Title Page (with Author Details)

Urban structure, commuting burden, and employment status of labour forces
in an Australian city

Tiebei Li*
Centre for Urban Research, RMIT University, Australia
Jago Dodson
Centre for Urban Research, RMIT University, Australia
Xavier Goldie
Centre for Urban Research, RMIT University, Australia
* Corresponding Author

1

Figure 1

Click here to access/download;Figure;Figure 1.1.docx

Worker JTW flows
(industry/mode)

Worker income
(AU$)

Employment
rate

RQ1: Commuting patterns
(distance, time)

Commuting cost
(fuel/fare)

Commuting cost
(travel time)

Total commuting
cost (AU$）

Worker employment
participation

RQ2: Commuting
burden

Hour of work

RQ3: Impacts
and industry
variations

Skill-job
matching

Fig. 1 Framework of data analysis and outputs

1

Figure 2

Click here to access/download;Figure;Figure 2.1.pdf

Industry IV
Professional, PT

Industry I
Blue-collar, Car

Fig. 2 Commuting flows of selected working groups

Industry II
Professional, Car

Industry III
Service, Car

Figure 3

Click here to access/download;Figure;Figure 3.1.docx

Commuting burden
0.18
0.16
0.14
0.12
0.1
0.08
0.06
50

70

90

110

130

150

170

190

210

230

Worker income (AU$/day)

Fig. 3 Relationship between worker income and commuting burdens

250

Figure 4

Click here to access/download;Figure;Figure 4.1.docx

Proportion of commuters

Industry I_professional

80%

Industry I_service
Industry I_blue-collar

70%
Industry II_professional
Industry II_service

60%

Industry IV_professional

50%

Industry IV_service
Industry III_professional

40%

Industry III_service

30%

Industry III_blue-collar

20%
10%
0%
0.05

0.10

0.15

0.20

0.25

0.30

Commuting burden

Fig 4. Distribution of workers’ commuting burdens

0.35

Figure Appendix

Click here to access/download;Figure;Figure 1 Appendix
_new.docx

Industry I
Professional
Car

Industry I
Blue-collar
Car

Industry II
Service worker
Car

Industry I
Professional
PT

Industry I
Blue-collar
PT

Industry II
Service worker
PT

Industry III
Service worker
Car

Industry III
Service worker
PT

Industry IV
Professional
Car

Industry IV
Professional
PT

Industry I
Service worker
Car

Industry I
Service worker
PT

Industry II
Professional
Car

Industry II
Professional
PT

Industry III
Professional
Car

Industry III
Professional
PT

Industry III
Blue-collar
PT

Industry III
Blue-collar
Car

Industry IV
Service worker
Car

Industry IV
Service worker
PT

Fig. 1 Commuting flows of all labour market groups based on industrial sector, occupational
category and work travel mode

1

Table 1

Click here to access/download;Table;Table 1.docx

Table 1: Industry and occupation aggregation
Industry
Industry group I

Industry group II

ABS industry category
Manufacturing

Industry group IV

Professional

ABS Occupation category
Professional

Construction

Manager

Education and training

Community and personal service workers

Health care and social assistance
Industry group III

Occupation

Service worker

Clerical and administrative workers

Retail trade

Sales workers;

Accommodation and food services

Technicians and trades workers

Financial and insurance services
Professional, scientific and technical services

Blue-collar
worker

Machinery operators and drivers
Labourers
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Table 2: Data used in the analysis
Data
Road network with travel speeds, public

Purpose
Measure travel distances and travel time of each mode

transport routes

Sources
Victoria Department
of Transport

Motor vehicle registration, Green Vehicle Guide

Measure the fuel costs of private vehicles

Vic Roads

Public transport fare scheme and transit zones

Calculate PT fares based on trip origin and destination

Public Transport
Victoria

Mesh block level land-use category data

Estimate the locations of trip departure and trip arrival

ABS 2016, Victoria

within SA2s

Government

Employment and qualification statistics by place

Measure worker income, value of travel time, commuting

ABS 2016

of residents

burdens, employment rate, hour of work, and skill-job
mismatches
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Table 4. Urban distribution of workers under high commuting burdens (> 0.2)
Industry group

Occupation

Inner urban

Middle urban

Outer urban

I
(Man/Con)
II
(Edu/Hea)

Service worker

-

459

910

Service worker

-

4,223

3,412

Service worker

3,245

29,064

13,208

Blue-collar worker

341

6,164

1,871

Service worker by car

-

5,174

3,059

III
(Ret/Hos)
IV
(Fin/Sci)

Inner urban: less than 10km from the CBD; middle urban: 10-30km from the CBD; outer urban: greater
than30km from the CBD.
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Table 5. Industry of employment and field of qualification
Industry of employment

Field of qualification

Manufacturing and
construction

Education and
health

Manufacturing,
engineering and
building

Education and
health

Financial, scientific
and professional
services
Banking, finance,
commerce, science,
society

Retail and hospitality
service
Sales, tourism, food
and hospitality
service

Sources: ABS (2016)
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Table 6. Employment engagement of labour force
Industry
group

I
(Man/Con)

II
(Edu/Hea)

III
(Ret/Hos)

IV
(Fin/Sci)

Worker occupation

Hours of work per
week

Skill-job mismatch

Mean

Variance

Mean

variance

Professional

42.2

6.0

0.32

0.50

Service worker

34.4

10.9

Blue-collar worker

39.0

6.2

Professional

35.1

5.9

Service worker

29.7

13.6

Professional

40.3

10.4

Service worker

26.4

10.1

Blue-collar worker

30.5

16.8

Professional

39.9

8.3

Service worker

34.1

12.0

0.000

-

ANOVA sig. between groups*

0.31

0.34

0.35

0.000

Employment rate
(%)
Mean

Variance

96.2

11.1

97.4

9.4

95.1

11.3

94.8

12.7

0.000

-

0.32

0.79

0.41

-

Note: the mean difference is significant at the 0.05 level.
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Table 7
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Table 7. Commuting cost impedance (calculated from gravity models)
Industry
group

I
(Man/Con)

II
(Edu/Hea)

III
(Ret/Hos)

IV
(Fin/Sci)

Worker occupation

Commuting cost impedance (a)
Car

PT

Professional

0.23

0.04

Service worker

0.26

0.04

Blue-collar worker

0.58

0.02

Professional

0.16

0.13

Service worker

0.47

0.06

Professional

0.29

0.11

Service worker

0.52

0.12

Blue-collar worker

0.28

0.08

Professional

0.35

0.21

Service worker

0.25

0.08

1

Table 8
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Table 8: Correlation between worker commuting burdens and job market engagement
Industry
group

I
(Man/Con)

II
(Edu/Hea)

III
(Ret/Hos)

IV
(Fin/Sci)

Worker
occupation

Hours of work

Professional

Direct
cost
0.107

Time
cost
0.191

Total
cost
0.118

Service worker

-0.115

-0.220

-0.303

Blue-collar worker

0.397

0.631

0.480

Professional

-0.238

-0.163

-0.270

Service worker

-0.057

-0.137

-0.172

Professional

-0.025

-0.007

-0.191

Service worker

-0.008

-0.012

-0.407

Blue-collar worker

-0.044

0.002

-0.298

Professional

-0.314

-0.501

-0.596

Service worker

-0.264

-0.358

-0.473

Skill-job mismatch
Direct
cost
0.273

0.456

0.598

0.488

Time
cost
0.007

0.308

0.363

0.509

Total
cost
0.142

Employment rate
Direct
cost

Time
cost

Total
cost

0.065

0.052

0.073

-0.269

-0.287

-0.292

-0.233

-0.103

-0.265

-0.181

-0.206

-0.202

0.556

0.465

0.661

Note: values are Pearson r - correlation of covariance of correlation analysis. Values are different from 0 with a
significance level alpha=0.05.
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Urban structure, commuting burden, and employment status of labour forces in
an Australian city

Abstract
Understanding the productivity effects of worker commuting burdens is essential for
appraisals of urban planning and investment strategies designed to improve urban productivity.
However, the extant urban planning literature lacks systematic analysis of the influence of
commuting costs on labour mobility, employment engagement, and productivity. This paper
provides the first ever detailed analysis of mobility and commuting burdens for workers in a
range of industries and occupational groups in Melbourne, Australia. Linking commuting
burdens and measures of employment status in urban areas, this paper finds that the labour
force in areas experiencing high commuting burdens exhibit lower levels of engagement with
job markets. This research further reveals important variations in such relationships across
diverse industry and occupation groups. The results provide urban policy makers with better
information about urban transport and employment patterns, thus enabling them to investigate
alternative approaches to investing in housing and transport infrastructure to reduce worker
commuting burdens and improve economic performance.

