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Abstract 

 

How transport and employment agglomeration enhance urban productivity is a fundamental 

problem for many cities. Internationally, there has been a great deal of interest in the effect of 

employment concentration on urban productivity, but very few studies have examined its effect 

on worker commuting burdens and transport costs. This paper aims to advance international 

knowledge by measuring job growth and costs of labour market access between 2011 and 2016 

for employment centres (EC) in Melbourne, Australia. A comprehensive transport cost model 

is used that incorporates detailed transport costs and travel times associated with transport 

modes. By tracking job growth and changes in worker commuting burdens, this paper 

distinguishes ‘high-cost’ ECs from ‘low-cost’ ECs, for their respective labour pools, and 

identifies which ECs offer opportunities for better transport outcomes. The results show that 

well-planned public transport (PT) systems and residential development, coupled with walking 

and cycle networks, are important features of ECs experiencing lower commuting burdens. 

Drawing upon the conclusions, this research recommends more effective approaches by 

governments to foster effective investments in urban infrastructure and discusses how broader 

policy and investment decisions can align to optimise employment agglomeration and 

minimise negative transport impacts. 
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1.  Introduction 

 

    How investments in transport and clustering of employment enhance urban productivity is a 

fundamental problem for many governments seeking to improve economic performance while 

optimising infrastructure provision. At the metropolitan scale, the productivity of urban 

economies depends on how well our cities enable higher economic outputs by enhancing 

economic and business connections and linking jobs to worker capabilities (Garcia-Lopez, 

2011; Meijers, 2013). Enhancing urban productivity by supporting high levels of employment 

concentration and providing transport which connects jobs and workers in urban areas have 

been key strategies in many governments’ spatial plans. The importance of an employment 

centre (EC) for economic growth is underpinned by its agglomeration economies and ability to 

offer productivity and human capital benefits for workers and business (Rauch, 1991). The 

transport system plays an important role as the infrastructure that links workers to jobs within 

spatial residential and employment locations (Daniels and Mulley, 2011). 

 

Whilst there are economic benefits driven by enhancing employment and agglomeration in 

ECs, the ‘diseconomy’ effects of agglomeration have been frequently discussed in the urban 

economics literature. Congestion is an issue that causes delays, longer travel times, and higher 

land costs, causing declining productivity for business. Often, ECs offer capital intensity but 

create high commuting costs for workers seeking higher wages (Alpkokina et al., 2008). The 

high travel cost from residence to work imposes productivity frictions on individual workers, 

firms, and society generally via direct costs including car ownership and operation, public 

transport fares, travel time, provision of transport infrastructure, as well as indirect costs such 

as road congestion, greenhouse gas emissions, noise, accidents, and sedentary behaviour 

(Brook, 1986; Koslowsky, 2000; Turcotte, 2011; Van Hoof, 2013; Emre and Gebze, 2015). 

Therefore, how EC and transport systems can be better integrated to maximise agglomeration 

benefits, minimise transport costs to workers, and optimise infrastructure investment has been 

an important concern for many governments (Productivity Commission 2017).  

 

Internationally there has been a great deal of interest in the urban productivity gains from 

employment agglomeration (Ciccone and Hall, 1993; Fujita and Thisse, 2013). Yet studies of 

employment growth infrequently consider the higher commuting and transport costs that incur 

and potential effects that may negate the productivity gains of agglomeration (Proost and 

Thisse, 2015). Raising the productivity of ECs and transport systems has assumed increasing 

importance in many governments’ growth strategies and infrastructure investment plans. 

Understanding the relationship between the benefits and transport costs of ECs to urban 

economies is particularly important to government investment decisions where funding and 

resources need to be used optimally (see BITRE, 2013). This paper aims to advance 

international knowledge by generating new insights into the relationship between the growths 

of ECs and worker commuting burdens in a large metropolitan area 

 

    In this study, we provide a detailed analysis of the changing commuting burdens in terms of 

worker transport cost, travel time, distance, and energy cost relative to growth of ECs. As an 

emerging polycentric city, Melbourne, Australia presents an ideal case study for this research. 
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The outputs of research provide new empirical knowledge to the existing literature to explore 

how job growth and concentration can change worker commuting burdens in a given urban 

context. It evaluates both successful and unsuccessful cases that ECs and transport 

infrastructure are integrated to enhance agglomeration, labour market access, and reduce 

commuting cost. Drawing the findings of empirical analysis, this research then recommends 

for more effective approaches by governments to foster effective investments in urban 

infrastructure and discusses how broader policy and investment decisions can align to optimize 

employment agglomeration and minimise negative impacts. The remainder of this paper is 

structured as follows: the second section discusses the function of ECs and transport issues; 

Section 3 and 4 describe the data and methods used to measure worker commuting burdens of 

ECs. Section 5 then analyses the results and examines the characteristics of ECs experienced a 

rise or decline in commuting burdens. The last section provides policy suggestions and 

highlights the directions for future research. 

