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ABSTRACT 

Understanding spatial variation in bicycling within cities is necessary to identify and address 

inequities. We aimed to explore spatial variation in bicycling and explore how bicycling rates vary 

across population sub-groups. We conducted a retrospective analysis of household travel survey 

data in Greater Melbourne, Australia. We present a descriptive analysis of bicycling behaviour across 

local government areas (LGAs; n=31), with a focus on quantifying spatial variation in the number and 

proportion of trips made by bike, and by age, sex and trip distance. Associations between the 

proportion of infrastructure that had provision for biking and the proportion of all trips made by bike 

were analysed using linear regression. Overall, 1.7% of all trips were made by bike. While more than 

half (53.2%) of all trips were less than 5km, only 2% of these trips were by bike. Across LGAs, there 

was considerable variation in the proportion of trips made by bike (range: 0.1% to 5.7%). Mode 

share by females was 35.0%, and this varied across LGAs from 0% to 49%. Tor each percentage 

increase in the proportion of infrastructure that had provision for biking, there was an associated 

0.2% increase in the proportion of trips made by bike (coefficient = 0.20; SE = 0.05; adjusted R2 = 

0.38). While we observed a low bicycle mode share, more than half of all trips were less than 5 km, 

demonstrating substantial opportunity to increase the number of trips taken by bike. 

 

  



INTRODUCTION 

Reflecting the myriad of health, environmental, social and economic benefits of bike riding, 1-3 cities 

across the world are promoting bicycling as an active and sustainable mode of transport.4-7 With 

increasing investment in bicycling infrastructure,6, 8 there is a need to ensure that robust 

measurements of bicycling are captured to enable evidence-driven decisions on where to implement 

infrastructure for the greatest gains in participation and safety. Understanding where bicycling does 

and does not occur, and in which population groups, is also necessary to address inequities in access 

to safe and connected bicycling infrastructure for all ages and abilities. 

Prior studies of bicycling behaviour have compared rates across cities, jurisdictions and countries,9-13 

and between population groups.14-16 These studies have been important for benchmarking across 

regions and identifying inequities in participation and access to safe infrastructure. However, there 

are few studies that have explored spatial variation in bicycling behaviour within cities. Such 

information is critical in understanding small area-level variations in bicycling behaviour that are 

masked when relying on data across larger areas such as cities or countries. Collecting such data 

would enable more targeted implementation of bicycling infrastructure to address differences in 

bicycling and broader social and demographic inequities that exist within cities. 

Using population-weighted travel survey data, this study aimed to explore spatial variation in 

bicycling across Greater Melbourne, Australia, and explore how bicycling rates vary across 

population sub-groups. 

 

METHODS 

Study design 

We conducted a retrospective analysis of household travel survey data in the Greater Melbourne 

region (Australia), using data from 2012 to 2018. Drawing from values-based messaging for health 



promotion, we used the terms “bike riding”, “bicycling” and “biking” in this study rather than 

“cycling” (and their equivalents) to ensure inclusivity and avoid association with competitive 

cycling.17 

Setting 

The State of Victoria, Australia, has a population of 6.7 million people of which 67% reside in the 

Greater Melbourne area.18 The State is further divided into 79 smaller, geographically defined Local 

Government Areas (LGA’s). Local governments play a key role in the planning of bicycling 

infrastructure as 85% of the road network in Victoria is maintained by local governments.19 As a 

result, we selected LGAs as the geographical area for analysis. Analyses were restricted to 31 LGAs 

within Greater Melbourne (Figure 1) comprising a population of 4.89 million people in 2018. 

 

Figure 1: Map of included local government areas within Greater Melbourne and population density. 

