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Introduction 
Everyday urban life involves multiple choices of transport mode, route path and time budgets as individuals seek 
to move between places and projects in various parts of any city. In this chapter we map the time/space zones of 
accessibility (isochrones) as a means to understand the ways we make choices between modes – a space/time 
phenomenology of everyday mobility. Harvesting data from Google Maps and other internet sources we map 
isochrones for four primary transport modes – car, public transport, walking and cycling – and the inevitable mix 
between them. We seek to map the morphological and infrastructural conditions under which people may 
choose public transport and active modes of walking and cycling over the private car. This is also a form of 
design research in that we test the ways in which designed infrastructural change can transform the accessibility 
of the city. Our case studies are in the suburbs of Melbourne under conditions of high car-dependency and low 
public transport provision.  
 
It is widely argued that a key component of resilient, low-carbon urbanism will involve a dramatic shift towards 
active forms of transport. This is particularly true for low-density dispersed cities where the majority are 
dependent on cars and lack genuine options to use walking, cycling and public transport to go about their 
everyday lives. To understand the phenomenon of car dependence, we use Melbourne as a case study. We 
utilise complex adaptive assemblage thinking to understand the morphological and infrastructural conditions 
that frame transport mode choices. Using a variety of online data sources, we map isochrones for different 
modes of transport at different scales and times of the day across a range of case studies. Each place is 
representative of different types of opportunity to retro-fit low density cities with active and public transport 
integrated with intensification of land use. By focusing on isochrones to represent travel as time, we seek to 
emphasise the contribution mapping could make to both planning for better transport and land use integration 
as well as the transport choices people make every day. 
 
An 'isochrone' is defined as the line joining equal travel time distances from any given location; it is an image of a 
territory that answers the question: "how far can you get from here in x amount of time?" Isochrones have been 
used in transport planning to understand the relationship between movement and time for more than 130 
years. One of the earliest examples is Galton’s map titled ‘Isochronic Passage Chart’ which showed the travel 
times from London to various parts of the world in 1881, by a combination of both sea and land based transport 
(Galton 1881). Paullin and Wright (1932) later published maps showing isochrones from New York as access 
expanded across the USA with the construction of new roads, rail networks and commercial aviation. Isochrone 
maps of metropolitan public transport networks emerged within urban planning practice in the early 20th 
century. 
 
Although there has been a tendency to focus on public transport accessibility, isochrone maps were also used to 
document car access. In one of the earlier studies Armstrong (1972) used car isochrones to compare potential 
sites for a new airport in Britain - an early example of the use of isochrones as a basis for key planning decisions. 
Since the late 20th century we have seen renewed interest in the use of GIS as a means of generating transport 
isochrones (O'Sullivan et al 2000; Bertolini et al 2005; Achuthan et al 2010; Colclough and Owens 2010; Drew 
and Rowe 2010; Lei and Church 2010; Delafontaine et al 2012; Bonotti et al 2015). Isochrones are becoming 
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recognized as a highly useful way to show the diagrammatic forces embodied in urban transport networks. 
When carefully produced they are easily understood because they represent the ways people perceive travel 
opportunities in everyday life (O'Sullivan et al 2000). For the locations we know well such as home and work, we 
organize our departure times for any journey in accordance with the knowledge of how long it will take using 
various combinations of transport. In this sense isochrone maps represent the phenomenology of everyday 
urban life. There is now a proliferation of publicly accessible, web-based and interactive websites such as 
Mapnificent (2015) and Mapumental (2015) which allow users to select a point on a map and produce public 
transport isochrones for many cities instantly. While Google Maps doesn't produce isochrones it shows an 
instant reading of transport times and route options between any two points for walking, cycling, public 
transport and driving. 
 