Keyword: journey to work, transport cost, commuting burden, employment engagement,
productivity
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1. Introduction
Productivity is conventionally defined as the relationship between economic inputs and
economic outputs (e.g. OECD, 2016; Green, 2012). With an increasing share of populatin
living in cities the task of improving the productivity of urban regions is central to the agenda
of many governments and economic advisory bodies (OECD, 2016; Productivity Commission,
2017). Much of the literature on urban productivity has emphasised the role of agglomeration
economies (Rosenthal and Strange, 2000). In such literature productivity is understood as
arising from the advantages gained by firms in exploiting shared infrastructure, knowledge
spill-overs and close worker job-skill matching. For this latter factor, a worker whose skills are
closely matched to the requirements of their job is likely to be more productive than a poorly
skill-matched worker, thus increasing overall firm productivity (Allen and van der Velden,
2001; Venables, 2011). If multiplied at the city level such job-skill matching is assumed to
strengthen aggregate metropolitan productivity. At the metropolitan scale urban productivity
is thus partly dependent on two related spatial labour market factors: firms’ access to deep and
broad high-quality labour pools (Mori and Turrini, 2005), and workers’ ability to access roles
optimally matched with their skills (Lobo and Smole, 2002).
Access to firms by workers requires travel through urban space given urban spatial land-use
structures and regulations typically separate the workers’ residential locations from
employment locations, creating spatial labour market frictions in the form of daily commuting
flows along infrastructure networks. Some of the literature has thus emphasised the
contribution that jobs density can have on productivity effectively by reducing commuting
friction (Ciccone, 2002; Harris and Loannides, 2000; Rice, et al., 2006). Conversely some
authors have emphasised how spatial access frictions may result in labour underutilisation, and
spatio-structural disadvantage, including for labour-market sub-groups (Ihlanfeldt and Sojquist,
1998; Immergluck, 1998; Ong and Blumenberg, 1998). Norman and Anderstig (2017), for
example observed a negative relationship between accessibility to spatial labour markets and
unemployment rates for low-income workers, with the strongest effects displayed by the
lowest-education worker groups. Some authors have argued that network effects, such as traffic
congestion, raise commuting costs and thus effectively shrink spatial labour market pools,
reducing agglomeration economies (Weisbrod, Vary and Treyz, 2003). In such a frame the
‘effective’ labour market may be considered to differ from the nominal labour market due to
commuting frictions. Others have suggested that public transport investments can expand the
scale of agglomerations economies by better connecting a wider pool of workers to firms
(Chatman and Noland, 2011; 2014). Song et al. (2012) found that accessibility has a positive
effect on agglomeration and recommended transit investment.
Commuting flows do not directly affect formal productivity in terms of output per hours
worked, although there is evidence that the mode of travel can influence employee stress and
work performance (Ma and Ye, 2019). But commuting flows nonetheless impose a cost on
workers individually and collectively, and on infrastructure providers, such as governments. A
city that experiences high aggregate commuting costs will be less productive, in terms of its
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transport resources relative to economic output, than one that has low commuting costs, other
factors being equal. The effect of worker commuting burdens on urban productivity should
thus be a fundamental concern for governments seeking to improve urban economic
performance whilst optimising infrastructure provision.
Commuting burden can be understood as the relationship between the cost incurred by
workers to access their jobs and the income they generate. Commuting enables workers to earn
income, but the costs it imposes on them affect the quality of labour inputs, work stability, and
consequently the efficiency of urban production processes (Crafts, 2009). From the worker’s
perspective, commuting that generates high wages at low commuting costs can increase their
work motivation and satisfaction, which in aggregate should increase labour engagement with
job market and economic output (Brooke, 1986; Van Hooff, 2013). By contrast, high
commuting costs can be a friction on work access, it may lead to stress, dissatisfaction and loss
of worker productivity (Costa et al., 1988; Emre and Elci, 2015). At a metropolitan scale, an
urban structure within which workers earn their wages with low commuting costs can expected
to be more productive in terms of overall use of human capital, infrastructure inputs and energy,
than a city where commuting costs are high (Craft, 2009; Holland, 2016). A study that can
evaluate the differential urban structure, transport costs, and economic burdens of commuting
and differentiate them by industry and worker categories would represent a significant advance
in this area. This in turn supports better understanding of how industry and occupational
composition interacts with urban residential geographies and infrastructure.
Previous research on urban commuting has rarely measured the direct economic burdens of
commuting for workers and the potential effects of this pressure on worker employment
engagement in an urban area. The present study seeks to investigate how commuting burdens
vary by worker occupational role, industry sector and income level. To do this, this research
provides a highly disaggregated analysis of census-based JTW datasets and models the spatial
patterns of commuting and transport costs for workers across differing industrial sectors and
occupational groups. In addition to gaining deeper insight into differences in commuting costs
across different worker categories, this research extends the approaches for transport cost
modelling. Unlike conventional transport cost models, which have used travel time as an
indicator of commuting costs, this study uses more comprehensive measures of commuting
costs, including both worker travel time and direct travel costs of different transport modes.
Using this method we are able to better estimate the value of the full costs of commuting against
workers’ incomes, so that an index of commuting burden can be produced. Such analysis could
also be extended, for example by assessing the level of carbon emissions from both aggregate
and disaggregated commuting patterns, offering insights into the carbon productivity of
commuting.
In addition to disaggregated worker commuting cost analysis, this paper also evaluates
labour force employment status in areas with high or low levels of commuting burden. Specific
measures are developed to assess how efficiently labour forces are engaging with job markets
under prevailing transport system conditions. This consideration is significant as very few
economic studies of spatial labour markets have explicitly considered labour commuting cost
3

and spatial variations. Our analysis uses Melbourne, Australia as the case study city. This
selection is based on three factors: Melbourne has experienced rapid population and economic
growth over the past two decades, with new transportation infrastructure investment. The city
is broadly reflective of an Australian or North American metropolitan structure, with a strong
CBD concentration of high-wage employment served by roads and a metropolitan rail network,
with an extensive dispersed suburban realm often typified by lower-skilled service employment.
Melbourne is highly car dependent, with 74 per cent of work journeys undertaken by car in
2016.
Drawing on our advanced JTW analysis, transport cost modelling, and employment analysis,
this paper explores three research questions: 1) What are the spatial characteristics of
commuting for workers associated with different industry and occupation groups?; 2) which
categories of workers and urban locations experience high or low commuting burdens, and
why?; and 3) To what extent do high commuting burdens affect worker employment
engagement in urban areas?; and 4) How can better understanding of industry variance in JTW
patterns inform improved policy development? After appraising the patterns of commuting
burdens and labour employment impacts, this paper then suggests urban planning and transport
strategies which can be considered by governments to reduce the burden of commuting on
labour forces and thus improve their employment and productivity.