 

 

2.  EC and transport cost  

 

At the metropolitan scale, economic agglomeration is facilitated by having large ECs. Its 

importance for economic growth is that it produces a high concentration of employment 

supported by intensive land use, construction, and transport systems, which offer human capital 

benefits for both worker and business (Rauch, 1991; Graham, 2007). In many cities, there are 

high-density central business districts (CBDs) where many high-value jobs cluster and a high 

level of human capital accumulates. The business sectors benefit from such agglomeration and 

co-location in ECs due to more effective knowledge transfer or spillover between businesses 

and better job-matching with a high concentration of skilled workers. Suburban ECs do not 

typically offer high-end professional jobs, but do play an essential role in the better functioning 

of a city (Shearmur and Coffey, 2002). The formation of suburban ECs can be market-led or 

government-led, drawing on local economic strengths, business benefits, and the skills of the 

local labour pool. ECs typically settle at locations with good transport access or around 

established production sites or activity centres such as hospitals, universities, and 

manufacturing centres, where industries and jobs are likely to locate and accumulate. At a local 

level, jobs are often centralised on a smaller scale, which offers productivity advantages 

compared to dispersed employment sites and stand-alone businesses with low access to public 

capital and transport facilities. 

 

Employment agglomeration refers not only to the intensity of labour markets, but also the 

intensity of infrastructure usage. At the metropolitan scale, transport infrastructure is often the 

most important capital investment to enhance employment agglomeration and concentration 

and enable people to reach workplaces from different locations (Gramlich, 1994; Spiezia, 2012). 

The contribution of transport investment to urban productivity growth has been justified in 

many studies showing that growth in transport infrastructure and investment usually increases 

economic outputs (Helsley and Sullivan, 1991; Lakeshmanan and Anderson, 2002) and adds 

to labor productivity in forms of improved employment participation, job-skill matching, and 

reduced commute time (Craft, 2009; Cohen, 2010; Lakshmanan, 2011; Melo et al., 2013; 
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Pereira and Andraz, 2013). Whilst a high level of employment concentration and transport 

contribute to economic outputs, it also comes at a cost, described by many researchers as a 

‘diseconomy’, to the economy. Studies of urban transport  have shown that, as cities become 

larger and denser, transport costs measured in time, income, energy, and infrastructure tend to 

rise, negating the productivity gains of agglomeration (Graham, 2007).  

 

The transport costs of ECs are critical for urban productivity performance for several reasons. 

Firstly, the high level of job and service concentration influences the cost of land. The growing 

attraction of ECs as major employment and service destinations inevitably increase pressure 

on local housing market (Clapp et al., 2001). A common consequence of rising housing costs 

is the middle-to-low income workers are likely being locked out from areas of the productive 

economy, or remain with a high commuting cost (Roberto, 2008; Li et al., 2017). Studies 

showed that the impacts of high commuting cost (in terms of money and time) on labour 

productivity are substantial. It usually distorts the rational use of time, causing temporary 

absenteeism via lateness, withdrawal from work, physical or mental health problems and 

reduced job satisfaction (Brooke, 1986; Koslowsky, 2000; Van Hooff, 2013). Secondly, the 

intensive use of land and transport causes congestion, imposing costs on the economy and 

environment (see Weisbrod et al., 2003). Congestion-related costs related to increased travel 

time, delays, vehicle operating expenses, energy use, and air pollution are substantial in many 

countries. In Australia alone, congestion-related costs to the economy have been reported as 

approximately $94 billion per annum and escalating (BITRE, 2013). Next, ECs are capital 

intensive, requiring significant investments in infrastructure (especially, transport). The 

productivity of transport investment depends on how efficiently the transport system is used to 

result in economic outputs, with any waste or under-utilisation of invested infrastructure will 

detract from productivity (Gillen, 2001).  

 

    Despite the productivity impacts of high transport cost, very few empirical studies have 

explored the change in worker commuting burden as a result of job growth and concentration 

within an urban area (Schleith and Horner, 2014). This paper aims to advance this international 

knowledge by examining the worker commuting cost relative to the growth of ECs in 

Melbourne, using a spatially-based approach. In the transport literature, there has been models 

developed to assess the economic costs of transport (see for example, Jakob et al, 2006; Wang 

2013; Liew and Chu 2016). In this study, our method incorporates comprehensive transport 

cost measurements associated with worker commuting time and direct travel costs associated 

with transport modes. The purpose is to better understand the provision and cost efficiency of 

transport modes for workers to access ECs. The conceptual framework guiding this research is 

the proposition that, in a metropolitan context, productivity of EC is not only presented by the 

value of jobs they generated but also the transport cost required to get workers to these jobs. 

