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Summary  

Physical inactivity is one of the major risk factors for obesity, cardio-vascular diseases, some types of 

cancer and type-2 diabetes. Active commuting is receives an increasing attention in studies of physical 

activity. Most commuters need to travel from their homes to their work place or study every weekday.  

Choosing active travel modes (walking or cycling all the way or in combination with public 

transportation) rather than sedentary car-based transportation can provide routine-based physical 

activity to commuters during the week. Understanding how public transportation is associated with 

active commuting is thus important from a public health perspective. There is also an environmental 

benefit if more people choose to be active commuters due to reduced car-based commuting and related 

reduction in air pollution. 

The aims of this thesis were to: 1) examine the association between different objective measures of 

access to public transportation including transit services and self-reported active commuting and 

investigate if the associations are modified by the individual commute distance, age and gender 2) 

construct a multi-modal public transport network and determining individual public transport 

accessibility and to 3)  examine the association between individual public transportation accessibility 

and self-reported active commuting and investigate if the associations are modified by the individual 

commute distance, age and gender.  

The study population comprised a subsample of participants from the Health Survey 2010 conducted 

in the Capital Region of Denmark. The survey was a cross-sectional random sample of Danish adults 

aged 16+ who answered a questionnaire including active commuting per day. The subsample used in 

this study consisted of participants between 16 and 64 years, working or studying, residing on the 

island of Zealand, having a commute distance < 200km and valid answers on active commuting. The 

self-reported data were combined with objective measures of public transportation and the built 

environment based on geographical data from the Geodata Agency and Rejseplanen.dk, and socio-

demographic data from central registers from Statistics Denmark. The statistical analyses were carried 

out using multilevel logistic regression. 

Distance to bus stops was negatively associated with active commuting and meeting recommendations 

of physical activity and density of bus stops, unique bus routes within walking distance and the 

number of different transport modes accessible within walking and cycling distance were positively 

associated with active commuting and meeting recommendations of physical activity. A weighted 

directed graph approach was used to build a multimodal network model integrating public 

transportation time schedules and walk links based on road network distances, thereby overcoming 

some of the simplifications of travel time often found in the literature. Individual public transportation 

accessibility calculated in the multimodal network was positively associated with active commuting 

and meeting recommendations of physical activity. The associations between the public transportation 
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measures and active commuting varied with distance, gender and age suggesting that the travel choice 

of participants with commute distances ≤ 10 km, women and those between 30 and 45 years are more 

influenced by access to public transportation and public transportation accessibility.    

This study suggests that active commuting is influenced by both proximity to public transportation 

stops, the density and diversity of stops and services provided within walking or cycling distance. 

Based on the findings, the implication for future transport and health policy is to improve public 

transit services by increasing directness of routes and accessibility through improved access and 

linkage between services and keep travel costs at a rational level.   



7 
 

Danish Summary 

Fysisk inaktivitet er en høj risikofaktor for fedme, kardiovaskulære sygdomme, nogle kræfttyper og 

type-2 diabetes. Forskere i folkesundhed er i denne sammenhæng blevet opmærksomme på aktiv 

pendling. De fleste, der pendler, skal hver dag transportere sig fra Deres hjem til arbejdspladsen eller 

studiet. Ved at gå eller cykle enten hele vejen eller i kombination med offentlig transport opnås 

vedvarende rutinepræget fysisk aktivitet igennem ugen. En bedre forståelse af, hvad der får folk til at 

være aktive, når de pendler, har derfor stor betydning fra et folkesundhedsperspektiv. Hvis flere 

vælger aktiv pendling fremfor bilen, vil det også have en gavnlig miljømæssig effekt gennem 

reduktion af luftforurening fra biler. 

Formålene med dette studie var at: 1) undersøge sammenhænge mellem forskellige objektive mål for 

adgang til offentlig transport og selvrapporteret aktiv pendling og se, om disse sammenhænge ændrer 

sig med afstand til arbejde, alder og køn, 2) konstruere et multimodalt offentligt transport netværk for 

at beregne individuel tilgængelighed med offentlig transport, 3) undersøge sammenhængen mellem 

tilgængelighed med offentlig transport og aktiv pendling og igen se, om disse sammenhænge ændrer 

sig med afstand til arbejde eller studie, alder og køn. 

Studiet bygger på en delpopulation af deltagerne i Sundhedsprofilen 2010, der blev udført i Region 

Hovedstaden. Sundhedsprofilen er et tværsnitsstudie med deltagere i alderen 16 år og op efter, som 

svarede på et spørgeskema bla. vedrørende daglig aktiv pendling og afstand til arbejde. Delpopulation 

i dette studie bestod af indbyggere fra Region Hovedstaden bosiddende på Sjælland, mellem 16 og 64 

år, i arbejde eller studerende, med en pendlerafstand < 200 km og med valide svar på aktiv pendling. 