2. Literature review
The early economic literature appraised worker productivity in terms of an efficiency wage
and often assumed that workers’ productivity was independent of their commuting cost (Zenou
and Smith, 1995). The expansion of cities and changes to urban structures, housing costs and
transport technology have enabled greater spatial dispersion of population and production sites.
In this context, movement of labour via commuting takes on an increasing significance relative
to the production process. As cities continue to grow, commuting between home and work is
increasingly imposes costs in terms of time, income, energy and infrastructure (O'Connor, 1980;
Turcotte, 2011), as well as carbon emissions. There is growing evidence that commuting can
cause numerous social stresses that are related to workplace outcomes. Control, predictability,
impedance and length of commute are commonly associated with commuter stress, which
causes commuting-related problems in the workplace (Holland, 2016). Emre and Gebze (2015)
noted that commuting could affect an individual’s productivity in several ways. It usually
distorts the rational use of time (Costa et al., 1988), causing temporary absenteeism via lateness,
withdrawal from work, physical or mental health problems and reduced job satisfaction
(Brooke, 1986; Koslowsky, 2000; Van Hooff, 2013). Some studies have found that commuting
time affects work duration (Schwanen and Dijst, 2002), and high commuting costs may also
result in higher levels of worker turnover, which in turn increases employers’ operational costs
(Brooke, 1986). Ma and Ye (2019) found that commuting distance was a factor in the incidence
of work absenteesism along with travel mode. The effect of commuting costs on labour
employment participation has been examined. For example, Howe and O'Connor (1982)
investigated this issue for suburban male and female workers. Recent studies showed that as
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commuting costs increase, job-seekers become reluctant to accept jobs in remote locations or
prefer jobs that are relatively close, even if those jobs need lower skills or offer lower wages
(Wrede, 2011). Van Ommeren and Gultierrez-i-Puigarnau (2011) found that commuting
distance acts as a barrier for companies to recruit people with appropriate skills who live further
away, especially for female workers.
The cost of commuting can be evaluated in several dimensions. Many studies assess journey
to work costs in terms of travel distance or travel time (for example, Macek et al., 2001;
Redmond and Mokhtarian, 2001). Commuting time is often a necessary time cost for workers
to earn income but is not included in the standard working hours calculations. A number of
studies in transport economics have examined the economic value of worker commute time.
Most estimated the value of workers’ commute time based on their wage rates and the cost per
unit of travel time (per hour) varied significantly depending on type of trip, characteristics of
the traveller and the travel conditions (Nelson, 1997; Mackie et al., 2001; Laird, 2006). There
is debate about whether commute time can be considered as working time and the impact this
would have on productivity. Lyons and Chatterjee (2008) highlighted the challenge of
understanding the productivity of travel time and offered some criticism of economic appraisals
of travel time. Although travel time savings are commonly used to assess the monetary benefits
of road transport projects, some researchers are suspicious about the true value of travel time
savings. Jain and Lyons (2008) have argued that for some commuters who can use their time
productively, travel time is a gift rather than a burden. Some argue that people tend to have
fixed travel time budgets and that more efficient travel simply enables workers to commute
longer distances rather than saving commuting time (see, for example, Metz, 2008). As a result,
efforts to reduce travel time are often offset by an increase in travel demand, which in turn
would lead to limited economic benefits.
In addition to travel time, financial considerations play a significant role in determining
commuting costs. As the spatial distance between residences and workplaces increases, fuel
costs and public transport fares mean that commuting imposes costs on workers, with a
negative impact on their productivity, health and quality of life. For example, the 2011
Australian household expenditure survey reported that transport was third largest category of
household expenditure at 16 percent, after housing at 18 percent and food at 17 percent
(Australian Bureau of Statistics, ABS, 2011). Work trips are the main component of household
transportation expenditure and are the category least able to be reduced. Many researchers have
drawn attention to transport-related economic stress, revealing that rising transport costs are
shrinking households’ spending capacity and increasing rates of poverty (Mattioli, 2013;
Lovelace and Philips, 2014). Some researchers have observed that where fuel prices increase,
and in turn raise transport costs, the economic burden on households is likely to be exacerbated,
adding to socio-economic stresses in car-dependent oil-vulnerable suburbs (Dodson and Sipe,
2008). Li et al. (2015) attempted to model commuting burdens in an Australian city by linking
JTW data and the transport costs of multiple travel mode and found that residents of outer
suburbs with low incomes and poor qualifications were the most financially affected by higher
commuting costs. Although rising commuting costs have attracted attention to questions of
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affordability and risks to socially disadvantaged groups, these groups are confined to one part
of a city.
The economic burden that high commuting costs impose on all workers in a city and the
potential effects this has on urban employment and productivity have not been exhaustively
examined in the urban economic and JTW literature. It is well recognised that worker
commuting burden is shaped by job location, housing costs, and modes of transport. Classical
urban economic models assume an equilibrium in which workers’ choices of residential
locations relative to their employment location is largely determined by their skill level and
income (Glaeser and Gottlieb, 2009). Two dimensions are particularly relevant: the opportunity
access barriers experienced by those in the lower-skill lower paid segment of the labour market
potentially generating social disadvantage, and conversely, the efficiency cost for those in the
higher-skill high wage segments potentially reducing their skill-to-job matching, and thus
productivity. Most research has focused on low-wage segments. There is value in
understanding the dynamics for all workers overall but also differentiating workers by skill
level. There is also exploratory value in going beyond occupational characteristics to
understand any effects from workers’ industrial sector of employment.
While scholarship has recognised that employment status interacts with spatial structure,
there have been surprisingly few detailed investigations of how spatial patterns and costs of
commuting vary below the level of the overall commuter cohort, such as by industry of work,
occupational level, and travel mode. Some transport studies have touched on this area with
sampled travel surveys (Johnston-Anumonwo, 1988; Timothy, 2001; Axisa et al., 2012).
Although these studies have explored important insights into industry, age and income
variations (see Ding and Bagchi-Sen, 2019), they have produced limited knowledge about
spatial effects, mainly constrained by the incompleteness of the spatial data plus the
computational complexity in disaggregating large datasets where these are available (e.g. Hu,
2015). Yet analyses of urban structure have long recognised that land-uses (and thus
employment sectors) are spatially differentiated in cities, while residential zones are marked
by differences in income and occupational status. The interaction of residential location and
industry sector spatial employment concentration are likely to generate differential commuting
relationships or burdens for particular industrial or occupational groups. In turn such patterns
may hold implications for the labour market productivity at the metropolitan scale. There is
analytical and empirical value to be obtained for the understanding of urban labour market
productivity, in terms of commuting burdens, by disaggregating across industry and
occupational sectors.
This paper draws on newly constructed JTW and transport datasets obtained from the
Australian census data to investigate differences in the spatial patterns and economic burdens
of commuting across different industry and occupational profiles. This new data and analysis
will improve the identification of the residential and employment location relationships that
are affected by high commuting cost at industry sector and occupational level. The outputs will
better inform urban policy and investment strategy for urban employment, housing markets,
and transport efficiency in relation to workers’ industries and skill levels. The findings of this
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research can also inform debates on how urban planning strategies can improve urban
employment outcomes, in terms of level and spatial distribution of employment. The paper
thus assists to advance urban economic understanding of the relationship between commuting
costs and labour market status at the sub-metropolitan scale. The paper is also able to
demonstrate new techniques for disaggregating census-based journey-to-work flows using
labour-market categories. Further research value is obtained through a focus on Melbourne
Australia, which has been the subject of successive JTW studies over four decades (O’Connor
and Maher, 1979; Howe and O’Connor, 1982; Healy and O’Connor, 2001; Parker, 2004; Shin
et al., 2009; Paez and Currie, 2010; de Silva and Lightfoot ,2010; BITRE, 2011; Denham, 2018,
Li and Dodson, 2020) though so far with limited emphasis on urban productivity questions.

3. Disaggregated JTW data
The datasets used in this work are the 2016 JTW origin-destination matrix from the
Australian Bureau of Statistics (ABS), disaggregated by workers’ industry, occupation and
travel mode. The data counts the number of commuting trips between ABS Statistical Areas
Level 2 (SA2) which approximate suburbs within Melbourne. In this study, we focused on
workers who commute using car and public transport (PT) as they represent the majority of
commuters in Melbourne (95.6%) and are more likely to be affected by transport costs. To
capture the impacts of commuting on the major industrial labour markets in Melbourne, we
selected eight industrial sectors and aggregated them into four major industry groups, each
plays a distinct role to the urban economy: I) manufacturing and construction, II) health and
education, III) retail and hospitality services, and IV) professional and scientific services (Table
1). The selection and grouping of industries was offers a breadth of comparative factors:
economic functions, contribution to GDP, number of workers, contrasting income profiles and
skill levels, share of overall employment, and location characteristics.
ABS classifies seven standard occupations of labour force in each industry. Within each
industry group, we aggregated those standard occupations into three main categories:
professionals, commercial/service workers and blue-collar workers (Table 1). Combination of
specific industries and occupations simultaneously into required industry-occupation
groupings is very computationally intensive for data in a large matrix form. Therefore, a
customized tool was developed using Python scripts to automate this procedure in a GIS
environment. Finally, there are total 20 commuting groups constructed for Melbourne,
separated by industry, occupation, and travel mode. The advantages of constructing this
disaggregated set of JTW data are: 1) it seamlessly captures the spatial details of all JTW trips
for an entire city; 2) it provides considerable details on the employment category and travel
mode of all commuters. This level of disaggregation and completeness are not simultaneously
available in either small travel survey data or spatial big-data (e.g. gained from the transport
smart card data or the mobile phone data) used by other studies. In addition to the disaggregated
JTW data, Table 2 lists a range of demographic, economic, and transport datasets used in this
study to estimate worker commuting costs and work patterns.
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Table 1: Industry and occupation aggregation

Insert Table 1 here

Table 2: Data used in the analysis
Insert Table 2 here

4. Modelling worker commuting burdens
Unlike most previous studies that collected commuting cost information from a travel survey
of sampled workers, the measures of worker commuting, transport cost are developed by
spatial modelling of census-based JTW and transport cost data for Melbourne. This data
records all work travel undertaken on Census day in 2016. Those modelling outputs are then
analysed against worker employment engagement in urban areas. The procedure of data
analysis and outputs are outlined in Figure 1. The figure shows how the three main components
of the model - JTW flows, commuting cost burdens and worker income and employment
participation - are combined.

Insert Figure 1 here
Fig. 1 Framework of data analysis and outputs

4.1. 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. Commuting distance was calculated from information about
the origin and destination of workers’ trips to work. The origin of the commute was identified
by calculating the weighted mean centre of all mesh blocks1 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 level datasets to identify the origin and destination of
trips within an SA2 also helped us to estimate the distance of trips within an SA2 (internal trips).
Rather than calculating the shortest path, the routes of commuting to work were modelled using
total travel time. To do this, we used ‘speed sign’ and ‘peak hour travel speed’ data to generate

1

Mesh block is the smallest spatial unit defined by ABS to represent basic population and job statistics in urban areas and
contain approximately 30-60 dwellings. SA2s are constructed by aggregating mesh blocks and on average contain 10,000
population.
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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 total travel time for commuters who
use car was accumulated using link-specific travel time for the entire route. The total travel time
for PT trips was derived from Melbourne PTV timetables (Public Transport Victoria, 2015).
Although the travel time for road transport was estimated without detailed modelling of traffic,
the results are considered useful enough to differentiate the patterns of commuting of different
groups.

