, it is clear that firewood 
consumption in Urban Christchurch has increased. 

Note: Patterson included in his survey, timber yards, furniture makers, joineries, builders, etc. which 
accounted for some, if not a great deal, of the "self-collected" wood percentage of 51% found for self
collection in the Christchurch 1981 Household Heating Survey. Thus, application of a lower self-collection 
percentage than 51 % is appropriate. 
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A-7: Summary Results - Canterbury 

Domestic Firewood Consumption 
Urban Christchurch Other Areas 

Base Incl. Self· Base locI. Self· 
No. of Base Ton.! Collection Adjusted No. of Ton.! Collection Adjusted Str. Line 

Dwellings Tonnes Dwelling TonlDwell Tonnes Dwellings Dwelling TonlDwell Tonnes Tonnes 

20%·30% 50% 2.25% 
1980 98,336 40,000 0041 0.53 52,000 41,431 0.4 0.61 25,279 25,279 
1981 99,516 52,754 41,928 25,848 

to 53,519 26,430 
1983 101 54,295 42,940 27,024 
1984 J42 55,082 43,456 27,632 
1985 104,379 55,881 43,977 28,254 
1986 105,831 56,691 44,307 28,890 
1987 101 57,513 44,929 29,540 
1988 108,386 58,347 45,559 30,204 

1989 109,687 59,193 46,198 30,884 

1990 111,003 60,051 46,846 31 

1991 112,365 60,922 47,478 32,289 

1992 t 54,127 0.48 0.57 '64,952 64,952 48,144 0.48 0.71 34,374 34,374 

1993 115,078 47,304 0041 0.49 56,765 56,765 48,818 0041 0.62 101 30,101 

NOles: 1) Urban Chrisicilllrch 1980 dala from Brady and Pullen (1985) 

2) Data for 1992 and 1993 from a survey conducted for this study. 

3) For Urban Christchurch self-collection increase ill 1980 assumed at 30%, for 1992 and 1993 assumed 01120% due 10 less wood availabilily 

dala is from the Depal1ment of Statistics, using 1991 definitions for Urban Chrisrcllllrch and ihe Canterbury Regional Council geographic 

5) ilUcl1mlalioll is fmm 198010 all apprOldmale average of 1992 ami 1993 survey results. 
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In addition, there have been consistent increases in the number of wood burner installation 
permit approvals since 1980. Data on the number of installation permits approved for heating 
appliances in the Christchurch urban area reveals two dramatic increases since 1980 (see 
Graph A-2). Separation of heating appliance type into coal and wood burners prior to 1988 
is difficult. Since 1988 only wood-burners have been allowed a clean air permit; thus there 
have not been any legal installations of coal burners since 1988. 

As Graph A-2 shows, there have been two significant increases in heating appliance permit 
approvals per year in the past 13 years: one in 1983 which may have been a response to 
disallowing the sale of high sulphur coal in Christchurch in the early 1980s (Brady and 
Pullen, 1985); there has also been a steady increase in wood-burner permit installations since 
1989 (in fact April 1993 saw the highest number of permits approved in one month since 
1980, when 420 permits were approved). 

Christchurch Heating Applicance Installation Permit Approvals 
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Graph A-2 

There has been some speculation that more people would install wood-burners following the 
electricity shortage of 1992, wanting to limit the risk of fuel limitations for heating in future 
winters. However, the recent increase in wood-burner installation permits precedes the 1992 
electricity shortage and may relate to decreases in wood-burner costs (per John Peet). 

B. Industrial Consumption 

Table A-6 shows industrial wood fuel consumption; since the mid- to late-1980s industrial 
wood fuel consumption has approximately doubled, with current estimates at about 36,000 
tonnes per year. Results for the early 1980s are based on discussions with current industrial 
wood fuel consumers and are estimates only; however, they are considerably higher than the 

Appendix A - 18 



2,500 tomes which Patterson (1979) reported for 1980. These industrial users generally use 
wood waste products usually collected from their own operations or from sawmills and timber 
mills. 

In addition, with the increase in industrial consumption expected for 1994, industrial fIrewood 
for energy consumption in the Canterbury region could total closer 70,000 tonnes per year. 

As a result of this tremendous increase in industrial fIrewood usage since the mid 1980s, there 
has been a significant shift in market suppliers. For the Canterbury area in 1979, about % 
of all fIrewood was supplied by sawmills and chip mills (patterson 1979). Now sawmills and 
chip mills provide less than 2 % of flrewood provided for Urban Christchurch (results from 
this survey). 

Instead the majority of fIrewood for Urban Christchurch is now provided by fIrewood 
merchants. Patterson found there were 14 fuelwood merchants in 1979; this study identifIed 
over 90 fuelwood merchants in the Urban Christchurch area. 

VIDe Firewood Consumption by Species, Sources and Supplies 

This survey also asked what type of trees the merchants sold as fIrewood. Pine dominates the 
flrewood specie market making up about 48 % of total sales (both for Urban Christchurch and 
for those merchants surveyed in Other Canterbury Areas). The remaining specie supplies 
come from oregon (10%), macrocarpa (9%), larch (8%), willow (6%), beech (5%), blue gum 
(5%), eucalypt (3%), jarrah (3%), and other (3%). 

There were a number of merchants who suggested they are having to go further and further 
to retrieve their wood supplies (many reported having to go to the Nelson/Marlborough areas 
or the west coast). One merchant had been receiving large amounts of wood from a local 
plantation, until that plantation started using its own plantg.tion trees for industrial heating 
purposes. A decrease in plantation trees required the merchant to import fIrewood from out 
of the Canterbury region. 

It is difflcult to determine the amount of wood that is imported from out of the Canterbury 
area. Although many merchants suggested they brought logs in from other areas, 'many did 
not keep accurate records on a percentage basis of imported frrewoods. In general, it appears 
that merchants are having to increase out of Canterbury area imports to meet Urban 
Christchurch firewood demand. 

In addition, the largest industrial user of wood wastes is expected to double its wood waste 
consumption in early 1994. The 1993 wood waste consumption by industrial consumers is 
estimated at about 36,000 tonnes; for 1994, estimated wood-waste consumption is expected 
to nearly double, to about 70,000 tonnes. 

To further increase future competition for Canterbury area wood supplies, a recent report by 
the Ministry of Forestry (Ministry of Forestry, 1993) suggests that the regional wood supply 
will not increase in the next few years. This forecast identifies that Canterbury exotic 
plantation supplies will remain approximately level until 1998-1999, when existing plantation 
harvests will increase by about 25 %. 

Due to the combination of an increase in domestic frrewood demand as seen over the past 
decade (certainly within the Urban Christchurch area), the expected doubling of Canterbury I s 

Appendix A = 19 



largest industrial user of wood wastes, and no significant increase in available exotic 
plantation forests, many wood experts believe that the firewood market will IItighten" in the 
next few years, consequently increasing the price of firewood to new heights. With increased 
competition and subsequent increases in prices, one forestry analyst suggested there may be 
a decrease in aesthetic fires (those fires lit mostly for aesthetics and not necessarily as a 
primary heat source). 
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lSIha) 18.1 16.1 23.0 ___ 11_.81.---J:l! __ ~ _ ~ _ 10.6 1s,a 12.0 16.6 12.8 12.8 9.5 23.9j 

Innsr area aansity (peronslha) 22.4 21.1 26.9 18.7 20.3 a.6 27.2 16.3 39.2 43.1 47.3 16.3 28.6 18.4 28.7 
:persorn 

0UIl!rareadan~lyllt9ronSlha) 17,0 14.1 22.1 11.3 a.9 9.8 14.4 9.8 15.3 9.8 11.4 11.7 10.5 8.8 21.6 
CBDdensil'l!llEl!Sonsiha 3.7 ---13.2 7.3 10.2 I1.S~.9'-------:!1?-1 9.5 20.8 71.2 30.3 16.7 16.5 17.9 28.2 
Proportion of populalion In CBD %) 0.0 0.0 0.0 0.2% 0.1% 0.1% 02% 0.6% 0.2% 2.2% 0.2% 0.6% 0.2% 0.2% 0.1% 
Proporlion of population in innar area (%) 02 0.4 0.2 10.6% 'w.gOA,f-' -14.1'1,~5% 19.1'i,f---.·15.2O/~ 23.8% 38.3% 26.2% 26.3% 12.4% 30.6% 

EMPLOYMENT PARAMETERS 
7.1 5.8 9.1 5.0 5.9 4.4 8.7 8.7 6.1 

F-:"':"-''':'''''':-'''''''C:''''''':'''='''=?:'--'C:''ObSih'2'";oli'"c-______ 16.9 13.3 29.0 13.4 43.0 15.9 23.8 14.5 10.9 
Outer area em 10 menl densl 'obsllla) 4.6 ----2-:-7 4.-4 3:4 4.3 2.7 6.2 6.8 5.4 
CBp~loymen!.densil]r (j<)I:).sJl1aL 129.9 76.7 142.6 '-160.9 530.6 131.5 921.0 1::7:;5.'=9t----c2:::5~6:';.9+---;::::::-':+---=::=I 
l'~rlionQI~_lngB.!)Jo/ol._ !4.9'lt.. .27.8% 22.1% 15.6% lo.s% 21.3% 10.2% 10.9% -5'S·';'I-
Prop0rtion.ollobsinlnnarareaj%). 47.6% 66.7% 61.5% 42.1% 30.3% 45.1% 32.1% 39.3% 40.3% 22.2010 

418.3 540.4 163.8 557.7 443.0 36S.7 951.3 192.6 321.2 534.3 
44.8 41.0 22.0 70.1 n3 77.2 71.1 30.7 40.0 44.3 

-~. 11.4 13.2 18.6 2M 15.0 17.6 18.5 13.1 32.4 
--16.8 13.S---U:SI' 20.8 24.1 19.1. 25.2 21.4 -15.2 36.3 

I I 
594.0 631.2 536.1 633.3 580.71 533.21 613.5 678.2 530.0 609.2 633.3 
497.4 527.0 469.4 536.7 463.01 457.0 518.3 522.91' 448.5 520.7 547.1 

. . I . 
7657 6.8.571 6899.! 7956 83091 81001 7924 88.61) 7051 11422 10355 10~~1 .124.87 1.4.1.17 .. 
6672 5880. 60621 6690i 6467 67441 6436 7203 5886 10280 9525 10011 11239 13016 
9691 9463 9038 132861

1
. 14374 128791 1204~ 14798 11281 19304 15325 14189 17.607. 20610 

8444 8115 7941 11173. 11188 11195 9782· 12029 9417 17373 14096 13515 15846 19004 
i2890 10864 12870.1 125631. 14308 15191 12915\ 13066 13303 18751 16350 10135 1563.01 1756! 
12566 10530 12359 124661 13969 14758 12417 13775 19743 17408 13303 162081 21418 

600.3, •. 
4.9 

121-() 
1560374 
1359491 

9S8.3 
- 6.2 

101.8 
1105744 
948188 

966.4 
5.~ 

94.2 
1211788 
1064689 

5SO.2 
8.0 

79.4 
998051 
839291 

32~~1' 
.71.0 

1016138 
790904 

805.8 
8.8' 

60.8 
924248 
769539 

337.3 
7,7 

79.7 
102.9438 
836048 

631.1 
10.7 
63.2 

825722 
671204 

222.2 
6.2 

85.4 
1136500 
948670 

285.0 
6.7 

90.5 
1696255 
1526630 

128.2 
5.2 

'i22.3 
1999309 
1839068 

605.S 
7.6 

137.0 
1388294 
1322338 

27060 24792 22359131784 31290 40699 335.27.1 34579 29491
1 

50617 46498 5§.1.3._.2 
33243 33144 27955 36143 38361 44032 38140 40543 33973 57294 54853 67692 
6183 8352 5597 .. 1

1

. 4359 7071 3333 4613. 5965 4481 6676 8355 11560 . 
546 383 ~ 522 959 916 962 749 851 1102 

705.7 
- 6.0' 

1.32,S 
2074956 
1867457 

612.3 
11.7 
SS.4 

12(ji726 ... 

1108079 

33789 33527 28477 37103 39277 44995 38890 41395 35074 
""'=======""----c-----------jf----"''''98-'''% 99% 97% 98% --98% 98% - ---s8o/;--970/;'I---==+--==+--==+--==+---'-'-'=I---=""l 

2% 1% 3% 2% 2'% 2>:>/Q 2% 2,3'Y.!".+-__ =-",-+-__ ,,-,,+ 
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1990191 CITY DATA Auckland Christchurch V{~ Adelaide Brisbane Canberra Melboume Perth Sydney Boston Chicago Denver Detroil Houston LoSAn~ 
PUBLIC TRANSPORT PARAMETERS 
V<IIllcle kilometres per person 

---~~ --- ~-f---

Buses 26~1 24~8 28, 39,1 ~:3 67~9 21.7 42,2 39.9 16,5 22.2 21,2 14,0 16,7 ~ 
Rail 0,6 0,0 23,3 6,6 26,8 O~O 20~8 4,8 53.8 18.7 19~3 0.0 0,0 0.0 O~O 

Trams 0.0 " 0.0 0.0 0,7 0,0 0.0 7.4 0,0 0.0 0,8 0,0 0.0 0,0 0,0 0,0 

Femes 0.1 0,1 0, " 0,0 0.0 0,0 0,0 0.0 0,3 0.1 0,0 0,0 0,0 0,0 0,0 

Torsi 26.i 24.9 51.9 46.4 55.1 lii.S 49.9 47.0 94.0 36.0' 41.5 21.2 14.0 16.7 19.8 

Passenger trips per person 
~,B ~-ru ,8uses 38,2 27,9 ~---s3:6 89,2 30.2 47.0 83.1 36,2 63.6 30.0 24.3 26.2 55,0 

Rail ;,2 0,0 30,6 1--_9,7 ~~ ~~ 35.3 7,0 71.1 69.5 -----~~,g 0,0 0.0 0.0 0.0 
Trams 0,0 0,0 0,0 2.5 0,0 ~~ -~~ 0,0 0.0 8.4] ___ 0.0 0,0 0,0 0.0 0.0 
Ferries 1.4 2~; 

0,3 0,0 O~O 0.0 0,0 0.4 6.1 0~3 0.0 0.0 0.0 0.0 0.0 
TOI3I 40.8 ----ni:e 75.8 69.1 89.2 101.1 54.4 160.3 114.4 95.7 30.0 24.3 21>.2 55.0 

~-

Psuenger II'lpS per vehicle kilometre 
---~ ----

Buses 1.5 1,1 1.6 1.6 1.3 22 2.9 1.4 1.1 2~ 1 ~c 1.7 1.6 2.8 
Rail __2.~1~ 1----- ___ 0 ,0 _,~~ ~_I':l f---~,6 1.7 1.5 1.3 3,4 1.7 

~~s, -----_ .. 0.0 0.0 0.0 4.8 11.2 -_. 
, . ~ 

18.6 1.5 6.4 11.3 20.0 4.0 
~i~6 .:=:~ LOveIll!/I~ --- 1.5 1.1 1.5 1.6 1,3 1.3_ 2.0 1.2

1
_ 1.7 3.0 2.3 1.4 1.7 

Passenger kllomelrQ J)erperson 
I~--~~ ------- I-"~ ~~---~~ i-

BIIS!IS 270.4 172.8 256.6 451.3 308.2 659.9 171.1 446.5 598.1 148.5 265.3 ~ 171,3 215.0 351,6 
Rail 19.4 0.0 584.5 108.9' 591.6 0.0 476.8 97.3 1108.3 455.3 540.1 0.0 0.0 0.0 0.0 
Trams 0.0 0.0 _0.0 12,0 0,0 0.0 195.9 0.0 0.0 19.0 0.0 0.0 0.0 0.0 0.0 
Forrios 4.4 ~ _____ 0.2 ~"~ ~~~ 89~.~ 0.0 0.0 0.6 62.9 3.8 0.0 0.0 0.0 0.0 0.0 
rotal 

-------,~ 

294.2 173.0 659.9 843.8 544.4 ~~~. ~ ~ ~1769.4 ~626.5 805.3 198.5 In.~ 215.0 351.6 