Den resulterende delpopulation var på 28.928 respondenter. De selvrapporterede data blev kombineret 

med objektive mål for adgang til offentlig transport og det bebyggede areal baseret på geografiske data 

fra Geodatastyrelsen og Rejseplanen.dk. Desuden blev der trukket individ baseret socio-demografiske 

data fra Danmarks Statistik. De statistiske analyser blev gennemført med brugen af multilevel 

logistiske regressionsmodeller. 

Resultaterne fra denne afhandling viser, at afstand til et busstoppested er negativt sammenhængende 

med det at være aktiv pendler og at leve op til anbefalingerne vedrørende fysisk aktivitet. Tætheden af 

busstoppesteder, antal busruter indenfor gåafstand og antal offentlige transporttyper indenfor gå- eller 

cykelafstand var positivt sammenhængende med at være aktiv pendler og at leve op til anbefalingerne 

vedrørende fysisk aktivitet. En vægtet orienteret grafmodel blev brugt til at bygge et multimodalt 

netværk baseret på Rejseplanen.dk med integrering af rejsetider samt mulige skift i gåafstand. 

Individuel tilgængelighed ved hjælp af offentlig transport blev beregnet ved hjælp af det multimodale 

netværk. Individuel tilgængelighed var positivt sammenhængende med at være aktiv pendler samt at 

leve op til anbefalingerne vedrørende fysisk aktivitet. Pendleres rejsevalg er ifølge dette studie mest 
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influeret af adgang til og tilgængelighed med offentlig transport hvis man har ≤ 10 km til arbejde eller 

studie, er kvinde eller er mellem 30 og 45 år.  

Resultaterne fra dette studie antyder at aktiv pendling er påvirket af nærheden til offentlig transport, 

tætheden, antallet af ruter og adgang til forskellige transporttyper indenfor gå- og cykelafstand. 

Baseret på disse fund bør fremtidig transportplanlægning fra en sundhedsvinkel højne 

tilgængeligheden med offentlig transport gennem bedre adgang og bedre forbindelser samt holde 

rejseudgifterne need, så offentlig transport er konkurrencedygtig med bilen.    
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1. Introduction 

Active commuting (walking or biking for transportation) is receiving an increasing attention in studies 

of physical activity. Most commuters need to travel from their homes to their work place or study 

every weekday.  Choosing active travel modes rather than sedentary car-based transportation can 

provide routine-based physical activity to commuters during the week. The term “active commuting” 

refers to active travel modes such as walking or cycling to and from work or study or using public 

transportation which involves some walking or biking to public transportation stops, transfer walks 

and walking or biking to the end location (1). Cross-sectional studies find that active commuting by 

public transit use is significantly associated with accumulating more physical activity daily than transit 

non-users (2-4) and active commuters are more likely to reach 10 000 steps/day compared to car users 

(5;6). Likewise, Besser et al (7) find that 29% of transit users achieve more than 30 minutes’ walking 

to/from transit per day.  

Physical inactivity is one of the major risk factors for obesity and non-communicable diseases such as 

cardio-vascular diseases, some types of cancer and type-2 diabetes. Globally, an estimated 5.3 million 

deaths per year can be attributed to physical inactivity and 6 – 10 % of all deaths from non-

communicable diseases can be attributed to physical inactivity (8). This is even higher for specific 

diseases, e.g. 30 % for ischemic heart disease (9). In Denmark the estimated population attributable 

risks associated with physical inactivity are 5.8% for coronary heart disease, 7.2 % for type-2 diabetes 

and 9.4 % for premature mortality. Accordingly, physical inactivity constitutes one of the largest 

challenges to public health. Engaging in active commuting has thus the potential to provide substantial 

positive health effects. Furthermore there is an achievable environmental benefit when more people 

choose to be active commuters due to reduced car-based commuting and related reduction in air 

pollution. Air pollution from vehicle emissions alone has been measured to account for 20 premature 

deaths in the Capital Region of Denmark in 2010 (10). Denmark has a high prevalence of active 

commuting. Results from the Danish National Travel Survey 2011 (11) showed that 76 % of all 

commute trips < 5 km were carried out either walking or cycling and accounted for 48 % of all 

commute trips < 10 km. Public transportation trips accounted for 17 % of all commute trips at 

commute distances more than 20 km (11).  