4.2. Modelling commuting cost and commuting burdens
The transport cost for commuting using a car was estimated from the length of the vehicular
trip, vehicle fuel consumption rate, and fuel prices. The average fuel consumption rate for the
private vehicle fleet within each SA2 was calculated through an analysis of private vehicle
registration data combined with Australian Green Vehicle Guide, which provided standard fuel
efficiency data (litres of fuel per 100km travelled) for a wide range of vehicle makes and
models in the registration. The standard fuel efficiency of a local fleet was then applied to the
vehicular trip length to calculate the fuel consumed for the actual kilometres travelled. A fuel
price ($AU1.2 per litre) was used to generate the monetary per unit cost of fuel consumed by
a car. 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 was estimated
at AU$45 per week (Royal Automobile Club of Victoria, 2019). Parking costs were not
included in the analysis because only a very small proportion of private vehicular trips (4.6%)
terminated in paid parking zones, mainly those located in and around the CBD. The datasets
for all JTW trips made using public transport (PT) (train, tram and bus) were used to calculate
average PT trip costs. The PT fare for each trip was calculated from the transit zones traversed
and the standard fare for the zones travelled. In Melbourne, the PT fares were charged
separately for two transit zones: Zone 1 (inner-middle urban zones) and Zone 2 (middle-outer
urban zones). All trips start and end within Zone 1 or between Zone 1 and Zone 2 (or vice versa)
have been charged at fare of AU$8.2 per day. Trips starting and ending within Zone 2 are
charged at a lower fare (AU$5.6 per day).
In addition to the direct transport costs to workers, we account for the value of worker time
spent on commuting by different travel modes. This is because longer travel time adds
commuting burden to worker and has been identified as a friction to labour input in urban
production (Metz, 2008; Emre and Elci, 2015). In this study, the value of commuting time for
workers was derived from the average hourly income of workers in different groups, 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 travelers (Mackie et al., 2001), but these
factors are not included in the assessment because very few data or references are available to
quantify those effects. This cost of travel time combined with the direct transport cost formed
the total commuting cost for workers. In extending a comprehensive commuting cost analysis,
9

we assessed the economic burdens of commuting for separate groups by comparing workers’
total commuting cost against their income on a daily basis. The higher value of commuting
burden means the high proportions of worker’s daily income and time are spent on commuting,
the lower value means the worker commuting inputs are lower.

4.3. Analytical outputs
This section presents the outputs of commuting analysis and modelling. First, the commuting
flows of selected industry sector, occupational group and travel mode are visualised (Figure 2;
see also Appendix Figure 1). This visualisation provides detail geographical contexts of where
different industrial and occupational labour forces live and work and commuting movements
across the urban area. A centrality analysis was applied to identify significant centres of
commuting flows. The figure illustrates that patterns of worker commuting are clearly
differentiated by their industry of employment, and each exhibits a distinct pattern. Depending
the urban location and level of concentration of industries, the patterns of commuting in
Melbourne can be described as highly centralized (Industry IV), polycentric (industry I,
Industry II), or dispersed (Industry III). Commuting patterns within each industry sector are
further differentiated by workers’ skill levels and residential locations. In addition, transport
modes play an important role in linking job centres (e.g. the Melbourne CBD) and workers in
suburban areas. Thus Industry IV (financial, professional and scientific) work travel is strongly
organised around the CBD and rely on the public transport system for work travel. In contrast,
Industry III workers who commute by car, for example, are dispersed across suburban locations.

Insert Figure 2 here
Fig. 2 Commuting flows of selected labour market groups based on industrial sector, occupational
category and work travel mode.

Table 3 then provides a statistical summary of commuting patterns, commuting costs, and
commuting burdens calculated for separate commuter groups. The longest average commute
found was for workers in Industry Group I, followed by Industry Group IV. Workers in these
industries typically earn higher incomes, live further from work, and pay higher commuting
costs. Commuting distances are shorter for workers in the medium-income Industry Group II
(education and health), and workers in Industry Group III have the shortest commute. This is
mainly because of the dispersed distribution of jobs in this industry, with more of their workers
able to live close to these jobs in the suburbs. Table 3 also shows that commuting patterns vary
with occupation. Professionals in most industries travel furthest to work, followed by service
workers and blue-collar workers, reflecting increasing spatial separation and commuting costs
between the workplaces and the residences of more skilled workers. By contrast, professionals
in Industry Group IV have shorter commutes than service workers in that industry, because this
industry is highly concentrated in the CBD and more professionals reside in the inner and
middle urban areas dominated by more expensive housing markets.
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Next, we found that workers using PT generally travel longer distances to reach their
respective employment locations. For example, service workers in Industry Group II
(Education and Health) travelled 10.3 kilometres by car but 12.2 kilometers by public transport,
nearly 20 per cent further. However, PT commuters appear to have total commuting costs
similar to those of workers in the same industry and occupational group who commute by car,
although the time cost of PT travel does tend to elevate commuting costs. This suggests that
workers in the same employment category tend to manage their total commuting costs at a
similar level, regardless of their residential location and transport mode used. Next, the
economic burdens of commuting for separate groups were analysed and compared. The
relationship between worker income and commuting burdens is plotted in Figure 3. We found
that, although less-skilled workers in some industries do not incur lengthy commuting, their
actual commuting costs appear burdensome when compared with their incomes. The groups
under the highest commuting burdens are service workers and blue-collar workers in Industry
Group III, followed by service workers in Industry Group II. Of all the economic groups,
professionals in most industries have the lowest commuting burdens. This is mainly because
their high incomes relieve the commuting costs incurred by this group, which allows them to
travel even more than other groups.

Table 3. Statistical summary of commuting patterns and commuting costs
Insert Table 3 here

Insert Figure 3 here
Fig. 3 Relationship between worker income and commuting burdens

The distribution of commuting burdens for workers in the separate industry and occupation
groups is also presented (Figure 4). The patterns of distribution exhibit a normal distribution
peaking at the burden with the highest frequency. These curves are generally symmetrical albeit
skewed towards the lower and higher extremes of the commuting burdens accepted by workers.
The curve for service workers in Industry Group IV is notably more spread out than for other
groups, indicating the diverse commuting pressures faced by this group. The urban spatial
distribution of workers who are under high commuting burdens (>0.2) is also presented (Table
4). This data reveals that the labour market groups with high commuting burdens are
principally service workers located at least 10 kilometres from the CBD in Melbourne and thus
far from the major job precincts of the inner and middle urban zones. Most workers in these
high burden areas commute by car, have high direct travel cost, and spend higher proportions
of their incomes on commuting. The high number of workers in the outer areas with high
commuting burdens is strongly shaped by housing markets and housing affordability in
Melbourne. Workers who are not able to afford the housing in inner urban job-rich zones often
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choose to live further out and trade off the higher commuting costs. Many of those areas are
not supported by efferent PT, leaving limited transport options for workers seeking more
affordable commuting costs. The high commuting burden for groups in the middle urban zones
is not associated with longer trips or higher private vehicle costs. Instead, worker commuting
costs there are mainly affected by PT fares (AUD 8.20/day) which are high relative to income.
Moreover, it seems the failure of Melbourne’s economic geography to deliver jobs in middle
and outer suburban zones appears to impose the greatest burden on service workers.

Insert Figure 4 here
Fig 4. Distribution of workers’ commuting burdens by industry and occupational level

Table 4. Spatial distribution of workers under high commuting burdens (>0.2)

Insert Table 4 here

5. Worker employment engagement
The previous section has modelled workers’ commuting burdens for different industry and
occupation groups in urban areas. In this section, we assess the employment status of these
labour market groups in urban locations with different commuting burdens. The purpose is to
assess whether excessive commuting burden generates labour market friction in urban areas.
We focus on labour force engagement with job markets because this directly determines the
efficiency of labour markets for urban production processes, which influences urban
productivity. Worker employment engagement is measured by three factors: 1) employment
rate; 2) hours of work; and 3) skill-job matching. The method of measurement and the rationale
for incorporating each employment engagement measurement are outlined below.
Employment rate is the most fundamental measure of employment engagement in an area.
We assume that a high commuting burden would affect local employment participation because
it could reduce the extent of spatial job searching or motivate a worker to leave an existing job,
resulting in diminished employment across the resident local labour force for a given urban
locality. The Australian Bureau of Statistics provides data on labour force status for the
industry sectors detailed.2 The ABS employment rate in an area (SA2) is measured by the
2

The employment rate is calculated for all occupation in an industry group because the ABS reports zero unemployment for a specific
occupation.
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proportion of residents who are in the labour force (i.e. working or available to work) and who
are currently employed either on a full-time or part-time basis. The second measure of
employment engagement is the hours of work of the employed labour force. We assume that if
workers spend a high proportion of their daily time and income on commuting, they may
choose to reduce the number of days they commute to work or to reduce their total hours of
work. This would save commuting costs and the finite time which needs to be allocated to other
lifestyle and domestic activities. ABS census data includes the weekly hours of work of
employed residents, enabling the identification of part-time and under-employed workers in
the local labour force. Next, we consider skill-job mismatch as an important factor affecting
the quality of employment participation. This is because under prevailing theories of urban
productivity the better the match between the worker and the skill requirements of the job, the
more productive the worker is likely to be (Allen and van der Velden, 2001; Venables, 2011).
We assume that if commuting costs are too high, some workers will become reluctant to accept
jobs in distant locations and will prefer proximate jobs, even if those jobs provide a poorer skill
match or offer lower wages (Wrede, 2011). The analysis of skill-job mismatches in a labour
market has been established in a number of economic literature (see for example, Robst, 2007;
McGuinness et al., 2018; Venables, 2011). In this study we focus on skill-job mismatches for
the highly qualified labour force which is expected to contribute a high level of knowledge/skill
to the economy, such that under-utilisation of their skills and human capital would undermine
urban productivity (Venables, 2011).
To assess skill-job mismatches among Melbourne workers, we identified a range of fields of
qualifications for residents which matched the range of industries of employment as closely as
possible3 (see Table 5). For each of these industry-knowledge fields, we calculated the number
of residents who had completed university education, and then compared this number with the
number of residents in the same knowledge field who were currently working as a professional
or manager. This calculation excludes residents not participating in the labour force. If a high
proportion of highly qualified residents do not work as professionals or managers in the same
knowledge field, it suggests a proportion of these workers are potentially currently working at
a lower skill level and serves to indicate that skill-job mismatches may be present in the local
labour force.