I~;;,ii'; ii!iii9d olpubli" ii-iI"Sport 
,~, ~ ~ ~, ~ , 

------

34,5 1-. ~ ~~:~ --=~1'~ 
~~~~~ 19,0 2~4.2 22,:; ~~ 23,6 

c-~~~~~;::-:; 

~~, 27,1 18,0 21.0 22~ 1 28.7 20.1 17,9 -~ i- - 39,1 0,0 42,3 27~0 44,0 ~~~ 42,0 33.2 46,1 
,~-- ~ 

0.0 0,0 0,0 19.9 ~ ~ ~ 180 17.2 
1---'- .--

~ ~. ~ ~~ ,.~ ~~~~~ ~ ~, {~:~ 1 ~~~~,-----

-
17,3 15.5 27.8 _ ~ 23.0 21,5 

,~ 

-ij,~ 
--~ ;;;:;-;;: 

27.7 16.0 35.6 23.0 S8.8 34.5 27.1 33.S 29.5 36.S 24.2 22.5 _ ~ ~J!!:!! 

~~UI~r e"orgy eHlelency (MJlkm) 

~ ~t: ~~~~ . 19,9 15,3 10~0 20.8 14.2 18,9 16,6 25.8 30,2 28.0 28.9 ~ ~~~~..29.9 
~~32.5 

r~an ~~~ ~~ 40.7 0,0 9.9 4::~ 12,3 13,1 6.1 27.4 30.9 
-

~;]II ,-
0.0 0,0 O~O 9.0 84,9 

_. - -_ . . _-----

40.3 36.9 73.3 41.6 372.9 533.4 
_._. 1--' ~ --~~~--

211.4 15.4 10.0 20.7 16.6 14,2 15.0 18,1 11.7 Z8.7 3Q.6 ZIl.O zali 
" , I" 32.5 29.~ 

1M00ai eneriIY iifficlencYlWIPeS! kml 
, --+-- --~~-

~u~9i:: " 
1.9 2.2 1.1 1.45, 1~91 1.46 2.40 i:~ 1.11 2,86 2.53 2,99 2.37 ~~ "2.32 '1.ij3 

~--- 1.2 0.0 0.4 2.75 0.56 0.57 
-~ 

0.29 
~~ -~~-= 

-- 1,11 1.10 
--~.- ----- .-

0.0 0.0 0.0 0,51 0.34 3,3~6 ._---- I~-,~-~ 

~:£--. 0.7 13.2 2.1 

~I:;: 
1.81 9~99 

~- ~ ~ I ~ 
~ 1.9 2.2 0.6 1.68 1.0Z 1,46 0.89 0.62 1.60 1.57 ~ Z.9,9

1
_ 2.37 12.,3:£ - I~ r-------~-- .. ~ 

L""""""'"''''' INDICATORS 
----,--- - ~~~.~~.~ I~ , .. ~ ~~~ r'-"~ ~ ~~--

~~;~!ransit public pass 
~-

~ -;f~ 
69.3% 21.1% 65,7% I ~ 79.7.;~ 17.9% 62,6% 75.7% 

.. 1'- ~-

---- - 67,1% 

l~g~l_ Illassonaer kmS7ilubllC'+ privata) 
~ ~ .. 8287 8784 11745 1;~~~ 185~5 ~ 1~~~~ 12573 

, 
ilHI6 18000 14902 1~~J~ 1~~~~ 

r~17037 
IAnnuallixad costs per car ($US 1990) 2125 2141 2,'71 3740 3995 3149 3751 3630 ! ~3S37 

,~ 

~t~percarv"hkm US$1990 0.17 0.20 0,18 0.3 0,21 0.3 029 0.24 __ (),19 0.22 0.28 023 0,18 0.18 
Variable car cost per car vehicle kilometre US$1990 0.092 0.102 0.094 0.108 0,095 ----~8 0.111 0.108 0,076 0,078 0.084 0.074 0.076 0.071 
car COS! per passenger km SUS 1990 0.21 0.22 0,21 0.24 -----0:18 0.26 0.24 ~0.22 ----

0,16 ~ ---------0:20 0.27 0.22 0.18 0.17 
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Auckland Christchurch ~Welli~ Adelaide! Brisbane I Canberra Melboume Perth _~§ydn.~ Boston 1 Chica!;!o Denver Detroit Houston Los Angeles 
0.08 0.10 ~ 0.05 0.05 0.04 0.06 0.05 0.03 0.03 0.03 0.03 0.03 0.03 
0.21 0.29 0.21 ---0.21' 0.16 0.18 0.23 

--~ 
~16 0.10 0.11 0.15 0.13 0.10 0.10 

0.18 0.24 0.14 0.30 0.11 0.27 0.16 +J; 0.36 0.19 0.32 0.26 0.19 0.21 
1.97 1.65 2.25 3.70 1.80 4.58 1.85 6.26 3.69 2.99 3.18 2.45 3.73 
0.15 0.23 0.11 0.15 0.06 0.13 0.09 0.05 0.13, 0.07 0.13 0.12 0.07 0.08 

12236 10520 ~ ~ ~ 21088 17697 215~ ~~~ 26038 24533 22538 26155 24894 
1.27 1.38 1.31 1.67 1.73 t.66 1.52 1~67 1.60 1.69 1.48 1.35 1.41 1.46 1.44 
0.58 0.38 ~. -~ ~~-%JJ 0.70 0.60 0.58' 0.91 0.56 0.82 0.42 0040 0.39 0.44 

3.4%, 2.10'/., 9.6% 4.9°/Q 7.4<>/0 ------s.so/. ~ 4.3% 15.8'% 3.5% 5.4"'/0 1.4% 1.1% 1.1% 2.1<% 
1798 1836 1753 ~1 2071 2725 2975 2243 2960 2991 3708 3461 3373 2982 

14.7% ------:r7.5% -----,wI. 14.7'% ~/~ 12.90/. 16.8% 10.4% 10.7% 11.5% 15.1% 15.4% 12.9% 12.0% 
483.7 400.9 1195.2 545.6 ,~ ~~ ~4 500.1 1580.9 432.9 686.7 27l.4 178.8 158.7 473.2 

0.61% 0.72% 0.70% 0.67% 0.89% ~~- 0.75% 0.87% 1.02% 1.21% 1.19% 0.88% 0.88% ---o:7iio/; 
---0.12 ---o:Ot; 0.06 0.05 0.06 0.09 0.09 0.06 0.06 0.05 0.09 

407 236 208.8 244.7 221.7 232.6 255. 273.3 227.7 278.5 298.6 298.5 225.0 
7370.3 3805.8 ___ 0_.0 2454.6 ~2 -- ~ 2473.2 4297.5 3286.1 3768.6 3557.4 3808.0 2840.7 5377.0 

11.4 11.1 7.3 12.9 12.5 11.6 11.9 ..!lJ. 10.4 13.7 14.1 13.9 ----zi'8 16.8 

Q,~~_0.Q16 0.011 0.Q16 0.015 0.015 0.013 '-0:016 --0.009 0.013 0.013 0.011 oms 0.Q13 
12.9%1 14.2% 12.1% 15.9% 22.2% 16.7% 18.8% 18.7% 16.5% 10.00/,' 8.0% 4.80/., 10.0% .?:~~(~ ~~ ~~ 

47.? 46.8 46.5 46.41 50.1 49.5 45.1 45.0. 37.0 52.3 45.0 58.1 56.3 .~1.2 
~-~ 

88.8 99.8 131.0 93.7 80.0 84.2 114.8 114.1 104.4 81.0 85.7 9§.7 76.7 111.8 
4.1 4.2 3.7 4.8 4.8 6.0 5.2 4.8 5.0 4.9 ~ 5.6 4.9 4.9 4.81 

±.!6 3.04 2.60 2.79 2.66 3.51 3.23 2.82 2.73 2.87 3.21 ---4-.14r 3.45 3.35 3.281 
15.5 9.6 40.0 23.0 42.S 47.3 30.0 27.5 85.2 20.3 33.9 a.9 5.6 6.4 8.8 

280.8 154.2 919.8 270.3 416.8 454.6 447.0 291.9 1433.4 244.5 ~ 113.1 71.6 61.2 209.5 
2265 2279 1884 2561.3 2898.7 2915.8 2980.4 2588.2 4238.1 4068.6 4960.8 41)17.5 5192.8 4476.0 
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1990191 CITY DATA New Yorl< Phoenix Portlan(if Sacra~ San Dia(lo~ Washii1Q!on CalQary Edmonlon Montreal Onawa Toronlo Vancouver Winnipeo Amslerdaml 
I 16 17 18 ~ ---~ 19 ~--~ 20 21 22 ___ 23 ___ 24 ~ __ 25 _26 ---27 28 29 301 

I RAW DATA 
Urbanised Are. 958,372 191.$40 100,490 i 86,470 ~7s0 226,390 244,660 34,173 20,589 - 92,390~ ---~ 54,ii68 -~ 74,115 30,146 14,392 

Population 18.409,019 2,006,239, U72,158 1,097,005 2,348.41f 3,629,516 3,363,031 710,677 614,665 3,119,570 907:919- 2,275,771 1,542,933 641,850 702,731 
192 10.5 11.7 12.7 13~i 16.0 13.7 20~8 29.9 33.8 31.3 41.5 20.8 21.3 48.8 

PARAMATERS ~--~ -- ~ 

POPULATION PARAMETERS ~ --- ~-- ~ ~ ____ __ ~ __ ~ 1__ __~ ~___ ~ __ _ 
Urban density (personslha) 19.2 ~ -w:s 11.7 12.7 13.1 16.0 13.7 20.8 29.9 33.8 31.3 41.5 20.8 21.3 48.8 
Inner area density (peronslha) 91.5 16.4 23.7 ~~~1 59.8 38,1,---22;7 26.8 64.1 49.2 60.0 41, 41.2 89.3 
OUllIr areadsnsil)l(peronslha) 12.6 lQ.4 9.9 10.8 *9 13.6 12.0 20.2 31.5 28.5 30.1 35.4~4 Ul.O 29.7 
CBDdensil)! (Ilersonslha) 226.6 16,6 34.0 -----fei 27. --1-1-1.1 27.3 33.6 21.6 51.5 39.7 51.1 25.6 42.5 93.21 
~~IPoPulalionincBD % 2,9% 0.3'/~ 0.8% 0.9% 0.6% \,2% 0.4% 1.4% 1.0% 2.0% 1.3% 0.4% 0.6% 2.9% 9,5%1 
- . ,pulation in inner area (%) ~ _ 2.3'/~~.4% 27.3% 23.8% 19,6%' 17.0% 26.8% 31.9% 28.3"10 9.8% 35.6% 28.6% 27.8% 51.2%1 

EMPLOYMENT PARAMETERS .... ---
Emplovrnerudansi!y(iobslhs 11.0 5,1-----a:5 ~ --~6.8 --~7.0 8. 9.: 12,1, 15.8 14.8 15.8 23.2 10.5 8.8 22.2 
Inner area employment density 'obslha) ----s2A ---31.1- 23.5 12.7 19.6 48. 45. 23.8? 42.S 97.71 44.3 29.9 29.1 43.1 
Outer area employment density (iobslha) 7.2 4.7 6.3 5.2 5.5 6.3 7.0 8.3 ? 9.9 10.41 16.3 7.2 5.4 12.4 
f.BDell1jOJoy_menttl~'!iI)lUobsll1a) 989.1 89.7 371.0 117.1 128.0 744.3 688.5 29Q. 212,8--~ --364:0' -mo 308.6 155.9 98.0 
!:.~rliono.!.i2I:>sinCBO.('I,) ... ___ . 21,9% 3.6%' --13.8~;. 9.2% 5.9% 15.1% 13.7% 21.0% 19,4% 20.0% 24.2% 13.7% __ ~ 25.9% 252% 
P1Oportjon 01 jobs i"innararea (%)_ 39,8% 9,4% 41.1% 41,()% 29.2% __ ~ ~/, 48.3'10? 43.1%38.3%-~ '4i.()% ~ 62.1% 

ACTIVhy INTENSITY PARAMETERS ---- ---==- ___ -~ --. --- --
(Pop. II Jobslha) 
CBO ac1ivitydsnsity 1215.7 106.3 405. -------143.7 1552 855.4 715.9 324.6 234.4 274.7 403.7 978.1~ 334.2 198.4 191.2 
Imerarea aclivitydensily 143.9 47.6 47. 32.1 51 108.1 83.3 46.6? 106.9 146.9 104,3 71.3 70.3 132.3 
OUler area aClivlty density 19.8 15,0 16.1 16.0 16.5 19.8 19.0 28.4 ? 38.3 40 51.7 24.6 23.3 42.2 
-Ci!y.wkiaaclivitydsllsity ___ _~2 15.5 20.2 19.5 20.1 ~ ___ 24.6 23.2 32.9 ~ ~! __ ~:1 64.7 31.3 30.1 71.1, 

~EHK:LE>;:"c;;':'-=::::;'PARAMATER" . ---. 1---. ---. ---. 

[~~:;;'2;'.";>"~0~,,ete:; _. -. 557.0 747.4 848.7 786.9 739.2 776.5 703.7 700.2 579.3 454.9~ 706.4 693.iiT 492.51' 363.1] 
i~_g.o_o".o. ... 483.5 ~ ~~ -L63.5 563.0 559.0 603.5 620.1 630.3 526.9 420.2 510.2 606.0 564.51 411.9 319.1) 

iEBIY~T[iJiQ~iLrryi ~".~"""':'."_ .. -- ------. ----

-

16483 '~'4' 
17203 14270 

~ I'II:STRi\INI £,ARi\M,E.;-:E.RS 
59.9 905.6 403.0 777.1 688,5 136.61 252.9 522.0 593.5 346,8 230.3 175.8 442.8 545.5 354,3 
4.6 9,6 10.6 8.S 5.5 4.6' 5.2 4.9 4.8 4.5 7.1 2,6 5.1 4.2 2'~1 

121.6 77.8 79.6 89.6 133,5 169,3 136.0 143.8 ~~1 101.5 66.4 2752 136.2 118.5 137.-3 
2004150 1359117 1051763 1729090 2628786 290104~1- 2298556 1889827 1754351 ? ~44 2357241 1717120 1836694 1913394 
1815498 1208982 946531 1499580 2352201 26022121 2160677 1625260 1475493 1112652 827661 1955152 1640804 1653025 1721356 

ENERGY PARAMETERS 
- ._.-. -- i 

i;;r~ene.!l!)I~IIl.~"'!iMJ) 46409 59832 57699 65351 61004r 58493 49593 35684 31848 27706 26705 30746 31544 32018 13915 
I0tl!l~r_i1IaleenargYJl$eIJ!lfSonjM~L.~ _.. 50157 64340 70057 ~_49 666931 64680 59325 46219 42964 ? 32126 31804 36284 38377 19011 
[)l!>!el.use.ll6'--P'!~on(fvl.Illl!l.'l-Pas.§~~ger . 3747 4507 12358 10998 56891 ~~ __ ~.!Il? 9732 10535' 11116 ? 5421 1058 4740 6358 5096 
!".ublic!r'!.n'§l?£lrtanerg)IUselper!lQ."J.M~l. ._ 1469 301 641 324 5551 1210 1129 914 1096 1280 1526 1809 927 989 8311 
Total energy uselperson (MJ) 51626 64641 70698 76673 672461 65890 60454 47133 44060 ? 33652 33613 37211 39366 19843 

!Privatalrarlsl?£lrtenellly%oftotal 97% 100% 99% 100"" 99-%1 98% 98% --98~/, 98% ? ~/'+-.--J5o/" 98% 97% 96~;' 
Publictranspol1ene'l!\l%ollotal 3% ___ 0% ___ 1"1. O·~I __ ' ':i:==.'~'- _~, 2% 2% ? 5% ~ 2%. 3%1 4% 
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1990191 CITY DATA New York Phoenix Portland San Diegol -San FranCiscol ""!~1f1I<lnt-_.9Jlg"'Yf_~~!'l2:~....JI~~"1-_.QtI~~_~I,.v+-'-==q_==""I_==="1 
PUBUC TRANSPORT PARAMETERS I 
\/ehlcle kilometres por person --.. ____ _ __ . ~. 
Buses 2S.S 9.9 25.4 8.S _~u 28-4 21.1 40.9 48.1 39.6 55.9 55.5 ~o 40.5 26.7 
Rail 39.5 0.0 1.8 1.6' 2. 18.7 16.2 s.a 3.3 20.6 0.0 37.1 12.1 0.0 21.9 
Trams 0.0 0.0 --0.6 0.0 0.0 -2-:0 0.0 ~o 0.0 0.0 0.0 5.8 ~ 0.0 11.7 
Ferries 0.0 0.0 0.0 0.0 0.0 0-:1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 
1011:11 62.8 9.9 27.2 -.9.9 23.7 49.3 37.3 49.7 51.3 6(J.2 55.9 98.4 50.3 ~S 50.3 . I --
PlIssenger trips per perso" --. -- . ---

;es 59.0 14.8 ----;W.i 10.S 22.5 75.7 53.5 54.7 97.8 133.5 '~4.6 161.1 95.4 97.7 74.4 
""" 94.S 0.0 5.5 4.2 6.4 22.1 52.1 39.6 10.S 88.0 ·-·---0.0 145.5 19.0 0.0 82.9 
Trams 0.0 0.0 0.0 0.0 0.0 13.8 0.0 0.0 0.0 0.0 0.0 43.4 0.0 0.0 167.2 
Ferries 1.3 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 2.B 0.0 0.0 
1a1s1 155.2 14.8 46.2 15.0 28.9 112.11 105.6 94.3 108.6 221.5 134.6 350.0 117.2 97.7 324.5 

Passenger trips per veilicle Idlometrll 
Buses 2.5 1.5 1.6 1.3 1.1 2.7 2.5 1.3. 2.0 3.4 2.4 2.9-' 2.5 2.4 2.8 
Rail 2.4 3.0 2.6 2.5 1.2 3.2 4.5 -. --3.3 4.3 3.7 1.6 3.S 
rll.~S_ ____ 6. - 7.5 14.3-
~... ~ W ~ 

O;;.emll 2.5 1.5 1,7 1.5 1.2 2.3 2.8 1.9 2.1 3.7 ·---2.4 3.5 _--E 2A 5.4 

Buses 309.4 12:). 233.3. __ S0-? 189.1' 382.7 277.7 449.5[ 655.5 472.9 849.5 975.91 654.8 635.4 305.1 
Rail 1014.6 OJ) 52. 36.6 69.8 455.9 496.1 325.1' 72.4 478.8 0.0 941.3 210.7 0.0 371.1 

kilometres per pe'SOIl 

Trams 0.0 0.0 0.0 0.0 5S.0 0.0 0.0 . 0.0 0.0 0.0 __ 255.1ll--.--J?41 0.0 384.6 
Farries 10.2 0.0 0.0 0.0 0.0 7.7 0.0 0.0 0.0 0.0 0.0 0.01 5.9 0.0 0.0 
rots' ._ 1334.3 123.7'- 285.8 116.8 259:0 899.3 773.8 774.6 727.8 951.7 849.5 2172.81 871.3. 635.4 1060.8 

---+-- -1 1- --+---+---1 

I 30.8 SO.3 24.2 29.3 23.4 28.6 35.7! 19.8 22.0 25.7 27.3 19.3 20.91 24.51 17.11 
1 18.5 15.0 11.7 11.0 16.9 . ___ 23..2~.1 /1.8 12.6 20.6 __ 8.611 7.71 

____ 22.8 --t--- 12.1 __ .1 1 17.~ 
1236.S 539.2 i 303.8 

23.41 30.31 21.31 21.31 27.31 19.41 18.5 24.5 13.8 

-

2.31 2.43 2.631 3.03 2 .. 6 2.13 __ ~.71 1.80 1.$1 2.16 1.80 1.11 1.21 1.56 1.50 
0.72 0.52 0.52 OA 0.69 0.76 0.33 0.53 0.54 0.77 0.50 0.45 

0.87 0.27 0.54 
I 2.25 4.41 4.74 

1.10 2.43 2.24 2.25 2.01 1.35 1.46 1.18 1.51 1.35 1.80 (J.B6 1.06 1.56 0.78 

1,-~'c=.:,C',·t .. n'''A~ 

IP~r~~~~i! public pass kms on rail 1 76.0% 18.4% 31.3% 27.0% 56.6% 64.1% 42.0% 9.9% 50.3% 55.1% 24.2"k 71.2% 
+o!<ll.passengelJ<InS!ptlilIjC.+J)rillaIel. I 12396 16026. ~951 19356 19016 17129 16988 11852 10756 7454 9035 9199 13412 10255 7582 
Annual fixed COSIS.J)Il!car ($US 1990) I 3785 3786 3757 3787 f--- 1574 4424 
Fixed COSI per car vell km U$$1990 0.22 0.21 0.19 0.21 0.19 0.31 
Variable car cost per car vehicle kilometre U$$1990 0.088 0.079 O.OB 0.089 0.085 0.089 
Car Cost per passenger krn $US 1990_ _ .---L 0.23 0.21 i 0.20 0.21 0.20 0.24 
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uroanlsoo Area 12,872 59,928 12,694 46,129 
Po IaIlg" 964,285 1,711,254 - 674.452 8,222,515 

-;~~~~~~~============1=====~74~.9~====2:8~,6~~==~1 -~~ 
LATIOND ---t------t----I---+I---l 

74,9 28.6 46.6 _~ -$3~ 53.6 46,1 53.1 68.3 47.11 300.5 86.8 71.0 149.3 170.8 
91.0 53.9 __ 61 0 ___ :: ,,g __ ~ 106.9 96.S 91.7 -= 128.6 --73.51 803,9, 124,2~132.1 288.6 256.7 

, 62.7 22.6 39,733.6 332' 47.7 J!7,O 42.9 56.5 __ 36.11 _2~r-~ 61.2 89.1 138.0 
I 50.3 74.8~:? 29.9~01_~.6 179.7_" 101,4 ,60.4" 37.3f=' 113.8 82.6 63.2 324.6 235.1 

,CBD(%) 1.6% 2.0% 2,5% 0.8% 2:5%1 6:0% 3.9% -6.4% ,-, 1.2% ,- -0.7% --0:2% 2.2% 0.8% ----w:5o/~ 12.3% 
,",auv .... ,innerarea(%) 52,3% 36.1% 42,3% .?~ ,~% 19.6% 57.6% __ ~1% ___ 30.9% 45,8%, __ ,20.8% 20.7% 25,7%'-------sa:3% 39.8% 

---+----+-1 "~ __ oj I-- ---I I---,f-I ---+--
46.81 16,01 43,31 23,61 23,61 37.21 22.11 39,31 37.41 35.21 140.01 49,31 73.11 52.4 

'I 62,S 35.2 93.61 95.1 63.8 150.2 56.1' 126.4 110,4 72.8 775.1 132.9 108.3 119.5 
uterareaemlllO\'!llentdansltvnobsiha 19,8 11.4 19.3 13. 13. ---24.7 9.~' 23.0 19. -----as:-S 35.2 31.0 37.7 

CBD ~""~,,t density (jobslha) 470.5 259.8 498.9 331 423. 276,1 369.' 262,3 378.4 417.2 1712.6 386,2 545.6 132.2 , 
~roe?I1!~nOfjObS!nC8Di%i 24.1% 12.8% 20'3%1 15.6% 30.7% 24.8% 16.9% 22.3% 13.4% 10.8% 7.5% 18.2% 27.7% 10.2% 31, 
proportion o!iObs in in"sr araa (%) _~o/c ~2';', . 69.8%.. 46.1~ 54.9% _' 40.1% 69.7% 67.1% _~.5% 60.7% _ 43.0% __ ~_% 80.7% 57.8% 58.7% 

ACTIVITY INTENSITY PARAMETERS 
(Pop. 8. Jobslha) -- --, 

CBDaClivilydellSl1y 520.8 344.6 564,4-r---36'1.6 486,8 ~7 549,2 363.7 ~,8 454$ 1826.3 469.0 610.0 456.9 438.6 
Inner area activily doosily, 173.5 89.1 154.61 180.8 141.9, 257,1 152.8 218,li' 239.0 146.4 1579,0 257.0 240.5 4082 401.9 
Outer area aclivi dens! 
Ci.t}':",ld.e a"'!vi!}'.Jlsnsily" __ ,, 

RAFFIC RESTRAINT PI\RAII/i§TEBS 
no.OOC~O.1ll9,rI<"'" 
)_erP.er~nJfI1) 

-

78.51 200.51 373.61 347.81 200.61 
42,9 101.5 225,0 198.5 74.6 

+-~ I 1·--, ,---+----+----+-------1----+----+---1 
5404 5201 6636 '--5799 4641 ~i7 4100 -S050' 4587? 1 1459 3597 3795 3198 1597 
4864 4558 5693 5061 3892 4202 3459 4538 3964 5197, 493 1864 2103 2664 1112 
7566 8841 9357 '--s69sl 6729 6226 5739 6817 6101 2406 6116 5731 5554 2220 
6809 7749 6309 759H 5644 5925 4842 6261 5272 7692 813' 3169 3175 4634 1546 

10799 15253 12617 12728'[ 11147 8424 9611 10702 10577? 19126 18261 12162 10745 7964 
11359 ~07 12338 1233a) 11197 8974 9611 11343 10913 11699 11493 18370 10867 9333 6316 ,---- --,-

--, --, 

314.1 223.2 246.3 177.3 266.2 199.5 193.2 186.5 136,7' 32.9 163.8 42.9 398.6 
2.1 4.6 2,0 2,6 2,0 1,8 0.9 2,2 1.8 4, 0.3 1.1 3.9 O.S 0.5 

238.3 74.7 260,0 177.6 209.0 --295:4 455.9 '--2-'2.2 240.7 126,1 263.7 188,2 195.4 537.9 370.8 
2573333 1138690 3280982 2260344 2329951 2488316 4381064 2270500 2545477? 5270111 3376648 985150 5346003 2952788 

,- 2316000 997953 2913484 _, 19729§C5 1954153, 2366975 3696275 2085267 2199820 1284997 1779595 1749827 545788 2818141 1564742 

-t----ti u

- '.--

Ifi/i;li!eoasSeooaraoo,ilvuseioorso'n 21080 14609 24779 20344 12884 14224 14266 18362 -14990 19947 2406 11383 8015 7742 4787 
IrotaTori""te enera;usejoers';~ (MJL . __ 27377 16700 37551 __ ~808 22024 16821 23294 24998 19377 23822 8085 16340 "~ 15151 8632 

.!F!~S!PO_RT ENERG\'J>~RAME!I:RS 

I!!~ 1 (MJ) 6297 409,1 12771 15463 ~I __ ~98 9026 6636 4387 3875 5679 4957 9305 7401 3845 
1~"""cu"IJ>p,,rt eneray 1518 1685 742 908 1350 1376 946 1819 1227 1422 .J.gi 1739 923 302< 440 
Fr;;:;;; e",,"';usei09r;;'nlMJI 28895 20385 38293 36716 23374 18197 24241 26817 -- 20603 25244 961~ 18079 18243 18176 9072 

t eneray % 01 total 95% 92% 98%,_ 98°/' 94o/cj----,. 92';'. 96% 93% 94% '---94% 84% ----SOO/. 95% 83% ,~ 
Public transport energy % 01 total 5% 8% 2% 2% 6%1, 8% 4% _~Z% 6% __ 6%\--- IE!, ,_10% 5% 17% 5% 
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1990191 CItY DATA Brussels CopenhaQool<iUrt am Mainl Hamburg London Munich Paris Stockholmi Vienna Zurich Hong Kong ___ ~~ ___ ~I<)IO~kOk Jakar1a 
PUBUC TRANSPORT PARAMETERS ___ . _______ .~ . 
Vehicle kilometres (>0J'PE1,son ____ _ __ .. __ ~ .---.1----:=-
Buses 32 .. 7. 53.1 15.3 26.9 44.8 18.5 20.9 66.4;. __ 20.0 31.1 113.6 94.2 16.6 108.1 54:!) 
Rail ~.s-7 68.2 22_6 44.0 93.4 65.6 50.1 66.:ll 20-2 ~4 24. 19.8 72.6 0.1 0.5 
Trams 11.4 0.0 ___ 9.8 ____ 0..0 0.1 7.3 0.0 0.5 _~.~ __ 26.0

1
_1.3 0.0 0.1 0.0 ___ 0_.0 

Ferries .~ ____ OJl 0.0 0.1 _ ~ ___ O.0f---_O.O? 0.0 0.6 0.0 0.0 2.1 0.0 
Tolal 62.7 121.3 47.9 ___ 71.0\-----13.8.4 91.4 71.0 133.2 72.6 148.1 140.4 114.0 89.3 110.3 54.S 

Pssssnger trips per person ---. --- -- f---- ---

Buses 81.4 93.5 40.3 101.1 116.7 87.2 96.4~ 80.6 153.0 ~7 382.2 67.9 404.6 235.5 
Aall 119. 70.4 128.4 _~3 _--1£.3 279.0 198~1---- 1ii9.8 156.2 ----w6.0 180.8 74.8 391.5 1.0 2.2 

