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ABSTRACT 

“Transit-oriented development” is defined for low-density, outer suburban areas of metropolitan regions. World reviews of bus rapid transit frequently cite Adelaide (guided busway) and Brisbane as good examples, often forgetting to mention Canberra, which has the earliest busway plan in Australia. These examples are reviewed with respect to their achievement in attracting adjacent land-use activities. The Liverpool-Parramatta Transitway opened in 2003 in metropolitan Sydney, where current government policy emphasizes access to major centers by public transportation. Our research, on different precincts along the North West Transitway recently opened near Blacktown in outer residential Sydney and funded by the NSW Roads and Traffic Authority, devises a strategic planning framework, and formulate principles of good urban design. 
Key Words: Bus raid transit (BRT); Transit oriented development; Planning and assessment; land-use policy.
1. Introduction
With the success of transport in Curitiba, Brazil, bus rapid transit (BRT) is challenging heavy and light rail as a cost-effective technological option for infrastructure, and has particular relevance to low-density cities. For example, Metro Rapid (Swope, 2006) was launched in the summer of 2000 in Los Angeles at a cost per mile: of about $2.5 million, compared with $250 million for a subway. It was an immediate statistical and popular success: travel times were cut by as much as 25% and patronage on the two lines has rose by an average of 30% (Suisman, n.d.). 
Australian cities – broadly comparable to North American cities in terms of urban densities - have opted in the modern era to augment their heavy and light rail networks with bus infrastructure networks. Adelaide has a guided busway; Brisbane is constructing a busway network building on the South-eastern Busway; Canberra’s inter-town public transport uses a combination of bus priority and busways; and Sydney is building a network of transitways and lesser bus priority corridors in its middle and outer suburbs, initially with the Liverpool-Parramatta Transitway commencing service in 2003. Interestingly, world reviews of busways frequently cite Adelaide (O-Bahn) and Brisbane as good examples, often forgetting to mention Canberra, which has the earliest busway plan and implementation in the nation.  
In this paper, we document progress in introducing transit oriented development along bus infrastructure in a low density context. “Transit-oriented development” is a popular term used in the planning literature on new urbanism. It has connotations of new medium to high density buildings and public space around public transportation nodes, especially around light rail services. Whereas research and design manuals underpin such developments, especially in North America, less attention has been paid to the sorts of land uses and developments that are most often associated with busways in low-density contexts.
This paper reports on one component of research: a critical examination of Australian busways that have been implemented in Australia from the perspective of their planning processes and whether land use intensification around bus stops or at the terminals/inter-modal interchanges can be attributed to them. We present the methods adopted to classify information retrieved from an international literature review of major busways built or planned, with details on Adelaide, Brisbane, Canberra, and Sydney. Taking busways in these four cities as case studies we assess the degree to which the routes fit into the natural and urban landscape, land uses associated with these busways, and whether urban density objectives and urban design standards have been met. A detailed critique of the first busway opened in metropolitan Sydney – the 31 km long Liverpool-Parramatta Transitway – is presented. This background has influenced our research design in an action research program for the NSW Roads and Traffic Authority supported by other key stakeholders. In this paper, we present the planning and assessment framework for transit oriented developments (TOD) that has been developed (see Wells and Renne, 2004). Key performance indicators are described.
2. Transit oriented development (TOD)
Transit-oriented development (TOD) is a concept where a rail, bus, or ferry public transport can anchor a more environmentally- and socially-responsible urban form and help achieve more sustainable outcomes that are common goals of governments’ urban policies. In the USA, transit oriented development “is viewed by many as a promising tool for curbing sprawl and the automobile dependence it spawns” (Cervero, et al., 2004, p 3), and hence has particular relevance to the integrated development of public transport and land use in Australian cities. It has strong roots in Europe, and is now being promulgated in the United States of America by leading architects and planners with support from the development industry (Calthorpe Associates, 1990) – but not of course without its critics (see, Soja, 2000, pp. 248 – 250). According to Emerging Trends in Real Estate®, TOD is the top investment prospect in the USA because it holds value better when markets trend downwards and appreciates faster real estate markets are improving (Urban Land Institute and Price Waterhouse Coopers, 2005; and 2006)
A true TOD incorporates all, or most, of the following:

· Development that lies within a five-minute walk of the transit stop, or about a quarter-mile from stop to edge. For major stations offering access to frequent high-speed service this catchment area may be extended to the measure of a 10-minute walk.