Table 5. Industry of employment and field of qualification
Insert Table 5 here

A statistical summary of the employment engagement of the labour force, measured for
different groups is presented below (Table 6). This details the mean and variance of the
employment rate, hours of work, and skill-job mismatches in the local labour force. We found
3

Because the ABS does not define fields of qualification by industry sectors, we use close possible fields to match the industry of
employment. It is noted that some residents with certain fields of qualification (e.g. engineering) may work in other industries (e.g. utilities
or transport). Those industries have small labour forces and are expected to have a minor impact on data for local areas.

13

that, compared with the employment rate, the variation of work hours between different
industries is quite substantial. Workers in the higher-paid Industry Groups (I and IV) work
longer hours on average than workers in the lower-paid Industry Groups (II and III). Within
each Industry Group, professionals were found to work more hours than the less-skilled
workers. This is likely because most professionals work full-time and many service and bluecollar workers are employed on a part-time or casual basis. Table 6 also indicates that a
moderate skill-job mismatch exists in the labour force. In most Industry Groups, about onethird of the highly qualified labour force do not work as professionals or managers. This rate
is slightly over-estimated because the measure includes younger qualified workers or new
graduates who are still in their early stage of career development in the labour force. In addition
to the distinct degrees of employment engagement found for separate groups, groups exhibit a
high level of internal variability in employment engagement across the urban area, which is
captured by the variance. In the next section we focus on the spatial variability of employment
engagement for each group and assess how it is associated with the commuting burden in urban
areas.
Table 6. Employment engagement of labour force
Insert Table 6 here

6. Commuting burden vs. employment engagement
This section investigates the association between measures of worker commuting burdens
and employment engagement for a range of industry and occupation groups in the Melbourne
study region. Because this study mainly addresses the issue of commuting burdens and industry
variations, our analysis is solely focused on the correlation between worker commuting
burdens and employment status at the sub-metropolitan scale. The effects of other nontransport factors – such as social, demographic, and economic factors – on worker job market
engagement are not included 4 . A dedicated modelling of worker employment engagement
could be developed by future research if more comprehensive datasets, including non-transport
factors, were developed for the specific groups.
Prior to a detailed analysis of worker commuting burdens and employment engagement, we
analyse the commuting interactions of workers in each group relative to their commuting costs.
This is because commuting interactions, mapped in the form of commuting flows, directly
reflect the structure of engagement of a labour force with its spatial job market in urban areas.
To do this, we constructed gravity models (Wilson, 1971) for each commuting group using the
formula:

4

It is acknowledged that employment engagement is strongly affected by the household type and household income. For example,
females may work less if they have young children. In addition, total household income and levels of tax deductions also influence
individuals’ decisions and work patterns.
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Each model calculated a parameter a which measures the ‘commuting cost impedance’ of the
commuting interactions. A high value of a means that worker commuter interaction (T) is
strongly affected by commuting cost (C), and a low value means that the effect of commuting
cost is not strong. We then compared the cost impedances for different commuting groups in
Table 7, which shows that the commuting of professionals in most industry sectors is less
affected by commuting costs than the commuting of service and blue-collar workers is. This is
because professionals with higher skills and income generally have greater ability to afford
housing and commuting costs than those with lower skill or income characteristics. The former
have greater discretion in residential location and transport network and mode selection,
including seeking better local amenity and higher wages (Van Ommeren and Van Leuvensteijn,
2005). The cost impedance for professionals in Industry Group IV is higher because more of
them are willing and able to live close to the CBD to take advantage of better job access,
amenity, and services in the inner urban areas. These findings align with previous research
showing workers in different income and industry categories exhibit varying sensitivity to
commuting distance (Ding and Bagchi-Sen, 2019; Wang, 2003; Antipova, 2020; Hu and
Schneider, 2017). Table 6 also shows that commuting costs tends to be less important if
commuters use public transport. This is enabled by the cost efficiency of PT in terms of its
guaranteed travel times and relatively flat fare costs for the worker kilometres travelled.

Table 7. Commuting cost impedance (calculated from gravity models)
Insert Table 7 here

Next, we analyse the association between commuting burdens and more detailed measures
of worker employment engagement in urban areas. The hypothesis related to this relationship
is that, if the commuting burden is high, workers in certain groups will experience relatively
diminished job opportunities or reduced hours of work, or they will prefer to take a local job
even though it does not match their skills. All those choices will decrease employment
participation and the productivity of human capital in a city. Because there is no clear spatially
lagged relationship between worker commuting burdens and job engagement in a local area,
we did not adopt spatially-based models (e.g. Moran’s I). Instead, we conducted a covariance
of correlation analysis to calculate the Pearson correlation for the separate commuting groups.
We analysed separately the effects of commuting burdens associated with the direct travel cost,
the cost of travel time, and their combined cost. The purpose was to gain a deeper understanding
of the functions of different commuting costs and their effects on worker commuting,
employment, and productivity. Because the employment status variable data included all
commuting modes, we adjusted the measure of commuting burden in each SA2 to exclude the
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effect of workers who work at home or commute by walking or cycling.5 In addition, to account
for the uneven distribution of workers in urban areas, the estimation of the coefficient of
correlation is weighted by the number of commuters in a local area (SA2).
The coefficients of correlation calculated for the separate commuting groups are reported
below (Table 8). As would be expected in a relatively simple model, the coefficient values are
not very high, but nonetheless provide useful exploratory insight. First, the results show that
the associations between commuting burden and employment rate in an area are generally weak
(r = 0.073~0.292). This result tentatively suggests that neither the effects of the direct travel
cost, the cost of travel time, nor their combined cost are strong enough to exert a strong negative
effect on the employment rate in an area. The associations between worker commuting burdens
and hours of work are more complex. In many industry and occupation groups, commuting
burdens are negatively correlated with worker hours of work. This accords with our hypothesis
that workers reduce their hours of work if the commuting burden is high. However, when we
disaggregated the effects for separate economic groups, not all of them showed a uniform
pattern. For example, the hours of work of blue-collar workers in Industry Group I had a
positive relationship with commuting burdens. This may be explained by many workers in this
industry not being paid for fixed hours (e.g. tradespeople), who are willing to travel more if a
distant job requires more hours and gives value for money. The effect of commuting burdens
on the hours of work of service workers in Industry Groups II and III is also weak. This
correlation was expected to be strong because low-income workers are considered to be more
sensitive to commuting cost and more likely to adapt to the cost by changing working patterns.
This outcome may be related to a mixture of low-income part-time and casual workers in those
industries choosing to work more hours per dollar paid for every commuting event. These
choices are also conditioned by already low commuting costs in those sectors which offer
limited scope for workers to further optimise job or housing location or commuting choices to
relieve their commuting burden. A further methodological issue that deserves mention is that
this study is only able to investigate revealed JTW behaviour. It may be that workers would
access more distant jobs at higher frequencies if the travel frictions were not as great. Insight
into job opportunities foregone due to spatial frictions is not easily obtained from the datasets
used in this study using currently available methods.
Of all the industry groups, the hours of work of Industry Group IV workers are moderately
associated with the direct travel cost, the cost of travel time, and their combined cost. We
consider that this outcome may be driven by the longer working hours of professionals in the
CBD, more of whom are willing to live in the inner urban zones close to their workplaces.
Moreover, the housing market in the inner urban zones matches the housing consumption of
this group who earn higher incomes. However, this relationship is not found for professionals
in Industry Groups I, II and III, that are more suburbanised. This effect may be related to the
spatial separation in large suburbs between job centres and desirable places to live. Many
professionals in those industries choose to travel more rather than live close to their jobs, even
5

A weighting is applied to adjust the value of commuting burden for each SA2. The level of adjustment is very small for most areas
because workers who work at home or commute by walking or cycling represent a very small proportion of the labour force in the local
area.
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though they work longer hours. We also found that in many cases, the direct travel cost and the
cost of travel time are weakly related with the worker total hours of work, but that their
combined effect tends to be stronger. This suggests that to some degree workers trade of travel
time with cost but are still sensitive to the overall combination of these factors. This finding
adds to the previous literature, which solely focused on travel time, and suggests that direct
commuting cost relative to income can increase the influence of travel time on commuting and
employment choices. Finally, Table 8 reports a high level of association between commuting
burdens and skill-job mismatches in local labour markets, especially in Industry Groups II, III
and IV, indicating that the imbalance between qualified residents and work opportunities in
those industries may be compounded by the costs to workers of job access and transport.
Table 8: Correlation between worker commuting burdens and job market engagement
Insert Table 8 here