ITrams 59.7 0.0 48.0 0.0 1.2 37.3 0.0 ? 185.1~~ 22.9 0.0 1.4 0.0 0.0 
IFemes 0.0 0.0 0.0 0.5 0.0 0.0 O.O..J&_~ 3.2 17.2 ------::::. 0.0 17.0 0.0 
~ 260.3 163.9 :i!16.6: 227.8 __ 325:2 403.5 295.0 347.6 421.8 514.9 S69.7 456: 460.7 422.7 237.7 

I --.. -\-----

[Sllses 2.5 1.8 ~ 3.8 3.9 4.7 4.6~· 4.0 4.9 3.1 4.1 4.1 3.7 4.4 
IAail 6.4 1.0 4.9 ----2.9 --·T3~ ___ 4.!)1----_3.O 7. 1.1 7.3 3.8 5.4 7.1 4.3 
~___ 5.3 4.9 8.0 5.1 5.7 9.7 18.0 . ___ ._~~ 
I:artia:s.. ___ 4.0 10.0--::-c ___ 5.5 25.8 8.2 
IQv~"'_f 4.1 1.4 4.1_~1.9 4.2 4.2 2.§.~ 2. 4.1 4.0 5.2 3.8 4.4 

I Passenger kilometres per person I ---

IBuses 336.6 556.3· -----;-Sj:4 362.1 620.2 -·----303j ---365.7 -- 79i2 443.2 355.8 2054.01 1905.5 217.1 2269.8 1285.0 
Rail 840.2 1050.4 836.0 ----'O;-{:1 1779.9 2041.3 1754.9 1552.1 969.3 1577.6 1576 .. 5. 1 869.7 5280.3 10.3 37.7 
Trams 250.6 0.0 155.6 0.0 4.8 117.4 0.0 1017.9 505.2 67.61 0.0 3.4 0.0 0.0 
Farries 0.0 0.0 0.0 1.6 0.3 0.0 ~:O . . 0.0 20.8 8E'-!! O.O,..-----:;;:;-c 0.0 32.4 0.0 
Io",1 __ _ 1427.S 1606.8 114UL----.!l74-! 240S.1 2462.5 2120.6 ----nS.!.3. 2430.3 2459.4 3784.2 [ 277S.2 5500.8 2312.5 1322.7 

1u:1:::l:-;:;':: 
§1u§es 
Rail 

falliciancy 

---

f----t------!I-- +- - 1--+---1--- -f-I ---t------j ___ I -- t---t-------+------t----I 
-- 19.1 24.2 ~6 ---.22.0 19.0 -:13.2'. ---1-9.3- 27.2 19.1' 21.1 18.4 19.2 12.0 9.0 14.61 

36.0 59.2 52.2 37.31 48.3 47.8 41.8 43.9 36.3 54.7 41.4 40.0 ~~ 34.0 35.61 
17.61 17.6 30.0 17.5 24.4 17.2 15.5 12.3 13.0 --

28.8 47.1 
-~ ___ 12:21 18.0 - __ -=-=-.~: --==---:-- . 21.9 17.6 16.0 

45.8 33.21 43.41 42.6 38.0 38.2 25.1 44.7 27.9 25.7 38.5 9.21 _ 15.2 

-+---1---

--1----1----+1--·· .---

0.791 0.851 1.831 0.491 0.301 0.621 0.101 0.25 

--
;----j-- I .---

76.4% 65.4% 86.3% 73.5% 74.2% 87.7% 82.8% 66.0% 81.8%· 84.7% 43.4% 31.3% 96.1% 0.4% 2.9% 
.. .... .Iie + privalej 8237 9355 9457 8r~67 8049 8387 6963 8612 77031 10151 4597 5944 8676 6947 2868 

AriOualfi'ed~spercar($USi9901 - 4657 4993 4355 .~ 2911------fe95 --2979 6465 ~61 3954 5977 5419 2173 1120 821 
FixooCQStparcarvehkm US$1990 0.41 0.31 0.353 0.35 0.26 0.434 0.31 0.57 . o.m 0.338 0.52 0.295 0.2 0.12 0.13 
Varleble car cost per carvehicla kilomatre US$1990 0.103 0.136 0.127 0.125 0.095 0.156 0.111 i.22ilt-- 0.121' 0.122 0-271 0.148 0.09 0.111 0.053 
Car Cost per passengerlll11.$US 199-'L_ _ __ I 0.37 0.26 0.34 0.31 0.24 0.42 0.30 0.59 0.291 0.311 0.48 0.26 0.19 0.14 0.13 
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1990191 CiTY DATA Brussels Ce>penhaaen furt am Main Hamburg London Munich Paris Stockholm Vienna Zurich .Ho.n~f! ..2.i!'\!.~ ~~ I--Ba~ Jakarta 
CarVarCost perkm Der $10000 GRP Der Capita$US 1990 0.03 0.05 0.04 0.04 0.04 0.04 0.03 0.07 0.04 0.03 0.19 0.11 0.02 0.29 0.35 
Car Tala! $Ikm per 10,000 GRI' $US 1990 0.17 0.15 0.14 0.15 0.15 0.15 0.13 0.24 0.14 0.10 0.56 0.34 0.08 O.SO 1.21 
PubliC transport cost per passenger kilometre (US$ 1990 0.40 0.19 0.25 0.16 0.16 0.12 0.10 0.23 0.12 . ------0.15 0.05 0.04 0.10 0.02 0.02 
Public transport cost par vehicle kilometre (US$ 1990) 9.10 2.52 6.00 3.10 2.78 3.23 2.99 4.06 4.02 2.49 1.35 0.97 6.16 0.42 0.49 
PT CO$! ~r ~sS-km)?!r $10000 GRP ~r capita $US 1990 ___ 0_.13 0.06 0.07 

-
0.05 0.07 0.03 0.03 0.07 ---o~ 0.03 0.04 0.03 0.03 0.05 0.13 

Gross regiOnal product per capita (US$1990) 30087 29900 35126. 30421 22215 36255 33609 33235 28021 44845 14101 12939 36953 3826 1506 
Average car occupancy 1.40 1.70 1,41 1.50 1.45 1.41 1.40 1.35 1.33. 1.48 1.65 1.70 1.51 1.70 1.40 
Ratio of public to povate transport speeds 0.76 0.94 1.02 1.11 1.44 1.22 1.48 0.89 0.91 1.24 1.08 0.79 1.56 0.70 0.64 
Percentage 01 passenger kilomelres on transit 17.3% 17.2% 12,lo/,:" 15.3% 29.9% 29.4% 30.5% 27.3% 31.6% 24.2% ~3C,1o 46.7% 63.4% 33.3% 46.1% 
TotallllitlSpor! oDeratil1l!_ cost per.:<"'Pila ($US 1990) 3066 2338 3116 2599 1767 2775 1668 4242 1842 2760 579 937 1160 662 230 
PercenlaQe 01 Gross Regional Product spent on the operalion of 10.2% 7.8% 8.9$/0 8.5% 8.0% 7.7% 5.0% 12.8% 6$"'/0 6.2~ 4.1°/0. '.2% 3.1% 17.3% _15.~~ 
Public transport seNice Der urban heelare 4700.1 3463.3 2232.2 2827.6 5857.1 4899.9 3275.8 7078.1 4959.1 6974.7 42186.3 9899.6 6334.7 16469.5 9308.3 
Percentage 01 Gross Regional ProduCI spent on roads 0.34% 0.55% 0.49% 0.32% 0.51% 0.28% 0.49% 0.52% 0.26% 0.41%1 0.66% 0.48% 0.29% 1.95% 1.00% 
Transit fare per passenger I<Jlometre 0.11 0.12 0.11 0.10 0.15 0.07 0.06 O.OB 0.07 0.09 0.07 0.04 0.11 0.02 0.02 
T ola! pollutant emissions per capita 94.2 69.6 102.2 82.9 134.1 87.2 101.5 253.1 62.7 53.5 38.5 21.6 122.3 87.6 
Total pollutanl emissions par he 7056.8 1987.4 4763.9 3301.0 5675.4 4672.2 4683.1 13447.6 4282.4 2518.9 11567.3 1533.1 18257.9 14965.9 
Trans.Jl<l.rt daalhs per 100,OOO..E!.rsons 11.7 7.5 7.9 8.1 8.1 11.7 10.6 7.3 10.7 7.7 5.7 8.7 5.3 16.1 4.5 
'TranSDOI1 dealhs per million vehicle kilometres travellad 0.021 0.014 0.012 0.014 0.017 0.026 0.025 0.014 0.023 0.014 0.036 0.023 0.014 0.049 0.027 
,Percenl 01 total vehicle kRomtres in private Iransport which are 10 10.0% 12.4% 11.2% 12.7% 16. 1 <:>/Q 4.9% 15.6% 8.2% 13.6% 66.2% 48.2% 44.6% 16.7% 30.4% 

i~~:~i~~~~~eed_~ 37.9 50.0 ~ . __ 31).0 ~.2 35.0 25.7 43.0 27.5 36.0 25.7 32.5 24.4 13.1 23.6 
157.3 130.4 94.3 102.2 94.3 95.1 43.2 118.2 123.1 190.4 83.2 92.5 273.4 89.3 92.4 

lea. '(MJicar-knl5 4.3 3.2 4.2 4.0 3.3 3.4 4.1 4.0 3.8 3.8 4.9 6.1 3.8 2.9 4.3 
Energy consumption per passenger kilomelre 2.74 1.74 2.70 2.37 1.77 1.86 2.19 2.34 2.11 2.11 0.86 2.21 1.03 1.55 1.82 
Spead weightad public transport saNice provision par capita 47.7 114.2 48.8 78.6 .~ 111.2 104.9 118.S 66.4 183.8 152.2 90.2 140.7 77.6 35.1 
~ weighted public transport saNioe provision per heelare 3569.6 3260.9 2274.2 3131.3 9423.9 5957.0 4839.6 6294.8 4534.B 8655.3 45721.8 7829.1 9986.3 11578.7 5994.7 
Tala! C02 per capita (kpl 2113.8 _~_154~ ~813·1l 2.659.6 1704.2 144O.B 1723.0 1993.8 1537.7 1762.0 1317.4 1397.4 76Q.4 1304.4 653.2 
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RAW DATA 
Urbanised Area 

Papulallon 

PARAMATERS 
POPULATION PARAMETERS 

56.81 19a.ol 238.71 ~----'-'-='~+---t----+---+---

~~--~+I ----1 

---
. 1-1 ---+----

Urban densil\! (personsllla) 58,7 198.0 244,8 176:9 -~ - ~ ~~--14 12 28 ~---~ 19 50' 153 166 161.9 

Inner arsa densil:y (peronsilla 68,8 ~~ 372.4 ~~,8 265,1i---__ ~ 35.6 21.7 43.1 23.5 87,0 353.4 260.1 ~~ 
Outer area density (poronsllla) 53.7 96,3~J! ~ 144:9f---~ 11.8 11.6 25.9 17.7 -.!!I.3 133.2 126.3 128.6 
CBD dsnsily (personslha) 123,1 444,8 203,i[ -360,2 50.0 13.1 ~_~~ 8. 77. 85.6 281.9 216.81 
Proportion 01 pepulation in CBD (%) 6,4% 20.1% 2.5%1 20.3% 0.8% 0.2% 1.4% 0.8% 3.4% 1.1% 12.0% 0.11 
Proportion OfJl'OPulauon in inner area (%) ~/o ~% __ 17.5%1 39,9% 24.1% 13.9% 27.0% 28.4% 39.6% 22.4% 43.8% 0.4 

ERS 
-- ~ 1 . 1-1 -----j 

Employment density (jobsllla) 22.4 67.7 ----101.6 77.9 --~ 8.1 5.3 14.4 7.3 31.5 87.5 65.1 72.6 
Innerareaemploymentdensily(jobsllla) 35.7 141.3 209.7? 27.2 26. 44.6 19.7 ---84-:5 338.8 128.3 201.2 
Outer araa em.Jlloyment density (jobslha) 15.7 29.0 83.6 ? --- 6.2 3.6 9.6 3.9 16.6 50.9 39.7 43.9 
CBDemplo}'!"entoensil}, fjobsllla) 178.5 226.5 579.5 355.6 ~-- ~-~ 429.9 363.6 354.6 116.4~~ 881.8 219.3 -~ 
~~iis>rli~~§i';CBi[l'!l,j~~' _ 24.4%-----SO:-O'lo 172% 45.6% 10.5% 14.5% 19.1% 21.6% 19.7% 17.8% 26.4% 0.2 
fiQP9rtion<>ljo£S,in inner are.aJ%L__ 52.9% 42.0% 29.5% ? 32.8% 38.0% 44.2% 58.6% 58.1% 54.2% 46.2:% 0.5 

ACTIVITY INTENSITY PARAMETERS ,---, = ~~~ .===-~ ---~ 
Pop. & Jobsllla) __ ~~, --.::::-::- ~ _____ ~ __ 

CBD activity densil\l 301.5 671.3 783.2 715.8 479.9 377.4 392.6 124.5 422.6 9S8.4 561.2 691.0 
Inner area activitydensily 104.4 4S3.7 508.SL-__ 62.8 47.9 91.1 43.2 171.4 692.2 381.4 497.9 
Outerareaaclivilydensily 69.4 163.7 319,3~? 18.1 15.2 34.5 21.6 55.9 187.5 170.0 176.6 
(;lty·wid~aqlivilJ[dan~ty __ ,.,. 61.1 265.8 346.4 254.8 22.3 , ___ 1_7.5 42.9_~.4 81.5 251.4 231.5 238.2 
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PUBUC TRANSPORT PARAMETERS 
Vehicle kllomelteS per person 
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1990191 CITY DATA uala L~umpur Manila Seoul Surabaya f----l!~ Ci~~ Australian Cities Canadian CillO$: New Zealartd Citie_s _ E~fopoao Gilles Waaithy A:.ian Cities DeNe10ping A,tml\ Cities As.lan average 

Car Var Cost per km par $10000 GAP par Capila $US 1990 0.20 1.22 0.151 0.44 -------- ------- ... ~ 
CerTotai $Ikm per 10.000 GRP $US 1990 0.45 2.77 0.47 1.40 
DubUc transport cost per passenger kilometre (US$ 1990) 0.02 MI 0.03 0.Q3 0.23 0.19 0.13 0.18 0.19 0.06 

~:~~ 
0.036 

Public transport cost per vehicle kilometre (US$ 1990) 0.63 0.10 0.76 0.27 3.82 2.79 2.23 
------

1.96 3.85 2.22 0.83 
PT Cost Der IlaSS-km par $10000 GRP par capita SUS 1990 0.05 0.09 0.05 0.41 
Gross regional product per capita US$I990) 4066 1099 5942 '726 26622 19761 22672 11998 31720 21331 2861 9018 
Average car occupancy 1.60 2.24 

l:i~ 
1.50 1.44 1.64 1.41 1.32 1.46 1.62 ... 1.69 1.67 

Ratio 01 publIC 10 private transport speeds 0.55 0.66 0.65 0.55 0.67 0.60 0.58 1.04 1.11 0.72 0.86 
Percentage of passenger kilomelrss on transit 20.0% 66.7% 54.0% '26.1% 3.1% 7.7% 10.2% 5% 22.6% 62.8% 38.7% 48.7% 
T otall1ar1SDort operating cost per capita ($US la90t 7~9 200 

/5~ .... ---d.z~ 3258 2583 1663' 1796 2543 1010 430 625 
----- f----12~4·;. 15.2% . Percentage of Gross Regional Product spant on the operation of 18.9% 18.2% 13.2% 7.4% 8.1% 4.8% 13.9% 12.2" .. 

Public transport service per orban hectare 2915.3 51077.3 27868.2 10996.8 428.4 760.3 1762.7 693.3 4473.8 19473.5 19772.6 19,672.9 
Percentage 01 Gross Regional Product spent on roads 0,45% 2.11% 1.20°/ .... 1.38% 1.02% 0.72% 0.66% 0.68% 0.42% 0.48" .. ~~ ___ -1d3% 1.0% 
Transil fare per passenger kilometre 0.03 0.02 0.03 _O.O~ "--1,, 0.08 0.07 0.08 #OIVIO! 0.09 0.07 _____ 0.02 IU)4 
Total pollutant emissions par capita 126.0 91.0 44.2 62.1 251.1 232.7 215.5 321.8 99.4 30.1 88.9 74.2 
Total pollutant emissions per ha 7396.3 18021.8 10818.1 10984.1 3633.5 2985.1 8938.3 SnS.3 4996.5 6550.2 13407.3 .. ~ 
Transport deaths osr 100.000 ll9fSons 22.7 13.8 24.9 7.8 14.6 12.0 6.5 10.0 6.6 6.6 15.0 12.2 
Transport deaths paT million vehicle kilometres travelled 0.045 0.119 0.124 0.050 0.012 0.015 0.011 0.014 0.016 0.024 0.069 0.054 
~ent ol.LOlaI ve~iclel<i~m.!Tas."i'!p~ale transport"w,hich ar~ 18.4% 36.3% I~~ 28.3% 9.6% 18.2% 15.6% 13.1% 0.11 49.6% 25.3% 34.6% 
~~I)rivlJ.te trllrlSPOri speed ".m .. __ _ ". 29.4 25.5 .~ ---- ~~; 

46 40 47 36 28 24, 25 
Road right"ol-way demlilJl.lroad lenglhlha) 89.1 123.1 192. 59.7 98.5 131.3 10~~ ... ~ 149.7 107.6 121.7 
63r"energy EffICiency (MJlca;:km) ...... -~ - 2.9 5.1 3. 2.5 5.1 5. 4.9 4.0 3.8 4.9 3.5 

1~~ El1l!rgy consumption par passenger kilometre 1.58 1.20 1.31 1.381 3.45 2.96 3.19 2.9 2.17 1.36 1.47 
Speed weighted public transport service provision per capita 27.5 169. 124"8 40.3 18.54 42.6 36.18 21.7 95.8 127.69 77.5 95.3 
Speed weighted publIC transport service provision per hectare 1611.8 33574.7 30548.1 -=:.z121~t _+ 288.67 552.4 1120.74

1
", 451.6 4802.7 21179.05 15072.6 17108.1 

Total CO2 pe,capit".l~ 1424.0 528.9 704.7 404"0 4536.0 2788.9 2142.0 1887.9 1158.4 8S6.5 943.6 

NZ City Dalaxls Page 12 



: Detai of 

New Zealand 

This appendix provides some added descriptions for data calculations or derivations 

in the New Zealand City data. 

1.1 

A number of sources were reviewed for identifying the number of cars (including 

light trucks, vans, etc.) available for private passenger transport use within each study 

area. Previous work by Newman and Kenworthy (1989, 1998) and Kenworthy et al 

(1997) has generally relied upon vehicle registration data to identify the number of 

vehicles available in a study area (e.g., registration data were utilised for city data 

collected in Australia and the United States). Unfortunately, accurate registration data 

for each study area for both 1991 and 1996 were not available for this study. I 

For comparative purposes, data were retrieved on reported available vehicles and 

vehicle registration for 1991 and 1996 from the following sources: 

1. Data from each of the urban transport models based upon household interview 

survey responses were provided by staff from the respective councils? 

2. Census data on the number of reported vehicles per household within each region 

and transport study area from the Department of Statistics, New Zealand. 

3. Motor vehicle registration data were provided by the Land Transport Safety 

Authority (LTSA); regional registration data were only available for 1996. 

I Vehicle registration data were not available by region for 1991; in addition, there are some problems with 
using registration data for this exercise including apparent under-reporting (see MOT 1994a, 1995c). 

2 The Christchurch Transport Study Model conducted home interview travel surveys including available 
vehicles in 1991 for approximately 3% of the households in the study area; data on vehicle availability 
were subsequently updated with 1991 and 1996 census data for the transport study area (per Paul 
Roberts (CCC). Wellington Regional Council transport model was based upon household interviews 
conducted in 1988 for approximately 3% of the households in the study area and updated/adjusted for 
1996 census data on vehicle availability (per Tony Brennand, WRC). Auckland regional council staff 
provided census data on the number of available vehicles; no vehicle data were provided from the 
transport model. 
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A comparison of reported vehicles available per capita and the estimated number of 

vehicles in each transport study area is provided in Table 1 below: 

Table 1: Number of Cars per Capita for each Study Area 

ChCh ChCh Well Well Auck Auck 
Source Comparison Notes 1991 1996 1991 1996 1991 1996 

Transport Model (no. cars/capita) 1 0.527 0.569 0.457 0.494 NA NA 
Regional Census Data (no. cars/capita) 2,3 0.541 0.579 0.469 0.489 0.497 0.523 

Vehicle Registration (no. cars/capita) 4,5 NA 0.455 NA 0.395 NA 0.491 

Study Area Estimated Number of Cars 170,631 199,964 166,257 179,135 438,877 521,179 

Notes: 
1 Transport model data for Christchurch are lor 1991 and 1996 including some adjustment for census data; transport model data for 

Wellington are 19B8 and 1996, with some adjustment for 1996 census data. 
2 Census queslionairre 1996 allows for up 3+ vehicles per household; census 1991 allowed for up 105+ veh/hh; work done by the Auckland 

Regional Council showed the 3+ vehicles equaled to 3.37 vehicleslhh (Mike Mueller, ARC). 
3 1991 regional census data reported in MOT (1995) and MOT (1994). 
4 Land Transport Safety Authority (LTSA) car, rental and taxi vehicle registration by region was only available for 1996 (not 1991). 
5 MOT (1995) suggests vehicle registration dala understates the actual number of vehicles in use by 11·14% (p 45). 

No Veh Comparison.xls 

Use of Census Data 

Generally, vehicle registration by area would be an appropriate source of data. 

However, for this analysis, following discussion with staff at all three respective 

councils, census data were used for the following reasons3
: 

" Census data were readily available for each study area, and its use provides 

consistency for data gathered for other indices (e.g., popUlation and job activity); 

census data are comprehensive capturing every household in the study area. 

!!O Registration data for 1991 were only available for national statistics; in addition, 

according to a number of analysts there is apparently some under-reporting of 

actual vehicles in use (MOT, 1994a and 1995c); and finally, company car vehicle 

registration data may be misrepresented for distinct study area purposes.4 

" Number of cars/vehicles from the transport models are generally based upon 

household interviews and a limited sample of the popUlation; model data were not 

available for the Auckland transport area. 

3 In actuality, the number of cars available per capita may be in between registration figures and census 
figures. 

4 There is apparently a significant under-reporting in the registration data estimated at 14% of the total 
vehicle fleet "due to NZ Post's (computer registration) practice of eliminating vehicles from the 
statistical digests the day after they are due for relicensing" (see MOT, 1995c, p 45). In addition there 
are problems with commercial vehicle registration, where companies may register an entire fleet of 