  



Travel survey data 

We used data from three waves (2012-14, 2014-16, 2016-18) of the Victorian Integrated Survey of 

Travel & Activity (VISTA). VISTA is a survey of day-to-day travel coordinated by the Victorian 

Department of Transport and conducted in the Greater Melbourne area and in a single regional 

centre in Victoria. Since 2012, 16,000 households and 66,000 people have contributed to the VISTA 

survey. VISTA randomly selects households to complete the VISTA travel diary for a single specified 

day. This included all persons within the household (excluding those aged 0-4 years). The travel 

survey requires individuals to detail all travel they undertook on a specific day. VISTA employs a 

stratified, clustered sampling methodology, with stratification based on LGAs. Clusters were based 

upon the smallest unit within the Australian Statistical Geographical Standard; the Mesh Block. The 

survey and resulting data are then weighted to generate population-representative data at the LGA 

level. In this study, we employed a set of combined weights that use the full data set from 2012-

2018 to produce statistics weighted to the 2017-18 population. In the setting of low bicycle mode 

share, and given the focus of this study was to explore small-area level spatial variation and variation 

population sub-groups, collapsing the data across the full study period was necessary to ensure 

robust estimates. Therefore, we were unable to explore temporal trends. Weights were applied to 

the LGA in which the trip originated, and therefore, data reflect where trips commenced and not trip 

routes or destinations. Unless otherwise specified, data reflect trips made within Greater Melbourne 

on an average day across the study period. 

Eligibility for inclusion in this study were participants aged 18 years and older, and trips that had trip 

origins and destinations within the Greater Melbourne region. 

Biking infrastructure data 

In the absence of government data sets of biking infrastructure in Victoria, we used Open Street Map 

(OSM) data to characterise biking infrastructure in the study region. We captured infrastructure at a 

single time-point, which was the final year of the study period (2018). 2018 OSM data was downloaded 



for the Greater Melbourne region from Geofrabrik.20 Biking infrastructure was coded by OSM 

contributors according to the OSM Wiki21 and stratified into: on-road bike lanes, protected on-road 

bike lanes, and off-road paths (off-road dedicated bike path, off-road shared path (shared with 

pedestrians), and footways where bicycling is legal). This was achieved using the ‘highway’, ‘cycleway’, 

‘bicycle’, ‘segregated’ and ‘foot’ tags in OSM. Motorways, motorway links and raceways were 

excluded from analyses. Riding a bike on a footpath is illegal in Victoria with the exception of adults 

accompanying children under 13 years of age and, therefore, we excluded footpaths from analyses 

(with the exception of footways where bicycling is legal). In this study, we use the term ‘infrastructure’ 

to be all streets and all paths where biking is permitted. 

Analyses 

For trips with multiple stages and multiple modes, we assigned ‘main modes’ (the primary mode of 

transport for the trip), consistent with how VISTA data are reported by the Victorian Department of 

Transport. Trip distance was defined as the total distance of all stages of a trip. Biking distance was 

defined as the sum of all stages within a trip that were made by bicycle. Trip purpose was classified 

as ‘work’, ‘recreation’, ‘education’, ‘socialisation’, ‘shopping’, ‘personal business’, or ‘other’. 

Participant age was classified as 18-34 years, 35-54 years, 55-74 years and 75 years and older. 

We report multiple metrics of biking: counts of the number of trips, the proportion of all trips that 

were made by bike, and the average trip distance by bike. Data are reported overall, by age, by sex, 

by month of year, and by trip distance. Data are reported as the point estimate with a standard error 

(SE) and reflect an average day across the study period. Spatial variation across LGAs is depicted 

using choropleth maps. 

For OSM data, we calculated the proportion of all streets and paths that had provision for biking 

(whether as a protected bike lane, painted on-road bike lane, or off-road shared path). Using 

univariate linear regression, we report the association between the proportion of infrastructure that 

had provision for biking and the proportion of all trips that were made by bike across LGAs. 



All analyses were conducted using the statistical software package R v4.0.3 (R Core Team, 2021) and 

the integrated development environment RStudio (RStudio 2020, Boston, MA, USA), using the ‘srvyr’ 

and ‘leaflet’ libraries. 

Ethical approval 

Ethical approval for this study was provided by the Monash University Human Research Ethics 

Committee (Project ID: 29210). 

 

RESULTS 

Overall 

On an average day in Greater Melbourne, there were 10,527,767 trips (SE = 19,680) of which 

177,821 trips (SE = 4,443) were made by bike, reflecting 1.7% (SE = 0.04%) of all trips. The average 

travel distance by bike per day was 929,612 km (SE = 31,679 km). Bike trips were made for work-

related (33.8%), recreational (25.6%), education (4.0%), social (14.6%), shopping (11.4%), personal 

business (3.1%) and other (7.6%) purposes (Table 1). 