7. Discussion and Conclusion
The nature of urban structure separates economic activities and their workers. As urban
expansion and transport costs increase, there is rising concern about the burden of commuting
for workers and the effect of this change on the quality of labour inputs, work stability, and
engagement with the job market (Emre and Elci, 2015). This research extends previous work
on JTW and urban economics and focuses on the economic burden of commuting and how it
is associated with worker employment participation in urban areas. This work is significant
because it offers an advance in labour market and commuting analysis that can model the
economic burden of commuting for differing industry sectors and occupational categories. The
purpose has been to identify the types of workers and urban locations that are affected by high
commuting costs and potential impacts on employment in urban areas. By capturing the how
key labour market groups and urban locations are associated with high commuting costs, this
study can assist governments to explore ways to reduce worker commuting burdens and
improve urban employment and labour productivity.
This paper is the first to examine the commuting patterns and commuting costs for
disaggregated labour markets using complete JTW datasets at the metropolitan scale.
Constructing the census-based JTW data at a highly disaggregated scale offers greater accuracy
and completeness in representing the commuting dynamics of the different industrial labour
forces within an urban economy. Such analytical detail offers deeper insights into the factors
underlying commuting patterns that are associated with industry locations, workers’ residences,
and transport options. The analysis shows that commuting patterns are highly complex, with
multiple spatial labour markets operating within a single metropolitan area and workers
undertaking complicated trade-offs between residential and workplace location, travel mode,
distance and cost, and occupational level and income. Many of these factors are out of the
individual workers’ control, such as employer firms or organisations locational decisions, the
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distribution of land-uses within urban planning schemes and the provision of road and public
transport infrastructure and services.
Whereas conventional urban transport models use travel time as an index of commuting cost,
this study has provided a more nuanced financial costing per travel mode. This was done in
order to explore not only distances but also various transport costs and how these affect worker
commuting burdens and employment in urban areas. To do this we developed a comprehensive
model that successfully links disaggregated commuter trips with transport costs (including
vehicle fuel efficiency, fuel prices, and public transport fares) to derive the real cost of
commuting. Our important findings on transport cost effects will make it possible to better
target efforts to reduce the burdens of commuting for specific labour market segments.
Extending its advanced commuting and cost analysis, this paper has also evaluated worker
employment status in relation to commuting burdens in urban areas. Specific measures were
developed to assess labour force interaction and engagement with job markets in urban areas.
First, our approach of comparing an array of sector-specific gravity models shows that worker
skill/income and the cost of available transport are important factors influencing worker
interactions with their job markets in urban areas. This finding extends the previous research
solely focused on effect of commuting distance (Ding and Bagchi-Sen, 2019). Next, analysis
of labour force employment status at the metropolitan scale shows that the labour force tends
to exhibit higher employment engagement if commuting burdens are low. Workers are likely
to work longer hours and/or work in a more suitable job if they are able to earn high wages with
low commuting costs. These employment improvements associated with commuting burdens
are beneficial to labour force economic performance and productivity. These findings generally
reflect the expectations of the literature in terms of the importance of ensuring high accessibility
across metropolitan regions to support urban productivity for both high-skill and less skilled
workers (Weisbrod, Vary and Treyz, 2003; Song et al., 2012). Nevertheless, some employment
sectors displayed a distinct pattern. For example, the impact of commuting burdens on hours of
work varies in industries that have a high proportion of part-time, casual, and low-income
workers. This suggests that some workers may choose longer working hours potentially to
generate higher income in order to compensate for higher commuting burdens.6 That in turn
raises productivity issues, given productivity is conventionally measured by hours worked per
unit output. However, it is acknowledged that these possibilities were only derived from an
analysis of associations in urban areas. To understand the real responses of workers, further
research using detailed individual surveys would be needed. In addition, our analysis of
associations was based on a simple model, and the degree to which these associations are
influenced by other non-transport factors needs to be further investigated with more
comprehensive datasets.
This paper has evaluated the pattern of commuting burdens associated with sub-metropolitan
labour markets in an urban economy. By identifying groups of workers and urban locations

6

This interpretation does not mean that reducing their commuting burdens will make those groups work less and result in
productivity loss.
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which are affected by high commuting costs, this work offers an empirical grounding for better
urban policymaking. We conclude this paper by highlighting a number of possible urban policy
considerations to respond to the negative impacts of commuting burdens identified in this
research. First, our results show that the economic groups under the highest commuting
burdens mostly live in outer urban areas. Workers living in these zones are typically priced out
of inner-middle urban areas by high housing costs. There is increasing government emphasis
on how housing markets influence urban economic productivity, and a shift in housing supply
strategy is needed. Of various approaches, infill development could increase the currently
limited number of affordable housing units in job-rich zones. Such a program could target the
job destination locations for groups which this research has identified as being under the
heaviest commuting burdens, to bring them closer to their work places and reduce transport
costs. In addition, greater emphasis on affordable, social or public housing would improve
housing access in the inner urban zones for income-constrained worker groups. Affordable and
social housing has elsewhere been identified in the literature as a factor supporting urban
productivity through improved spatial access and reduced travel burdens (Glaeseret al., 2006;
Ong et al., 2017; Maclennan et al., 2019).
Creating the right jobs in the right places also has the potential to improve workers’ access
to suitable employment. However, our analysis shows that the industries whose workers are
under the heaviest commuting burdens are mainly population-service industries (e.g. Industry
Group III), which are already highly dispersed in suburban areas with limited potential for
agglomeration economies. Such industries have limited capacity for further expansion to
improve their proximity to labour forces in the outer areas. Unless the types and urban
characteristics of industries are carefully coordinated, further job decentralisation would not be
as effective a strategy to relieve worker commuting burdens as a housing program would be.
Any intervention needs to be sensitive to the industry and occupational mix it was seeking to
encourage and their spatial concentration or dispersion as Hu and Schneider (2017) observe for
Chicago and Hu (2017) notes for Los Angeles. We observe that the Education and Health
Industry Group (II) has potential to support suburban jobs growth either through direct
relocation from existing sites (such inner Melbourne) or through targeting of new investment
in suburban locations. Moreover, much of the scientific activity found in Industry Group IV is
co-located with public education and health facilities, such as universities and hospitals, in the
inner Melbourne zone. The public nature of these institutions means that fiscal policy could
play a role in reshaping metropolitan employment markets in terms of the locational
positioning of high-skill jobs. Similarly locating certain scientific facilities in suburban
manufacturing precincts, as indicated by Industry Group I (car commuting), to build advanced
manufacturing capability could be another approach (Appendix Figure 1).
Finally, transport connectivity is crucial to the efficient functioning of metropolitan labour
markets. The under-supply of PT connecting to jobs in the middle and outer areas of Melbourne
reduces the transport options of workers, who thus pay particularly high costs for vehicle
ownership and fuel. Investment in suburban PT networks could promote the use of PT to reach
suburban jobs and reduce travel costs to workers, as Song et al. (2012) and Chatman and Noland
(2011) have noted elsewhere. The evidence that public transport commuting can restrain cost
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burdens for lower-income workers suggests that public transport can moderate travel financial
costs and so improve access in metropolitan labour markets. Melbourne’s public transport
network operates only two zones for the whole urban region with unlimited daily travel across
this zone costing $8.20. This broad capped fare cost structure may be allowing lower-income
workers to access the entire metropolitan labour market for a lower daily cost than for
equivalent distance-costed travel by car, notwithstanding modal travel time differentials. This
effect however is likely most pronounced for radial travel via the CBD focused rail network
where speeds and reliability is greatest. In this sense there is value in conceiving of the
metropolitan public transport network as offering a commuting price ceiling that moderates
spatial travel costs across the metropolitan area. One problem in Melbourne is the extent of
service deficits between the inner, middle and outer zones with the latter largely served by slow,
infrequent and weakly coordinated buses. However, increasing transport efficiency requires
major investments, and the outcome could allow increased worker travel distances while many
workers are still likely to maintain their previous travel times and costs. We note that while this
paper was in preparation the Victorian government was developing a business case for a 90 km,
$50 billion, orbital ‘Suburban Rail Loop’ (SRL) that would connect a series of existing middlesuburban employment centres located on radial CBD-oriented rail lines, plus further rail
projects. The SRL scheme if pursued may improve urban productivity through reduction in
commuting burdens, though the crafting of industry and occupational mix at the intensified
employment nodes would need to be carefully considered while the productivity gains from
reduced commuting burdens would need to be large and sustained to provide return on the
upfront capital cost of the rail loop (see also Venables, 2011 regarding transport evaluation).
The potential for uniform capped metropolitan-wide public transport fares to support also needs
to be considered in light of the current proposal in Victoria to move to modally differentiated
fares. Unless carefully crafted and capped, such a fare pricing regime could risk exacerbating
spatial transport costs and diminish accessibility for metropolitan Melbourne.
What does the study have to offer theories of agglomeration and urban productivity? The
initial discussion in the paper considered that high commuting burdens may reduce urban
productivity by imposing a high overall cost on the city for the level of economic output
achieved across the entire workforce. Such a view was broadly aligned with previous research
focused on overall labour markets whereby commuting burdens potentially impede the
achievement of agglomeration effects (Song et al., 2012; Chatman and Noland, 2011; Hu,
2017). The analysis we have presented demonstrates that there is a complex heterogeneity in
commuting patterns at the industry scale of disaggregation and that this heterogeneity is further
complicated by additional disaggregation by occupational level and mode of travel, as well as
residential and workplace location, plus travel mode. From this perspective the general
metropolitan labour market can be viewed as rather comprised of a set of particular industrial
labour markets each further internally differentiated and with their own quite distinct spatial
structural configurations, and in turn agglomeration dynamics. For example, Industry Group I
car travel is polycentric while Industry Group IV is highly monocentric (Appendix Figure 1).
In turn the productivity interactions of commuting and associated factors of each industry subgroup are complex, as they are intersected by income and occupational hierarchies and
divergent spatial patterns. Nonetheless, within this complexity some patterns do appear. The
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spatial structure of residential and employment land-uses appears to particularly adversely
affect service workers in terms of commuting burdens. As these workers are typically lowskilled and thus potentially lower productivity than high-skill workers a high commuting
burden is likely to contribute to higher overall input costs at the metropolitan level making the
city less productive overall. While service workers who commute by car have lower costs
overall than those traveling by public transport when travel time is uncosted, the lower fare
costs of public transport mean this is a less directly financially burdensome travel mode for
this group, allowing for greater travel distances and residential location within lower price
housing markets. This means that public transport is potentially providing a moderating effect,
and increases the effective labour market for the city overall, with potential productivity
benefits through inclusion by linking of less skilled cohorts to economic opportunity and
through a deeper and wider labour pool available to firms. This may provide support for the
trend toward inclusion of wider economic benefits in infrastructure project assessment (see
Venables, 2007). Effects of commuting cost on hours of work, skill-job matching and
employment rates are principally negative, except for select industry and occupational groups
such as manufacturing and construction professionals and service workers. From a productivity
perspective therefore, improvements in key labour productivity factors may be achieved
through improvements to job access at the metropolitan and industry scale. An overriding
comment is that productivity may be improved for all workers through better coordination of
housing and employment land-uses both in dense and dispersed parts of the city, accompanied
by improved public transport networks. This suggests a continuing rationale for careful
metropolitan planning that does more than simply allow market processes to allocate
employment and housing or lead transport infrastructure decision making. Consideration must
also be given to post-COVID impacts on commuting patterns due to reduced work travel (Li
and Dodson, 2021; Currie, 2021).
Overall, the results of this research offer policymakers more detailed knowledge upon which
to base planning and policy to relieve commuting pressures on workers. It will inform policy
thinking and decisions about spatial planning and infrastructure investment for improved urban
employment and productivity, based on our findings on labour forces in different industry and
occupation categories. Further research in this field will ensure that labour force capacity,
urban land, and transport infrastructure are put to more productive use and contribute to
higher economic outputs while reducing negative impacts.