Research has established that the physical environment plays an important role in active commuting 

and associations have been found between active commuting and different objective measures of the 

built environment, walking and biking facilities, street connectivity and proximity of destinations (12-

14). In relation to public transportation and active commuting, a few studies have found that the 

distance to the nearest transit (12;15) is negatively associated with active commuting, and that density 

of stops (16-19) is positively associated with active commuting.  
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Additional relevant measures of the access to public transportation such as service frequency, route 

variation and meaningful destinations (20) have only been investigated in a few studies in relation to 

active commuting (12;21). Only one of these studies finds a positive association between the nearest 

bus stop service frequency and active commuting (12). Meaningful destinations are often used in 

transport planning and urban form studies where it is an integrated part of the term accessibility (22). 

Accessibility by public transit describes how efficient the public transport network is in bringing 

people to their destinations often within a given time frame. Accessibility adds travelling to the access 

measures and thereby integrates how easy it is to commute using the public transit. Research of 

accessibility in relation to active commuting is sparse. One study (23) has investigated transit 

accessibility in relation to active commuting by evaluating if respondents can reach the major city 

centers, and find that transit accessibility is significantly associated with walking energy expenditure.  

Previous studies of association between measures of public transportation and active commuting are 

mainly from the US (15;16;18;23-26) and Australia (19;27;28) whereas only a few studies exist from 

the other continents (12;21;29). It is not known whether these findings can be applied to a Danish 

context having different settings. The urban environment, public transportation system and travel 

behaviour differ between countries so the associations might be different in Denmark. The studies 

focus to a large extent on the distance to nearest public transportation stop or density measures to 

describe access to public transit. Those living in urban areas may have a high number of stops within 

walking distance and other transit stops may offer better services than the nearest stop. Although it is 

acknowledged that transit service characteristics and the accessibility by public transit play an 

important role in commuters’ travel preferences, very few studies have examined such measures in 

association with active commuting. In order to understand better how public transportation influences 

individual active commuting, there is a need for studies that examine a wider range of public 

transportation measures and include transit service characteristics and accessibility. Ultimately, this 

knowledge can help researchers and planners within transportation and public health to target future 

interventions aimed at increasing active commuting. 

1.1 Aims 

Based on the hypothesis that easy access to public transportation and high accessibility by public 

transportation play an important role in active commuting, this thesis aims to: 

1) Examine the association between different objective measures of access to public 

transportation including transit services and self-reported active commuting and investigate if 

the associations are modified by the individual commuting distance, age and gender. (Paper I). 

2) Construct a multi-modal public transport network to calculate individual public transport 

accessibility (paper II). 
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3) Examine the association between individual public transportation accessibility and self-

reported active commuting. Furthermore to examine whether the associations are modified by 

the individual commute distance, age and gender (Paper III) 
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2. Background 

2.1 Physical activity and health  

Physical activity has been defined as any bodily movement produced by skeletal muscles that require 

energy expenditure (30). It is a multidimensional behaviour performed in different domains e.g. leisure 

time physical activity, active transportation (e.g. walking or cycling), occupational (i.e. work) and 

household chores, see Figure 1 (page 19). Engaging in physical activity is important from a health 

perspective for the reason that physical inactivity is a major risk factor for obesity, certain types of 

cancer, type-2 diabetes and cardiovascular disease (8;31-33). Furthermore a physically active lifestyle 

has positive physical and mental health benefits to both children and adults (31). 

A number of evidence-based physical activity recommendations have been published by global and 

national health authorities in recent years (31;33;34). In 2010 WHO launched global recommendations 

on physical activity for health (33). The recommendations for adults aged 18 to 64 years are to engage 

in 150 minutes of moderate-intensity physical activity during the week and increase their moderate-

intensity aerobic physical activity to 300 minutes per week, or engage in 150 minutes of vigorous-

intensity aerobic physical activity per week for additional health benefits. In addition, studies have 

suggested the alternative that adults should walk at least “10,000 steps per day” to maintain optimum 

health (35;36). In Denmark, the recommendations for adults aged 18 – 64 years are to engage in 30 

minutes moderate-to-vigorous intensity physical activity daily in addition to short-term daily activities. 

If the 30 minutes are split up, the activities should last for at least 10 minutes per interval. Furthermore 

it is recommended to engage in high intensity physical activity for at least 20 minutes twice a week to 

maintain fitness level and muscle strength (34).   

A population based survey conducted by the Danish National Institute of Public Health showed an 

increase in moderate-to-vigorous physically active in leisure time from 1987 to 2010 (37). The 

increase applied to all age groups and both genders. This is supported by a study including two cross-

sectional health surveys in the Capital Region of Denmark finding a trend showing an increase in the 

daily amount of moderate-to-vigorous intensity physical activity (excl. active commuting) from 2007 

to 2010 as well as an increase in the proportion of active commuter from 2007 and 2010 (38).  