The more ECs enable agglomeration effects with low transport costs at either the worker or 

aggregate level, the more productive they are likely to be in urban economies over a long term.  

 

 

3.  ECs in Melbourne 
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    Melbourne is the second largest city in Australia and now accommodates a population of 4.2 

million. The city has often been recognised as the ‘world’s most liveable city’ based on its 

attractiveness as a city to live and work in (Economist Intelligence Unit, 2017). Driven by its 

population growth, there will be 1.8 million new jobs created in Melbourne in the next 30 years. 

Planning emphasis in Melbourne has been placed on the concentration of highly productive 

economies across the CBD and suburban centres and the need for infrastructure and transport 

investments to support labour access and job growth in those economies (Victoria Panning 

Authority, 2017). Melbourne’s CBD is the largest EC, with a big cluster of knowledge-

intensive industries and advanced services. The growth of the CBD has been supported by a 

series of policy directives and transport investments reinforcing the high accessibility of the 

inner urban areas. The Melbourne CBD now contributes 29% of Melbourne’s total economic 

output and is expected to grow and become Australia’s largest employment centre (Victorian 

Government, 2017).  

 

Further to the high level of agglomeration in the CBD, Melbourne is experiencing a 

transition to a polycentric city, with the emergence of large ECs in the suburban areas. There 

are currently six significant ECs in Melbourne, including three existing (Parkville, Monash, 

and Dandenong) and three emerging centres (Sunshine, La Trobe, and Werribee). These ECs 

provide a high concentration of jobs in high growth industries such as scientific research, 

technology and advanced manufacturing, education, and health services. A smaller scale of 

employment concentration in Melbourne is seen in metropolitan activity centers (AC). ACs 

have similar characteristics to ECs, but they serve smaller localised economies and offer the 

productivity benefits associated with being near population. They provide a diverse range of 

goods and services to local communities and foster growth in a variety of service industries 

(such as retail, healthcare, and personal services) that tend to locate together to benefit from 

shared markets, supply chains, and local labour force. In addition to the planned ECs, many 

job growths in Melbourne are market-led which formed a range of smaller ACs and job-rich 

zones and produce a moderate economic output for the city. 

 

    Melbourne's economic growth strategy is underpinned by the city’s transport systems. The 

Victorian government’s infrastructure plan consistently encourages and focuses on ECs to 

enhance employment agglomeration, job access, and economic productivity. The Victorian 

Government is investing more than $24 billion in transport infrastructure including rail and 

highway expansions and current capacity boosts (Victoria Government, 2017). The state’s 

transport projects have been primarily funded to support growth in the CBD and its linkages to 

other significant ECs in the high-growth suburbs. In addition to its road network, Melbourne 

has an extensive train and tram network that provides good radial access to the central city. 

Most planned ECs (including large ACs) are located near major public transport (PT) nodes or 

highways in a large network linking them to the CBD (Figure 1). As outlined by the Melbourne 

Plan (Victoria Government, 2017), jobs are expected to grow in those locations which are best 

supplied with existing infrastructure allowing accessibility of facilities and services. The main 

objective of infrastructure investment in Melbourne is to create an urban structure that can 

enhance economic productivity, make land and transport system investments more productive, 

reduce travel demand, and reduce total energy use and greenhouse gas emissions (Victoria 

https://en.wikipedia.org/wiki/Economist_Intelligence_Unit
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Government, 2017).  

 

 

Inset Figure 1 here 

 

Fig. 1 Melbourne’s major employment centres (including CBD, ECs, and ACs) 

 

 4. GIS modeling of commuting burdens of ECs  

 

    In this study, a GIS-based approach is used to measure the job growth and worker commuting 

burdens of ECs. The major datasets used to model worker commuting burdens are listed in 

Table 1. The datasets used to measure worker commuting costs are journey to work (JTW) 

origin-destination matrices for 2011 and 2016 obtained from the Australian Bureau of Statistics 

(ABS). The datasets report the number of commuting trips from an origin to a destination, 

sorted by travel mode (car, bus, tram, train, walk, or cycle). The standard spatial unit used to 

represent trip origin and destination zones is Statistical Area Level 2 (SA2)1. SA2 is also used 

to measure job growth in ECs and it is the smallest spatial unit available to integrate with JTW 

data, and therefore transport costs. In the urban economic literature, there has been range of 

methods developed to identify ECs in poly-centric cities (Tsai, 2005; Liu et al. 2019). In this 

study, the Victorian Government provided the precise geographical boundaries for all EC/ACs 

(132 locations) in Melbourne, we selected SA2s which contain or overlap with EC/AC 

boundaries and which each have more than 5,000 jobs. Because most SA2s are geographically 

larger than a government-defined EC/ACs, we assumed that the majority of jobs in an SA2 are 

located within the EC/AC boundary and are representative of the local economy. Although 

SA2s may not precisely follow the boundaries of ECs, they are useful enough for understanding 

the spatial structure of the urban economy at a strategic level. As a result, there are 109 SA2s 

used to represent ECs in Melbourne, including 16 government-planned ECs. 