Acknowledgment: This research is supported by the Clean Air and Urban Landscapes Hub,
funded by the Australian Government’s National Environmental Science Program.

References
Allen, J., van der Velden, R., 2001. Educational mismatches versus skills mismatches: effects
on wages, job satisfaction, and on the job search. Oxford Economic Papers. 53(3), 434-452.
Antipova, A., 2020. Analysis of Commuting Distances of Low-Income Workers in
Memphis Metropolitan Area, TN. Sustainability, 12(3), 1209. https://doi.org/10.3390/
su12031209

21

Australian Bureau of Statistics., 2011. Household Expenditure Survey, Australia: Detailed
Expenditure Items, 2009-10. Canberra, Australian Bureau of Statistics.
Axisa, J. J., Scortt, D. M., Newbold, K. B., 2012. Factors influencing commute distance: a case
study of Toronto’s commuter shed. Journal of Transport Geography. 24, 123-129.
Bureau of Infrastructure, Transport and Regional Economics (BITRE)., 2011. Population
Growth, Jobs Growth and Commuting Flows in Melbourne. 125. Canberra, ACT: Bureau
of Infrastructure, Transport and Regional Economics.
Brooke, P. P., 1986 Beyond the steers and Rhodes models of employee attendance. Academy
of Management Review. 11(2), 345-361.
Ciccone, A., 2002. Agglomeration Effects in Europe. European Economic Review, 46(2), 213–
27. doi: 10.1016/S0014-2921(00)00099-4.
Chatman, D. G., Noland, R. B. (2011). Do Public Transport Improvements Increase
Agglomeration Economies? A Review of Literature and an Agenda for Research. Transport
Reviews, 31(6), 725–742. https://doi.org/10.1080/01441647.2011.587908
Chatman, D. G., Noland, R. B. (2014). Transit Service, Physical Agglomeration and
Productivity in US Metropolitan Areas. Urban Studies, 51(5), 917–937.
https://doi.org/10.1177/0042098013494426
Costa, G., Pickup, L., Marino, V. D., 1988. Commuting--a further stress factor for working
people: evidence from the European Community: An empirical study. International Archives
of Occupational and Environmental Health. 60(5), 377-385.
Crafts, N., 2009. Transport infrastructure investment: implications for growth and productivity.
Oxford Review of Economic Policy. 25(3), 327-343.
Currie, G., 2021. Long term/post-pandemic impacts of COVID-19 on commuting in
Melbourne, Australia. Proceedings of Joint Workshop of WCTR SIG F1 & AUM on
Transport and Spatial Development: An International Perspective. Joint Workshop of
WCTR SIG F1 & AUM on Transport and Spatial Development: an international perspective,
Online webinar. https://www.bgu.tum.de/en/msm/webinar/
Denham, T., 2018. Metro-bound commuting and regional development: Evidence from
Victoria. Proceedings of 8th State of Australian Cities National Conference. 8th State of
Australian Cities National Conference, Adelaide. https://doi.org/10.4225/50/5b30316f342ff
de Silva, H., Lightfoot, A., 2010. Commuting to work by private vehicle in Melbourne: Trends
and policy implications. Proceedings of the 33rd Australasian Transport Research Forum,
18.
22

https://www.australasiantransportresearchforum.org.au/sites/default/files/2010_deSilva_Li
ghtfoot.pdf
Ding, N., Bagchi-Sen, S., 2019. An Analysis of Commuting Distance and Job Accessibility for
Residents in a U.S. Legacy City. Annals of the American Association of Geographers,
109(5), 1560-1582
Dodson, J., Sipe, N., 2008. Shocking the Suburbs: Urban location, home ownership and oil
vulnerability in the Australian city. Housing Studies. 23(3), 377-401.
Emre, O., Elci, M., 2015. Commuting related problems in the workplace. Journal of Business
Studies Quarterly. 6(4), 1-9.
Glaeser, E., Gottlieb, J., 2009. The Wealth of Cities: Agglomeration Economies and Spatial
Equilibrium in the United States. Journal of Economic Literature. 47(4), 983-1028.
Glaeser, E. L., Gyourko, J., Saks, R. E., 2006. Urban growth and housing supply. Journal of
Economic Geography, 6(1), 71–89. https://doi.org/10.1093/jeg/lbi003
Green, R., P. Toner, and R. Agarwal. 2012. Understanding Productivity: Australia’s Choice.
Sydney: University of Technology Sydney.
Harris, T. F., Ioannides, Y. M., 2000. Productivity and Metropolitan Density (No. 0016;
Discussion Papers Series, Department of Economics, Tufts University). Department of
Economics, Tufts University. https://ideas.repec.org/p/tuf/tuftec/0016.html
Healy, E., O’Connor, K.,2001. Jobs and housing location in Melbourne, 1986-1996. Australian
Planner. 38(1), 9–15. https://doi.org/10.1080/07293682.2001.9657925
Holland, D. M., 2016. Cost of commuting: A review of determinants, outcomes, and theory of
commuting-related stress. University Honors Thesis, Portland State University, Paper 299.
Howe, A., O'Connor, K., 1982. Travel to work and labour force participation of men and
women in an Australian metropolitan area. The Professional Geographer. 34(1), 50-64.
Hu, L., 2017. Job accessibility and employment outcomes: Which income groups benefit the
most? Transportation, 44(6), 1421–1443. https://doi.org/10.1007/s11116-016-9708-4
Hu, L., Schneider, R. J., 2017. Different ways to get to the same workplace: How does
workplace location relate to commuting by different income groups? Transport Policy, 59,
106–115. https://doi.org/10.1016/j.tranpol.2017.07.009