Table 1: Summary of the number and proportion of trips made by bike (SE = standard error). 

Characteristics Number of trips by bike Proportion of trips by bike 

Age group   

18-34 years 71,302 (SE = 3,181) 40.1% (SE = 1.3%) 

35-54 years 75,437 (SE = 2,680) 42.4% (SE = 1.2%) 

55-74 years 29,128 (SE = 1,616) 16.4% (SE = 0.9%) 

75 years and older 1,953 (SE = 354) 2.0% (SE = 0.2%) 

Sex   

Female 62,210 (SE = 2,677) 35.0% (SE = 1.2%) 

Male 115,611 (SE = 3,580) 65.0% (SE = 1.2%) 

Trip purpose   

Work-related 60,075 (SE = 2,603) 33.8% (SE = 1.2%) 

Recreation 45,484 (SE = 2,259) 25.6% (SE = 1.1%) 

Education 7,157 (SE = 925) 4.0% (SE = 0.5%) 

Social 25,887 (SE = 1,788) 14.6% (SE = 0.9%) 

Shopping 20,264 (SE = 1,460) 11.4% (SE = 0.8%) 

Personal business 5,435 (SE = 852) 3.1% (SE = 0.5%) 

Other 13,520 (SE = 1,156) 7.6% (SE = 0.6%) 

 



Overall, 35.0% (SE = 1.2%) of bike trips were made by females and 26.7% (SE = 1.4%) of kilometres 

travelled by bike were ridden by females. Across all age groups, the proportion of trips made by bike 

was higher in males than females (Figure 2). The number and proportion of trips made by bike for 

females and males, stratified by month of year, is shown in Supplementary Material. 

 

Figure 2: Proportion of trips made by bike, stratified by age group and sex. Note: proportion of trips reflects the total 
number of trips within each age group and sex category (ie. the numerator is the number of trips made by bike within an 
age group and sex category, and the denominator is the total number of trips made by that same age group and sex 
category). 

 

Across all modes, 53.2% (SE = 0.2%) of trips were less than 5 km, and 70.8% (SE = 0.1%) of trips were 

less than 9 km. Across distance bands, the proportion of trips made by bike was highest between 

2and 9 km for both females and males (Figure 3): still, 2% (SE = 0.06%) of trips between 0 and 5 km 

were by bike, and 2.1% (SE = 0.06%) of trips between 0 and 9 km were by bike. 



 

Figure 3: Proportion of trips made by bike by trip distance, stratified by sex. 

 

Spatial variation 

Across LGAs in Greater Melbourne, there was considerable variation in the number and proportion 

of trips by bike (Figure 4 and Table 2). The number and proportion of trips by bike were substantially 

higher in LGAs in the inner part of Greater Melbourne compared to LGAs in the outer areas. The LGA 

with the greatest number of trips by bike was the City of Melbourne (n=34,244 per day; located in 

the inner-city region), while the LGA with the lowest number of trips by bike was Melton (n=307 per 

day; located in the outer north-west region). The LGA with the highest proportion of trips made by 

bike was Moreland (5.7%; located in the inner north region), while the LGA with the lowest 

proportion of trips made by bike was also Melton (0.1%). 
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Figure 4: Number (A) and proportion (B) of trips by bike per day across LGAs. 

  



Table 2: Summary data for each local government area (SE = standard error). 