vehicles at a head office, although the vehicles may be used in different parts of the country. 
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As shown in Table 1 the transport model data results compare favourably with the 

census data. However, there were limits to consistency in the transport model data 

provided: the transport model data are largely based upon interview surveys for less 

than 5% of the households in the study area, and data were provided for 1988 from 

the household survey in Wellington (instead of 1991 data as required), and no 

transport model data were provided for the Auckland transport modelled area. 

Finally, after discussion with a number of transport analysts at the respective councils 

it was decided that census data on the number of vehicles available to households 

would be the most appropriate source for vehicles available for private use. 5 

1.2 Vehicles Kilometres Travelled 

Unfortunately there is no definitive record of vehicle kilometres travelled (VKT) for 

each of the main study areas. [Note in comparison, VKT data are far more readily 

available for urban areas in both Australia (from the Survey of Motor Vehicle Usage) 

and in the United States (from the Highway Annual Statistics by urban area). 

To estimate vehicle kilometres travelled (VKT), a number of sources were compared, 

including: 

• transport model results (provided by respective council staff) 

It results from national traffic counts and estimated annual average daily 

traffic (Transit, 1996) 

It Ministry of Transport fleet emission estimates (MOT, 1997b)) 

It Air emission modelling results (air-shed models (CRC, 1997; ARC, 

1998a) 

The comparison of results in estimated VKT for 1996 is presented in Table 2: 

5 For Christchurch, because the transport study area only represents 75% of the population of the region 
(and a significantly smaller physical area), data presented are census data adjusted for the transport 
study area. 
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Table 2: Comparison of Estimated Annual VKT by Metropolitan Study Area for 1996 

Estimated Million VKT 1996 for Light Vehicles 

Auckland Wellington Christchurch 
Notes Cars LGV Total Cars LGV Total Cars LGV Total 

Tranport Models 1 6047 NA NA 2197 168 2365 2031 135 2166 
Transit Traffic Counts 2 NA NA 8393 NA NA 2723 NA NA 2377 
Ministry of Transport 3 6775 1098 7873 2146 318 2465 2059 348 2406 
Local Air Shed Models 4 10017 1635 11652 NA NA NA NA NA 2365 

LGV = light goods vehicle 

Notes 1 Dala provided by Auckland Regional Council (Mike Mueller), Wellinglon Regional Council (Mike Vincen!, Booz-Allen&Harnilton), 
and Christchurch City Council (Paul Roberts); ARC model results provided did nol include commercial vehicle trips or internal 
links not modelled. Estimates were made for non-modelled trips for both Wellington and Christchurch. 

2 Transit (1996) Traffic database adjusted for proportion of TLA population in each study area and by the same traffic growth rates 
as in Note 3. 

3 MOT (1997) mid-1995 regional figures were increased to account for traffic growth to 1996 by 5.7% for Auckland (per Mike 
Mueller, ARC), 3% lor Wellington (per Mike Vincent, WRC{BAH) and 3.5% lor Christchurch (per Dave Robinson, CCG): figures 
were adjusted for population within the study area as a percentage of regional population (93% of Auckland, 75% of Canterbury 
and 88% of Wellington region ligures corresponding to respective study area populations). 

4 ARC (1998) and CRC (1997). Auckland ligures were 1993 increased for recenllraffic growth c 5% pa, Christchurch figures are 
1996 (note the Christchurch air shed data should be used for general compaIison only as the air-shed study area is the core of 
the transport study area with much higher traffic density figures; results also are provided only for all vehicles). 

VKT - Comparison.xls Summary 

Considering the difference in sources (and source data) there is a reasonable amount 

of consistency in estimated VKT for cars and light commercial vehicles for each 

transport study area. 

VKT Estimates 

For both Wellington and Christchurch figures derived from the transport models and 

those from traffic count data (Transit, 1996; MOT, 1997b) were generally within 

about 10-15%, and particularly close on car VKT estimates. In both Wellington and 

Christchurch results from the transport model are utilised for car VKT figures. 

The largest discrepancy occurs in Auckland, where data from the air-shed model are 

significantly higher (c 30% higher) than either traffic count data or transport model 

data. The Auckland transport model data provided probably understates the actual 

VKT figures since trips made on roads not modelled were not included (per Mike 

Mueller, ARC). It appears the data from the air-shed model may overstate the VKT, 

partially because the air-shed study area is larger than the study area included for this 

analysis (e.g., in the Auckland air shed study there are 599,000 cars in 1993 compared 

with the metropolitan study area used in this project which includes a 1991 vehicle 

estimate of 439,000 or a 1996 estimate of 521,000). For Auckland, the Ministry of 

Transport (MOT, 1997b) figures were utilised for this analysis. The MOT (l997b) 

study area is similar to that used in this analysis and uses a reasonably sophisticated 
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estimation of VKT including vehicle ownership, registration data and use of traffic 

count data. 

Commercial VKT 

Light commercial VKT figures were taken from the MOT (1997b) for both 

Wellington and Auckland (discussions with staff at both the ARC and the WRC 

indicated that the transport model may under-report vehicle trip movements as 

suggested by the results found in MOT, 1997b). Because MOT (1997b) only 

provided data for the entire region and thus significantly overstates the Christchurch 

study area light goods VKT, figures for Christchurch light goods VKT were taken 

from the Christchurch transport model (Christchurch staff also indicated their goods 

vehicle model was reasonably accurate). 

In addition, Newman and Kenworthy (1989) and Kenworthy et a1 (1997) include a 

proportion of small truck "commercial" travel in "private transport", identifying that 

many small goods vehicle trips are generally used to transport people (such as 

tradesman) not goods. To be consistent with this assumption petrol engine small 

commercial vehicles less than 2000cc were included in both VKT and fuel use 

estimates. Figures were derived based upon national data provided in MOT (1997b). 

The addition of petrol-engine less than 2000cc light goods vehicles increased the 

"Car" VKT by approximately 8% in each study area. 

Figures used in this analysis are shown in Error! Reference source not found .. 

Heavy Goods Vehicles and Motorcycle VKT 

Estimates of VKT were also included for annual travel by heavy goods vehicles and 

motorcycles. Heavy goods VKT were estimated comparing transport model results 

provided by respective councils and MOT (1997b). Motorcycle VKT (although a 

small component) is also included based upon data provided from the transport 

models. 
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Urban and Energy 

Transport fuel use in each main New Zealand centre was derived from a number of 

sources, primarily relating to fuel sales data collected from petroleum company 

statistics within each relevant area. All of the transport fuel use is for land based 

transport (thus excluding air and marine transport) and only for that transport which 

occurs within the metropolitan area. 

Fuel use data were gathered from the Local Area Petrol Tax (LAPT) filings for petrol 

and diesel, for those LAPT areas which covered each metropolitan area. Fuel sales 

for compressed natural gas (eNG) and liquid petroleum gas (LPG) come from bulk

wholesale suppliers. In all cases the LAPT boundary was slightly larger than the 

metropolitan study area, and fuel figures were adjusted to match metropolitan study 

areas based upon respective populations. 

Transport fuel sales figures were derived for private-passenger transport, public

passenger transport and non-passenger transport energy consumption. 

1.3.1 Petrol and Diesel Sales 

Petrol and diesel fuel consumption is derived based upon the Local Area Petrol Tax 

(LAPT) filing made in each of the main city councils. Annual figures were derived 

from monthly data for all three main urban areas for year-to-date totals ending June 

30, 1991 and June 30, 1996. Data for all three of the metropolitan areas were adjusted 

for the proportion of the population within the LAPT filing area corresponding to the 

metropolitan urban area population for each census year 1991 and 1996.6 

With respect to diesel figures reported in the LAPT filing, a proportion of the diesel 

sales are used for non-transport purposes (commercial and industrial boilers, 

agriculture, etc.). Although exact figures are not available, industry sources suggested 

transport-related diesel sales in urban areas are generally 65-80% of total diesel sales 

6 There is a base assumption that fuel purchased within the LAPT area is used within the area; although 
some fuel may be used for travel outside the area, it is assumed that a like amount of fuel was 
purchased outside, and consumed within, each study area. 
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depending upon the LAPT area, where those areas with larger agricultural 

components would have less diesel used for urban transport. Industry analysts, 

including analysis of national survey data, suggested that the diesel LAPT sales for 

urban transport related sales are 82% of the Wellington LAPT filing and 68% for 

Christchurch and 68% for Auckland. 7 

Auckland 

The area in Auckland matches the regional boundary area. Thus, both diesel 

and petrol LAPT figures were adjusted by the metropolitan area popUlation, which 

made up 93% of regional population figures in both 1991 and 1996. 

Christchurch 

Data for the metropolitan area of Christchurch are based upon LAPT filings for the 

Central Canterbury (Christchurch, Banks Peninsula and Selwyn District Councils) and 

North Canterbury (Waimakariri and Hurunui) LAPT boundaries. Transport study 

zone popUlation figures for the Christchurch Transport Study zone were provided by 

the Christchurch City Council: 1991 of323,799 and for 1996 a population of351,162. 

A proportion of 1991 and 1996 LAPT petrol and diesel consumption was made based 

upon the census population for each of the respective district councils adjusted to 

match the transport study zone population. This resulted in 96% of the Central 

Canterbury and 59% of the North Canterbury LAPT filing, taking into account 100% 

of the Christchurch City population, and 46% of Selwyn, 62% of Banks Peninsula and 

77% of the Waimakariri populations. 

Wellington 

The LAPT filing for metropolitan Wellington includes fuel sales for Wellington City, 

Porirua, Lower Hutt, Upper Hutt and Kapiti Coast. The study area includes all of 

these TLAs but for a portion of Kapiti. In total 98% of the population of these TLAs 

rests within the boundary of the study area; thus the assumption was made that 98% 

7 Personal communication Oliver Mander, British Petroleum Oil and Lydia Fatialofa, Department of 
Statistics on a national fuel survey results. 
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of the LAPT petrol and diesel sales were consumed within the study area for both 

1991 and 1996. 

1.3.2 LPG and eNG 

Regional data for Liquid Petroleum Gas (LPG) sales were provided by the LPG 

Association.8 

Compressed Natural Gas (CNG) data were provided by Enerco CNG wholesalers for 

the Wellington and Auckland markets in megajoules (MJ). CNG is not available in 

Christchurch. 

1.3.3 Fuel Use Conversion Factors 

The fuel sales in millions of litres were converted to energy equivalent units using the 

following conversion factors (where MJ == Megajoule):9 

III Diesel 38.29 MJlLitre 

III Petrol 34.69 MJlLitre 

III LPG 26.26 MJlLitre 

(II Electricity 3.60 MJlkWh 

8 Note, recent figures provided by the LPG Association for Christchurch differ from figures provided by 
the LPG Association in 1995 and included in earlier energy analysis done for the Canterbury Regional 
Council (see Bachels 1994, CRC 1996). The LPG Association acknowledged there have been some 
data reporting differences and suggested the most recent figures were more accurate - thus, the recent 
figures provided have been used for 1991 data. 

9 Note these factors are for gross calorific energy values and have been consistently used by Newman and 
Kenworthy (1989) and Kenworthy et al (1997) over the years in their analysis of city transport energy 
consumption. They differ slightly from conversion factors recently used in energy analysis done for 
the Canterbury Regional Council on transport energy consumption (see Bachels 1994, and CRC 1996) 
where energy conversion factors were based upon the following net calorific values per litre: petrol 
32.10 MJlLitre, diesel 35.80 MJlLitre and LPG 24.40 MJlLitre. For consistency in comparing to 
previously reported Newman and Kenworthy international city data, the gross calorific values have 
been used in this research. 
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Private-Passenger, Public-Passenger and Non-Passenger Transport 

Use 

Estimates of vehicle fuel consumption by vehicle type for petrol and diesel were made 

based upon national figures developed for the Ministry of Transport (MOT, 1995c) 

shown in Table 3. 

Table 3: National Petrol and Diesel Consumption by Vehicle Type 

Cars 

Taxis 

Rental Cars 

Light Goods 

Heavy Goods 

Buses 

Motorcycles 

Caravans 

Mobile 

Machines 

TOTAL 

1992 

National 

Petrol 

(OOOs) 

Litres 

2056444 

16656 

24014 

301425 

89577 

30989 

7824 

10218 

19367 

2556514 

% 

80.4% 

0.7% 

0.9% 

11.8% 

3.5% 

1.2% 

0.3% 

0.4% 

0.8% 

1992 

National 

Diesel 

(OOOs) 

Litres 

21296 

1039 

1750 

62915 

677282 

78541 

0 

4592 

62593 

910008 

% 

2.3% 

0.1% 

·0.2% 

6.9% 

74.4% 

8.6% 

0.0% 

0.5% 

6.9% 

Detailed results for each metropolitan area are provided below. The same proportions 

as estimated by MOT (1 995c ) were applied to regional petrol and diesel sales for 

1991 and for petrol sales for 1996. However there have been significant increases in 

diesel fuel sales between 1991 and 1996 (50-80% across all three study areas); some 

adjustments were made to diesel fuel sales based upon the proportion of newly 

registered cars versus trucks between 1991 and 1996 provided by L TSA (personal 

communication), essentially increasing the proportion of diesel consumed by 
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passenger vehicles to approximately from about 1% to about 3%.lO The results are 

shown in Table 4 and Table 5. 

Table 4: Regional Petrol Fuel Consumption Estimates by Vehicle Category 

1991 1996 
1992 National Auckland Well ChCh Auckland Well ChCh 

Petrol Petrol Petrol Petrol Petrol Petrol Petrol 
Mill Ltres '% Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Llres 

Cars 2056.4 80.4% 570.6 188.5 191.0 673,4 205.0 205.5 
Taxis 16.7 0.7% 4.6 1.5 1.5 5.5 1.7 1.7 
Rental Cars 24.0 0.9% 6.7 2.2 2.2 7.9 2,4 2.4 
Light Goods 301,4 11.8% 83.6 27.6 28.0 98.7 30.1 30.1 
Heavy Goods 89.6 3.5% 24.9 8.2 8.3 29.3 8.9 8.9 
Buses 31.0 1.2% 8.6 2.8 2.9 10.1 3.1 3.1 
Motorcycles 7.8 0.3''/0 2.2 0.7 0.7 2.6 0.8 0.8 
Caravans 10.2 0.4% 2.8 0.9 0.9 3.3 1.0 1.0 
Mobile Machines 19.4 0.8% 5.4 1.8 1.8 6.3 1.9 1.9 
TOTAL 2556.5 709,4 234.4 237.5 837.2 254.9 255.4 

Notes 2 2 2 2 2 2 

1 per MOT 1995, "Greenhouse Gas Emissions from NZ Transport", Becca et ai, Oct 1995 (using 1992 data) 
2 per LAPT filings made in each metropolitan area adjusted by transport study population within the region 

Table 5: Regional Diesel Fuel Consumption Estimates by Vehicle Category 

1991 1996 
1992 National Auckland Well ChCh Auckland Well 

Diesel Diesel Diesel Diesel Diesel Diesel 
ChCh 
Diesel 

Mill Ltres % Mill Ltres Mill Ltres Mill Ltres % Mill Ltres Mill Ltres Mill Ltres 
Cars 21.3 2.3% 2.7 1.0 1.6 14.9% 31.4 7.5 13.8 
Taxis 1.0 0.1% 0.1 0.0 0.1 0.1% 0.2 0.1 0.1 
Rental Cars 1.8 0.2% 0.2 0.1 0.1 0.2% 0.4 0.1 0.2 