 

 

Table 1. Data used in the analysis 

 

 

Insert Table 1 here 

 

 

4.1. Integrating JTW datasets for 2011 and 2016 

 

    A major problem with the spatial analysis of multi-census JTW data is the changing 

geographical boundaries of SA2s between 2011 and 2016. In order to create a consistent set of 

geographical units, we transformed the data from the 2016 SA2s (304 SA2s) to the 2011 SA2s 

(268 SA2s). Because the boundaries of SA2s in 2011 and in 2016 are mostly spatially 

                                                             
1 Statistical Areas Level 2 (SA2) are medium-sized general purpose areas defined by Australia Census Geography 

Classification (ACGC). In Melbourne, SA2s have an average population of about 10,000 persons. 
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contiguous, an aggregation technique was used to transform the data. For some areas with 

mismatches between SA2 boundaries, an area-weighted interpolation technique was applied 

(Fisher and Langford 1996). Using this technique, the data estimations for the 2011 SA2s were 

based on the degree of area overlap with known data for the 2016 SA2s.  

 

 

4.2. Measuring commuting distance and commuting time 

 

ABS journey to work (JTW) data and road network data were used to calculate workers’ 

travel distances and travel times to an EC.  The origin and destination of workers’ trips were 

identified using the mesh blocks within a SA2.The origin of the commute was identified by 

calculating the weighted mean center2 of all mesh blocks within an SA2 that were classified as 

residential use. Trip destination within an SA2 was identified by calculating the weighted mean 

of all mesh blocks within an SA2 that were associated with service, commercial, or industrial 

land uses. Using mesh block datasets to identify the origin and destination of trips also helped 

us to estimate the distance of trips within an SA2 (internal trips). Rather than calculating the 

shortest path, we modelled travel routes using total travel time. For car travel, we used ‘speed 

sign’ and ‘peak hour travel speed’ data to generate speed profiles for each road link. The road 

links which in combination offered the quickest travel times were used as the travel path for a 

journey. The average commuting distance and travel time for a given EC were then calculated 

for all workers whose travel ended within that EC. 

 

 

4.3. Measuring transport costs by mode  

 

The geographical analysis of JTW is well developed in the previous literature (see O’Conner, 

1980; Horner, 2004), and there have been increasing studies focused on the economic burdens 

of commuting (Schleith and  Horner, 2014; Liew and Chu, 2016). In this study, a 

comprehensive transport cost model is used to model the transport costs of commuting. First, 

worker commuting cost is measured for the direct transport costs associated with different 

travel modes (𝐶𝑚𝑐). The direct transport cost for car travel is estimated based on vehicle travel 

distance, vehicle fuel consumption rate, and fuel prices. The fuel consumption rate for private 

vehicles is estimated at SA2 level based on an analysis of motor vehicle registration data 

combined with Australian Green Vehicle Guide standard VFEs (litres of fuel per 100km 

travelled) for a wide range of registered vehicle makes and models. Using these variables, we 

were able to estimate the monetary cost of vehicle fuel consumed for worker kilometres 

travelled. In addition to vehicular fuel costs, we added in fixed vehicle ownership costs 

including annual vehicle plate registration, insurance and maintenance and service costs. In 

Melbourne the average fixed cost associated with a medium-sized private passenger vehicle is 

estimated at AU$45 per week (Royal Automobile Club of Victoria, 2014). For public transport 

(PT) trips (including train, tram, and bus), the fare for each trip was calculated based on 

standard fares for transit zones traversed between the trip origin and destination. In Melbourne, 

                                                             
2 The location of the mean center is weighted by the number of population or jobs in each mesh block. 
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PT fares are charged in two transit zones, Zone 1 and Zone 2. Passengers travelling within or 

across transit zones are charged at standard rates per trip (Public Transport Victoria, 2015).  

 

In addition to the direct transport costs 𝐶𝑚𝑐 to workers, we account for the value of worker 

time spent on commuting by different travel modes 𝐶𝑚𝑡. This is because longer travel time 

adds commuting burden to worker and produces lower labour productivity (Emre and Elci, 

2015). The total travel time for commuters who use car or bus is accumulated using link-

specific travel time for the entire route. The total travel time for commuters using transport 

modes which are less affected by traffic congestion (train, tram, cycling, walking) is calculated 

using the total commuting distance and the average peak-hour travel speeds derived from PTV 

timetables or government reports (Public Transport Victoria, 2015; Victoria Walks, 2015). 