Local Government 
Area 

Distance by bike 
per day (km) 

Number of bike 
trips per day 

Proportion of trips 
made by bike 

Proportion of bike 
trips made by 

females 

Banyule (C) 19008 (SE = 4227) 2812 (SE = 521) 1.1% (SE = 0.2%) 13% (SE = 5%) 

Bayside (C) 40657 (SE = 6555) 6078 (SE = 825) 2.5% (SE = 0.3%) 37% (SE = 7%) 

Boroondara (C) 30632 (SE = 5237) 5074 (SE = 633) 1.1% (SE = 0.1%) 38% (SE = 6%) 

Brimbank (C) 13670 (SE = 5093) 2509 (SE = 506) 0.7% (SE = 0.2%) 40% (SE = 10%) 

Cardinia (S) 5062 (SE = 2317) 839 (SE = 283) 0.5% (SE = 0.2%) 20% (SE = 11%) 

Casey (C) 8769 (SE = 2613) 1969 (SE = 430) 0.4% (SE = 0.1%) 48% (SE = 11%) 

Darebin (C) 48461 (SE = 6327) 11109 (SE = 1127) 3.4% (SE = 0.3%) 33% (SE = 4%) 

Frankston (C) 22880 (SE = 8303) 1934 (SE = 405) 0.7% (SE = 0.1%) 24% (SE = 8%) 

Glen Eira (C) 25413 (SE = 6535) 4445 (SE = 668) 1.4% (SE = 0.2%) 19% (SE = 5%) 

Greater Dandenong (C) 5198 (SE = 1577) 1553 (SE = 400) 0.5% (SE = 0.1%) 40% (SE = 13%) 

Hobsons Bay (C) 19719 (SE = 4009) 3439 (SE = 537) 1.8% (SE = 0.3%) 21% (SE = 6%) 

Hume (C) 13006 (SE = 3900) 1528 (SE = 386) 0.4% (SE = 0.1%) 49% (SE = 13%) 

Kingston (C) 27056 (SE = 6092) 3705 (SE = 503) 1.0% (SE = 0.1%) 24% (SE = 6%) 

Knox (C) 15412 (SE = 3006) 2936 (SE = 471) 0.8% (SE = 0.1%) 22% (SE = 7%) 

Manningham (C) 8620 (SE = 2203) 1576 (SE = 321) 0.6% (SE = 0.1%) 37% (SE = 10%) 

Maribyrnong (C) 20051 (SE = 3847) 5335 (SE = 727) 2.5% (SE = 0.3%) 37% (SE = 6%) 

Maroondah (C) 10052 (SE = 2758) 1393 (SE = 292) 0.5% (SE = 0.1%) 27% (SE = 9%) 

Melbourne (C) 
182458 (SE = 

12966) 
34244 (SE = 2125) 3.4% (SE = 0.2%) 35% (SE = 3%) 

Melton (S) 5495 (SE = 4602) 307 (SE = 221) 0.1% (SE = 0.1%) 0% (SE = 0%) 

Monash (C) 18618 (SE = 3539) 3307 (SE = 481) 0.7% (SE = 0.1%) 15% (SE = 5%) 

Moonee Valley (C) 20793 (SE = 4791) 2811 (SE = 446) 1.0% (SE = 0.2%) 14% (SE = 5%) 

Moreland (C) 94377 (SE = 9222) 20086 (SE = 1515) 5.7% (SE = 0.4%) 41% (SE = 4%) 

Mornington Peninsula 
(S) 

19339 (SE = 4114) 3898 (SE = 533) 1.0% (SE = 0.1%) 34% (SE = 6%) 

Nillumbik (S) 8818 (SE = 3355) 1012 (SE = 255) 0.8% (SE = 0.2%) 18% (SE = 9%) 

Port Phillip (C) 71317 (SE = 8538) 16356 (SE = 1445) 4.5% (SE = 0.4%) 47% (SE = 5%) 

Stonnington (C) 
49286 (SE = 

10082) 
8106 (SE = 1032) 2.4% (SE = 0.3%) 25% (SE = 5%) 

Whitehorse (C) 23311 (SE = 5015) 2863 (SE = 414) 0.7% (SE = 0.1%) 25% (SE = 6%) 

Whittlesea (C) 9360 (SE = 2733) 1499 (SE = 340) 0.5% (SE = 0.1%) 5% (SE = 4%) 

Wyndham (C) 12641 (SE = 2529) 3895 (SE = 580) 1.0% (SE = 0.2%) 36% (SE = 7%) 

Yarra (C) 68187 (SE = 7424) 19189 (SE = 1615) 5.7% (SE = 0.5%) 48% (SE = 4%) 

Yarra Ranges (S) 11944 (SE = 3406) 2011 (SE = 420) 0.6% (SE = 0.1%) 16% (SE = 9%) 

 

 

  



Spatial variation was observed in the proportion of bike trips made by females (Figure 5 and Table 

2). This ranged from 0% in Melton (outer north-west region) and 5% in Whittlesea (outer north 

region), but approached near gender balance in others, such as 48% in Yarra (inner north region) and 

49% in Hume (outer north-west region). 