Light Goods 62.9 6.9% 8.0 2.9 4.8 6.9% 14.6 4.4 7.6 
Heavy Goods 677.3 74.4% 85.6 31.6 51.7 61.8% 135.6 42.9 72.8 
Buses 78.5 8.6% 9.9 3.7 6.0 8.6% 18.2 5.5 9.5 
Motorcycles 0.0 0.0% 0.0 0.0 0.0 0.0% 0.0 0.0 O.G 
Caravans 4.6 0.5% 0.6 0.2 0.4 0.5% 1.1 0.3 0.6 
Mobile Machines 62.6 6.9% 7.9 2.9 4.8 6.9% 8.7 3.2 5.3 
TOTAL 910.0 100.0% 115.0 42.4 69.4 100.0% 210.6 64.2 109.9 

Notes 2, 3 2, 3 2, 3 2, 3 2. 3 2,3 

Adjustment for 1996 based on car diesel registrations as % of total diesel vehicle registrations 30% 

1 per MOT 1995, "Greenhouse Gas Emissions from NZ Transport", Becca et ai, Oct 1995, table 5.16 p G4 
2 per LAPT filings made in each metropolitan area - adjusted by transport study population within the region 
3 Diesel LAPT filings are adjusted for transport-related sales per industry analysts Oliver Mander (BP). and data 

provided by Lydia Fatiolofa (Stats) on fuel use survey by industry type 
Auckland = 68% Well. = 82% CentChCh= 82% Nth ChCh= 68% 

4 Mobile Machines have assumed to increased with population and not total diesel sales 10% 

10 Although approximations have been made, undoubtedly a more thorough review of diesel vehicle 
registrations and vehicle kilometres travelled could improve these results. 
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The separation into petrol and diesel fuel consumption for private- and public- and non

passenger transport is provided below in Table 6 and Table 7. 

Table 6: Petrol Fuel Consumption by Transport Category 

1991 1996 
Auckland Well ChCh Auckland Well ChCh 

Petrol Petrol Petrol Petrol Petrol Petrol 
Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Ltres 

Private Transport 637.7 210.7 213.4 752.5 229.1 229.6 
Trucks 57.8 19.1 19.3 68.2 20.8 20.8 
Buses 8.6 2.8 2.9 10.1 3.1 3.1 
Non-Transport 5.4 1.8 1.8 6.3 1.9 1.9 
TOTAL 709.4 234.4 237.5 837.2 254.9 255.4 

Transport TOTAL 704.0 232.6 235.7 830.9 253.0 253.5 

Priv Trans 
Trucks 
Buses 
Non-Trans 

Cars, Taxis, Rental Cars, Motorcycles, Caravans and LGV petrol <2000cc 
Light Goods> 2000cc and Heavy Goods vehicles 

= Buses 
= Mobile Machines 

Notes 
1 To match Newman and Kenworthy (1989) methodology, petrol engine Light Goods Vehicles less 

than 2000cc are considered as private transPort - generally transporting tradesman (where figures 
are derived based upon MOT (1995), Table 5.10 p.53) 

2 "Buses" includes tour, public transport, school buses, etc. - public transport fuel consumption for this 
study comes directly from regional council sources and does not rely upon figures derived here. 

To match assumptions made by Newman and Kenworthy (1989) and Kenworthy, 

Laube et al (1999) fuel and energy use by petrol-fuelled light commercial vehicles 

under 2000cc are included in "private passenger transport" (petrol-engine light 

commercial vehicles under 2000cc engine size, weighted by average national vehicle

kilometres travelled, corresponds to approximately 60% of light commercial petrol 

consumption or about 5-7% of total petrol consumption in each region).ll 

II Fitzsimons (1990) produced 1990 energy use figures for the Auckland region which correspond 
reasonably well to the 1991 Auckland figures, although with some differences in assumptions on diesel 
and eNG, and an admitted overstatement by Fitszimons of petrol fuel use, by using all petrol sales as 
consumed in passenger transport. 

pp~mallX C - Detailed Descriptions of Some New Zealand City Data Page 11 



Table 7: Diesel Fuel Consumption by Transport Category 

1991 1996 
Auckland Well ChCh Auckland Well ChCh 

Diesel Diesel Diesel Diesel Diesel Diesel 
Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Ltres Mill Ltres 

Private Transport 3.6 1.3 2.2 33.1 8.1 14.7 
Trucks 93.6 34.5 56.5 150.2 47.4 80.4 
Buses 9.9 3.7 6.0 18.2 5.5 9.5 
Non-Transport 7.9 2.9 4.8 8.7 3.2 5.3 
TOTAL 115.0 42.4 69.4 210.2 64.2 109.8 

Transport TOTAL 107.1 39.5 64.7 201.5 61.0 104.6 

Private Transport Cars, Taxis, Rental Cars, Motorcycles, Caravans 
Trucks Ught Goods and Heavy Goods vehicles 
Buses = Buses 
Non-Transport = Mobile Machines 

Note: "Buses" includes tour, public transport, school buses, etc . • public transport diesel for this study comes 
directly from regional council sources and does not rely upon figures derived here. 

Table 8 and Table 9 show the final derivation of energy consumption figures for each 

metropolitan area for 1991 and 1996 by transport category: private-, public- and non

passenger transport energy use by fuel type. 

Table 8: Transport Energy Consumption by Metropolitan Study Area for 1991 

AUCKLAND Petrol Diesel LPG Electricity eNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Notes (1,5) (1, 4, 5) (2,5) (3,5) 
Private Passenger Transport 22,311,932,627 110,855,442 1,083,225,000 370,014,837 23,876,027.905 
Public Passenger Transport (6) 390,459,340 91,415,430 461,874,nO 
Non·Passenger Transport 1,994,771,292 3,460,908,592 5,455.679,884 
Total 24,306,703,919 3,962,223,374 1,083,225,000 461,430.267 29,813,562,560 

WElUNGTON Petrol Diesel LPG Electricity eNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 7,406,015,553 97,131,406 366,927,437 75,855,302 7,945,929,701 
Public Passenger Transport (6) 94,112,110 89,261.993 183,374,103 
Non·Passenger Transport 662,125,844 1.320.280,912 1,982,406,756 
Total 8,068,141,397 1,511 ,524,431 366,927,437 75,855,302 10,022,448,567 

CHFIISTCHURCH Petrol Diesel LPG Electricity eNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 7,467,526,755 171,167,069 388,861,615 8,027,555,439 
Public Passenger Transport (6) 123,675,056 123,675,058 
Non·Passenger Transport 667,625,178 2,036,871,578 2,704,496,757 
Total 8,135,151,933 2,331,913,705 366,861,615 10,855,927,253 

MJ Megajoules 
Notes: 

1) AllOgures based upon petrol company Local Area PetroVDiesel Tax (LAP1) filing less non· transport fuel use based on national estimates 
(MOT 1995): Christchurch Ogures use 96% of Central canterbury and 59% of North Canterbury based upon popu/a~on In the transport study 
area; Wellinglon figures are based upon 98% of the LAPT nting corresponding to transport study area popu/a~on; figures for Auckllillld fuel 
consumption are based upon 93% of the LAPT nting corresponding to the proportion of the transport study area population within the LAPT 
boundary, 
2) LPG Associa~on regional Ogures weighted for population within the study area 
3) CNG data provided by Enerco CNG wIloleselers, 

4) Diesel spYt ba/Ween truck and private transport is estimated using nationat figures from MOT (1995) and recent diesel vehicle registrations; 
pubYa transport energy use Is provided by respec~ve regional councils; tour bus diesel is Included in private passenger transport. 
5) Energy conversions are made using gross caloriOa values consistent with Newman and Kenworthy (1989): petrol 34.69 MJlNtre, diesel 
38,29 MJllilfe, LPG 26,26 MJ/lIIJ'e; CNG energy Ogures provided in MJoules by wholesalers. 
6) PubRo-passenger transport energy use is provIded by the respec~ve regional councils (with diesel and elec/Jici/y for rail in WetHngton 
provided by Transmit (Ross Hayward) 
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Table 9: Transport Energy Consumption by Metropolitan Study Area for 1996 

AUCKLAND Petrol Diesel LPG Electricity CNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Notes (1,5) (1,4,5) (2,5) (3,5) 
Private Passenger Transport 26,304,710.585 842,531,271 794,365,000 255,000,000 28,196,606,856 
Public Passenger Transport (6) 419,967,734 63,000,000 482,967,734 
Non-Passenger Transport 2,351,740,766 6,216,529,418 19,000,000 8,587,270,184 
Total 28,656,451 ,351 7,479,028,422 794,365,000 337,000 ,000 37,266,844,774 

WELLINGTON Petrol Diesel LPG Electricity CNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 0,055,359,603 290,557,778 269,080,121 52,276,558 8,667,274,059 
Public Passenger Transport (6) 79,559,690 09,261,993 168,821,682 
Non-Passenger Transport 720,179,661 1,963,548,864 3,123,442 2,686,851,967 
Total 8,775,539,264 2,333,666,331 269,080,121 55,400,000 11,433,685,715 

CHRISTCHURCH Petrol Diesel LPG Electricity eNG TOTAL 
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ) 

Private Passenger Transport 8,035,545,003 550,644,552 285,165,185 8,871,354,740 
Public Passenger Transport (6) 110,041,233 110,041,233 
Non-Passenger Transport 718.408,161 3,357,400,072 4,075,808,234 
Total 8,753,953,164 4,018,085,858 285,165,185 13,057,204,206 

MJ = Megajoules 
Notes: 

1) All figures based upon petrol company Local Area PetroVDiesel Tax (LAPT) filing less non-transport fuel use based on national 
estimates (MOT /995): Christchurch figures use 96% of Central Canterbury and 59% of North Canterbury based upon population in the 
transport study area; Wellington figures are based upon 98% of the LAPT filing corresponding to transport study area population; figures 
for Auckfand fuel consumption are based upon 93% of the LAPT filing corresponding to the proportion of the transport study area 
population within the LAPT boundary. 
2) LPG Association regional figures weighted lor population within the study area. 
3) CNG data provided by Enerco CNG wholesalers, 
4) Diesel split between truck and private transport is estimated using national figures (rom MOT (1995) and recent diesel vehicle 
registrations; public transport energy use is provided by respective regional councils; tour bus diesel is included in private passenger 
transport, 
5) Energy conversions are made using gross calorific values consistent with Newman and Kenworthy (/989): petrol 34.69 Wllitre, diesel 
38.29 Wllitre, LPG 26,26 Wllitre; CNG energy figures provided In Woules by wholesalers. 
6) Public-passenger transport energy use is provided by the respective regional councils (with diesel and electricity for rail in Wef/ington 
provided by Transrail (Ross Hayward) 

1.3.5 Increases in diesel fuel sales 

There have been significant increases in diesel sales in the three metropolitan study 

areas between 1991 and 1996 (50-80% across all study areas). This appears to be the 

result of significant increases in newly registered diesel vehicles; both passenger and 

commercial registrations of new and newly registered second-hand vehicles have 

significantly increased as shown in Figure 1, as well as increases in economic activity 

between 1991 and 1996 (thus increasing commercial truck travel). 
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Newly Registered Diesel Vehicles 
(Annual figures per Malar Vehicle Regislry, LTSA ) 
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Figure 1: Newly Registered Diesel Vehic1es12 

Comparing national estimates made by the Ministry of Transport for 1992 and 1995 

(MOT, 1995c and 1997b) reveals that diesel car VKT approximately doubled: in 1992 

VKT by private diesel cars was estimated at 1.5% oftotal car VKT (MOT, 1995c); by 

1995 national estimates show diesel car VKT made up 3.0% of total car VKT (MOT, 

1997b). As indicated, some adjustment has been made to account for this significant 

increase in the estimated proportion of diesel consumed by passenger cars between 

1991 and 1996. As shown in Table 8 and Table 9, based upon sales data, the increases 

in estimated diesel fuel consumed by private passenger transport are generally 

represent the significant increase in diesel car VKT during the period. 

In terms of diesel passenger vehicles and their use in Auckland, these figures match 

fairly well with diesel passenger fleet proportions utilised in the Auckland Air 

Emissions study (ARC, 1998a), where diesel passenger vehicles made up 2.2% of the 

fleet and 2.2% of the total passenger VKT estimates for 1993 (ARC, 1998a, p 102 and 

p 105 respectively). 

12 Source: Land Transport Safety Authority, Transport Registry Centre. 
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Appendix D - Regression Analysis Results 

Part 1: Conversion of data to natural log (In) data for 

regression analysis 



em Auckland Chrislchurcl1 Wellington Adelaide BriSbane Canberra Melbourne Penh Sydney Boston Chicago Denller Detroit HOUSlon Los Angeles New York Phoenix 
CITY NUIIl8EA 1 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 
Urban density (personsiha) 18.1 16.1 23.0 11.8 9.8 9.6 14.9 10.6 16.8 12.0 16.6 12.8 12.8 9.5 23.9 19.2 10.5 
Private passenger energy use/person (MJI 27060 24792 22359 31784 31290 40699 33527 34579 29491 50617 46498 56132 54817 63800 55246 46409 59832 
Gross regional product per capita (US$1990) 12236 10520 12937 19761 18737 21088 17697 21520 277B3 26038 24533 22538 26155 24894 28703 20555 
PT Vehicle Service I<ms per Capiia 26.7 24.9 51.9 46.4 55.1 67.9 49.9 47.0 94.0 36.0 41.5 21.2 14.0 16.7 19.8 62.8 9.9 
Parking spaces 11000 CSO workers 500.3 968.3 966.4 580.2 321.7 806.8 337.3 631.1 222.2 285.0 128.2 605.6 705.7 612.3 520.4 59.9 905.6 
Length 01 road per person (m) 4.9 6.2 5.7 B.O 8.2 8.8 7.7 10.7 6.2 6.7 5.2 7.6 6.0 11.7 3.8 4.6 9.5 
Car Energy Efficiency (MJlcar·kIn) 4.1 4.2 3.7 4.8 4.8 6.0 5.2 4.8 5.0 4.9 4.9 5.6 4.9 4.9 4.8 5.6 5.2 
Ralio of public 10 privaie lranspon speeds 0.6 0.4 0.8 0.5 0.8 0.7 0.6 0.6 0.9 0.6 0.8 0.4 0.4 0.4 0.4 0.9 0.5 
Public Transport Trips per Capita 40.8 28.0 76.8 75.8 69.1 89.2 101.1 54.4 160.3 114.4 95.7 30.0 24.3 26.2 55.0 155.2 14.8 
PubliC Transport Pass-kin per Capita 294.2 173.0 943.0 572.2 899.8 659.9 843.8 544.4 1769.4 626.5 805.3 198.6 171.3 215.0 351.6 1334.3 123.7 
Variable car COS! per ca<vehicle kilometre US$1990 0.092 0.102 0.094 0.108 0.095 0.088 0.111 0.108 0.076 0.078 0.084 0.074 0.076 0.071 0.088 0.079 
Car Cost per passenger kin 0.207 0.221 0.206 0.244 0.176 0.255 0.240 0.218 0.157 0.201 0.270 0.216 0.175 0.174 0.232 0.211 
CarTota! $ikm per 10,000 GRP $US 1990 0.214 0.290 0.209 0.206 0.163 0.184 0.227 0.162 0.096 0.114 0.148 0.135 0.098 0.101 0.107 0.141 
Public Transport CoSI Recovery (%) 0.510 0.380 0.523 0.399 0.541 0.244 0.280 0.553 0.240 0.460 0.190 0.230 0.280 0.430 0.472 0.280 
Urbanised Area 48752 20115 15390 87045 136338 28803 202698 107463 210407 230820 410380 118840 289940 304930 370878 958372 191940 
PopulatiOn 882348 323799 354222 1023278 1333773 277930 3022910 1142646 3539035 2775370 6792087 1517977 3697529 2901851 8863164 18409019 2006239 
JTW% Ely Car 84.9 80.1 74.4 83.1 8004 79.4 86.2 69.3 77.8 80.6 91.3 95.4 93.3 89.3 66.7 93.7 
JTW % By Public Transport 7.6 4.7 15.0 11.5 14.5 15.9 9.7 25.2 14.7 14.9 4.4 2.6 4.1 6.7 26.6 2.1 
JTW 0/. 8y Cycle and Walk 7.5 15.2 10.6 5.4 5.1 4.7 4.1 5.5 7.4 4.5 4.3 2.0 2.6 4.0 6.7 4.2 
Additionn JTW % By PT ICyclelWalk 15 20 26 17 20 0 21 14 31 22 19 9 5 7 11 33 6 
JTW T'ip lenglh 13 8 11 14 12 10 15 14 14 19 18 14 17 
Per cap~a car klns 6672 5880 6062 6690 6467 6744 6436 7203 5886 10280 9525 10011 11239 13016 11587 8317 11608 
CyclelWalk JTW kin (est JTW% '4k1n a"ll trip length) 300 608 426 216 204 0 188 164 220 296 180 172 80 104 160 268 168 
1990 Private transport spesd 47.8 46.8 46.5 46.4 50.1 49.5 45.1 45.0 37.0 52.3 45.0 58.1 56.3 61.2 45.0 38.3 51.5 
Per capita car kms 6,671.5 5,880.1 6,061.5 6.690.4 6,467.1 6,743.9 6,435.5 7,202.8 5,885.5 10,280.1 9,524.6 10.011.4 11.238.6 13.016.5 11,587.3 8,317.1 11,607.8 
Length 01 road per person (m) 4.9 6.2 5.7 8.0 8.2 8.8 7.7 10.7 6.2 6.7 5.2 7.6 6.0 11.7 3.8 4.6 9.6 
CALC· VOLUME"Ca,kmslroad'speed 64.983.7 44.375.2 49,508.0 38,943.1 39.624.3 3e.o92.2 37,705.8 30,204.2 30,100,8 79,842.7 82,758.1 76,827.8 105,137.8 67.814.4 136,355.6 69.533.6 62,262.6 
Passenger carsll000 people 497.4 527.0 469.4 536.7 463.0 457.0 518.3 522.9 448.5 520.7 547.1 752.6 693.4 607.7 543.6 483.5 643.9 
CALC - CCNGESnON= 00. vah/road lengih 101.4 85.0 82.4 67.3 56.6 52.1 67.3 48.7 72.3 77.3 105.6 99.4 115.2 51.7 142.1 105.5 67.1 
Car klns. par car 12.565.7 10,530.0 12.359,0 12,466.3 13,968.9 14.757.9 12.416.9 13.775.4 13,121.8 19,742.8 17,407.8 13,302.9 16,208,3 21,418.4 21.316.7 17,202.6 18,028.6 
CALC - CONGESTION #2 = nO.vah·1Ikl per vahlroad lenglh 1.27E+06 8.95E+05 1.02E+06 8.39E+05 7.91E+05 7.70E+05 8.36E+05 6.71E+05 9.49E+05 1.53E+06 1.84E+06 1.32E+06 1.87E+06 1.11E+06 3.03E+06 1.82E+06 1.21E+06 
total urban vkl 5.9E+OS 1.9E+09 2.1E+09 6.8E+09 8.6E+09 1.9E+09 1.9E+l0 8.2E+09 2.1E+l0 2.9E~10 6.5E+l0 1.5E+l0 4.2E+l0 3.8E+l0 1.0E+11 1.5E+11 2.3E+l0 

LOG LN - Urban density 2.90 2.78 3.14 2,46 2.28 2.26 2.70 2.36 2.82 2.49 2.81 2.55 2.55 2.25 3.17 2.96 2.35 
LOG LN - Prlvale psssenger energy use'person (MJ) 10.21 10.12 10.01 10.37 10.35 10.61 lDA2 10.45 10.2.9 10.83 10.75 10.94 10.91 11.06 10.92 10.75 11.00 