A key distinction made in the literature is between 'mobility' and 'accessibility'. Mobility is primarily defined as 
an individual's capacity to travel, while accessibility is a systemic property or capacity of an urban network 
(O'Sullivan et al 2000; Bonotti et al 2015). Accessibility is a measure of the ease with which people can reach 
chosen destinations; to measure access is to measure possibilities rather than actual flows but there is no 
consensus on how it might be measured (Lei and Church 2010). Some studies are focused on the accessibility of 
particular destinations or destination types such as libraries (Delafontaine et al 2012), schools (Drew and Rowe 
2010) and transit nodes (Achuthan et al 2010).  Some focus on a single travel mode such as the historical 
examples focused on public transport (Drew and Rowe 2010) while others incorporate two or more modes (Lei 
and Church 2010). The complexity of urban transport means that isochrones will differ for each location not only 
by mode but also direction of travel, time of day and for different age groups (Lei and Church 2010; Achuthan et 
al 2010). Isochrone maps represent accessibility while helping us to understand everyday mobility choices. 
 
Although there is no standard method of isochrone mapping, the quality and readability of isochrone maps is 
crucial to their usefulness. While the historic maps are generally simple and highly readable, more recent 
attempts to represent the complexities of time/space accessibility have produced highly variable quality and 
legibility. The challenge is to break down the complexity and develop accessibility measures that are legible 
enough to be useful while maintaining research rigor (Bertolini et al 2005).  
 
The use of isochrones to compare different travel modes is relatively recent and rare. Lei and Church (2010) 
mapped the ratio of bus to car travel times in Santa Barbara, using bus timetables and a survey of drivers. Their 
method maps the ratio between bus and car travel time for the same journey: where the ratio is below one, the 
bus is faster. For most of Santa Barbara this ratio is well over two, indicating a highly car-dependent city. 
Bertolini et al (2005) produced isochrones for cars and public transport across the regional scale of the 
Netherlands but these maps were not superimposed and make comparisons difficult. One way of understanding 
car-dependency is the difference between driving and public transport isochrones at any given time for any 
particular place in the city. While there will inevitably be a range of other factors that drive mode choice (Kent 
2014), time budgeting is primary (Marchetti 1994).  A key goal here is a better understanding of the 
morphological and infrastructural conditions under which people may choose public transport, walking and 
cycling over the private car. Beyond simply mapping car-dependency, however, our ultimate concern is to use 
isochrone mapping to compare the relative accessibility of existing urban assemblages against possible 
improvements in active and public transport if the city were re-designed (Lei and Church 2010). This is a form of 
design research that models the performance of future scenarios against each other and the status quo; it is, 
however, in a very nascent stage. Bonotti et al (2015) produced isochrone maps for a proposed light rail design 
in Brescia at different times of day; Drew and Rowe (2010) also developed isochrones for enhanced bus services 
in the UK. While these precedents are limited to public transport we explore the use of isochrones for multiple 
travel modes as well as contrasting existing networks with possible future scenarios. This approach utilises 
interdisciplinary capacities to think across scales and to understand the relations between them: walking and 
cycling at smaller scales, compared to public transport and driving at larger scales; localised urban spatial re-
configurations to improve flows and urban amenity at smaller scales linked to overall improvements in network 
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effects, accessibility and mobility at larger scales. 
 
Walking isochrones can be traced to the work of Jacobs (1961: 179-182) who introduced the concept of 'pools of 
use' to refer to the zone within walking distance of a particular urban location measured by distance or time. 
This later developed into the mapping of walkable catchments, 'pedsheds' or walkable 'buffers'. There has been 
a proliferation of research into walkability in recent years, and pedshed mapping is a key indicator of local area 
walkability. Pedsheds provide an insight into the permeability of the local neighbourhood, as well as an 
understanding of local accessibility to public transport, jobs and services. Yet the literature on walkability shows 
little isochrone mapping, generally preferring distance measures of 400-800 metres around a given location 
(Forsyth 2015; Frank et al 2006; Moudon et al 2006; Cervero and Duncan 2006). The use of distance (adjusted 
for permeability) rather than time is because distance often correlates with time for pedestrian access; yet any 
kind of multi-scale analysis of accessibility must incorporate both time and space. 
 