 

Figure 5: Proportion of bike trips that were made by females by LGA. 

 

  



Spatial variation in the proportion of trips made by bike for each age group are shown in 

Supplementary Material. The proportion of trips made by bike ranged from 0% (Cardinia and Hume) 

to 9.7% (Moreland) for people aged 18-34 years, 0% (Melton) to 5.1% (Moreland) for people aged 

35-54 years, 0% (Melton) to 3.3% (Yarra) for people aged 55-74 years, 0% (20 LGAs) to 2.8% (Port 

Phillip) for people aged 75 years and older. 

There was minimal spatial variation across LGAs in the proportion of all trips that were less than 5 

km and less than 9 km (Supplementary Material). The proportion of trips less than 5 km and less 

than 9 km are shown in Supplementary Material. 

Relationship to biking infrastructure 

In 2018, of the 40,564 km of total street/path infrastructure, 1,165 km (2.9%) were classified as on-

road bike lanes, 2,647 km (6.5%) were classified as off-road paths, and 8 km (0.02%) were classified 

as protected bike lanes. There was variation in the proportion of infrastructure that had provision 

for biking across LGAs (Figure 6). This ranged from 1.9% in Cardinia (outer south-east region) to 

22.9% in Yarra (inner north region). 



 

Figure 6: Proportion of infrastructure that had provision for biking across LGAs. 

 

The proportion of infrastructure that had provision for biking was positively associated with the 

proportion of trips by bike (Figure 7). For each percentage increase in the proportion of 

infrastructure that had provision for biking, there was an associated 0.2% increase in the proportion 

of trips made by bike (coefficient = 0.20; SE = 0.05; adjusted R2 = 0.38). 



 

Figure 7: Scatterplot of the relationship between the proportion of infrastructure (streets and paths) that had provision for 
biking and the proportion of trips made by bike, by LGA. A linear regression line of best fit is presented with the coloured 
band representing the standard error. 

 

DISCUSSION 

In this population-based study of bicycling, we demonstrated low bicycle mode share (1.7% of all 

trips) and substantial spatial variation in the proportion of trips made by bike. While more than half 

of all trips were less than 5 km, only 2% of these trips were by bike, demonstrating substantial 

opportunity for increases in bike riding. We observed spatial variation in the provision of bicycling 

infrastructure, and an association between the provision of bicycling infrastructure and the 

proportion of trips made by bike. These data are important in understanding where bike riding 

occurs and by whom, and identifies opportunities to reduce inequities in bicycling. 



Our finding of bicycle mode share of 1.7% of all trips in Greater Melbourne, Australia, is consistent 

with other low bicycling regions such as the USA (1.1%) and England (2.1%), but is in contrast to high 

bicycling regions, such as the Netherlands (26.8% mode share).12 While overall bicycling mode share 

was low, we demonstrated variation across the study region, ranging from 0.1% to 5.7%. As 

expected, the proportion of bike trips was highest in inner-city areas, and rapidly declined as 

distance from the inner-city area increased. Our previous research has demonstrated that interest in 

bike riding is high across LGAs in Greater Melbourne. In this prior study, 78% of people were 

classified as ‘Interested but Concerned’,22 reflecting those who are comfortable riding only in 

protected lanes or off-road paths. This high proportion of ‘Interested but Concerned’ people was 

consistent across LGAs, even in peri-urban areas. This demonstrates the potential to address spatial 

and socioeconomic inequities in bike riding by focusing on these peri-urban areas, understanding 

what is needed for modal shift to occur in areas outside of the inner city and developing policies to 

support bike riding in these areas. 