LOG LN - Gross Nglonaf prOduct per caplll!l (US$1990) 9.41 9.26 9.47 9.89 9.84 9.96 9.78 9.98 10.23 10.17 10.11 10.02 10.17 10.12 10.26 9.93 
LOG LN· i'1 Vehicle Service kma per Capita 3.29 3.22 3.95 3.64 4.01 4.22 3.91 3.85 4.54 3.58 3.73 3.06 2.64 2.81 2.99 4.14 2.30 
LOG til - Parking spscesll000 CBO wlIl,.ers 6.40 6.88 6.87 ".36 5.77 6.69 5.82 6.45 5.40 5.65 4.85 6.41 6.56 6.42 6.25 4.09 6.81 
LOG LN -Length 0' roall per person (m) 1.59 1.82 1.74 2.08 2.10 2.17 2.04 2.37 1.83 1.91 1.64 2.02 1.79 2.46 1.34 1.52 2.25 
LOG LN - Car Energy Efficiency (MJlcar-kmj 1.40 1.44 1.31 1.56 1.58 1.80 1.65 1.57 1.61 1.59 1.59 1.72 1.58 1.59 1.56 1.72 1.64 
LOG UI- RSI!o 01 public 10 prlVllte lransport speeds '0.54 ·0.96 ·0.26 ·0.70 ·0.26 ·0.36 ·0.51 ·0.54 ·0.10 ·0.57 ·0.20 ·0.88 ·0.92 ·0.95 ·0.81 ·0.11 -0.74 
LOG 1.111· Public Transport Trips psr Capita 3.71 3.33 4.34 4.33 4.24 4.49 4.62 4.00 5.08 4.74 4.56 3.40 3.19 3.27 4.01 5.04 2.69 
lOG LN - Public Tmnspori Pass-Km psr Capita 5.68 5.15 6.74 6.35 6.80 6,49 6.74 6.30 7.48 6.44 6.69 5.29 5.14 5.37 5.86 7.20 4.62 
lOG LN - \la.labl. CIllr cosl 1"" ell' vehicle kilometre US$1990 ·2.38 ·2.28 ·2.36 '2.2.3 -2.35 ·2.43 ·2.20 -2.23 ·2.58 -2.55 -2.48 ·2.60 ·2.58 -2.65 ·2.43 ·2.54 
LOG LN - Car CoS! per passenger km ·1.58 ·1.51 ·1.58 ·1.41 ·1.74 ·1.37 -1.43 ·1.53 ·1.85 ·1.50 ·1.31 ·1.53 ·1.74 -1.75 ·1.46 -1.56 
lOG LIII- Car Total Sll<m per 10,000 GRI' SUS 1990 ·1.54 ·1.24 ·1.57 -1.58 ·1.82 ·1.69 ·1.48 ·1.82 ·2.35 ·2..17 ·1.91 ·2.00 ·2.32 -2.29 ·2.23 -1.96 
LOG LN -I'ubllc Tmnspoll Cos! Recovery (%) ·0.67 ·0.97 ·0.65 ·0.92 ·0.61 ·1.41 ·1.27 ·0.59 -1.43 ·0.78 ·1.66 ·1.47 ·1.27 -0.84 -0.75 ·1.27 
LOG LN - Ulllanleed Area 10.79 9.91 9.64 11.37 11.82 10.27 12.2.2 11.58 12.26 12.35 12.92 11.69 12.58 12.63 12.82 13.77 12.16 
LOG 13.69 12.69 12.78 13.84 14.10 12.54 14.92 13.95 15.08 14.84 15.73 14.23 15.12 14.88 16.00 16.73 14.51 
LOG 15.28 14.51 14.52 15.91 16.20 14.71 16.96 16.32 16.90 16.74 17.38 16.26 16.92 17.34 17.34 18.25 16.77 
LOGI.N-JTW% 4.44 4.38 4.31 4.42 4.39 4.37 4.46 4.24 4.35 4.39 4.51 4.56 4.54 4.49 4.20 4.54 

2.03 1.55 2.71 2.44 2.67 2.77 2.27 3.23 2.69 2.70 1.48 0.96 1.41 1.90 3.28 0.74 
LOGLN·JTW% 2.01 2.72 2.36 1.69 1.63 1.55 1.41 1.70 2.00 1.50 1.46 0.69 0.96 1.39 1.90 1.44 
LOG LN • Addltlonn By PTICyclelWalk 2.71 2.99 3.24 2.83 2.98 3.03 2.62 3.42 3.10 2.97 2.16 1.53 1.90 2.37 3.51 1.84 

Length 2.53 2.08 2.36 2.62 2.44 2.31 2.71 2.62 2.61 2.95 2.88 2.61 2.86 
Cll!rkmS 8.81 8.68 8.71 8.81 8.77 8.82 8.77 8.88 8.68 9.24 9.16 9.21 9.33 9.47 9.36 9.03 9.36 

5.70 6.41 6.05 5.38 5.32 5.24 5.10 5.39 5.69 5.19 5.15 4.38 4.64 5.08 5.59 5.12 
11.08 10.70 10.81 10.57 10.59 10.55 10.54 10.32 10.47 11.29 11.32 11.25 11.56 11.12 11.82 11.15 11.04 

LOG LN - T,,,mc Congestion It1 4.62 4.44 4.41 4.21 4.04 3.95 4.21 3.89 4.28 4.35 4.66 4.60 4.75 3.95 4.96 4.66 4.21 
lOG LN • Trame Cong"llon I\l2 14.06 13.70 13.83 13.64 13.58 13.55 13.64 13.42 13.76 14.24 14.42 14.09 14.44 13.92 14.92 14.41 14.01 
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tin' Portland Sacramento San Diego an Francisco Washington Calgary Edmonton Montreal Ottawa Toronto Vancouver Winnipeg Amsterdam Brussels Copenhagen Frankfurt am Main 
tln'lNUIIIBEIi HI 19 20 21 22 23 24 25 26 27 21i1 29 30 31 32 33 
Urban density (personstha) 11.7 12.7 13.1 16.0 13.7 20.B 29.9 33.B 31.3 41.5 20.8 21.3 48.8 74.9 28.6 46.6 
Private passenger energy uselperson (MJ) 57699 65351 61004 58493 49593 35684 31848 27706 26705 30746 31544 32018 13915 21080 14609 24779 
Gross reglo",,1 product percaplla (U$$1990) 31143 35882 22572 25211 30087 29900 35126 
PT Vehicle Service kms per capila 27.2 9.9 23.7 49.3 37.3 49.7 51.3 60.2 55.9 98.4 50.3 40.5 60.3 62.7 121.3 47.9 
P1Il1<irIg spaces I 1000 ceo wor1\ers 403.0 777.1 688.5 136.6 252.9 522.0 593.5 346.8 230.3 175.8 442.8 545.5 354.3 314.1 223.2 246.3 
Length of road per person (m) 10.6 8.8 5.5 4.6 5.2 4.9 4.8 4.5 7.1 2.6 5.1 4.2 2.6 2.1 4.6 2.0 
car Ene/llY EffICiency (MJlcar-km) 5.7 5.0 4.7 4.9 4.4 4.5 4.5 5.8 4.5 6.1 3.B 4:7 3.5 4.3 3.2 4.2 
Ratio of public to private transport speeds 0.5 0.4 0.5 0.7 0.8 0.6 0.5 0.6 0.6 0.7 0.7 0.5 0.6 0.8 0.9 1.0 
Public Transport Trips per Capita 46.2 15.0 28.9 112.0 105.6 94.3 108.6 221.5 134.6 350.0 117.2 97.7 324.5 260.3 163.9 216.6 
Public Transport Pass-km per Capita 285.8 116.8 259.0 899.3 773.8 774.6 727.8 951.7 849.5 2172.8 871.3 635.4 1060.8 1427.5 1606.8 1148.9 
Valishle car cosl per car vehicle kilometre US$1990 0.080 0.089 0.085 0.089 0.103 0.136 0.127 
Car Cosl per passenger km 0.199 0.206 0.196 0.243 0.366 0.262 0.340 
Car To!a1 $Ikm per 10,000 GRP $US 1990 0.087 0.083 0.122 0.158 0.171 0.149 0.137 
PubliC Transport Cos! Recovery (%) 0.450 0.500 0.605 0.400 0.266 0.655 0.448 
Urbanised Area 100490 86470 178750 226390 244660 34173 20589 92390 29023 54868 74115 30146 14392 12872 59926 13609 
Population 1172158 1097005 2348417 3629516 3363031 710677 614665 3119570 907919 2275771 1542933 641850 702731 984285 1711254 634357 
JTW%9yCar 80.0 80.6 64.6 40.0 45.5 43.0 49.4 
JTW % By PubliC Transport 14.5 15.0 30.1 25.0 35.3 25.0 42.1 
JTW % By Cycle and Walk 5.5 4.4 5.3 35.0 19.1 32.0 8.5 
Additionn JTW % By PT/CycleiWalk 0 0 20 19 0 0 ° 35 0 60 54 57 51 

15 14 11 9 6 14 12 
10114 13178 13026 11933 11182 7913 7062 4746 5883 5019 8361 6871 3977 4864 4558 5893 

km (es!JTW'Yo'4km avg trip length) 0 0 0 220 176 0 0 0 0 212 0 0 1400 764 1280 340 
Private transport speed 49.7 63.9 55.7 44.3 42,4 47.1 40.0 43.3 40.0 35.0 38.0 35.0 35.0 37.9 50.0 45.0 

Per capita car kms 10,113.8 13,177.6 13.025.5 11,933.2 11,182.1 7,912.7 7,062.2 4,746.2 5,882.7 5.019.0 8,360.7 6,871.2 3,976.6 4,863.6 4,558.1 5,892.6 
Length 01 road per person (m) 10.6 8.8 5.5 4.6 5.2 4.9 4.8 4.5 7.1 2.6 5.1 4.2 2.6 :U 4.6 2.0 
CALC - VOLUME-carkmslroad'speed 47,553.3 95,823.2 131,017.6 115,278.0 91,612.7 76.549.8 59.019.7 45,843.2 33,106.4 68,430.3 62,350.5 57,855.9 52,612.4 87,776.4 49,897.6 131,108.8 
Passenger cars/l0DO people 763.5 563.0 559.0 603.5 620.1 630.3 526.9 420.2 510.2 606.0 564.5 411.9 319.1 428.2 283.0 477.6 
CALC - CONGESTION- no. vah/road length 72.2 64.1 101.0 131.6 119.8 129.5 110.1 93.7 71.8 236.1 110.8 99.1 120.6 203,9 62.0 236.1 
Car kmg. per car 13,222.4 23,407.6 23,299.6 19,773.7 18,034.1 12,554.9 13,000.6 11,294.4 11,529.3 8.282.6 14,810.3 16,682.5 11,359.4 16,107.4 12,337.9 
CALC - COINGESTION #2 = nO.veh·vkl per veil/road length 9.55E+05 1.50E+06 2.35E+06 2.60E+06 2.16E+06 1.63E+06 1,43E+06 1.06E+06 8.28E+05 1.96E+06 1.64E+06 1.65E+06 2.32E+06 9.9SE+05 2.91E+06 
tOlal uman vlll 1.2E+l0 1.4E+l0 3.1E+l0 4.3E+l0 3.8E+1O 5.6E+09 4.3E+09 1.5E+l0 5.3E+09 1.1E+l0 1.3E+l0 4.4E+09 2.8E+09 4.7E+09 7.8E+09 3.7E+09 

LOG VARIABLES, LOG NATURAL (LN) 
lOG LN· Urban densllY (psl1llonslhs) 2.46 2.54 2.58 2.77 2.62 3.03 3.40 3.52 3.44 3.73 3.04 3.06 3.89 4.32 3.35 3.84 
LOG LN· Privole pessengerenergy u""'person (MJ) 10.96 11.09 11.02 10.98 10.81 10.48 10.37 10.23 10.19 10.33 10.36 10.37 9.54 9.96 9.59 10.12 
LOG LN· Gross regIonal product per capita {US$19901 10.35 10.49 10.02 10.14 10.31 10.31 10.47 
lOG LN • PT Vehicle Servloo kms per Caplllll 3.30 2.30 3.16 3.90 3.62 3.91 3.94 4.10 4.02 4.59 3.92 3.70 4.10 4.14 4.80 3.87 
LOG U! • Parking speces 11000 CBD workers 6.00 6.66 6.53 4.92 5.53 6,26 6.39 5.85 5.44 5.17 6.09 6.30 5.87 5.75 5.41 5.51 
lOG LN· un!l1ll 01 road per person (m) 2.36 2.17 1.71 1.52 1.64 1.58 1.57 1.50 1.96 0.94 1.63 1.42 0.97 0.74 1.52 0.70 
LOG UI • car Ener!l)l ElIlclenqr (MJlcar·kml 1.74 1.60 1.54 1.59 1.49 1.51 1.51 1.76 1.51 1.81 1.33 1.54 1.25 1.47 1.16 1.44 
LOO LN- fldo 01 public 10 private IrIInsport speeds -0.61 ·0.93 -0.65 -0.29 ·0.28 .(l.53 -0.66 ·0.54 ·0.51 -0.29 -0.41 ·0.61 -0.44 -0.28 -0.06 0.02 
LOG LN • Public Transport Trill'S per capll<!> 3.83 2.71 3.36 4.72 4.66 4.55 4.69 5.40 4.90 5.86 4.76 4.58 5.78 5.56 5.10 5.38 
lOG LN- Public Transport Psss-l(m per caplls 5.66 4.76 5.56 6.80 6.65 6.65 6.59 6.B6 6.74 7.68 6.77 6.45 6.97 7.26 7.38 7.05 
lOG LN· Variable car cost per car vehicle kilometre 1iJS$1990 -2.53 -2.42 -2.47 ·2.42 -2.27 -2.00 -2.06 
lOG LN· ClIr tOSI per ,,_rlger km ·1.62 -1.58 -1.63 ·l.41 -1.00 -1.34 ·1.08 
LOG LN· Car Total $Ikm per 10,000 GRI' $US 1990 -2.45 -2.48 ·2.11 ·1.84 ·1.77 -1.90 -1.99 
lOG LN· Public Transport COSI Recovery ('!oj .(l.80 -0.69 -0.50 -0.92 -1.32 -0.42 ·0.80 
lOO LN· Urbanised Area 11.52 11.37 12.09 12.33 12.41 10.44 9.93 11.43 10.28 10.91 11.21 10.31 9.57 9.46 11.00 9.52 
LOO LN· 1'0IP1I19110" 13.97 13.91 14.67 15.10 15.03 13.47 13.33 14.95 13.72 14.64 14.25 13.37 13.46 13.78 14.35 13.36 
LOG LN ' Road Lan!l1ll ToteD 16.33 16.08 16.38 16.63 16.67 15.06 14.89 16.45 15.68 15.58 15.8B 14.80 14.44 14.52 15.87 14.06 
lOO LN • JTW % Ely ClIr 4.38 4.39 4.17 3.69 3.82 3.76 3.90 
lOG LN • JTW % Ely Public Tmnsport 2.67 2.71 3,40 3.22 3.56 3.22 3.74 
lOG LN· JTW % Ill' Cycle and Walk 1.70 1,48 1.67 3.56 2.95 3,47 2.14 
lOG LN, Adalilonn JTW % By PTlCyclsiWalk 3.00 2.97 3.57 4.09 4.00 4.04 3.92 
lOG LN· JTW Trtp Langlh 2.73 2.65 2.42 2.22 1.72 2.63 2.51 
lOG LN • Per capilli CIIr IImS 9.22 9.49 9.47 9.39 9.32 8.98 8.86 8.47 8.68 8.52 9.03 8.84 8.29 8.49 8.42 8.68 
lOG LN· CycleiWslk Avg JTW kmslcaplilll 5.39 5.17 5.36 7.24 6.64 7.15 5.83 
lOG LN· Traffic Volume 10.77 11.47 11.78 11.66 11.43 11.25 10.99 10.73 10.41 11.13 11.04 10.97 10.87 11.38 10.82 11.78 
LOG LN· Traffic Con9esllon 111 4.28 4.16 4.61 4,88 4.79 4.86 4.70 4.54 4.27 5.46 4.71 4.60 4.79 5.32 4.13 5.46 
LOO LN· Tmllle Congestion 11'2 13.77 14.22 14.67 14.77 14.59 14.30 14.17 13.87 13.63 14.49 14.31 14.32 14.36 14.66 13.81 14.88 
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CIT1f Hamburg London Munich PariS SiockllOlm Vienna Zurich Hong Kong Singapore Tol<yo Bangkok Jakarta :uala Lumpur Manila Seoul 
CIT1f NUMBER 34 35 36 37 38 39 40 41 42 43 45 46 47 48 
Urban density (pelSonslha) 39.8 42.3 53.6 46.1 53.1 68.3 47.1 300.5 86.8 71.0 149.3 170.8 58.7 198.0 244.8 176.9 
Private passenger energy usalperson (MJ) 20344 12884 14224 14269 18362 14990 19947 2406 11383 8015 7742 4787 11643 2896 5293 2633 
Gross regional product per capita (US$1990) 30421 22215 36255 33609 33235 28021 44845 14101 12939 36953 3826 1508 4066 1099 5942 726 
PT Vehicle Service I<ms per Capita 71.0 138.4 91.4 71.0 133.2 72.6 148.1 140.4 lt4.0 89.3 110.3 54.5 49.7 257.9 113.9 62.2 
Parl<ing spaces / 1000 ceo warners 177.3 266.2 199.5 193.2 186.5 136.7 32.9 163.8 42.9 396.6 296.7 27.0 48.7 
Length of road per pOISon (m) 2.6 2.0 1.8 0.9 2.2 1.8 4.0 0.3 1.1 3.9 0.6 0.5 1.5 0.6 0.8 0.3 
Car Energy EffICiency (MJ/car-kmJ 4.0 3.3 3.4 4.1 4.0 3.8 3.8 4.9 6.1 3.8 2.9 4.3 2.9 5.1 3.6 2.5 
Ratio of public to private transport speeds 1.1 1.4 1.2 1.5 0.9 0.9 12 1.1 0.8 1.6 0.7 0.6 0.6 0.7 1.1 0.6 
PUblic Transport Trips per Capita 227.8 325.2 403.5 295.0 347.6 421.8 514.9 569.7 456.9 460.7 422.7 237.7 226.7 480.7 460.4 173.5 
Public Transport Pass-I<m por Capita 1374.8 2405.1 2462.5 2120.6 2351.3 2430.3 2459.4 3784.2 27752 5500.8 2312.5 1322.7 1576.5 2568.1 2890.0 554.6 
Variable car cost per car vehicle kilometre US$1990 0.125 0.095 0.156 0.111 0.228 0.121 0.122 0.271 0.148 0.090 0.111 0.053 0.083 0.134 0.091 0.032 
Car Cost per passenger I<m 0.313 0.245 0.418 0.301 0.591 0.294 0.311 0.479 0.261 0.192 0.136 0.131 0.114 0.136 0.165 0.068 
CerTotai $/km per 10.000 GRP SUS 1990 0.154 0.160 0.163 0.125 0.240 0.140 0.103 0.561 0.342 0.078 0.604 1.214 0.450 2.766 0.473 1.405 
Public Transport Cost Recovery (%) 0.621 0.932 0.536 0.606 0.331 0.587 0.601 1.359 1.148 1.051 0.930 1.010 1.350 1.219 0.972 1.273 
Urbanised Area 41497 157829 23844 231085 12694 22547 16731 18380 31160 448000 42580 48129 53242 40135 70092 13983 
Population 1652363 6679699 1277576 10661937 674452 1539948 787740 5522281 2705115 31796702 6356685 8222515 3024750 7948392 16732292 2473272 
JTW%ByCar 49.4 46.0 38.0 48.9 31.0 44.1 36.0 9.1 21.8 29.4 60.0 41.4 57.6 28.0 20.6 55.7 
JTW % By Public Transport 38.1 40.0 46.0 36.2 55.0 43.9 39.8 74.0 56.0 48.9 30.0 36.3 25.5 54.2 59.6 20.8 
JTW % Sy Cycle aOO Walk 12.5 14.0 16.0 14.9 14.0 11.9 24.2 16.9 22.2 21.7 10.0 22.3 16.9 17.8 19.8 23.5 
Additionn JTW % By PTlCyclelWalk 51 54 62 51 69 56 64 91 78 71 40 59 42 72 79 44 
JTW Trip Length 10 9 10 12 9 a 11 11 9 6 8 9 6 11 5 
Per capita car I<ms 5061 3892 4202 3459 4638 3964 5197 493 1864 2103 2664 1112 4032 573 1483 1064 
Cycle/Walk JTW I<m (asl JTW%"4km avg trip lenglh) 500 560 640 596 560 476 968 676 888 868 400 892 676 712 792 940 
1990 Privale transport speed 30.0 30.2 35.0 25.7 43.0 27.5 36.0 25.7 32.5 24.4 13.1 23.6 29.4 25.5 24.0 27.0 
Par capita car I<ms 5.061.5 3.892.4 4,201.9 3.458.8 4.637.7 3.964.1 5.197.1 492.7 1.864.2 2.102.5 2.664.0 1.112.1 4.032.3 573.3 1.482.7 1.063.8 
Length of road per pelSon (m) 2.6 2.0 1.8 0.9 2.2 1.8 4.0 0.3 1.1 3.9 0.6 0.5 1.5 0.6 0.8 0.3 
CALC - VOLUME~cari<mslroad"speed 59.189.0 59.015.4 82.844.1 94.994.3 89.666.5 60,495.0 48.259.9 45.735.6 56.869.4 13.317.2 58,331.6 48.518.2 78.067.5 23.516.3 45.321.7 85.077.5 
Passenger carsll000 people 410.2 347.6 468.2 359.9 408.9 363.2 444.2 42.9 101.5 225.0 198.5 74.6 170.2 65.6 65.6 39.9 
CALC - CCNGESTlON~ 110. veh/road length 159.9 174.5 263.8 364.6 183.8 201.6 109.8 154.8 95.3 58.4 331.8 138.0 112.1 105.5 83.6 118.2 
Car I<ms. per car 12.338.3 11.1972 8.974.1 9.610.6 11.343.0 10.912.9 11.699.4 11.493.3 18.370.4 10.866.8 9.332.6 6.315.9 10.310.1 7.976.9 18.471.3 5.700.8 
CALC - CONGESTION #2 ~ no.veh'vl<! per yeh/road length 1.97E+06 1.95E+06 2.37E+06 3.70E+06 2.09E+06 2.20E+06 1.2SE+06 1.78E+06 1.75E+06 6.35E+05 3.10E+06 8.71E+05 1.16E+06 8.41E+05 1.54E+06 6.74E+05 
10lal urban vk! 8.4E+09 2.6E+l0 5.4E+09 3.7E+l0 3.1E+09 6.1E+09 4.1E+09 2.7E+09 5.0E+09 6.7E+l0 1.7E+l0 9.1E+09 1.2E+l0 4.6E+09 2.5E+l0 2.6E+09 

LOG VARIABLES ,lOG NATURAL ILIII) 
lOO l1-l· Urban density (person""e) 3.68 3.75 3.98 3.83 3.97 4.22 3.85 5.71 4.46 4.26 5.01 5.14 4.07 5.29 5.50 5.18 
lOG LN· PrivatG passanger energy use/parson (II'IJ) 9.92 9.46 9.56 9.57 9.82 9.62 9.90 7.79 9.34 8.99 8.95 6.47 9.36 7.97 8.57 7.88 
LOG UI- Gross regions I product per copUS! (US$1990) 10.32 10.Q1 10.50 10.42 10.41 10.24 10.71 9.55 9.47 10.52 8.25 7.32 8.31 7.00 8.69 6.59 
LOG LIII· M Vehicle Service kms par Capita 4.26 4.93 4.52 4.26 4.89 4.29 5.00 4.94 4.74 4.49 4.70 4.00 3.91 5.55 4.73 4.13 
lOG LN - Parking spaces /1000 CBIl workers 5.18 5.58 5.30 5.26 5.23 4.92 3.49 5.10 3.76 5.98 5.69 3.30 3.89 
LOG Ll\I. l.angtll of road par parson 1m) 0.94 0.69 0.57 -0.07 0.80 0.59 1.40 -1.28 0.06 1.35 -0.51 -0.61 0.42 -0.48 -0.24 -1.09 
LOG till - Car Energy Efficiency (MJ/car-km) 1.39 1.20 1.22 1.42 1.38 1.33 1.34 1.59 1.81 1.34 1.07 1.46 1.06 1.62 1.27 0.91 
lOO Ll\I. ReliO 01 public to private I",nsport spsed. 0.10 0.36 0.20 0.39 -0.12 ·0.09 0.22 0.08 -0.23 0.46 -0.35 ·0.44 -0.59 -0040 0.07 -0.43 
lOG LN· Public Transport Trips per Capilli 5.43 5.78 6.00 5.69 5.85 6.04 6.24 6.35 6.12 6.13 6.05 5.47 5.42 6.18 6.13 5.16 
lOG LIII· Public Transport Pess-Km par Capllll 7.23 7.79 7.81 7.66 7.76 7.80 7.81 8.24 7.93 8.61 7.75 7.19 7.36 7.85 7.97 6.32 
LOG LN • Variable car cost per car vehicle kllomotre US$1990 -2.08 -2.35 ·1.86 -2.20 -1.48 -2.11 -2.10 -1.31 -1.91 -2.41 -2.20 ·2.94 ·2.49 -2.01 -2.40 -3.44 
LOG UI· Car CcSl p.r psssengar km -1.16 -1.41 -0.87 -1.20 -0.53 -1.22 ·1.17 -0.74 -1.34 -1.65 -2.00 -2.03 -2.17 ·2.00 -1.80 -2.69 
lOG UI· Car Totlll $/km par 10,000 GRP SUS 1990 -1.87 -1.83 ·1.82 -2.08 ·1.43 -1.97 -2.28 -0.58 -1.07 -2.54 ·0.50 0.19 -0.80 1.02 -0.75 0.34 
lOG IN • Public T",nsport Ccst Recovery (%) ·0.48 -0.07 -0.62 -0.50 ·1.11 -0.53 -0.51 0.31 0.14 0.05 -0.07 0.01 0.30 0.20 -0.03 0.24 
lOG LN· Urbanised ArSil 10.63 11.97 10.08 12.35 9.45 10.02 9.73 9.82 10.35 13.01 10.66 10.76 10.88 10.60 11.16 9.55 
lOG U! • Population 14.32 15.71 14.06 16.18 13.42 14.25 13.58 15.52 14.81 17.27 15.67 15.92 14.92 15.89 16.63 14.72 
lOG UI·lFloacl l.anglh TOIIII 15.26 16.40 14.63 16.12 14.22 14.84 14.97 14.24 14.87 18.62 15.15 15.31 15.34 15.41 16.39 13.64 
lOG LN· JTW % By C&r 3.90 3.83 3.64 3.89 3.43 3.79 3.58 2.21 3.06 3.38 4.09 3.72 4.05 3.33 3.03 4.02 
lOG UI· JTW % By Public Transport 3.64 3.69 3.83 3.59 4.01 3.78 3.68 4.30 4.03 3.89 3.40 3.59 3.24 3.99 4.09 3.03 
lOG LN • JTW % By Cycle and Walk 2.53 2.64 2.77 2.70 2.64 2.48 3.19 2.83 3.10 3.08 2.30 3.10 2.83 2.88 2.99 3.16 
lOG LN· Addition" JTW % BV MlCyclGlWalk 3.92 3.99 4.13 3.93 4.23 4.02 4.16 4.51 4.36 4.26 3.69 4.07 3.75 4.28 4.37 3.79 
lOG UI· JTW Trip l.anglh 2.32 2.22 2.26 2.50 2.15 2.05 2.39 2.39 2.20 1.70 2.12 2.20 1.80 2.42 1.65 