Although the estimated travel time data for some transport modes is relatively coarse without 

detailed modelling of traffic, the results are useful enough for distinguishing the commuting 

burdens of different ECs. Next, the value of commuting time for workers is derived from the 

average hourly income of workers working in a specific EC, taking 50 percent of worker hourly 

income as the value of travel time. We acknowledge that there are other factors affecting the 

economic value of travel time, such as transport mode, road congestion, comfort, and individual 

characteristics of travellers (Mackie et al., 2001), but these factors are not included in the 

assessment because very few data are available to quantify those effects. Finally, the average 

transport cost for workers to access an EC (Ce) is calculated by summing the mode-specific 

costs (Cm) weighted by the proportion of each mode Wm used by commuters in an EC, expressed 

as: 

 

𝐶𝑚 =  𝐶𝑚𝑐 + 𝐶𝑚𝑡                         𝐶𝑒 = ∑  𝑊𝑚 × 𝐶𝑚
 
𝑚          

           

    In order to understand the cost efficiency of different travel modes to access ECs. Table 2 

reports the average travel distance, travel speed, and unit cost efficiency of different transport 

modes. It shows that at trip level, active transport (cycling or walking) are most cost-effective 

to access ECs, followed by train, bus. Commuting by car and tram are least cost-effective, if 

accounting for both travel time and direct travel costs. 

 

 

Table 2. Cost efficiency of different transport modes in Melbourne 

 

Insert Table 2 here 

 

5. Analysis and results 

 

5.1. EC growth and commuting burdens  

 

    There is a strong body of literature discussing patterns of commuting in cities and most work 

has tried to understand changes in these patterns from the experience of residents (trip origins) 

(see O'Connor, 1978; Laird, 2006; Litman, 2010; Proost and Thisse, 2015). This paper aims to 

advance this knowledge by examining how changing commuting patterns are related to the 
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growth of ECs as trip destinations. First we plots total employment (2011) and per capita 

commuting burdens for all ECs in Melbourne. Figure 2 shows that EC size is positively 

correlated with per capita commuting cost (R² = 0.387), reflecting a regional trend where 

people are trading off transport costs for greater job opportunities3. This pattern is in line with 

previous findings suggesting that stronger centres generally attract more workers who commute 

from longer distances (Moghadam et al., 2018). The pattern of commuting costs differs slightly 

from that for commuting distances due to the different cost structures associated with transport 

mode used. Given that the worker commuting burden is relative to the scale of the EC, whether 

this trend will continue is a critical issue for the future of the city.  

  

 

Insert Figure 2 here 

 

Fig. 2 Scatter plot of total employment and per capita commuting burden in all ECs except CBD, 

2016 

 

 

    Next, we plot job growth and changes in per capita commuting burdens in ECs between 2011 

and 2016 using scatter plot. Figure 3 shows that most SA2s (73 out of 109) are distributed 

within the top-right section of the graph, reflecting a trend that job growth in an EC increases 

worker commuting costs. This outcome is in line with the original hypothesis that people would 

accept more travel and higher commuting costs for greater job opportunities. Nevertheless, 

such a relationship is shown to be negative in some ECs. In 31 ECs, job growth resulted in a 

decline in worker commuting burdens. They represent successful cases of planning which show 

that growth of ECs can reduce the cost of commuting for workers. The growth outcome in these 

specific locations meets the government’s policies and planning goals, and therefore is of great 

importance for future city growth and government investment plan.  

 

 

Insert Figure 3 here 

 

Fig. 3 Scatter plot of employment growth and change in per capita commuting burden in all ECs 

except CBD, 2011-2016 

 

 

5.2. Accessibility of ECs and commuting changes 

 

    In this section, we analyse the characteristics of ECs which experienced rises or declines in 

work commuting burdens. To better inform government’s growth and infrastructure plan, this 

study focuses on the accessibility and transport provision of ECs and their effects on changing 

                                                             
3 Based on our method, high income commuters will make an EC costs more for access because of higher value per unit of 

travel time. However, this will not affect the relationship identified given that workers in larger ECs earn higher income than 

workers in smaller ECs in Melbourne. 
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commuting burden. We first calculate the network accessibility of ECs which measures how 

accessible an EC is to the labour markets within a transport network (Giuliano et al., 2012), 

using the formula  

 

𝐴𝑖 = ∑  

 

𝑗

𝑒−𝛽𝑑𝑖𝑗  

 

where 𝑑𝑖𝑗 is the travel distance between EC𝑖 and location j where the workers reside; 𝛽 is the 

distance impedance function4; and 𝐴𝑖 describes the accessibility of an EC relative to its labour 

pool within a transport network. The higher the value of 𝐴𝑖 the more accessible the EC is to its 

workers, and the lower its value the poorer the accessibility is.  