· A balanced mix of uses of residential and commercial space located adjacent to a major transit stop with a 24-hour ridership

· A place-based zoning code at or near transit stops that generates buildings that shape and define memorable streets, squares, and plazas, while allowing uses to change easily over time.

· A built form with public transit included that presents an average block perimeter limited to no more than 1,350 feet. This generates a fine-grained network of streets, dispersing traffic and allowing for the creation of quiet and intimate thoroughfares.

· Minimum parking requirements are abolished since the goal is to reduce private motor vehicles and make them more, and not less, convenient for pedestrians and users of public transport. 

· Maximum parking requirements are instituted as a counter to the usual notion of providing parking for every peak demand. For every 1,000 workers, no more than 500 spaces and as few as 10 spaces are provided.

· Parking costs in a TOD are “unbundled,” and full market rates are charged for all parking spaces to promote less car use.

· Major stops provide bike stations, offering free attended bicycle parking, repairs, and rentals. At minor stops, secure and fully enclosed bicycle parking is provided. 

· Transit service is fast, frequent, reliable, and comfortable, with headways of 15 minutes, or less. 

· Roadway space is allocated, and traffic signals timed, primarily for the convenience of public transport, walkers and cyclists.

· Traffic is calmed, with roads designed to limit speed to 30 mph (50km/h) on major streets and 20 mph (30km/h) on lesser streets.

A related concept – but nowhere as effective in meeting integrated land-use and transport objectives - is a transit-adjacent development (TAD).  Despite higher densities, TAD land uses, and the area’s urban design, are usually focused on automobile access and parking.  TADs are fundamentally car-oriented places and difficult for pedestrians and bicyclists, and this discourages public transport usage. 
One of the best examples in the world of a transit station, that was originally a Transit Adjacent Development (TAD), and later redeveloped into a transit oriented development, is Subiaco in Western Australia. However, our research has shown that despite substantial investment in bus rapid transit (BRT) in Australian cities – much of it in a low-density environment – land-use developments around bus stops or bus stations conforming to the above definition of a TOD has not occurred. An international survey of world’s best practice in cities, summarized in a spread-sheet format (Renne, et. al., in press), has identified planning principles and urban design concepts, but has also revealed the lack of research on this topic in the low density suburban context of Australian cities.
2. Busways in Australian cities
The are very limited, if any, synergies of transit investment and associated transit oriented development on the Liverpool – Parramatta Transitway in Sydney, on the Adelaide O-bahn guided busway, nor on the South-eastern Busway in Brisbane. Melbourne is excluded from this observation as it still retains its tram network, and good examples of TOD can be found, for example, at St Kilda Station.
Adelaide, with a population of about 1.1 million people, is the only Australian city to have an O-bahn guided bus system (12 km long). It opened for service in 1988 in the northeast sector of the city, linking suburban Tea Tree Plaza with the CBD, and has seen modest passenger growth against a background of declining patronage on public transport in Adelaide (Bray and Scrafton, 2000). An important design concept was that of a linear park to act as a screen of the infrastructure from surrounding residential suburbs and to give passengers a pleasant visual experience of greenery and trees (landscaping accounted for 6 per cent of total project costs). Thus, opportunities for associated urban land-use functions are severely restricted in this “green corridor”.

Amongst Australian cities, Canberra – the national capital – was the first to embark on a busway as the initial technology for its Inter-town public transport system. The history of public transport planning in Canberra (Black, 1981, Chapter 7) demonstrates a strong integration of land use and transport whereby there is strong synergies between the development of its town centers (density and built form) and its bus stations in Woden and Belconnen and a bus inter-change in Civic Center (ACT Planning and Land Authority, 2005). 
Much of Canberra was designed in the 1960s around a transport and land-use system based on the car, and with the expectation that there would be a future, rapid metropolitan public transport system (Voorhees, 1970).  Canberra has high levels of accessibility, predominantly car-based, as a result of having a high-quality road system and adequate parking.  Currently, cars provide the large majority of transport needs, and patronage of public transport is relatively low (7 per cent of work trips).   The Sustainable Transport Plan recommended an urban form for the future that will support an efficient transport system.  The Plan recognizes that improvements to public transport, walking and cycling are crucial to encouraging more people to use these modes. 

