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Abstract. Planning for “transit oriented development” has long been discussed, mostly in relation to rail and metro lines. However, modern Ireland has developed around its road network, and public transport on roads primarily means buses. 
Ireland’s national government is making major investments in bus operations, infrastructure, fleet and technology. For these investments to have maximum impact, the way that Ireland uses land and develops new urban areas must change. 
To that end, the National Transport Authority of Ireland and Jarrett Walker + Associates have co-authored an illustrated guidance document for planners and developers, showing how land use decisions affect the ultimate cost, usefulness and patronage of bus services. 
This guidance document is contributing to greater coordination among national plans, national investments, local authorities’ development decisions and private development. It provides advice that is relevant in any country and that is urgently needed to address the climate crisis.
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Introduction
Since 2018 the national government of Ireland has been increasing its investment in bus services across the country. The purpose of this investment is to accommodate population growth and maintain quality of life for residents whilst reducing energy consumption by transport. 
However, public transport’s future success will depend not only on the level of public transport investment, but also on the built environment. An amenable built environment multiplies public transport’s usefulness and value, while a hostile one can reduce it to near zero. 
All decisions about how to lay out a new urban area or design a road are decisions about public transport. In fact, they are collectively as powerful as any routing or service decisions made by a public transport operator. 
Land use planning has long been incorporated into planning for railway services. A railway station is widely-understood to be an investment whose return depends on the surrounding land uses and built environment. For this reason, railway planning is accompanied by an intense focus on development in the areas around stations. During the planning phase, these station-area plans contribute to the expected benefits of the line and help to justify its construction. 
Given the scale of investment being made in Ireland's bus services, a similar focus on land use and the built environment is needed around bus services just as it has been provided around railway stations. However there is very little guidance available in English explaining to land use and urban planners how growth should be planned for successful bus services.[1]
To that end, the National Transport Authority of Ireland and Jarrett Walker + Associates have co-authored an illustrated guidance document for planners and developers. The document shows how land use decisions affect the ultimate cost, usefulness and patronage of bus services. 
What is Useful Public Transport?
From any location, within a given amount of time, there is a certain area someone can reach by public transport. The sum of the destinations in this area – the schools, jobs, shops, and so on – define someone’s access to opportunity, if they rely on public transport and their time is limited. 
Although many factors affect people’s decisions about whether to use public transport, travel time remains crucial. Most people have jobs or attend school, which means they have limited time in their day and they need to use their time efficiently. If a trip can’t be made on public transport in an amount of time that feels reasonable to them, they are likely to use a car. 
Access to opportunity – also called accessibility – is a good way to measure this benefit of public transport. Patronage has many causes and tends to go up and down for reasons completely external to public transport such as economic conditions, pandemics or the cost of parking a car. However, when we increase access, we increase the likelihood that any person, looking to make a trip, will find the public transport journey time reasonable. This is why higher access is correlated with higher patronage and higher public transport mode share.[2][3]
Public transport is useful if people can reach destinations they value in a reasonable amount of time. The core “product” of public transport is the movement of people to places they want to go, at the time when they want to go, reasonably fast. Access describes that “product.” Access is the best objective measure of what makes public transport useful to most people. 
What type of public transport service supports high access?
Frequent
High frequency service improves access by reducing waiting time and thereby shortening overall journeys. High frequency is correlated with high patronage, at the level of the network, the route and the bus stop.[2][4][5][6][7][8]
High frequency on a line is a product of three factors: how many vehicles are assigned to the line, the length of the line, and the speed of the vehicles.
Frequency is often under-emphasised because it is invisible. You can't take a photo of the fact that the next bus is coming soon. However, frequency is what makes a theoretical line into something someone can use whenever they want, just as a motorist can use a road whenever they want to. 
Connected
A well-connected network means that each line not only serves the people, places, and opportunities along it, but also the people, places, and opportunities near other lines in the network. 
Connectivity between public transport lines can be achieved in two ways:
By the coordinated timing of vehicle arrivals and departures, to ensure short interchanges. However this can only be done in one or two places per line, and is vulnerable to even minor disruptions.
By the provision of high frequencies, which make interchanges fast and reliable at any time. 
Fast and Reliable
Speed affects how far someone can travel, and therefore how many opportunities they can access, once they've boarded a public transport vehicle. Services that are very slow limit people's access to destinations and compete poorly against cars. 
Reliability describes how consistently a service operates at its scheduled speed, and therefore how consistently it provides access to opportunities. 
Speed and reliability can be degraded by numerous events and factors, including how many passengers board and alight; how many times per kilometre the vehicle stops to serve passengers; congestion and other obstructions in the road; and emergencies or maintenance problems. 
Different actions are required to address these very different sources of delay. One of the most effective actions for buses is the provision of priority measures such as bus-only lanes and signal priority which give bus passengers a similar degree of protection from congestion that light rail passengers enjoy.
The fact that bus priority measures make passengers' journeys faster is obvious. Less obvious is the fact that they save public funds and make investments in bus service more effective. 
Slow service is not just unattractive to passengers. It is also more expensive to operate. The number of buses and drivers needed to operate a route at a certain frequency depends on how long it takes the buses to drive the line out and back. Within any limited budget for service, a bus line that is slowing down will have a degrading frequency as well as a degrading speed. 
The design and operation of roads, and the distances bus lines are expected to cover, therefore affect the level of frequency that can be provided.
Land Use Planning that Supports High Access
Public transport does not deliver access by itself. High access arises from the interaction between the public transport service, the land use pattern and the built environment.
[image: ]Density
High density means that there are more people, jobs, and activities in the fixed area around a public transport stop. This means that access to many destinations from that stop can benefit more people. 