 

Then we analyse change in network accessibility of ECs between 2011 and 2016. Because 

accessibility 𝐴𝑖  is a composite measure which is determined by the locations of jobs and 

workers and their relationship in urban areas, we focus on shifts in job and housing in ECs and 

their effects on jobs-worker access and commuting patterns. For example, if the number of 

dwellings increases relative to job growth in an area, more people will be able to work and live 

in the same area and therefore avoid long commutes. Spatial planning to improve either jobs-

housing proximity or transport efficiency has been long acknowledged as a basic planning 

solution to reduce travel costs (Cervero, 1988). In order to link dwelling infrastructure to 

effective spatial labour markets, dwelling growth is calculated in areas within a maximum 20-

minute network travel distance from an EC, which are regarded as ‘local’ to the EC.  

 

 

Insert Figure 4 here 

 

Fig 4. Job growth, dwelling growth, and accessibility of ECs 

 

    A scatter graph analysis is applied which provides a view of the distinctive characteristics of 

ECs which experienced an increase or decline in worker commuting burdens. First, Figure 4 plots 

the job growth and dwelling growth of all ECs relative to their accessibility. The purpose is to 

identify urban locations where jobs and housing change can generate a transport outcome. In 

general, we find that job growth in ECs is weakly related to their accessibility to workers (R² = 

0.045), indicating that job growth in ECs does not particularly follow the distribution of their 

labour force. By contrast, the level of dwelling growth around an EC is strongly associated with 

its accessibility to workers (R² = 0.656), which reflects the fact that areas with better access to 

ECs have been attractive for workers, resulting in high housing demand. Effective dwelling 

growth increases the local labour market supply for ECs and therefore reduces the need for long 

commutes. Figure 5 then highlights the growth characteristics of ECs that experienced a decline 

in worker commuting burdens. The common features shared by ECs of this type are having high 

accessibility for workers in 2011 (average: 49.3 vs. regional average: 43.7) and experiencing 

                                                             
4 The distance friction parameter is calculated using the observed trip distances and distribution in 2011. 
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significant dwelling growth in the local area (average: 43,900 vs. regional average: 27,690).  

These results suggest that planning for job growth at worker accessible ECs and strong local 

residential development are the effective strategies for ECs producing lower commuting burdens 

over time. 

 

 

Insert Figure 5 here 

 

Fig 5. Job and dwelling growth for ECs which experienced a decline in commuting burden 

 

    Next, we examine the effect of transport provision of ECs on changing commuting burdens. 

Generally, if there are efficient transport systems linking workers and ECs, workers are likely 

to choose the most cost-efficient mode to access an EC. The cost efficiency of different 

transport mode to access ECs is compared in Table 2. Of all transport modes, active transport 

(walk and cycle) are most cost-efficient for workers, followed by PT. Commuting by car is the 

least cost-efficient way to access ECs on a daily basis. Therefore, we assume that if the share 

of workers commuting by active transport and PT increases, the more likely an EC is to produce 

lower commuting burdens. We split transport infrastructure into three broad modes: car, PT, 

and active transport and examine the effect of provision of each mode on commuting burdens. 

Next, we analyse the labour catchment functions by travel mode for ECs which experienced a 

decline or rise in commuting burdens. The labor catchment function has been commonly used 

to examine the labour accessibility of ECs in polycentric cities via transport infrastructure (Ford 

et al., 2015; Moghadam et al., 2018). It describes the proportions of workers captured within 

certain distances of an EC by specific transport modes. Figure 6 shows that of ECs already 

served by efficient PT in 2011 (28%) experienced a continual rise in PT usage and a decline in 

car travel, and that this shift increases with distance from an EC. The walking and cycling trips 

to these ECs increased by about 1%, further contributing to lower commuting burdens. The 

transport provision of ECs experiencing increases in commuting burdens is illustrated in Figure 

7, which shows the very low provision of both PT and active transport in linking workers and 

these ECs (3.2% and 3.0% respectively). Travel by car remained a dominant mode of transport 

in both 2011 and 2016 (93%). Although the total share of car trips did not change, there was a 

slight decline in 2016 in the proportion of car commuters driving less than 35km, which meant 

an increase in workers driving long distance to ECs (>35km). The low level of PT services also 

resulted in a very limited change in PT usage (+0.5%). However, it shows this slight increase 

only occurred in high-fare trips (e.g. >10km), meaning the cost benefit of this change was very 

limited. Figure 7 further shows that declines in active travel are characteristic for ECs 

experiencing a rise in commuting burden. 