The inter-town bus services are a major strength of the current public transport system serving an urban region of some 350 000 people.  Services are direct and frequent. They operate with travel times that are comparable with cars, and, as a consequence of this, and competitive pricing, the inter-town routes are well patronized.  However, feeder services linking the suburbs to the town centers are not nearly as well patronized, hence there is a need to investigate more demand-responsive feeder services and other measures that provide more cost-effective ways of getting people to and from the main transport interchanges.  

Busways and light rail are being examined as options to improve public transport in Canberra.  Busways and light rail could be developed along the inter-town public transport corridors between the town centers and provide a high quality public transport service between these centers.    Investment in busways and/or light rail should be considered as part of projects to revitalize and encourage development in key areas, such as in and around Civic, because these transport improvements can encourage appropriate activity for redeveloping inner city areas.  In the plan, the Inter-Town Public Transport (IPT) routes will be used to improve transit services and measures will be employed to encourage more intensive land-use activities to develop around stations and at interchanges. Ultimately, a separate right-of-way system will be developed on all IPT routes.  This right of way will be used by buses and other potential technologies in future.

The ACT Planning & Land Authority (ACTPLA) is responsible for the strategic planning and implementation of key projects under The Sustainable Transport Plan.  ACTPLA is nearing completion of a Preliminary Assessment (PA) for the Belconnen to City Transitway, a key priority under The Sustainable Transport Plan.  The PA includes a detailed assessment of two route options for the Transitway, which were announced by the Minister for Planning on 9 March 2006, and was lodged for public review and assessment at the end of July, 2006.

Under Schedule 3 of the Land (Planning & Environment) Act 1991 a full impact assessment of both routes and proposed stations on the physical, human and non-human biological environments has been undertaken.  As with the environmental assessment of major transport projects in Australia (there is an inter-governmental agreement that applies the principles of ecologically sustainable development to major developments), the PA also includes a full and detailed description of:

· The existing conditions within the study area;

· The land-use policy and lease conditions of the area affected by the project, including all statutory approvals and amendments required;

· The extensive agency and public consultation program undertaken for the project;

· Concept design plans for the two route options.

Brisbane is set to commence construction of a billion-dollar network of radial express busways. The first section is the South-eastern Busway that links the CBD to Eight Mile Plains a distance of about 16 km. As part of a Queensland Government proposal to construct an 8-lane freeway to the Gold Coast in 1996 two busway lanes were added. Decision makers had been convinced by comparisons with Ottawa (Canada) and Pittsburg (USA) that busways were the optimal public transport mode. But unlike these two cities, Brisbane already has an extensive, modern, but under-utilized, electrified radial rail network which the busway system will simply duplicate. Indeed, one of the busway routes is to be built on land released by tearing up one track of a section of four-track rail line. 
One reason why the Brisbane rail system is so poorly patronized, according to Mees (2000), is the almost complete lack of feeder buses to the rail stations. Only 7% of rail passengers arrive at stations by bus, because fares are not integrated, and most bus routes parallel rail lines rather than serving stations. The busway system will actually formalize this situation. Nothing is being done about multimodal fares, timetable coordination between modes, or route redesign. 