A key question for this research is that of scale in both space and time. An isochrone is always based on a time 
frame, which will in turn produce a spatial scale. Bertolini et al (2005) have argued that 30 minutes is a key time 
frame for urban travel in European cities where public transport predominates. While North American and 
Australian cities are more car-dependent, the '20-minute neighbourhood’ and the ‘30-minute city’ have 
emerged as aspirational ideals. The question of time scale is complicated by the fact that most urban trips are a 
door-to-door 'chain' of short trips where walking forms every odd-numbered link (Bonotti et al 2015: 425). Each 
trip by car is walk>drive>walk and public transport is walk>PT>walk and so on. While most researchers approach 
such issues from a particular disciplinary perspective and at a particular scale, our study stems from a multi-
scalar and multi-disciplinary analysis of transit-oriented development (Dovey and Woodcock 2014). 
 
The theoretical framework informing our design research has been developed from two primary sources. The 
first is 'assemblage' theory based on the work of Deleuze and Guattari (1987) involving a focus on connections 
and flows rather than objects and things in themselves. Such an approach is more fully outlined in the 
introduction to this book but is particularly crucial in understanding the ways that cities embody 'capacities' or 
what DeLanda (2016) calls the 'space of possibility'. An assemblage approach is combined here with the 
complementary framework of resilience thinking based in theories of complex adaptive systems (Gunderson and 
Holling 2002; Walker and Salt 2006). This is work that emerges through mixing theories of cybernetics, chaos, 
complexity and resilience. A complex system is one where the parts adapt to each other in unpredictable ways; 
outcomes emerge, the system self-organises (Johnson 2001).  Critical here is isolating the 'key slow variables' 
determining the thresholds of transformative change. In our view, transport accessibility is a key slow variable of 
the city. The relations between driving and public transport isochrones are a crucial index of car-dependency. 
 
Melbourne's transport assemblages 
In 1925 the Metropolitan Town Planning Commission of Melbourne published an isochrone map titled 
‘Minimum Railway and Tramway Time Zones’ illustrating minimum commuting times to the central city by public 
transport (Figure 6.1). At that time Melbourne had one of the world's most extensive urban rail and tram 
systems and the isochrone map demonstrated a level of public transport accessibility that few cities of the time 
could boast (SLV Weblink). However, the great planning issue in Melbourne for the Commission was seen as 
road congestion. Despite well-developed plans to double the reach of the tramways to drive suburban expansion 
and major additions to the passenger rail system, public transport investment largely ceased for the next century 
and few of these plans bore fruit. Instead, land use planning and infrastructure development efforts were 
redirected wholesale to fostering road-based private transport, causing a dramatic shift away from a city where 
the vast majority walked, cycled or rode public transport. The result is the suburban car-dependent city that has 
become such a challenge to a low-carbon future. By 2015, Melbourne's official metropolitan area had expanded 
by almost nine times the area covered in 1929, while its population had increased fourfold. In that time, the rail 
and tram systems have changed little, and the radial bias has been reinforced by the few additions and upgrades 
that have occurred. There are now vast suburban areas within the metropolitan boundary that are beyond 
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walkable access to frequent public transport. The modal share for public transport in Melbourne is about 8%, 
which is similar with most Australian and North American cities.  
 
 

 
 
Figure 6.1: Melbourne public transport isochrones from the central city 1925 (left) and 2015 (right). Source: left: 
Metropolitan Town Planning Commission of Melbourne (1925), right: authors. 
 
 
Our case studies were chosen as part of a larger research project analysing Melbourne for potentials and 
capacities for transit-oriented intensification and improvements to network connectivity at multiple scales 
(Dovey and Woodcock 2014). The primary focus was on railway stations, tram corridors, regional shopping malls, 
university campuses and post-industrial zones. We selected indicative case studies for these types, developing 
urban design scenarios to test capacity for different levels of and designs for transport investment. These 
opportunities emerged within middle suburban zones beyond the inner-city but well within the metropolitan 
boundary (Figure 6.2), mostly between 20-30 minutes from the central city by public transport. Each case study 
explored scenarios for land use intensification associated with additions to the public transport network - 
designed to add network connectivity at various scales by adding heavy or light rail to fill gaps in existing 
arrangements.  Melbourne has over 7,000km of bus routes covering the rest of the metropolitan area. In theory, 
buses could provide network connectivity, but in reality most are too circuitously routed and too infrequent.  
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6.2: Existing Public Transport and Development Capacities. 
 