LOG LN - Per ""pllll car kms 8.53 8.27 8.34 8.15 8.44 8.29 8.56 6.20 7.53 7.65 7.69 7.01 6.30 6.35 7.30 6.97 
lOO IN • CyclolWslk Avg JTW kmslca,,11lI 6.21 6.33 6.46 6.39 6.33 6.17 6.68 6.52 6.79 6.77 5.99 6.79 6.52 6.57 6.67 6.85 
lOG LN· Traffic Volume 10.99 10.99 11.32 11.46 11.40 11.01 10.74 10.73 10.95 9.50 10.97 10.79 11.27 10.07 10.72 11.35 
LOG Ll\I. T .... ffic Congellon '1 5.07 5.16 5.58 5.95 5.21 5.31 4.70 5.04 4.56 4.07 5.80 4.93 4.72 4.66 4.43 4.77 
lOG IN • T",ffic Congetlon #2 14.50 14.49 14.66 15.12 14.55 14.60 14.07 14.39 14.36 13.36 14.95 13.68 13.96 13.64 14.25 13.42 
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logdens logprenr loggrp logptser logcbdpa invcbdp logroadm I 

1 2.90 10.21 9.41 3.29 6.40 -6.40 1.59 

2 2.78 10.12 9.26 3.22 i 6.88 -6.88 1.82 • 

3 3.14 10.01 9.47 3.95 6.87 . -6.87 1.74 

4 2.46 10.37 9.89 3.84 6.36 -6.36 2.08 . 

5 2.28 10.35 9.84 4.01 5.77 -5.77 2.10 
! 

6 2.26 10.61 4.22 6.69 -6.69 . 2.17 

7 2.70 ! 10.42 I 9.96 3.91 5.82 -5.82 2.04 

8 2.36 10.45 9.78 3.85 6.45 -6.45 2.37 • 

9 2.82 10.29 9.98 4.54 5.40 -5.40 1.83 

10 2.49 10.83 10.23 3.58 5.65 -5.65 1.91~ 
11 2.81 10.75 10.17 i 3.73 4.85 -4.85 1.64 

12 2.55 10.94 10.11 3.06 6.41 -6.41 2.m~ 

13 • 2.55 10.91 10.02 2.64 6.56 -6.56 1.79 
! 

14 2.25 11.06 • 10.17 2.81 6.42 -6.42 2.46 

15 I 3.17 10.92 10.12 2.99 6.25 -6.25 1.34 

16 2.96 10.75 10.26 4.14 4.09 -4.09 1.52 1 

17 2.35 11.00 9.93 • 2.30 6.81 -6.81 2.26 

18 2.46 10.96 3.30 6.00 -6.00 2.36 

19 2.54 11.09 2.30 6.66 -6.66 2.17 
! 

20 2.58 11.02 3.16 6.53 -6.53 1.71 

21 2.77 10.98 10.35 3.90 4.92 -4.92 1.52 

22 2.62 10.81 10.49 . 3.62 5.53 -5.53 1.64 

23 3.03 10.48 3.91 6.26 -6.26 1.58 

24 i 3.40 10.37 3.94 • 6.39 -6.39 1.57 

25 3.52 10.23 4.10 5.85 -5.85 1.50 

26 • 3.44 
i 

10.19 4.02 5.44 -5.44 1.96 

27 3.73 10.33 • 10.02 4.59 5.17 -5.17 .94 

28 3.04 10.36 3.92 6.09 -6.09 1.63 

29 3.06 10.37 3.70 6.30 -6.30 1.42 

30 ! 3.89 9.54 10.14 4.10 5.87 -5.87 .97 

31 4.32 9.96 10.31 4.1~ 5.75 -5.75 .74 
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logenelf logptspe logpttri ptpasskm cwkmsjtw logcar$v invcar$v 

1 1.40 -.54 3.71 5.68 5.70 -2.38 2.38 

2: 1.44 -.96 3.33 5.15 6.41 -2.28 2.28 

3 1.31 -.26 4.34 6.74 6.05 -2.36 2.36 

4 1.56 -.70 4.33 6.35 5.38 -2.23 2.23 

5 1.58 -.26 • 4.24 6.80 5.32 -2.35 2.35 

6 1.80 -.36 4.49 6.49 

7 1.65 -.51 4.62 6.74 5.24 -2.43 2.43 

8. 1.57 -.54 4.00 6.30 5.10 -2.20 2.20 

9 1.61 -.10 5.08 7.48 5.39 -2.23 2.23 

10 1.59 -.57 4.74 6.44 5.69 -2.58 2.58 

11 1.59 -.20 4.56 6.69 5.19 -2.55 2.55 

12 • 1.72 -.88 3.40 5.29 5.15 -2.48 2.48 

13 1.58 -.92 3.19 5.14 4.38 -2.60 2.60 

14 1.59 -.95 3.27 5.37 4.64 -2.58 2.58 

15 1.56 -.81 4.01 5.86 5.08 -2.65 2.65 

16 1.72 -.11 5.04 7.20 5.59 -2.43 2.43 

17 1.64 -.74 2.69 4.82 5.12 -2.54 2.54 

~ 1.74 -.61 3.83 5.66 

19 1.60 -.93 2.71 4.76 

20 1.54 -.65 3.36 5.56 

21 1.59 -.29 4.72 6.80 5.39 -2.53 2.53 ! 

22 1 -.28 4.66 6.65 5.17 -2.42 2.42 

23 1.51 -.53 4.55 6.65 

24 1.51 -.66 4.69 6.59 

25 1.76 -.54 5.40 6.86 

26 1.51 -.51 4.90 6.74 

27 1.81 -.29 5.86 7.68 5.36 -2.47 2.47 

28 -.41 4.76 6.77 
. i 

29 1.54 -.61 4.58 6.45 
-

30 1.25 -.44 5.78 6.97 7.24 -2.42 2.42 

31 1.47 -.28 5.56 7.26 6.64 -2.27 2.27 

1-2 
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logcar$t logptcre logarea nolgarea logroadt logpopn car$kmgr I 

1 -1.58 -.67 10.79 48752.30 15.28 13.69 -1.54 ' 

2 -1.51 -.97 9.91 20114.62 14.51 12.69 -1.24 

3 -1.58 -.65 9.64 15390.00 14.52 12.78 -1.57 

4 -1.41 -.92 11.37 87045.00 15.91 13.84 -1.58 i 

5 -1.74 -.61 11.82 136338.0 16.20 14.10 -1.82 

6 10.27 28803.00 14. 12.54 

7 -1.37 -1.41 122~~ 16.96 14.92 -1.69 

8 -1.43 -1.27 11.58 1 07463.0 16.32 13.95 -1.48 • 

9 -1.53 -.59 12.26 7.0 16.90 -1.82 

10 -1.85 -1.43 12.35 230820.0 16.74 14.84 -2.35 

11 -1.60 -.78 12.92 410380.0 17.38 15.73 -2.17 

12 -1.31 -1.66 11.69 118840.0 1 14. -1.91 

13 -1.53 -1.47 12.58 289940.0 16.92 15.12 -2.00 

14 -1.74 -1.27 12.63 304930.0 17.34 14.88 -2.32 

15 -1.75 -.84 12.82 370878.0 17.34 16.00 -2.29 

16 -1.46 -.75 13.77 958372.0 18.25 16.73 -2.23 

17 -1.56 -1.27 12.16 191940 16.77 14.51 -1.96 

18 11.52 100490.0 16.33 13.97 . : 

19 11.37 86470.00 16.08 13.91 • i 

20 12.09 178750.0 16.38 14.67 

21 -1.62 -.80 12.33 226390.0 16.63 15.10 -2.45 i 

22 -1.58 i -.69 12.41 244660.0 16.67 15.03 -2.48 

23 10.44 34173.00 15.06 13.47 

24 9.93 i 20589.00 14.89 13.33 

25 11.43 92390.00 16.45 14.95 

26 10.28 29023.00 15.68 13.72 

27 -1.63 -.50 10.91 5486B.00 15.58 14.64 -2.11 

28 11.21 74115.00 15.88 14.25 

29 10.31 30146.00 14.80 13.37 

30 -1.41 -.92 9.57 14392.00 14.44 13.46 -1.84 

31 -1.00 -1.32 9.46 12872.00 14.52 13.78 -1.77 

1-3 
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jtwpccar jtwpcpt jtwpccw jtwptcw jtwtrpkm carvkt totlvkt I 
1 4.44 2.03 2.01 2.71 2.53 8.B1 5.B9E+09 

2 4.3B 1.55 2.72 2.99 2.08 8.68 1.90E+09 

3 4.31 2.71 2.36 3.24 2.36 8.71 2.15E+09 

4 4.42 2.44 1.69 2.83 8.81 6.85E+09 

5 4.39 2.67 1.63 2.98 8.77 B.63E+09 

6 8.82 1.87E+09 

7 4.37 2.77 1.55 3.03 B'77 1.95E+10 

8 4,46 2.27 1.41 2.62 2.62 8.88 8.23E+09 

9 4.24 3.23 1.70 3.42 2.44 8.68 2.08E+10 

10 4.35 2.69 2.00 3.10 2.31 9.24 2.85E+10 

11 4.39 2.70 1.50 2.97 2.71 9.16 6.47E+10 

12 4.51 

~ 
1.46 2.16 9.21 1.52E+10 

13 4.56 .69 1.53 2.61 9.33 4.16E+10 

14 4.54 1.41 .96 1.90 2.95 9,47 3.78E+ 10 

15 4.49 1.90 1.39 2.37 2.88 9.36 1.03E+ 11 

16 4.20 3.2B 1.90 3.51 2.61 9.03 1.53E+11 

17 4.54 .74 1.44 1.84 2.86 9.36 2.33E+ 10 

18 9.22 1.19E+10 

19 9.49 1.45E+10 

20 9,47 3.06E+10 

21 4.38 2.67 1.70 3.00 2.73 9.39 4.33E+10 

22 4.39 2.71 1.48 2.65 9.32 3.76E+10 

23 8.98 5.62E+09 

24 8.86 4.34E+09 

25 8.47 1,48E+10 

26 8.68 5.34E+09 

27 4.17 3.40 1.67 3.57 2.42 8.52 1.14E+10 

28 9.03 1.29E+ 10 

29 8.84 4.41 E+09 

30 

:821 
3. 3.56 4.09 2.22 8.29 2.79E+09 

31 2.95 ~ 1.72 8.49 4.69E+09 
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nologvkt deathsc invdeath vktroadm carspeed trafvolu congest1 

1 5.S9E+09 2.44 -2.44 7.21 3.87 11.08 4.62 

2 1.90E+09 2.41 -2.41 6.85 3.85 I 10.70 4.44 • 

3 2.15E+09 1 -1.99 6.97 3.84 10.81 4.41 

4 6.85E+09 2.56 -2.56 6.73 3. 10.57 4.21 

5 B.63E+09 2.53 -2.53 6.67 ! 3.91 10.59 4.04 
. 

6 1.B7E+09 6.65 3.90 10.55 3.95 • 

7. 1.95E+10 2.45 -2.45 6.73 3.81 10.54 4.21 

8 B.23E+09 2.48 -2.48 6.51 3.81 10.32 3.89 

9 2.08E+10 2.41 -2.41 6.86 3.61 10.47 4.28 

10 2.S5E+10 2.34 -2.34 7.33 3.96 11.29 4.35 

11 6.47E+10 2.62 -2.62 7.52 3.81 11.32 4.66 i 

12 1.52E+ 10 2.65 -2.65 7.19 4.06 11.25 4.60 

13 4.16E+10 2.63 -2.63 7.53 4.03 11.56 4.75 

14 • 3.78E+10 3.03 -3.03 7.01 4.11 11.12 3.95 

15 1.03E+ 11 2.82 -2.82 8.02 3.81 11.82 4.96 

16 1.53E+ 11 2.47 -2.47 7.50 3.65 11.15 4.66 

17 2.33E+10 3.01 -3.01 7.10 3.94 11.04 4.21 

18 1.19E+10 6.86 3.91 10.77 4.28 ! 

19 1.45E+ 10 7.31 4.16 11.47 4.16 

20 3.06E+ 10 7.76 4.02 11.78 4.61 

21 4.33E+10 2.56 -2.56 7.86 3.79 11.66 4.88 

22 3.76E+10 2.45 -2.45 7.68 3.75 11.43 4.79 

9"1 i:; !=:2E+09 7.39 3.85 11.25 4. 

24 4.34E+09 7.30 3.69 10.99 4.70 

25 1.48E+10 6.96 3.77 10.73 4.54 

26 5.34E+09 6.72 3.69 10.41 4.27 

27 1.14E+10 1.87 -1.87 7.58 3.56 11.13 5.46 

28 1.29E 7.40 3.64 11.04 4.71 

29 4.41 E+09 7.41 3.56 10.97 4.60 

30 2.79E+09 1.74 -1.74 7.32 3.56 10.87 4.79 

31 4.69E+09 2.46 -2.46 7.75 3.63 11.38 5.32 

1-5 
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congest2 

1 14.06 

2 13.70 

3 13.83 

4 13.64 

5 13.58 

6 13.55 

7 13.64 

8 13.42 

9 13.76 

10 14.24 

11 14.42 

12 14.09 

13 14.44 

14 13.92 

15 14.92 

16 14.41 

17 14.01 

18 13.77 

19 14.22 

20 14.67 

21 14.77 

22 14.59 

23 14.30 

24 14.17 

25 13.87 

26 13.63 

27 14.49 

28 14.31 

29 14.32 

30 14.36 

31 14.66 
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! 

I logdens logprenr loggrp logptser logcbdpa invcbdp logroadm 

32 3.35 9.59 10.31 4.80 5.41 -5.41 1.52 

33 I 3.84 10.12 10.47 i 3.87 5.51 -5.51 .70 . 

34 3.68 9.92 10.32 4.26 5.18 -5.18 .94 

35 3.75 9.46 10.01 4.93 .69 

36 3.98 9.56 10.50 4.52 5.58 -5.58 .57 i 

37 3.83 9.57 10.42 4.26 5.30 -5.30 -.07 

38 3.97 9.82 10.41 4.89 5.26 -5.26 .80 . 
: 

39 4.22 9.62 10.24 4.29 5.23 -5.23 .59 

40 3.85 9.90 10.71 5.00 4.92 -4.92 1.40 

41 5.71 7.79 i 9.55 4.94 3.49 -3.49 -1.28 ! 

42 4.46 9.34 9.47 4.74 5.10 -5.10 .06 

43 4.26 8.99 10.52 4.49 3.76 -3.76 1.35 

44 5.01 8.95 8.25 4.70 5.98 -5.98 -.51 

45 8.47 7.32 4.00 ~ ! -.61 

46 4.07 9.36 8.31 3.91 5.69 -5.69 .42 

47 5.29 7.97 7.00 5.55 3.30 -3.30 -.48 

48 5.50 8.57 8.69 4.73 3.89 -3.89 -.24 

49 5.18 7.88 6.59 4.13 -1.09 I 
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logeneff logptspe logpttri ptpasskm cwkmsjtw logcar$v invcar$v 

32 1.16 -.06 5.10 7.38 7.15 -2.00 2.00 

33 1.44 .02 5.38 7.05 5.83 -2.06 2.06 

34 .10 5.43 7.23 6.21 -2.08 2.08 

35 1.20 .36 5.78 7.79 6.33 -2.35 2.35 

36 1.22 .20 6.00 7.81 6.46 -1.86 1.86 

37 1.42 .39 5.69 7.66 6.39 -2.20 2.20 

38 1.38 -.12 5.85 7.76 6.33 -1.48 1.48 

39 1.33 -.09 6.04 7.80 6.17 -2.11 2.11 

40 1.34 .22 6.24 7.81 6.88 -2.10 2.10 I 

41 1.59 .08 6.35 8.24 6.52 -1.31 1.31 

42 1.81 -.23 6.12 7.93 6.79 -1.91 1.91 

43 1.34 .46 6.13 8.61 6.77 -2041 2.41 

l 

44 1.07 -.35 6.05 7.75 5.99 -2.20 2.20 

45 1.46 -.44 5.47 7.19 6.79 -2.94 2.94 

46 1.06 -.59 5.42 7.36 6.52 -2.49 2.49 

47 1.62 -AD 6.18 7.85 6.57 -2.01 2.01 

48 1~ .07 6.13 7.97 6.67 -2.40 2040 

49 I .91 -.43 5.16 6.32 6.85 -3.44 3.44 
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J logcar$t logptcre logarea I nolgarea logroadt logpopn car$kmgr I 

32 -1.34 -.42 11.00 59928.00 15.87 14.35 
i 

-1.90 • 

33 -1.08 -.80 9.52 13609.00 14.06 13.36 -1.991 

-1.16 ! 34 -.48 10.63 41497.00 15.26 14.32 -1.87 • 
• 

35 -1.41 -.07 11.97 157829.0 16.40 15.71 -1.83 I 

36 -.87 ! -.62 10.08 23844.00 14.63 14.06 -1.82 I 

37 -1.20 -.50 12.35 231085.0 16.12 16.18 -2.08 

38 -.53 -1.11 9.45 12694.00 14.22 13.42 -1.43 
I 

39 -1.22 -.53 10.02 22547.00 14.84 14.25 -1.97 

40 -1.17 -.51 9.73 16731.00 14.97 13.58 -2.28 • 

41 -.74 .31 9.82 18380.00 14.24 15.52 -.58 

42 -1.34 .14 10.35 I 31160.00 14.87 14.81 -1.07 

43 -1.65 .05 13.01 448000.0 18.62 17.27 -2.54 

44 -2.00 -.07 10.66 42580.00 15.15 15.67 -.50 

45 -2.03 .01 10.78 48129.00 15.31 15.92 .19 

46 -2.17 .30 10.88 53242.00 15.34 14.92 -.80 

47 -2.00 .20 10.60 40135.00 15.41 15.89 1.02 

48 -1.80 -.03 11.16 70092.00 16.39 16.63 -.75 

49 -2.69 .24 9.55 13983.00 13.64 14.72 .34 
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jtwpccar jtwpcpt jtwpccw jtwptcw jtwtrpkm carvkt totlvkt 

32 3.76 3.22 3.47 4.04 2.63 8.42 7.80E+09 

33 3.90 3.74 2.14 3.92 2.51 8.68 3.74E+09 

34 3.90 3.64 2.53 3.92 2.32 8.53 8.36E+09 

35 3.83 3.69 2.64 3.99 2.22 8.27 2.60E+1O 

36 3.64 3.83 2.77 4.13 2.26 ~37E+09 
37 3.89 3.59 2.70 3.93 2.50 3.69E+10 

38 3.43 4.01 2.64 4.23 2.15 8.44 3.13E+09 

39 3.79 3.78 2.48 4.02 2.05 

~ 40 3.58 3.68 3.19 4.16 2.39 

41 2.21 4.30 2.83 4.51 2.39 6.20 2.72E+09 

42 3.08 4.03 3.10 4.36 2.20 7.53 5.04E+09 

43 3.38 3.89 3.08 4.26 6.69E+10 

44 4.09 3,40 2.30 3.69 1.70 7.89 1.69E+ 10 

45 3.72 3.59 3.10 4.07 2.12 7.01 9.14E+09 

46 4.05 3.24 2.83 3.75 2.20 8.30 1.22E+ 10 

47 3.33 3.99 2.88 4.28 1.80 6.35 4.56E+09 

48 3.03 4.09 2.99 4.37 2.42 7.30 2,48E+10 

49 4.02 3.03 3.16 3.79 1.65 6.97 2.63E+09 
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nologvkt 

32 7,80E+09 

33 3.74E+09 

34 8,36E+09 

35 2.60E+ 10 

36 5.37E+09 

37 3.69E+ 10 

38 3.13E+09 

39 6.10E+09 

40 i 4.09E+09 

41: 2.72E+09 

42 5.04E+09 

43 6.69E+10 

44 I 1.69E+10 

45 9.14E+09 

46 1.22E+10 

47 4.56E+09 

48 2.48E+10 

49 2.63E+09 

deathsc 

2,01 

2.07 

2.09 

2.09 

i 
2.46 i 

2.36 

1.99 

2.37 

2.04 

1.74 

2.16 

1.67 

2.78 

1.50 

invdeath 

-2.01 

-2.07 

-2.09 

-2.09 

-2.46 

-2.36 . 

-1.99 

-2.37 

-2.04 

-1.74 i 

-2.16 

-1.67 

-2.78 

-1.50 . 

-3.12 

-2.62 

-3.21 

-2.05 

vktroadm I carspeed 

6.91 3.91 

7.98 3.81 

7.59 3.40 

7.58 i 3.41 

7.77 3.56 

8.22 3.25 

7.64 3.76 

7.70 3.31 

7.16 3.58 

7.48 3.25 

7.47 3.48 

6.30 3.19 

8.40 2.57 

7.63 3.16 

7.88 3.38 

6.83 3.24 

7.54 3.18 

8.06 3.30 i 

2-5 

trafvolu J 
i 

10.82 i 

11.78 i 

10.99 

10.99 

11.32 

11.46 

11.40 

11.01 

10.74 

10.73 

10.95 

9.50 I 
I 

10.97 i 

10.79 

11.27 

10.07 

10.72 

11.35 

I 
congest1 

4.13 

5.46 
I 

5.07 J 
5.16 i 

5.58 

5.95 

5.21 

5.31 I 
4.70 I 

5.04 1 

4.56 

4.07 

5.80 

4.93 

4.72 

4.66 

4.43 

4.77 
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congest2 

32 13.81 

33 14.88 

34 14.50 

35 14.49 

36 14.68 

37 15.12 

38 14.55 

39 14.60 

40 14.07 

41 14.39 

42 14.38 

43 13.36 

44 14.95 

45 13.68 

46 13.96 

47 13.64 

48 14.25 

49 13.42 
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Appendix D - Regression Analysis Results 

Part 3: Regression Analysis Results - SPSS® output tables 

for each systems model influence diagram tested 



SPSS REGRESSION ANALYSIS URBAN AREA MODELSPO 
PAG~ 1 

Regression 

Varlab-res €nteredtRemovecf 

Mode! 
Variables 
Remoyed 

a, All requested variables enlered. 

Method 

Enter 

b. Dependent Variable: Car VKT per Capita 

Model SUmmary 

a, Predictors: tCons.lanl).log (In) population density 

AHOVAb 

a. Predi~ors: (Constant), !og (In) popUlation density 

b. Dependent Variable: Car VKT pet Capila 

CoefficientS« 

Unstandatdlzed 
Coefficients 

Model B Std. Error 
1 Il.onstant! 11.084 1 .182 

. _ --,o9JI~)J>2Pulaiion densitY ·.737 .051 

a, Dependent Variable: Car VKT per Capita 

Regression 

VarJabfes EmeredlRemovecf 

Model 
Variables 
Removed 

a, AU requested variables entered. 

b. Dependent Variable:JTW Trip Km 

Method 

Enter 

207.915 

Standardl 
led 

Coeflicien 
I. 

Beta 

·.903 

Si .... 
,000:1 

I Sig. 
60.900 .000 

·14.419 .000 

SPSS REGRESSION ANALYSIS - URBAN AREA MODELSPQ 
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Model Summary 

a, Predictors: (Constant), log (In) populallon density 

ANOVll,· 

Sumof 
Model Squares dl 
I Hegresslon 1.753 1 

Residual '.921 33 
Total 3.674 '--------~.~ 

d. Predictors: (Conslanl), fog (In) population density 

b. Dependent Variable:JTW Trip Km 

S~~:~. 
1.753 

5.B20E-02 

_ .... -

CoefficientS-

Unslandardized 
Coefficients 

Model B Sld,Error 
1 \C;onSlanl) 3.199\ .157 

log (In) population density ·.229 .G42 
a. Dependent Variable:JTW Trip Km 

Regression 

Varlobltts Eruef1'!dtRemoved' 

Variables Variables 
Model Entered Removed Method 
1 109 (In) 

popuJayon Enter 
density , . 

3. All .equesled variables entered, 

b. Dependent Vari:.ble: JTW % Pvblic Transport 

Mode:l Summery 

a, PrediclolS; (Constanl). log (Jnl population density 

F 
30.118 

- . -

Standardi 
zed 

Coelliden 
Is 

Beta 

•. 691 

Sig. 
.000.'1. 

I Sic. 
20.364 .QOO 
·5.488 .000 
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ANOVA" 

Sumo! 
Medel ilguores dl 
1 Hegress10n 17.948 1 

Residua! 13.425 37 

, - Total 31.373 38 

3. Predictors.: (ConSlanl). log (In) population density 

b. Dependent Variable: JTW % Public Transport 

Mean 
Square 

17.948 
,363 

CoefflclcnlsG 

Unslandardized 
Coefl!cients 

Model B Std. Error 
1 (ConSlanl) .545 I 

log (In) popu!alion density ,690 

3. Dependent Variable: JTW % Public Transport 

Regression 

Model 

Varfables Emered/Remove~ 

Variables 
Removed 

a. All requested variables emerado 

Method 

Enter 

b, Dependsnl Variable: JTW Percenl Cycte,walk 

Model Summary 

,740'1 
a. P,edictors: (ConSlant).log (In) population density 

AIiOVAh 

Model 

a. Predictors: (Constant). tog {In) popuialion densilY 

b. Dependent Variable: JTW Percent Cyde,walk 

,363 
.098 

F 
49.468 

Siandardi 
,ed 

CoeUicien 
IS 

Beta 

.756 

F 
44,856 

Sig. 
.000 3 

t Si9, 
1,50, ,141 

7.033 .000 

sl .... 
.000 3 
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Coe/flclem'" 

Unslandardlzed 
Coel1iciel"l1s 

Model B Std. Error 
1 (constant) .320 I ,302 

100 (Inl populalion density .548 .OB2 

3. Depcndenl Variab!e~ JTW Percent Cycle/Wa!k 

Regression 

Varrabies EnteredlRemovecfJ 

Model 
Variables 
Removed 

a. An requested variables entered. 

Method 

Emer 

b. Dependenl Variable: JTW 1>/" PT/CyclelVValk 

Model Summary 

a. Prediclors: (Constant). log On) population density 

ANOVA" 

Moder 
Mean 

S uare 

Standard! 
zed 

Coefficien 
IS 

Beta 

.740 

1 15,009 66.962 

a. Predictors; (Constant). log (In) populalion density 

b, Dependent Variable:JTW% PT/Cydef\Nalk 

CoeUlclemsS 

,224 

Unstandardlzed 
Coefficients 