It is well known that in jurisdictions with low bicycling prevalence, there is a disproportionately low 

number of women cycling.23, 24 In a study of 11 countries and 35 cities, Goel et al. noted that when 

bicycling mode share was above 7%, females were as likely as males to bike.12 Given current 

bicycling mode share is far lower than this 7% threshold, and the low proportion of trips made by 

women (35%), significant efforts are required to achieve gender equity in bike riding. It has been 

suggested that safe and connected cycling infrastructure, and systems that normalise women’s 

cycling, with policies to support these, are key to increasing the number of women cycling.25 

In Australia, bike riders are typically viewed as recreational riders and there is a dominance of 

representation of MAMILs (middled-aged men in lycra) in policy documents.26 In contrast to this, our 

results showed that almost three-quarters of trips were utility trips (including 37% of trips that were 

for purposes other than travelling to work or education). This is an important finding as it 

demonstrates a need to focus on the diversity of utility trips that occur in our region and how we can 



support local biking trips (e.g., for shopping, accessing services and entertainment), rather than 

focussing solely on strategic cycling corridors that primarily target commuter trips. 

Critical to increasing bike riding and addressing inequities in bike riding is the equitable provision of 

safe and connected networks of infrastructure. There is a growing body of evidence demonstrating 

increases in biking resulting from the implementation of high-quality infrastructure.27-29 Consistent 

with this, our findings demonstrate a positive association between the proportion of infrastructure 

that had provision for biking and the proportion of trips by bike. However, this is simply an 

association and these results do not imply causation. Further, they reflect a crude measure of 

infrastructure, and do not reflect more detailed measures of comfort and connection, such as 

bikeability indices.30, 31 Regardless, it is clear that there are inequities in the provision of 

infrastructure across our region of Greater Melbourne, and it can be suggested that the lack of 

comfortable and connected infrastructure in many areas may be contributing to the very low mode 

share of biking. 

As part of Victoria’s Climate Change Strategy, the Victorian Government have recently set an 

objective to make 25% of trips to be by foot or bicycle by 2030. Currently, 16% of trips are made on 

foot32 and our results demonstrate that 1.7% of trips are made by bike. To achieve the 25% goal by 

2030, it is evident that significant investment in safe and connected active transport infrastructure is 

urgently required. 

The strengths of this study include the use of population-weighted travel survey data that enables 

robust evaluation of bike riding across LGAs in Greater Melbourne. However, there are a number of 

limitations to note. Firstly, these data pre-date the COVID-19 pandemic which has created dramatic 

shifts in the way we move about our cities globally. Further, due to a low bicycling mode share, it 

was necessary to collapse data across multiple years to enable sub-group analyses. As a result, 

exploration of temporal patterns of bike riding was not possible. Additionally, survey weights were 

applied to the LGA in which the trip originated, and the data presented do not reflect trips that 



occurred across multiple LGAs. In the absence of government data sets of biking infrastructure in 

Victoria, we were reliant on Open Street Map (OSM) data to characterise biking infrastructure. There 

is variability in the accuracy of OSM data in international settings,33 and the accuracy of OSM data is 

unknown in our region. Further, exploring associations between specific types of infrastructure (e.g. 

protected on-road bicycle lanes) and the proportion of trips made by bike was not possible due to 

the low proportion of some individual infrastructure types. Finally, the focus of this study was on 

LGAs, which typically encompass a large number of streets and paths. This study was unable to 

explore bicycling volumes on individual streets. While such approaches have been employed using 

crowd-sourced data, such as Strava,34, 35 there are known biases of these data.34 

 

CONCLUSION 

Robust data are essential to monitoring, planning and evaluating bike riding. Using population-

weighted travel survey data, our analysis identified population sub-groups and local government 

areas that are under-represented in cycling. These data can assist government agencies to target 

active transport policies and future investment in cycling infrastructure. While we observed a low 

bicycle mode share, more than half of all trips were less than 5 km, demonstrating substantial 

opportunity to increase the number of trips taken by bike. Greater focus must be placed on these 

underserved populations and regions, to ensure that inequities in bike riding are addressed. 

 

ACKNOWLEDGEMENTS 

The authors would like to acknowledge the assistance provided by the Victorian Department of 

Transport, and in particular, Geoffrey Simmons.  