 

 

Insert Figure 6 here 

 

Fig 6. Labour catchments of ECs experiencing a decline in commuting burdens 
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Insert Figure 7 here 

 

Fig. 7. Labour catchments of ECs experiencing an increase in commuting burdens 

 

5.3. Commuting changes in government-planned ECs 

 

    The previous section examined the relationship between job growth and worker commuting 

for all ECs in Melbourne. This section focuses on the growth of government-planned ECs and 

their costs of access for their respective labour pools. These ECs are strongly supported by the 

city’s strategic plan, with high levels of transport infrastructure investment. They present the 

best cases to identify the effects of transport infrastructure and investments on job growth, 

commuting patterns, and transport changes in Melbourne. Figure 8 highlights the job growth 

and worker commuting burden of the planned ECs in Melbourne. Of all planned ECs, the 

Melbourne CBD experienced the highest job growth, creating approximate 35,000 new jobs 

for the city. Job growth in the major suburban economic centers of Clayton and Dandenong is 

also significant (total 15,000), indicating an emerging pattern of polycentric growth in 

employment. Nevertheless, job growth in some smaller ECs (particularly ACs) is not strong. 

This is because some planned ECs in Melbourne are still emerging and still dominated by low-

growth industries, e.g. retail and manufacturing. The effect of job growth on commuting cost 

also varies among planned ECs. Seven out of 16 (44%) planned ECs experienced a decline in 

commuting burdens. This rate is higher than the proportion in the market-led ECs (24 out of 

94, or 23%), indicating the importance of transport infrastructure and investment in changing 

the patterns of commuting and transport cost. 

 

    To further understand the pattern of commuting burdens, maps in Figure 9 present a close 

view of the significant commuting growth for selected ECs. The purpose is to observe the local 

characteristics of commuting change which were not captured at a regional level. We found a 

common feature of ECs experienced deceasing commuting burden is a strong commuting 

growth from local areas. This is not only observable in large ECs such as the Melbourne CBD, 

Clayton and Box Hill, but also in the emerging ECs in outer areas (Epping), which demonstrate 

the effect of dwelling development on the distribution of labour pool and commuting patterns. 

In addition, the efficient PT systems (dominated by rail) linking new workers in suburbs also 

contributed to job growth in ECs whilst maintaining a low commuting cost. For example, the 

reduction in the share car trips to the CBD, Box Hill, and Clayton is strongly related to the 

availability of rail services linking a large number of new workers residing in the high growth 

areas. Job growth in Epping did not increase the share of car commuting. This is enabled by an 

increase in the local labour pool and the success of PT in linking new residents to jobs in the 

EC. Nevertheless, the PT provision is not always successful for some cases. For example, the 

rail services did not reduce the car commuting to Dandenong. Of the various reasons for this, 

dispersed business distribution within the EC and easy parking in industrial zones are important 

factors. The increased commuting burden in Frankston is clearly related to the longer 

commuting trips made by car as there is no direct PT services linking new workers travel from 

more distant areas. 
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Insert Figure 8 here 

 

Fig. 8 Changes in job and commuting burdens in the planned ECs, 2011-2016 

 

 

 

 

Insert Figure 9 here 

 

Figure 9: Commuting growth and transport infrastructure of selected ECs  

 

 

6. Discussion and conclusion  

 

    A high level of economic agglomeration, supported by ECs and transport systems, has shown 

substantial economic benefits (Fujita and Thisse, 2002). Demand from commuters also creates 

a corresponding transport network burden, extensive transport costs to society (travel time, 

congestion), and environmental impact (energy, emissions). Rising transport costs of ECs, 

either for individual workers or in aggregate, would counteract the productivity gains of 

agglomeration in large cities (Graham, 2007). Understanding the relationship between the 

growth and transport costs of ECs is essential for public policy, economic planning, and 

infrastructure investment. This paper attempts to advance international knowledge about the 

relationships between employment growth and transport cost by applying a spatially based 

method to track changes in worker commuting burdens in the context of Melbourne’s 

polycentric growth.  

 

    A GIS-based approach was used to measure and assess worker commuting burdens. This 

research incorporates comprehensive transport cost measurements associated with different 

transport modes. In doing so, we link JTW trips with VFE, fuel prices, and PT fares to derive 

the transport cost of commuting. Our approach further accounts for the cost of travel times by 

different modes, so the cost efficiencies of transport modes linking workers and ECs are better 

evaluated. This work then tracks job growth and changes in commuting burdens for ECs 

between 2011 and 2016. Through a scatter graph analysis, we are able to distinguish the ‘high-

cost’ ECs and ‘low-cost’ ECs, relative to their respective labour pools, and identify which ECs 

have growth which offers better transport outcomes. We found that growth in a greater number 

of ECs is positively related to transport costs, reflecting a trend that people are trading off 

higher commuting costs for increased job opportunities. However, there was a range of ECs 

which experienced a contrasting decline in commuting burdens which are also of interest to 

strategic planning.  