Model a Std. Error 
1 (Gonst.n!) 1.195 I ,285 

log (Inl Dooulalion density ,631 ,077 

a. DependenL Variable: JTW "10 PT !CydeiWalk 

RegreSsion 

Standardi 
zed 

Co ellicien 
Is 

Bela 

,803 

I 8ig. 
1,060 .296 
6.697 ,000 

I SIg, 
4,192 .000 
8.183 .000 
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Modal 

Variables Entered/Removed" 

Variables 
Removed 

3. All requested variables entered. 

Method 

En1er 

b. Dependent Variable: log (In~ pob!lc transport trips per capita 

Modol Summary 

a. Predictors; (Conslanl). log (In) population density 

AIlOVA" 

df 
Mean 

Sauare 
30.625 

47 I ,373 
Tolal 48,154 I 48 

a.. Predictors: (ConslanlJ, log (tn) population density 

b. Dependent Variable: rog (In) public transport trips per capita 

Coefllctentse 

Unstandardized 
Coefficients 

Model B SId. Error 
1 I,-,oostant) 1.967 ! ,333 

lOQ fin) poP"Iailon dansiN ,847 ,093 

a. Oept>ndent Variable: log (In) public transport lrips per capita 

Regression 

VarlmlblH EmeredJAemova6' 

a. All requested variables entered. 

b, Dependenf Variable: JTW % Car 

F 
82,112 

Standardi 
zed 

Coelfic\en 
IS 

Beta 

,797 

t Si, 
5,914 ,000 
9,062 ,000 

SPSS REGRESSION ANALYSIS· URBAN AREA MODELSPO 
PAGES 

Mode! Summary 

ANOVA" 

Sum of Mean 
Model Squares dl ~quare 
1 . RegreSSIon 1,513 1 1.513 

Residual 7.657 33 .232 
Total 9,169 34 

a. Predictors: (Constant). JTW Trip Km 

b. Dependent Variable: JTW % Car 

Coel!lcloms' 

S1andardi 
led 

Unstandatdized Coelficien 
Coeflicienls Is 

Model B Sid. Error Beta 
1 -(Constan,) 2.456 I ,600 

JTWTrioKm ,642 ,251 .406 

a, Dependent Vatlable: JTW % Car 

Regression 

VarIables EmeredlRemovecF 

a, AU requesled variables entered. 

b. Dependent Variable: JTW % Public T ranspon 

ModeJ Summery 

a. Predictors: (Constant). JTW Trip Km 

F SiD, 
6.520 .015 a 

! 51. 
4,091 

:~~~ I 2.553 
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ANOVAb 

Model 
1 egresSIOn 

Residual 
Tolal 

a. Predictors: (ConSTant), JTW Trip Km 

b, Oependent Variable: JTW % Public Transport 

Cae-Hide-ruSS 

Unslandardized 
Coefficients 

Model B SId. Error 
1 1.012 

.424 

a. Oependent Variable: JTW % Public Transport 

Regression 

Varlmbles Entered/Removed=' 

Variables I Variables 
Model Entered Removed I Method 

I JTI'j Trip 
Km 

a. All requested variables entered. 

Enter 

b. Dependent Variable: JTW Percent Cydef\oValk 

Model Summary 

Standardi 
zed 

Coeflicien 
Is 

Bela 

-.526 

Model I I I I 
SId. Error 

Adjusted R of the 
A A Square Square EstimaTe 
.647'l .418 I ADO I .5740 

a, Predictors: (ConstanT), JTW Trip Km 

Model 
1 

ANOVAb 

a, Predictors: (Constant). JTW Trip Km 

b. Oependent Variable: JTW PercenT CycleIWalk 

Si. 
.000 
.001 

S PSS REGRESSION ANALYSIS - URBAN AREA MOD El.SPO 
PAGES 

CoeUiclentsl 

Standardi 
zed 

Unstandardized Coellicien 
Coefficients !S 

Model Std. Error Beta 
.715 
.299 -.647 

a. Dependent Variable: JTW Percent CydeIWalk 

Regression 

Variables EnteredlRemovecjb 

Model Method 

1 Enter 

a. All requested variables entered. 

b. Dependent Variable: JTW % PT /CydeMalk 

Modol Summery 

Model I I I I SId. Error 
Adjusted R 01 the 

R R Square Square Estimate 
.613' I .376 I .357 I .6430 

a. Predictors: (Constant). JTW Trip Km 

ANOVAb 

Model 
1 egression 

Residual 

TOlal 

a. Predictors: (Constant), JTW Trip Km 

b. Dependent Variable: JTW % PT/CycleIWalk 

Coerflclentsl 

Slandardi 
led 

Unstandardized Coelficien 
Coellicients IS 

Model Std. Error Beta 
1 .801 

.335 -.613 

a. Dependent Variable: JTW % PT/Cycle/Walk 

Regression 

Si. 
.000 
.000 

Si. 
.000 
.000 
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Variables EntDredfRemove&' 

a, All requested vari.ables entered, 

b, Dependent Variable: JTW % Car 

ModC'1 Summlry 

a, Predictors: (Constant), Car VKT per Caplla 

ANOVAb 

Sum of 
Sauares 

Mean 
Model dl Sauare 

Regression 

Residual 
TOlal 

6.769 
3.270 

10.039 

1 I 6.769 
37 8.837E·02 
38 

a. Predlc.to1s; (ConSiant), Car VKT per Caplla 

b, Oependenl Variable: JTW % Car 

CoellleleN" 

Unstandardized 
Co.ellicients 

Model B I Sid. Error 
~consl.nll -.390 t .503 

__ Ca, VKI per Ca~ -~ .059 
a. Dependen1 Variable: JTW % Car 

Regression 

Vetllbh~s Entered/Removecf1 

Standardl 
zed 

Coefllcien ,. 
Beta 

.821 

F 
76.604 

, Sio. 
·.776 0443 

8.752 -~ 
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Model SummDry 

a. Predictors: (Conslanl). Car VKT per Capita 

ANOVA" 

Model i~:',o' uar~ dl S~~:~e 
1 egression 12.829 1 12.629 

Residual 10.473 37 .283 
Total 23.302 38 

a. Predictors: (Constant), Car VKT per Capita 

b. Dependent Variable: JTW % PT/CycieANalk 

Co~lf1clents* 

Standardi 
zed 

Unstandardized Coellicien 
Coefficients IS 

Model B Std. Error Beta 
1 (c.onslantJ 9A74 1 ,900 

Car VKT per Caprta ·.715 .106 -.742 
a. Dependent Variable: JTW "/e PT/CycleANalk 

Regression 

Variables EnterediRemovc<ft 

Mode! Melhod 

Enter 

Dependenl Variable: JTW "/0 Car 

Model Summary 

a. Predictors: (Constant), JTW "/0 PT /Cycle/Walk 

F Sio. 
45.322 .oooa 

I Siq. 
10.527 .000 
·6.732 .000 
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ANOVA" 

Sum of Mean 
Model S~afes dl Square 
1 HegreS'lHOn 6.988 1 6.988 

Residual 3.051 37 8.246E·02 
TOlal 

--~039 38 ----

a. Predictors: (Constant). JTW % PTlCycleiWa!k 

b. Dependent Variable: JTW % Car 

Cocfflclent.!tl 

Unstandardized 
Coefficients 

Model B Std. Effor Beta 
1 oostanl 6,877 .210 

F 51g. 
84.742 .000' 

I 81. 
28.001 .000 

JTW % PT/CycleiVIalk 
·.548 .059 -.834 ·9.206 .000 

a. Dependent Variable:JTW%Car 

Regression 

Vorlables Enu;nodiRemoveob 

3. All requested variables entered. 

b. Dependent Variable: log (In) urban area 

Model Summery 

a. Prediclors: (Consl;)n!), JTW % Car 

AIIOVA" 

Sum 01 5~~:~e Model Sauares dl F SIa. 
1 RegreSSIon 12.500 1 12.500 10.476 .003 3 

Residual 44.148 37 1.193 
To.al 56.649 38 

a. Predictors: iConsuln1). JTW % Car 

b, Dependent Variabfe: log (In) urban area 

SPSS REGRESSION ANALYSIS URBAN AREA MODELSPO 
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Coofllclen's' 

Model 

.470 
a. Dependenl Variable: log (In) urban area 

Regression 

'Variables Em~red!Removedl 

a. AU requested yariables entered. 

b. Dependent Variable: NO log Total VKT 

Model Summery 

3. Predictors: jConslanl1. Urban Area (ne 1091 

ANOVA· 

Sum 01 
~~:~c Model Squares df 

4.862 
3.237 

F 
1 Hegresslon 3.374E'22 1 3.374E,22 486.899 

Residual 3.256E+21 47 6.929E,19 
Total 3.699E+22 48 

a. Predictors: (Constant), Urban Area (no log) 

b. Dependent Variable: NO log Tota! VKT 

Coemclent~ 

Siandardi 
zed 

Unstandardize.d Coelficien 
Coelficients .s 

Model B I S.d. Error Beta I 
1 (GOnslanl) ·2.9E..oa 11.51E'09 •. 189 

__ Urnan Area (no log) _ ~9.24 n!DAl!!! .955 __ ~066 
a. Dependenl Variable: NO Log Total VKT 

Regression 

SIg. 
.000" 

S19· 
.851 
.09_0 
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Variables EnteredJRemovecjb 

3. AI! requesled variables entered. 

b. Dependent Variable: JTW Trip Km 

Model Summary 

a. PrediclOfs: (Constant). log (In) urban area 

ANOVA" 

Model 
1 egression 

Residual 2.068 
Total 3.674 34 

a. Predictors: (COn$tanl~, log {In) urban area 

b. Dependent Varlable:JTW Trip Km 

CoeflfclentsC 

Standardi 
zed 

Unslandardized Coelficien 
CoefHdents Is 

Model B S1d. Error Bela 
1 ICons,anl) ADS I .389 

log (In} urban area .177 .035 .661 

a. Dependent Variable: JTW Trip Km 

iRegression 

Variables Entored/Removo(/l 

a. All requesled variables entered. 

b. Dependent Variable: log (In) population denshy 

F Si. 
25.632 .000':' 

t Sig. 
L048 .302 
5.063 .000 

SPSS REGRESSION ANALYSIS· URBAN AREA MODEl-SPO 
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Model SUmmary 

a. Predictors: (Constant). log (In} urban area 

ANOVA" 

Sum 01 Mean 
Model Squares dl $quare 
1 Regfesslon 9.634 1 9.634 

Resfdua! 33.077 47 ,704 
Tota! 42.711 48 

a. Predictors: (Constanlj.log lIn) urban area 

b. Oependenl Variable: log (In) popUlation density 

Coefflcleotsf 

Model 

F 
13.689 

6.565 
·3.700 

Slg, 
.GOP 

51 .... 
.000 

.001 
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Regression 

Vsrltlbles. Emer~dJRemovecf 

Variables 
Removed 

a. All requested variables enlered, 

Melhod 

Enler 

b, Dependent Variable: Car VKT per Capita 

Model Summary 

a. Predictors: (ConSlant), log (In) population density 

ANOVAb 

Mod.1 

b. Dependent Variable: Car VKT per Caplla 

Cooiliclems" 

Model Be1a 

-.903 

Varlables Entered/Remove-db 

3. AU requeslcd variables emered. 

b. Dependent Variable: Car VKT per Capita 

60.000 
-14.419 

Si..." 
.000 
.000 

Page 1 
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Mod.1 Summ.ry 

a. PtediClors: (Constant), 109 (In) urban area 

AHOVAb 

Model 
1 egf~slon 

ResIdual 

Total 

a. Predictors: (Constant),lag (In) urban area 

b. Dependent Variable: Car VKT per Capita 

CoefUc!f;mts'l 

Standardi 
zed 

Coelricien 
CoeHiden .. Is 

Model B Std. Error Bela 
I (ICOnstanl) 5.381 I 1.003 

log iln) urban area .285 .090 .421 

a. Oependenl Variable: Car VJ<T per Capita 

RegreSSion 

Verlable-s EnteredlRernovecib 

requesled variables entered. 

b. Dependent Variable: log {In} foad length per capila {metres) 

Model Summary 

a. Predictors: (Constant). Car VKT Per Capita 

10.100 

1 5i. 
5.368 .000 
3.178 .003 

Page 2 
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AIlOVAb 

.sum 01 M&an 
Model Sq~ares dl Square F 
1 Regression 31.845 1 31.845 141.617 

Resldual 10.569 47 .225 
Tellal 42.414 48 

0. Ptedictof$: (Constant), Car VKT pet Capita 

b, Dependenl Variable: log (In) road length per capita (metres) 

Coefflelent.,a 

Standatdi 
zed 

Unslandardfzed Coe!liclen 
CaelUcients Is 

Model B Std. Error Bela 1 
1 {Constanl) -7.838\ .163 ·10.271 

Car VKT per Ca ila 1.058 .089 .866 11.900 
a,. DependenL Variable: log Un) road leng1.h per capita (melres) 

Regression 

Vmrlsbles EnleredlRemovelf! 

ModeJ Method 

Erner 

a, All requesled varIables enlered. 

b. Dependent Variable: log Car Traffic Speed 

Model SummGry 

a. Predictors: (Cons1anl). log (In) toad length per capita (metres) 

IINOVAb 

Model df F 
1 96.010 

47 

49 

a. Prediclors: (Constant). log On) road length per eapila (metres) 

b. Dependent Variable: log Car Tralfie Speed 

Sig. 
.000' 

, 

SiQ. 
.000 
.000 

Si",. 
.000 3 

Page 3 
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Coefllclems' 

Unstandardired 

Model 
cnslant 

road length per 
melres 

a. Dependent Variable: log Car Tralhc Speed 

Regression 

Variables EnteredfRemoverP 

Variables 
Removed 

a. AU requested variables entered. 

b. Dependent Variable: JTW Trip Km 

Model Summery 

Me1hod 

Enter 

a. Predictors: (Constant). log Cat Traflie Speed 

ANOVAb 

Sum of 
Model Squares df 
1 Hegre5s.lon 1.S82 1 

ReSIdua! 2.091 33 
TOlal 3.674 34 

a. Predictors: (Constant). log Car Trallic Speed 
b. Dependent Variable: JTW Trip Km 

Error 
.042 

.027 

Mean 
Square 

1.582 
6.338E-02 

Cocmelem" 

a, Dependent Variable; JTW Trip Km 

Slandardl 
zed 

Coeilicien 
Is 

Beta 

.819 

F 
24.966 

.656 

79~553 

9.798 

Sig. 
.0OOOl 

81". 
.00 

.000 

5i". 
-.OS4 
4~997 

.950 

.000 

P.ge4 
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Variables EnteradJRemovecf 

3. AI! requested variablE's entered. 

b. Dependenl Variable: log Ilnl populalion density 

ModeJ Summery 

a. Prediclors: (Constant), JTW Trip Km 

ANOVAb 

Model K Sauares I dr 
1 

17.4871 33 
33.447 34 

a. Predictors: (Constant), JTW Trip Km 

b. Dependenl Var1able: log (In) population density 

Coefllclent .. 

Regression 

Variables EmerediRS!movecf 

b. Dependent Variable: lag (In) urban area 

S11-10 
9.446 I .000 

·5.48S .000 

Page 5 
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Model Somrruny 

a. PredictorS: (Constanl). JTW Trip Km 

AIIOVAb 

Sumol Mean 
Mode! S uaros df S uare 
1 22.529 1 22.529 

29.005 33 .879 
51.534 34 

2. Pre-dialers: (Conslanl), JTW Trip Km 

b. Dependent Variable; log (In) urban area 

CoefUclentsfl 

Standardi 
zed 

Caetllcien 
Is 

Model 
1 

Si , 
25.632 .000' 

I 
4.480 
5.063 

Page 6 
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Regression 

V.rlabBele EnleredlRcmovor/J 

Variables 
Removed I Method 

HanspOrt I Enler 
vehicle 
service .k"l,.s 
ar caDlta 

a, All reqlJested variables entered 

h, Oependent Variable: log (In) public transport lrips per capita 

Model SUmmary 

a. PrediclOrs: (ConsI3nt" log (In) public transpor1 vehicle service kms per capita 

AIIOVAb 

Sum 01 Mean 
Mod.1 ~l.Iares dl Square F 
1 HegresS!On 39.744 1 39.744 222J 13 

Residua! B.410 47 .179 
Total 4S.154 48 

a. Predictors: (Conslant). log (In) public transport vehicle serYJcG kms per capita 

b. Dependent Variable: log (In) public transportlrips per capita 

Model 

COCIHlefeniSl 

Unslandartiiz&d 
Coefficients 

B t Std. Error 
-297 I 352 

Sig. 
.0000. 

-.843 

1.301 OB7 .90e 14.903 

a. Dependent Variable; log (In) pUblic transport Hips pet capita 

Regression 

SiIJ. 
.403 

.000 

Page 1 
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Varlnble:t EnteredfRamove<P 

Variables 
Mo Removed I Method 

Enter 

a All r&quested variables entered 

b. Oependent Variable: log (In) pubflc transport Cost recovery ~%) 

Model Summaty 

a. Predictors: (Constant), tog {In) public Iransport trips per capita 

ANOVA" 

Sum of Mean 
Model Squares d! Square 

egressIOn 5.022 1 5.022 
Resldual 6.129 37 .166 
Tolal 11.151 3e 

a PradiClofs: (ConSlant), log (In, public transport trips per capita 

b. Dependenr Variable: log (In) public transport cost recovery {%) 

Coolllcl""." 

F 
30.320 

Standardf 
zed 

Unstandardized Coal1lcmn 
Coe:f1icient$ IS 

Model e Std. Error Beta 
1 {conSlan'} '2442\ .335 

log lin) public transport 
.3/3' .065 671 trips per capita 

a. Dependent Variable: log (in) publlc transport cos1 recovery W.,) 

Regression 

Si 
.00011 

, 5ig. 
·7.291 .000 

5.506 000 

Page 2 
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VarIables Entered/Ramove<l' 

3. All r-equutad variables enlered, 

b. OftPendent VarIable: log (In) public transpon vehicle service kms per capita 

Model Summory 

Predlclars: (Cons'lanl).log {In) publlc transport cost recovery (%) 

AllOVA" 

Sum 01 Moan 
Modal Squares df SQlJara F 
1 egressIon B095 1 6.095 27.164 

Residual 11.027 37 .29B 
Tolal 19.122 3B 

a. Predictors: {Conslanl).log (In) pUblic transport cost recovery (%) 

b, Dependent VarIable: log (In) public transport vehicle service kms per capita 

CoelUclents' 

Model 

'!L Dependenl Variable: log (In) public IranspOI1 vehicle service kms per capita 

Regression 

Verlrabb$ EnterGdJAemovecfi 

Sla. 
.000" 

I 

Page 3 

H"I~Hto""'UN ANALYSIS - PUBLIC TRANSPORT MO DEL-SPO 

Modal Summary 

i5i. ProdiclOfS: {Constant), JTW "/llo Car 

AIlOVAb 

Sum of Mean 
Model Squares df Square 
1 RegressIon 24.525 24.525 

Residual 14.108 37 .381 
____ T~!al 3B.633 38 

a. Predictors: (Consfant}. JTW % Cat 

b. Dependent Variablo: log (In) PUblic: transpor11rips PQr capita 

Coe!Ilcienl" 

Model 

"'/0 Car 

64322 

14,354 

·B020 

Si 
.00011 

Si .... 
.000 
.000 

Paga4 
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Regression 

Variables Entered/RemoveoJ' 

s. AI! requesled variables enlered. 

b. Dependent Variable: Car VKT per Capila 

Model Summary 

a. Predictors: (Conslani). JTW "'/a Car 

ANOYA' 

Sum 01 Mean 
Model Squares df Square F 
I Hegrcsslon 16.937 I 16.937 76.604 

Residual 8.181 37 .221 
Total 25.118 38 

a. Prediclors: (Conslanl), JTW % Car 

b. Dependenl Variable: Cat VKT per Capita 

Coelliclont .. 

Standardi 
zod 

Unstandardized CoeUicien 
Coefficients IS 

Modol B Stcl Error Beta I 
I (Constantj 3.255 I .597 5.452 

JTW It/o Car 1.299 .148 , __ .821 P52 
a. Dependenl Variable: Car VKT per Capita 

Regression 

Variables EmereclfRemovecP 

i!. AU requested variables entered. 

b. Dependent Variable: log PT Pass-kms pet Capita 

Sig. 
.00001 

Sig. 
.000 
.QQQ 

Page 1 
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Model Summary 

a, Predictors: (Constant), Car VKT per Capita 

ANOYA' 

Sum 01 
s~~:~. Model Squares dl F 

1 egressIon 18.533 1 18.533 36.600 
Residual 23.799 47 .506 
101al 42.332 48 

a. Predictors: (Constanl), Car VKT per Capita 

b. Dependent Variable: log PT Pass·kms per Capill:l 

Coclllelomo' 

Standardi 
zed 

Unstandardized Coefflcien 
Coefficients 15 
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