Brisbane exemplifies the wider tendency to studiously ignore Vuchic’s observation that there is no such thing as an optimal public transport technology, and that in most large cities, “the optimal transportation system should consist of several complementary modes coordinated in a single multi-modal system” (Vuchic, 1981, pp.83-84). It also demonstrates that transit oriented development does not automatically follow bus infrastructure, and the expensive tunneling to create Buranda Station, for example, has, at best, spawned transit adjacent development along the neighboring main road.
In Sydney, given the geographic coverage required and network synergies offered by buses, and the costs of light rail being judged as too expensive, a largely bus-based future has been planned by the NSW Government (Moran, 2007). It has constructed a “bus motorway” Transitway between Liverpool and Parramatta, opening in March 2003. It is 31km long, has some 31 high-standard bus stations, and connects areas that were previously poorly served by a variety of independent local bus services. Recent counts indicate a healthy annual patronage of over 2 million passengers per annum) and a consistent annual growth (this year by 16 percent) at a time of generally declining bus patronage across the metropolitan region. This, and other routes planned, was an initiative of the announcement-laden Action for Transport 2010 (c. 1998) – a strategic transport plan for Sydney. The influential Review into Bus Services in NSW (NSW Ministry of Transport, 2004) then set the scene for the transport component of the Metropolitan Strategy (NSW Department of Planning, 2005) and lately the Premier’s Urban Transport Statement (Premier of New South Wales, 2006) - all emphasizing future investment in widely applied strategic bus routes and, by comparison to the Transitway projects, modest implementation costs.

In metropolitan Sydney, the 2005 Metropolitan Strategy identifies a system of cities with five major employment and commercial centers (the CBD, North Sydney, Parramatta, Liverpool and Penrith) and a number of lesser town and strategic employment centres - all with emphasis on improved access by public transport. The later three major centres are in the heart of low-density sprawling suburbia where Transitways have been built (Liverpool to Parramatta) or are under construction (north of Parramatta through Blacktown). A key challenge is how to transform low-density development into transit oriented development around busways and bus corridors, as the experience with the Liverpool-Parramatta Transitway discussed below demonstrates. 
3. Liverpool-Parramatta Transitway

The NSW Government began contemplating major non-rail public transport solutions for its low-density western suburbs of Sydney in the early 1980s, even reserving two public transport corridors aimed at bringing a transit service, such as light rail, to new residents of urban release areas then being planned.  A regional environmental plan was promulgated, the Sydney Regional Environmental Plan No. 18 – Public Transport Corridors, which reasonably aimed 
to make provision for future public transport facilities that: 

(i)  improve accessibility by public transport to centers of commerce, recreation, education, culture and employment,

(ii)  improve, and extend, the existing regional public transport network,
(iii)  increase the range of public transport facilities available to residents of the region,

(iv)  to identify certain pieces of land as public transport corridors,

(v)  to provide for the acquisition of certain land for the purposes of the public transport corridors so identified,

(vi)  to control the carrying out of development within the public transport corridors so identified, and

(vii)  to require consent authorities, when considering development applications in respect of land in the vicinity of a public transport corridor, to take into account the effect of the proposed development on the development of the public transport corridor.

However, the political and financial commitment to these corridors was not forthcoming for another 15 years (under the NSW Government’s adventurous Action for Transport 2010 program). By that time, low-density land development had taken place in many areas and compromises had been made to the modest 20m wide corridor (such as co-location of electricity easements, rear fences of houses abutting the corridor, and incorporation of the corridor into local streets with regular driveway access). Zonings along the corridor did not reflect any major departures from that of remote background areas. These indicators suggest that TOD was not at the forefront of the thinking of government planners, let alone that there was confidence in the delivery of a major transport project.
The induction into the development phase of these transport corridors came with the commitment to a rapid bus roadway (transitway) project between Liverpool and Parramatta. The physical environment through which the transitway runs, and the consequent urban design approach, bears some resemblance to Adelaide’s linear park which on one hand seeks to screen the surrounding residents from noise and other impacts and to be visually pleasant, but at the same time restricts urban change opportunities. This prototype (for Sydney) was not the most glorious of starts for the application of land-use and transport integration, largely due to mis-timing. While the route was reconsidered in parts so that it could better link land-use activity and employment nodes (Faber, 2005), and reference was given to progressive integrated land-use objectives in the Environmental Impact Assessment (Sinclair Knight Merz 2000), the urban change agenda fundamentally suffered from:

· the already established car-dependent, low-density residential and employment environment where house values and consumer preferences have not been such to entice medium density, let alone high density, residential developments or employee-intensive commercial uses; 
· multiple- and small-lot land ownership that compounded inter-agency coordination problems and introduced funding barriers;
· unmet urban structure retro-fitting needs brought on by the use of a wide, sometimes flood affected, and limited access, road corridor. 
Delivering a multi-faceted transport and urban change program takes time, bravado and stamina by a number of agencies. Planning is the easy bit – but it is at the implementation stage when the rhetoric can be exposed. With the comfort of hindsight, the examples of where things went wrong are rife. Once the approval green light was given, infrastructure delivery became sacrosanct and for a time isolated from risky activities such as bus servicing strategies (due to a hostile bus industry pre-reform) and land-use speculation (which was seen as a potential electoral threat due to then community disquiet over urban consolidation). 
The urban change agenda, when it was finally broached, tended to be oriented towards where the (car dependent) real estate market was at - not at where the need for Government intervention was required, such as urban structure retrofitting was required along with possible development incentives to deliver these. The matter was dealt with at a strategic level only and rarely translated to implementation at a local government level.
Nevertheless, the current concerted reform of bus services and land-use planning in Sydney offer future hope that the Liverpool – Parramatta corridor will be revisited. The corridor, even with limited fulfilment of its servicing and land-use potential, has achieved undiminished build up over three years from walk-in, trunk route based patronage alone. There are signs in places that mooted higher density transit adjacent development can be attributed (or arguably rationalized) on the advent of the transitway.
Planning for buses in the rest of Sydney has since taken a more modest, but widely applied approach, of intersection-based bus priority and bus lanes. Graduated bus priority in response to passenger demand and background traffic congestion on 40 strategic corridors connecting a variety of centers is replacing the one-off major bus projects.  The accessibility gains from this strategic bus program will inform land-use distribution decisions for future population and employment growth as part of the NSW Government’s Metropolitan Strategy planning reforms.

4. North – West Transitway, Sydney
Another bus-only roadway is currently being constructed in the north-west sector of Sydney (Sinclair Knight Meertz, 2002). The North-West T-way currently under construction (Parramatta–Rouse Hill and Blacktown–Parklea) is projected to cost $Aus 524 million. The Blacktown – Parklea Rapid Bus Transitway is 7-km long and includes 10 stations and the Parramatta-Rouse Hill Rapid Bus Transitway is 17-km long and includes 20 stations. While they pass through some established areas, they have got their timing and alignment much better coordinated with that of major release areas and new centers. Unlike the Liverpool – Parramatta Transitway, they will benefit from now established wider bus service reform that will deliver a truly integrated bus network focused on a radial bus priority corridor.
There is an obligation by the NSW Government introduced by a Condition of Approval of these projects (as is the case for any proponent of any major transport project) to contribute funding to and participate in an Urban Change Strategy to be undertaken by the NSW Department of Planning and Natural Resources in consultation with relevant Councils. The aims are to investigate and master plan long-term redevelopment opportunities of surplus lands and precincts surrounding the project. The Strategy will seek to identify and plan for transit-supportive land uses and densities appropriate for each precinct, and address funding and implementation of desirable changes to urban structure.

This has, in part, led to our research project, funded by the New South Wales Roads and Traffic Authority, with support from other key stakeholders, that focuses on TOD, primarily in low-density context of the outer suburbs such as the north-west sector. We looked at 100+ recent examples of TOD to assess current practice in the USA with heavy and light rail nodes. Only 8 per cent of the examples are bus service related (Cervero, 2004, Figure 2.1., p.17), where these examples of TOD are found predominantly at urban bus terminals. We examined the role of transitways and bus-based transit systems as the critical infrastructure of these lower-density environments. Our work is aimed at determining from international experience, and our own observation, how we can generate the sort of fixed rail gains for buses (that are traditionally more transitory in nature), and thus less conducive to developer interest in building on, or near, the bus routes.
The long-term outcome of this research is to emulate for bus systems the degree to which land values accrue on fixed rail systems. This study is policy action-oriented. In synthesizing this literature into a useful format for practitioners and decision makers we have devised an original transit oriented development (TOD) planning and outcome assessment framework as part of the research design. (Not reported here is the work of our research partners Jackson Teece Architects who are developing urban design concepts for case study locations where there is a market potential for TOD.)
5. TOD Assessment Framework
From our international literature review on best practice, we formulated a sustainable land-use target for transit oriented development along public transport routes or at public transport interchanges. Their approach is based on an extension of TOD evaluation frameworks (Wells and Renne, 2004). The framework is illustrated in Figure 1 which integrates planning for transport and land use. 
Figure 1 here