23

Ihlanfeldt, K. R., Sjoquist, D. L. (1998). The Spatial Mismatch Hypothesis: A Review of
Recent Studies and Their Implications for Welfare Reform. Housing Policy Debate, 9(4),
849–892. https://doi.org/10.1080/10511482.1998.9521321
Immergluck, D., 1998. Job Proximity and the Urban Employment Problem: Do Suitable
Nearby Jobs Improve Neighbourhood Employment Rates? Urban Studies, 35(1), 7–23.
https://doi.org/10.1080/0042098985041
Johnston-Anumonwo, I., 1988. The journey to work and occupational segregation. Urban
Geography. 9(2), 138-154.
Koslowsky, M., 2000. A New Perspective on Employee Lateness. Applied Psychology. 49(3),
390-407.
Laird, J., 2006. Commuting costs and their impact on wage rates, Working Paper 587. Institute
of Transport Studies, University of Leeds, Leeds, UK.
Li, T., Dodson, J., 2020. Job growth, accessibility, and changing commuting burden of
employment centres in Melbourne. Journal of Transport Geography, 88, 102867.
https://doi.org/10.1016/j.jtrangeo.2020.102867
Li, T., Dodson, J., 2021. Commuting patterns in Melbourne: Assessing short-run and longer
term COVID impacts. Proceedings of Joint Workshop of WCTR SIG F1 & AUM on
Transport and Spatial Development: An International Perspective. Joint Workshop of
WCTR SIG F1 & AUM on Transport and Spatial Development: an international perspective,
Online webinar. https://www.bgu.tum.de/en/msm/webinar/
Li, T., Dodson, J., Sipe, N., 2015. Differentiating metropolitan transport disadvantage by mode:
household expenditure on private vehicle fuel and public transport fares in Brisbane,
Australia. Journal of Transport Geography. 49, 16-25.
Lobo, J., Smole, D., 2002. Stratification and spatial segregation of human capital as
determinants of metropolitan productivity in the United States. Urban Studies. 39(3), 529547.
Lovelace, R., Philips, I., 2014. The “oil vulnerability” of commuter patterns: A case study from
Yorkshire and the Humber, UK. Geoforum. 51, 169-182.
Lyons, G., Chatterjee, K., 2008. A human perspective on the daily commute: costs, benefits
and trade-offs. Transport Reviews, 28(2), 181-198.
Ma, L., Ye, R., 2019. Does daily commuting behavior matter to employee productivity?
Journal of Transport Geography, 76, 130-141.

24

Macek, N., Khattack, A., Quercia, R., 2001. What Is the Effect of Commute Time on
Employment?: Analysis of Spatial Patterns in New York Metropolitan Area. Journal of the
Transport Research Board. 1780, Paper No. 01-2946.
Maclennan, D., Randolph, B., Crommelin, L., Witte, E., Klestov, P., Scealy, B., Brown, S.,
2019. Strengthening Economic Cases for Housing Policies. UNSW City Futures Research
Centre,
SGS
Economics
and
Planning
&
Cadence
Economics.
https://cityfutures.be.unsw.edu.au/documents/514/Executive_Summary_Final_edited_logo
s.pdf
Mackie, P. J., Jara-Diaz, S., Fowkes, A. S., 2001. The Value of Travel Time Savings in
Evaluation. Transportation Research Part E. 37, 91-106.
Mattioli, G., 2013. Where sustainable transport and social exclusion meet: Households without
cars and car dependence in Germany and Great Britain. PhD thesis, University of MilanBicocca.
McGuinness, S., Pouliakas, K., Redmond, P., 2018. Skills mismatch: Concepts, measurement
and policy approaches. Journal of Economic Surveys. 32(4), 985-1015.
Mori, T., Turrini, A. 2005. Skills, agglomeration and segmentation. European Economic
Review, 49(1), 201–225. https://doi.org/10.1016/S0014-2921(03)00018-7
McGuinness, S., Pouliakas, K., Redmond, P., 2018. Skills mismatch: Concepts, measurement
and policy approaches. Journal of Economic Surveys. 32(4), 985-1015
Metz, D., 2008. The myth of travel time saving. Transport Reviews. 28(3), 321-336.
Nelson, J. P., 1997. Accessibility and the Value of Time in Commuting. Southern Economic
Journal. 43(3), 1321-1329.
OECD. 2016. OECD Compendium of Productivity Indicators 2016. OECD Publishing.
http://dx.doi.org/10.1787/pdtvy-2016-en.
O'Connor, K., 1980. The analysis of journey to work patterns in human geography. Progress
in Human Geography. 4(4), 475-499.
O’Connor, K., Maher, C. A.,1979. Change in the spatial structure of a metropolitan region:
Work-residence relationships in Melbourne, 1961–1971. Regional Studies, 13(4), 361–380.
https://doi.org/10.1080/09595237900185321
Ong, P., Blumenberg, E. (1998). Job Access, Commute and Travel Burden among Welfare
Recipients. Urban Studies, 35(1), 77–93. https://doi.org/10.1080/0042098985087

25

Ong, R., Dalton, T., Gurran, N., Phelps, C., Rowley, S., Wood, G., 2017. Housing supply
responsiveness in Australia: Distribution, drivers and institutional settings (AHURI Final
Report Series). Australian Housing and Urban Research Institute; doi:10.18408/ahuri8107301.
Paez, D., Currie, G.,2010. Key Factors Affecting Journey to Work in Melbourne using
Geographically Weighted Regression. Proceedings of the 33rd Australasian Transport
Research Forum, 12.
https://www.australasiantransportresearchforum.org.au/sites/default/files/2010_Paez_Curr
ie.pdf
Parker, A., 2004. Unsustainable trends in the Australian Census Data for the journey to work
in Melbourne and other cities in Victoria. Proceedings of the 32nd Australasian Transport
Research Forum, 23.
https://www.australasiantransportresearchforum.org.au/sites/default/files/2004_Parker.pdf
Public Transport Victoria., 2015. PTV Timetable and Geographic Information - GTFS
https://discover.data.vic.gov.au/dataset/ptv-timetable-and-geographic-information-2015gtfs.
Redmond, L. S., Mokhtarian, P. L., 2001. The positive utility of the commute: modeling ideal
commute time and relative desired commute amount. Transportation. 28, 179-205.
Rice, P., Venables, A. J., Patacchini, E., 2006. Spatial determinants of productivity: Analysis
for the regions of Great Britain. Regional Science and Urban Economics, 36(6), 727–752.
https://doi.org/10.1016/j.regsciurbeco.2006.03.006
Robst, J., 2007. Education and job match: The relatedness of college major and work.
Economics of Education Review. 26(4), 397-407.
Rosenthal, S. S., Strange, W. C., 001. The Determinants of Agglomeration. Journal of Urban
Economics, 50(2), 191–229. https://doi.org/10.1006/juec.2001.2230
Royal Automobile Club of Victoria., 2019. The real cost of running a car. https://www.
racv.com.au/on-the-road/buying-a-car/car-running-costs.html.
Schwanen, T., Dijst, M., 2002. Travel-time ratio for visits to the workplace: the relationship
between commuting time and work duration. Transportation Research Part A: Policy and
Practice. 36(7), 573-592.
Shin, E., Inbakaran, C., Alford, G., 2009. Income and Journey to Work Patterns –
Investigations for Melbourne 1996, 2001 and 2006. Proceedings of the 32nd Australasian
Transport Research Forum, 10.

26

https://www.australasiantransportresearchforum.org.au/sites/default/files/2009_Shin_Inba
karan_Alford.pdf
Song, Y., Lee, K., Anderson, W. P., Lakshmanan, T. R., 2012. Industrial agglomeration and
transport accessibility in metropolitan Seoul. Journal of Geographical Systems, 14(3), 299–
318. https://doi.org/10.1007/s10109-011-0150-z
Timothy, D., 2001. Intra-Urban Wage Variation, Employment Location, and Commuting
Times. Journal of Urban Economics. 50, 338-366.
Turcotte, M., 2011. Commuting to work: Results of the 2010 General Social Survey,
component of Statistics Canada catalogue no.11-008-X Canadian social trends.
Van Hooff, M. L. M., 2013. The daily commute from work to home: examining employees’
experience in relation to their recovery status. Stress and Health. 31(2), 124-137.
Van Ommeren, J. N., Gultierrez-i-Puigarnau, E., 2011. Are workers with a long commute less
productive? An empirical analysis of absenteeism. Regional Sciences and Urban Economics.
41, 1-8.
Van Ommeren, J. N., Van Leuvensteijn, M., 2005. New evidence of the effect of transaction
costs on residential mobility. Journal of Regional Science. 45(4), 681-702
Venables, A. J., 2007. Evaluating Urban Transport Improvements. Journal of Transport
Economics and Policy, 41, 16.
Venables, Anthony J., 2011. Productivity in Cities: Self-Selection and Sorting. Journal of
Economic Geography, 11(2), 241–51. doi: 10.1093/jeg/lbq040.
Wang, F., 2003. Job Proximity and Accessibility for Workers of Various Wage Groups. Urban
Geography, 24(3), 253–271. https://doi.org/10.2747/0272-3638.24.3.253
Wilson, A. G., 1971. The family of spatial interaction models, and associated developments.
Environment and Planning A: Economy and Space. 3(1), 1-32.
Wrede, M., 2011. Unemployment, commuting and search intensity. Discussion Paper 12,
University of Erlangen-Nuremberg.
Zenou, Y., Smith, T. E., 1995. Efficiency wages, involuntary unemployment and urban spatial
structure. Regional Science and Urban Economics. 25, 547-573.

27

Appendix

Insert Figure 1 Appendix here
Fig. 1 Commuting flows of all labour market groups based on industrial sector, occupational
category and work travel mode
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