We mapped isochrones for each of four transit modes, for different times of day, and for both existing 
conditions and the ‘Intensifying Melbourne’ scenario. In our analyses we focus on the 20- and 30-minute 
isochrones because these have become particularly widespread in planning and political discourse about 
transport policy – the so-called ’20-minute neighbourhood’ and the ’30-minute city’ intended to capture an 
image of urban amenity where daily needs are accessible via walking, cycling or public transport. Our walking 
and cycling isochrones are based on data accessible from Google Maps, car isochrones from TomTom and public 
transport isochrones from the public transport timetable database. While speeds for walking, cycling or driving 
are mediated by many contingencies and accuracy can never be guaranteed, our goal is to understand and 
compare average times of access.  
 
We made a series of assumptions to generate comparability between modes. We treated walking and cycling as 
single mode trips. We added 2.5 minutes at both ends of car journeys for finding parking and walking to and 
from destinations. This may seem excessive for a car-friendly city, but is modest during peak times and in more 
intensively used areas. Public transport is always multi-modal - one usually walks, but can also cycle or drive to 
or from public transport trips, as well as transferring between modes. To reduce complexity, we nominated 
public transport stops as base points, and excluded car and cycle connections to them. Public transport 
isochrones were produced from the sum of the average waiting time, timetabled trip duration and time left for 
walking from the transit stop: a trip comprising bus, transfer to a train and walking to the destination was 
calculated as: half the bus frequency + bus trip + walking connection + half the train frequency + train trip + 
walk. For comparability we limited ourselves to current service frequencies extrapolated for the enhanced 
infrastructure scenarios. A further iteration of the method would test the effects of frequency boosts but this 
was beyond the scope of this research. 
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Figure 6.3: Multi-Modal Isochrones 
 
Figure 6.3 shows results of multi-modal isochrones for three of our case studies over 20 and 30 minutes with all 
four transport modes. Since public transport and car access differ across the day, we mapped the morning peak 
(8-9am), the evening (7-9pm), and found midday isochrones fell between the two.  
Walkable isochrones (green) are the least differentiated of the four modes - with a consistent range of about 1.6 
km over 20 minutes in most locations, varied only by local permeability. It is notable that walking competes with 
public transport (blue) over a 20 minute trip in many directions because of the waiting times for public 
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transport. The area of the cycling isochrones (orange) is about nine times that of walking and well in excess of 
public transport in most directions over both 20 and 30 minutes. Cycling is also competitive with the car (red) 
over some 20 minutes trips at some times of day  
 
For cars and public transport, these maps suggest that on average a 30-minute trip can access about 4 times the 
area of a 20-minute trip. This is partly because waiting and parking delays are the same for long or short 
journeys (a 5-10 minute journey by car or public transport may be entirely consumed by waiting and parking 
times). This method of comparison makes the disparities of access between cars and public transport especially 
clear. The ratio of the accessible area within car isochrones to public transport isochrones for any given case 
study ranges from about 4:1 to about 16:1 for the morning peak. We suggest that this relationship between car 
and public transport isochrones is a crucial measure of car-dependency, however it cannot be simply reduced to 
an index because this is a form of spatial knowledge.  The shapes of the isochrones matter because the access 
that matters is access to centres of attraction.  It is also important to understand a reverse rhythm that operates 
between cars and public transport. Car isochrones contract during peak hours due to congestion while public 
transport isochrones expand due to increased frequency.  In the evenings by contrast the accessible area for 
cars expands while public transport waiting times increase.   
 
 
Case studies 
 
We now turn to some of our case studies in order to explore the issue of car-dependency and the potentials of 
the transit-oriented urban design to reduce it. 
 