The aim of this framework is to ensure that plans for bus rapid transit are developed within an over-arching context of achieving more sustainable cities, and that land-use adjacent to busways is considered as an integrated component of the total project. Specifically, by considering the wide range of factors that lead to successful development around public transport (see, Urban Land Institute, 2003), and summarized as key performance indicators in Figure 1, priority areas along the routes can be identified where the risk is minimized for the market to introduce transit oriented development. Analysis of base year and projected data will help determine the likely effectiveness of TOD concepts at the precinct scale. The framework also advocates the long-term monitoring of transit oriented developments for the purpose of adjusting government policy if necessary.
Referring to Figure 1, the second line of the flow diagram is a reminder both of data collection requirements and the fact that a specific transit oriented development will have plural goals. These relate to:
· Institutional Performance

· Quality of the Streetscape and Built Environment and Accessibility

· Economic Performance

· Environmental Performance

· Social Diversity and Public Perception

· Travel Behavior

Base-line data, before the development or redevelopment of a TOD, must be collected. If a new transport link is being proposed, such as a busway, transitway, or light/heavy rail, the sustainability feasibility and environmental impact statement (EIS) could provide information on the current land use and transport situation.

Implicit in any planning of a TOD project is the articulation of goals and a vision for that area. The planning of TODs will generate alternative urban design concepts for the same locality – sometimes with conflicting goals and trade-offs depending on the local circumstances, and these must be tested for commercial feasibility, probably involving re-zoning and the like. The indicators and data collection box of the flow chart is designed to capture this phase. The final box on decision making shows a feed-back loop where changes to regulations and zoning take place.

In Figure 1, the fourth line entitled “sustainability analysis” is included as a reminder that any development proposal should indicate how it will contribute to achieving government’s overarching sustainability targets. It is a report to decision makers on the proposed TOD from a holistic perspective. Its contents will contain projections of the expected outcomes from implementing a TOD.

It should be noted that this generic template for the planning and assessment of TOD can also be applied to monitor and evaluate real outcomes (as opposed to projected outcomes) of the development after implementation. Such a critical appraisal of the strengths and weaknesses of a project can provide through the feed-back loop in Figure 1 to refine the goals of TOD in the hindsight of experience.

6. Conclusions
There is an established body of international literature on transit oriented development (TOD) but very little of this addresses transit oriented development and bus systems. A research gap has been identified examining transit oriented development and bus corridors in low-density outer suburban areas. We are applying these findings to action-oriented research in the northwest sector of metropolitan Sydney, in association with the New South Wales Roads and Traffic Authority, and Jackson Teece Architects, who are undertaking urban design concepts.

The methodology that we have applied to this task of a literature review – including a search of published documents and internet sites, and site visits in Australia, Canada, the USA and Japan – has allowed us to identify key planning and urban design principles. The important conclusion is that urban development in outer suburban areas must be considered in a holistic, integrated manner, where transit oriented development is considered at the same time as proposals for improved bus corridors – irrespective of whether they are transitways, bus priority schemes, or the retrofitting of bus corridors in established urban areas. 
In order for this approach to proceed in practice we have designed a transit oriented development (TOD) planning and assessment framework (Figure 1) which places any project within the context of government policy and suggests key performance indicators: institutional performance; quality of the streetscape and built environment and accessibility; economic performance; environmental performance; social diversity and public perception; and travel behavior. Dissemination of the application of the planning and assessment framework to case study sites of Sunnyholt Road, Blacktown, and Schofields Road, Baulkham Hills, is planned for later 2007, along with a planned set of technical papers in TOD and busways.
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Figure1. Generic Planning and Assessment Framework for Transit Oriented Development
(Source: Renne, et. al., In Press, Figure 2)
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