FUNDING 



BB was supported by an Australian Research Council Discovery Early Career Researcher Award 

Fellowship (DE180100825). 

DISCLOSURE STATEMENT 

There are no conflicts of interest to declare. 

  



REFERENCES 

[1] Celis-Morales CA, Lyall DM, Welsh P, et al. Association between active commuting and 
incident cardiovascular disease, cancer, and mortality: prospective cohort study. BMJ. 2017; 357. 
[2] Mueller N, Rojas-Rueda D, Cole-Hunter T, et al. Health impact assessment of active 
transportation: a systematic review. Prev. Med. 2015; 76: 103-14. 
[3] Teschke K, Reynolds CC, Ries FJ, Gouge B, Winters M. Bicycling: Health risk or benefit. UBC 
Medical Journal. 2012; 3: 6-11. 
[4] Transport for Greater Manchester. Change a region to change a nation: Greater 
Manchester's walking and cycling investment plan. Manchester, United Kingdom: Transport for 
Greater Manchester, 2020. 
[5] Transport for Victoria. Victorian Cycling Strategy 2018-28. Victoria, Australia: Victorian 
Government, 2017. 
[6] UK Department of Transport. Gear Change: A bold vision for cycling and walking. London, 
United Kingdom: Government of the United Kingdom, 2020. 
[7] UNECE. Recommendations for Green and Healthy Sustainable Transport – “Building Forward 
Better”. Geneva, Switzerland: United Nations, 2021. 
[8] Kraus S, Koch N. Provisional COVID-19 infrastructure induces large, rapid increases in cycling. 
Proceedings of the National Academy of Sciences. 2021; 118. 
[9] Firth C, Branion-Calles M, Winters M, Harris A. Who Bikes? An Assessment of Leisure and 
Commuting Bicycling from the Canadian Community Health Survey. Transport Findings. 2021; May. 
[10] Buehler R, Pucher J. Cycling to work in 90 large American cities: new evidence on the role of 
bike paths and lanes. Transportation. 2012; 39: 409-32. 
[11] Branion-Calles M, Teschke K, Koehoorn M, Espin-Garcia O, Harris MA. Estimating walking 
and bicycling in Canada and their road collision fatality risks: The need for a national household 
travel survey. Preventive medicine reports. 2021; 22: 101366. 
[12] Goel R, Goodman A, Aldred R, et al. Cycling behaviour in 17 countries across 6 continents: 
levels of cycling, who cycles, for what purpose, and how far? Transport Reviews. 2021: 1-24. 
[13] Stevenson M, Thompson J, de Sá TH, et al. Land use, transport, and population health: 
estimating the health benefits of compact cities. The Lancet. 2016; 388: 2925-35. 
[14] Goodman A, Aldred R. Inequalities in utility and leisure cycling in England, and variation by 
local cycling prevalence. Transportation research part F: traffic psychology and behaviour. 2018; 56: 
381-91. 
[15] Pucher J, Buehler R, Merom D, Bauman A. Walking and cycling in the United States, 2001–
2009: evidence from the National Household Travel Surveys. Am. J. Public Health. 2011; 101: S310-
S17. 
[16] Sá TH, Duran AC, Tainio M, Monteiro CA, Woodcock J. Cycling in São Paulo, Brazil (1997–
2012): Correlates, time trends and health consequences. Preventive medicine reports. 2016; 4: 540-
45. 
[17] VicHealth. Institution; cited 12/10/2020]. Available from URL 
https://www.vichealth.vic.gov.au/media-and-resources/hpcomms. 
[18] Australian Bureau of Statistics. Institution; cited 30 October 2020]. Available from URL 
https://itt.abs.gov.au/itt/r.jsp?databyregion. 
[19] VicRoads. Institution; cited 19/05/2021]. Available from URL 
https://www.vicroads.vic.gov.au/traffic-and-road-use/road-network-and-performance/victorias-
road-network. 
[20] Geofrabrik. Institution; cited 08/01/2021]. Available from URL 
https://www.geofabrik.de/data/download.html. 
[21] OpenStreetMap. Institution; cited 08/01/2021]. Available from URL 
https://wiki.openstreetmap.org/wiki/Main_Page. 