Batman 
About 70% of the 204 stations on Melbourne’s rail system are in low-density suburban locations. Such places 
often have a neighbourhood shopping strip, a car park and other land uses close by, including industrial. Many 
are surrounded by residential development and there is often significant community resistance to change. While 
the intensification capacity of individual projects is often limited, if such opportunities were replicated across the 
entire rail system they become substantial in aggregate (Woodcock at al.  2010). Batman is a small railway 
station in Melbourne's north, an infrequent 20 minute train ride from the city. Adjacent land includes 80 
hectares of underutilized industrial buildings and substantial tracts of empty land. The station currently has low 
patronage and no parking, yet it is on a key east-west arterial road and is close to a major north-south tram 
route. The challenge at Batman is to envision the station as part of a larger intensified precinct connecting the 
creek and lake to the east with the burgeoning activity centre to the west. Any sensible redevelopment is 
dependent upon a grade separation of the railway. Figure 6.4 (top images) shows both existing and possible 
infrastructure which includes the addition of an east-west rail line about 700 metres to the south. It shows how 
the 30 minute public transport isochrone would expand in relation to cars - most of the gains are due to the new 
heavy rail proposal. 
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Figure 6.4: Batman Station - existing and possible 30 minute isochrones 
 
Reservoir  
About 30% of Melbourne's railway stations are associated with large activity centres that have significant 
potential for intensification within their pedestrian catchment. These are also generally modal interchanges with 
other forms of public transit such as bus and tram. Reservoir is a major activity centre about 28 minutes from 
the central city on one of Melbourne’s busiest rail lines serving the northern region. Here we have proposed a 
grade separation and a new east-west light rail. Figure 6.5 shows how the 30-minute public transport isochrone 
is expanded to give access to both a nearby university campus and a regional shopping mall within 30 minutes.  
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Figure 6.5: Reservoir Activity Centre - existing and possible 30 minute isochrones 
 
Sunshine 
Sunshine is a large rail-based activity centre at the heart of Melbourne's disadvantaged western region, about 25 
minutes from the city by train. The sizeable activity centre stretches between two stations – one with a large bus 
interchange; it incorporates substantial retailing, recreational and educational activity with huge capacity for 
intensification. Our proposed new infrastructure (Figure 6.6) consists of a proposed heavy rail extension to the 
airport and light rail connections to other centres in the region. With the exception of the airport connection, 
the gains are marginal. 
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Figure 6.6: Sunshine Activity Centre - existing and possible 30 minute isochrones 
 
Chadstone 
Melbourne’s private suburban shopping malls are some of the busiest activity centres in the metropolitan area. 
Most are car-dependent, disconnected from trains and trams, with buses the only public transport. Yet the 
provision of high capacity, frequent public transport could provide the leverage to enable such malls to integrate 
walkably with their suburban contexts as well as achieve mode shift for their wider catchments. We selected 
shopping malls because currently they are fundamentally inconsistent with a low-carbon future. Chadstone is 
Melbourne’s oldest and largest shopping mall about 15 km southeast from the central city, near the junctions of 
a freeway and two major arterials. It is also within a kilometre of two railway lines and several tramlines, none of 
which has walkable access to the mall (Figure 6.7). The challenge and the potential here is to turn a private anti-
urban type inside out to become a genuine urban centre through transit-oriented intensification.  
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We tested an underground train line connecting the shopping centre to three existing rail lines plus extending 
and adding tramlines in a grid formation connecting it to surrounding suburbs. Figure 6.7 shows existing and 
possible public transport isochrones juxtaposed with those for cars. It shows how directly connecting Chadstone 
to the existing train system creates network effects and how a new north-south train line in this area would have 
a significant impact on the public transport isochrones. It shows far more competitive public transport 
isochrones, their reach more than doubled, bringing the central city almost within a 30 minute journey. In the 
north–south direction public transport even begins to compete with the car. While there is noticeable expansion 
towards the southeast, it cannot compete with roads and freeways in this direction. 
 