Walkability
There may be a certain number of people or jobs in the area around a bus stop, but not everyone in that area can actually walk to the bus stop. The connectedness of the street or path network determines people's walking distance to the stop. On a disconnected street network, the walk to the stop might be much longer than the "as the crow flies" distance. Walkability is undermined by: 
Disconnected street networks that require pedestrians to walk an indirect path. 
Fences or walls separating adjacent developments. 
Lack of consistent footpaths along roads. 
Lack of lighting on footpaths, at junctions and at other road crossings. 
Lack of a safe place to cross the street near a bus stop. 
Building orientation that puts front doors far from the street, and thus farther from a bus stop. 
[image: ]Dual carriageways or train tracks without regularly-spaced pedestrian crossings. 
More walking time to and from public transport stops reduces people’s access to opportunities within a reasonable journey time. Time isn't the only issue: if the walk is unsafe or uncomfortable, then many people won't walk it at all. This reduces patronage in the area, making it harder to justify high levels of service there.[9]
Poor walkability can also affect the directness and linearity of services, if bus routes must deviate into certain areas because people in those areas can't be asked to walk to a stop. 
Continuity
[image: ]Continuity of development reduces travel time by all modes: walking, cycling, public transport and car. 
However, the effect of distance on public transport is unique among the travel modes because public transport requires high operating cost, in addition to capital cost. Due to this operating cost factor, the longer the distance public transport vehicles must cover, the less frequency can be provided. 
Within any limited operating budget for service, distance therefore trades-off against frequency. Longer journeys on the vehicle, and worse frequencies, both reduce access. Continuous urban development allows people to make shorter journeys and allows operators to provide better frequencies, which both improve access.
[image: ]Linearity
In most developed areas built before private cars were widespread, destinations and residences are within a short walk of streets that provide direct travel to many other places. This was a natural pattern of development when nearly all travel was by foot, bicycle or shared transport. The result was fairly linear main roads and streets, except where topography required otherwise.
With the advent of the private car, developments can now be put in disconnected street networks and at the ends of cul-de-sacs. When an important destination for public transport is at the end of a cul-de-sac, a bus must deviate from a direct path to serve it, adding time for everyone traveling through. 
Deviations don't just cost passengers more time – they also cost the operator. Deviations lengthen the line; the longer a line, the less frequency can be afforded within any limited operating budget, undermining access and patronage. 
Of the five principles listed here, linearity is least likely to be mentioned in general discussions of planning, because it is uniquely an issue for public transport. 
When using the individual modes (walking, bicycling or driving a car) each person can travel to the end of their cul-de-sac without inconveniencing anyone else or increasing public costs. But for public transport operators and passengers alike, deviations are disastrous. 
New developments should "Be on the way!" so as to benefit from buses going past them, in a linear fashion, to other dense areas and destinations. 
Mix of Uses
[image: ]A mix of uses has a particular value for public transport. In a single-centred urban development, most travel is into the centre in the morning and outwards in the evening. This one-directionality is inefficient for public transport, because buses or trains can be full in one direction but must return empty in the other. 
A mix of housing, retail and employment uses along corridors is much more efficient to serve with public transport because the operating cost of returning buses to the centre in the morning results in additional passenger journeys, rather than empty seats. 
Three Essential Actions
The guidance note recommends three essential actions that all land use planners should take to shape growth around successful bus networks.
Make bus operations efficient and direct. Public transport is expensive to provide, so it is important to use this resource efficiently. When public transport is inefficient, the limited budget for service must be divided across more routes and more kilometres, undermining frequency and shortening hours or days of service. The result of this dilution is that access to opportunity is worse, and fewer people use public transport. Planning urban and suburban areas to have continuous, linear patterns of dense, mixed-use and walkable development supports efficient bus operations and makes bus service more useful to more people. 
Make it easy to walk to the bus. There are several ways to get to public transport, but walking should be the focus in planning. Walking is the foundation because it requires very little land and no operating cost; affords people the greatest freedom and spontaneity; is extremely sensitive to the details of planning decisions for land use and the built environment, and is therefore very easy to discourage. 
Organise development around a frequent network. The highest-access public transport networks make use of numerous connected frequent lines. Dense development and important social destinations should be located near those lines. Rather than expecting public transport to chase development to wherever it is approved, development should be planned into shapes that public transport can service efficiently. 
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Do buses have to traverse large areas
with little demand?
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Better: Short distances between many
destinations are faster and cheaper to serve.
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Worse: Long distances between destinations
means a higher cost and therefore worse frequency.
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Can buses follow routes
that feel direct for most passengers?
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Better: A direct path between places makes
public transport more appealing.
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Worse: Deviations from a straight path discourage
people who want to ride through, and increase costs.
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Are buses well-used in both directions,
at many times of day and week?
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Better: A mix of land uses means buses are used in both directions during
weekday rush-hours, and throughout the day and week.
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Worse: Buses serving purely residential areas tend to be used mostly during
rush-hours, and mostly in one direction.
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How many people, Jobs, and activities are
within walking distance of a bus stop?
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Better: Many people and Jobs are within
walking distance of a bus stop.
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Worse: Fewer people and Jobs are within
walking distance of a bus stop.
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Is the walk to the bus stop direct and comfortable?

Better: In a connected street
network, most nearby places are
a short distance away by foot.

Worse: In a disconnected street

network, walks to nearby places Better: For people to use a bus

are long and circuitous. service both ways, It must be safe
to cross the road near the stop.