https://www.vichealth.vic.gov.au/media-and-resources/hpcomms
https://itt.abs.gov.au/itt/r.jsp?databyregion
https://www.vicroads.vic.gov.au/traffic-and-road-use/road-network-and-performance/victorias-road-network
https://www.vicroads.vic.gov.au/traffic-and-road-use/road-network-and-performance/victorias-road-network
https://www.geofabrik.de/data/download.html
https://wiki.openstreetmap.org/wiki/Main_Page


[22] Pearson L, Dipnall J, Gabbe B, et al. The potential for bike riding across entire cities: 
quantifying spatial variation in interest in bike riding. medRxiv Preprint. 2021. 
[23] Garrard J, Handy S, Dill J. Women and cycling: MIT Press Cambridge, MA, 2012. 
[24] Shaw C, Russell M, Keall M, et al. Beyond the bicycle: Seeing the context of the gender gap in 
cycling. Journal of Transport & Health. 2020; 18: 100871. 
[25] Russell M, Davies C, Wild K, Shaw C. Pedalling towards equity: Exploring women's cycling in a 
New Zealand city. Journal of Transport Geography. 2021; 91: 102987. 
[26] Osborne N, Grant-Smith D. Constructing the cycling citizen: A critical analysis of policy 
imagery in Brisbane, Australia. Journal of transport geography. 2017; 64: 44-53. 
[27] Aldred R, Croft J, Goodman A. Impacts of an active travel intervention with a cycling focus in 
a suburban context: One-year findings from an evaluation of London’s in-progress mini-Hollands 
programme. Transportation Research Part A: Policy and Practice. 2019; 123: 147-69. 
[28] Mölenberg FJ, Panter J, Burdorf A, van Lenthe FJ. A systematic review of the effect of 
infrastructural interventions to promote cycling: strengthening causal inference from observational 
data. International Journal of Behavioral Nutrition and Physical Activity. 2019; 16: 1-31. 
[29] Goodman A, Sahlqvist S, Ogilvie D, Consortium i. New walking and cycling routes and 
increased physical activity: one-and 2-year findings from the UK iConnect Study. Am. J. Public Health. 
2014; 104: e38-e46. 
[30] Winters M, Brauer M, Setton EM, Teschke K. Mapping bikeability: a spatial tool to support 
sustainable travel. Environment and Planning B: Planning and Design. 2013; 40: 865-83. 
[31] Kamel MB, Sayed T, Bigazzi A. A composite zonal index for biking attractiveness and safety. 
Accid. Anal. Prev. 2020; 137: 105439. 
[32] Eady J, Burtt D. Walking and transport in Melbourne suburbs. Melbourne, Australia: Victoria 
Walks, 2019. 
[33] Ferster C, Fischer J, Manaugh K, Nelson T, Winters M. Using OpenStreetMap to inventory 
bicycle infrastructure: A comparison with open data from cities. International Journal of Sustainable 
Transportation. 2020; 14: 64-73. 
[34] Lee K, Sener IN. Strava Metro data for bicycle monitoring: a literature review. Transport 
Reviews. 2021; 41: 27-47. 
[35] Boss D, Nelson T, Winters M, Ferster CJ. Using crowdsourced data to monitor change in 
spatial patterns of bicycle ridership. Journal of Transport & Health. 2018; 9: 226-33. 

 

  



SUPPLEMENTARY MATERIAL 
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Figure 8: Number (A) and proportion (B) of trips made by bike, stratified by month of year and sex.  
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Figure 9: Number of trips by bike per day (A: males; B: females) across LGAs. 
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Figure 10: Proportion of all trips that were made by bike for people aged 18-34 years (A), 35-54 years (B), 55-74 years (C), 
and 75 years and older (D).  



 

Figure 11: Average trip distance by bike. 

 

  



A 

 

B 

 

Figure 12: The proportion of all trips (all modes) that were less than 5 km (A) and less than 9 km (B). 
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Figure 13: Proportion of trips made by bike across trips with a distance of 0-5 km (A) and trips with a distance of 0-9km (B). 

 