 

    The different growth outcomes enable us to appraise the characteristics of ECs generating 

high levels of commuting burden versus those generating low levels of commuting burden. To 
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better inform the government’s spatial plan and infrastructure development, this study focused 

on the effects of accessibility and transport infrastructure provision for ECs. The results show 

that planning for job growth at accessible ECs coupled with local dwelling development are 

effective strategies for ECs producing lower commuting burdens for workers. In addition, 

planning ahead for efficient PT and walking and cycling networks linking workers also 

contribute to relieving worker commuting costs. There is high proportion of government-

planned ECs performed better than the market-led ECs in attracting commuting growth whilst 

maintain the commuter cost at a lower level. This finding demonstrates the importance of 

planning and infrastructure investments in improving housing and job connections and 

reducing transport cost. For ECs generated increasing commuting burdens, poor access to the 

labour market, lack of efficient PT, and limited housing supply are important issues need to be 

considered by the future growth plan. If these ECs continue to grow, they face a risk of 

generating continually higher transport costs for both workers and whole of economy via 

various dimensions. Over the long term, if transport costs rise disproportionately to job growth, 

they would counteract the productivity gains of agglomeration.  

Linking the results to planning strategies, this paper further analyses the concurrence of job 

growth and transport cost in government-planned ECs. By comparing the characteristics of 

ECs, this paper addresses current deficiencies of planning in Melbourne and discusses the 

possible reasons why some ECs are most affected and assesses their needs. One important 

panning issue we would like to address is that the current rail system in Melbourne is highly 

CBD-oriented. The existing network and services do not support the rising travel demand 

linking workers and suburban ECs, although the job growth in there is significant. Therefore, 

there is a need for government to foster effective investments in transport infrastructure to 

enhance employment agglomeration and reduce worker commuting cost. Given the existing 

rail network is relatively fixed, improving worker connection with suburban ECs through bus 

rapid transit (BRT) system is considered as an effective strategy, given that it generates both 

high capacity and flexibility and low cost for development. In addition, increasing local 

housing supply coupled with improved pedestrian and cycle nerworks is an important strategy 

to ensure improved labour market access and  transport infrastructure input. 

     Our research has demonstrated the use of advanced spatial analysis to track job growth and 

worker commuting burdens in a large city. The outputs of this work add new empirical 

knowledge to the literature seeking to better understand links between employment 

agglomeration and transport, to enhance productivity. Our approach can help strategic planners 

identify specific locations of job growth, and consequent transport impacts, for relevant 

planning policy to be made. One important avenue of future work is to develop the methods 

used into a fully operationalised tool capable of assessing the transport costs of employment 

agglomeration in a wide range of cities. Such a new tool and research will explore potential 

adjustments to urban policies, including transport investment, employment concentration, and 

housing supply that could alter worker commuting patterns and improve transport performance. 

Nevertheless, the methodolology presented in this work is soly focused on the spatial and 

transport characteristics of ECs. The economic characterisics of ECs in terms of industry 

composition, skill of workers, size of business, and history of growth are not fully examined in 
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this research. An important task for the future work is to enhance the understanding of the 

type and economic characteristics of ECs and reveal how important growth pattern and 

transport changes associated with industry, business, and larbour market characteristics. 

These research extensions will ensure that urban policymakers are better informed about 

urban transport and employment patterns, and it will contribute to national and international 

strategies to ensure the growth of smarter and more productive cities which are also socially 

and environmentally sustainable.  

Acknowledgment: This research is supported by the Clean Air and Urban Landscapes Hub, 
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Fig. 1 Melbourne’s major employment centres (including CBD, ECs, and ACs) 
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Fig. 2 Scatter plot of total employment and per capita commuting burden in all ECs except CBD, 

2016 
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Fig. 3 Scatter plot of employment growth and change in per capita commuting burden in all ECs 

except CBD, 2011-2016 
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Fig 4: Job growth, dwelling growth, and accessibility of ECs 
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Fig 5. Job and dwelling growth for ECs which experienced a decline in commuting burden 
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Fig 6. Labour catchments of ECs experiencing a decline in commuting burdens 
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Fig. 7. Labour catchments of ECs experiencing an increase in commuting burdens 
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Fig. 8 Changes in job and commuting burdens in the planned ECs, 2011-2016 
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Figure 9: Commuting growth and transport infrastructure of selected ECs 
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