 
Figure 6.7: Chadstone Shopping Mall - existing and possible 30 minute isochrones 

 
La Trobe 
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Melbourne’s suburban university campuses have tended to be designed primarily for car access and mono-
functionality. Like shopping malls, they tend to be surrounded by carparks and poorly connected to local 
neighbourhoods. The land is generally consolidated under quasi-public ownership, opening up great potential 
for new development that can be leveraged to part-fund better public transport accessibility. La Trobe is a major 
university campus located about 18 kilometres northeast of the central city with a public transport trip of about 
an hour from the central city. Surrounded by vast carparks and with no train connections, the university 
struggles to attract students. Within 3km there is a regional shopping mall, a large rail-based activity centre and 
a major teaching hospital connected only by slow, low volume buses. As shown in Figure 6.8 La Trobe is located 
500 metres from a tramline but there is no train connection. The possible scenario shows a new east-west 
tramline and a north-south underground metro. The existing and possible public transport isochrones show 
significant expansion from the new rail lines that begin to become competitive with car isochrones in north-
south and westerly directions. The proposed east-west tramlines have a less significant effect. 
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Figure 6.8: La Trobe University - existing and possible 30 minute isochrones 

 

Isochrones as spatial knowledge 

The mapping presented above is experimental with the goal to test both the mapping techniques and the 
redesigned infrastructure scenarios. The results show how much impact might be made on everyday access - 
particularly in those cases such as La Trobe and Chadstone where major attractions are currently disconnected 
from public transport. All of the other case studies are centred on existing public transport nodes and the 
impacts are much less. However, this chapter is not primarily about Melbourne but about the relevance of 
isochrone mapping. What difference would it make if maps like ours were easily accessible for any place in any 
city? Comparative isochrones are loose correlates of the cognitive maps on which mode choices are made in 
everyday life. While one doesn't need such maps to make good choices, we suggest they are useful for research 
in three primary ways. First, they enable us to compare levels of access for different transport modes for any 
given location. They are maps of potential rather than actual trips; there is no presumption that people will 
automatically abandon their cars when the map indicates it is rational to do so. The second use of isochrone 
maps is to compare levels of access for different locations, over different time limits and times of day. 
Isochrones can be aggregated to map the entire city to reveal inequities of access and therefore investment 
priorities. Isochrones give us an insight into what the '20 minute city' or the '30 minute city' means in everyday 
life in a particular place. Finally, isochrone mapping can be integrated with design research to compare a range 
of different scenarios for urban transformation. New public transport infrastructure and greater service 
frequencies will transform isochrones, as will investment in roads, cycle paths and pedestrian networks. The 
effects of different scenarios compared with existing conditions can be mapped for public debate and 
investment decisions.  
 
Isochrone mapping embodies a particular mix of epistemological issues. Whenever we choose to take the car, 
cycle, walk or catch the bus we consult loose multi-modal isochrones in our heads to judge whether it is faster to 
drive or use public transport. When we choose where to live, work or shop we do so within a spatio-temporal 
conception of the different travel modes we will be able to access. It is multi-modal isochrone maps that 
establish a rational basis for mode choice and how we structure our lives within relatively fixed time budgets. 
Mode choices are made on the basis of detailed local knowledge of travel times set against time budgets. The 
many contingencies involved with cars and public transport make these isochrones deeply unpredictable. Yet 
commuters know how long a trip will take on average along with the range of variation because job security 
often depends on it. They know trip times by car and public transport are not exact and they adapt accordingly. 
By contrast, walking and cycling are much more exact; we know when we must leave home to catch a particular 
train or tram even though we don't know if it will be on time. While walking and cycling may seem more 
predictable they are also mediated significantly by weather, safety and ability. Isochrones are influenced by 
myriad factors, and while ignoring them produces inaccuracy, including all of them either overwhelms the 
mapping process with complexity or renders the maps illegible. Once legibility or accuracy are lost, maps lose 
potency as spatio-temporal knowledge and can easily become propaganda. While their accuracy can be 
debated, what is finally at stake here is the ways in which isochrone maps enable us to see cities in new ways. 
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