2.2 Active commuting: A contribution to physical activity  

Although active commuting is only carried out in short periods during the day (figure 1) it has been 

shown to contribute quite markedly to people´s daily total physical activity. Active commuting 

includes walking or cycling all the way to and from work or study or in combination with using public 

transportation. Morabia et al. (39) compared commuting an identical route by public transport and car 
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respectively, and found that public transport commuters expended 622 kcal more (in five days) 

compared to car-based commuters. Lachapelle et al. (2) found that frequent public transit commuters 

accumulated significantly more  moderate-intensity physical activity per day (5 - 10 minutes) 

compared to non-public transport users. Smaller studies in university and workplace settings using 

accelerometer measurements have found an association between active commuting and a higher 

weekly total physical activity level (40;41). In addition, studies with pedometer measurements have 

found that active commuters walk significantly more steps per day than non-active commuters (5;6). 

This is supported by a large cross-sectional study performed by Sahlqvist et al. (3) in the UK, which 

found that those reporting commuting solely by active modes or active commuting in combination 

with public transportation or car were significantly more active than those who used only motorized 

modes of transport. Duration of recreational physical activity was not different in active and non-

active commuters (3). Similarly, Saelens et al. (42) found that transit users had higher daily levels of 

total physical activity but did not differ in non-transit related walking or non-walking physical activity 

whereas Terzano & Morckel (2011) (43) found that active commuters in three universities in USA 

also spent more time on recreational physical activity. Using public transit for all purposes has also 

been associated with significantly more walking per day (8.3 minutes) (4) and 29 % of transit users in 

a cross-sectional study from USA were found to achieve the recommended 30 minutes of walking per 

day (7). 

2.3 Active commuting and health outcomes 

The benefits of active commuting are evident when looking at associated health outcomes. In a Danish 

study, bicycling to work was associated with approximately 28 % decreased risk of all-cause mortality 

(44). A meta-analytic review of prospective cohort studies conducted by Hamer & Chida (45) found a 

significant protective effect (RR = 0.89) of active commuting on cardiovascular outcomes with a 

stronger protective effect for women (RR = 0.87 vs. 0.91 for men). Active commuting by public 

transportation, walking or biking have also been found to be associated with a significantly lower risk 

of being overweight (RR = 0.63 - 0.85) (46), and a significantly lower risk of being overweight (RR = 

0.49) or obese (RR = 0.34) in men cycling to work  (47) or walking or cycling (RR = 0.50) (48), but 

not in women. Furthermore active commuting may have a positive effect on diabetes prevention 

(46;49;50) and has been associated with higher physical and mental wellbeing (51).     

Besides providing health benefits to commuters, active commuting has an environmental benefit 

through reducing car congestion and related air pollution and carbon dioxide emissions (23). 

Understanding determinants of active commuting is thus important in relation to planning 

environmentally sustainable cities and improving public health. 
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2.4 Theories of health behaviour  

Research of travel behaviour (including active commuting) has been conducted within the field of 

transportation, and urban design and planning and has more recently found implications in health 

research. Identification of factors that influence, facilitate and promote active travel is important for 

the success of future interventions.  The complex nature of health behaviour and the large number of 

possible influences have required the use of theoretical behaviour models as a basis for understanding 

and identifying associations and possible causal links.  

Behaviour models focus on individual intention and attitudes and social influences from friends and 

family. The theory of reasoned action and theory of planned behaviour have been extensively used in 

relation to a variety of health topics (52). The theory of planned behaviour has been used in a number 

of intervention studies to change travel behaviour. Reduction of fare prices and more direct routes to 

the city centre from a university campus (53), free tickets in addition to information on bus services 

(54;55) and marketing of the benefits of bus travel and disadvantages of car-based travel (56) were 

shown to increase the use of public transportation. 

Recently, the broader ecological models have gained increasing attention for attempting to describe 

health behaviour. The ecological model is based on nested structures where the individual behaviour is 

influenced by a number of scaled environments. Bronfenbrenner (57) identified five of these socially 

organized levels ( micro-, meso-, exo-, macro-, and the chrono-environment) and suggested that all 

levels need to be taken into account in order to understand human development.  

In recent years, the socio-ecological model approach has been applied to studies of physical activity 

and active living (58;59). Individual physical activity is influenced on multiple levels e.g. the 

intrapersonal level, the physical environment in which the individual lives, the social-cultural 

environment surrounding the individual, and policy factors, see figure 1. Other conceptual 

frameworks, in line with the socio-ecological model, have identified similar important characteristics 

of the physical environment that influence the different domains of physical activity (60-64). The 

physical environment is to some extent modifiable and environmental interventions in combination 

with individual interventions may be more effective than individual based interventions alone (60;65).  

Active commuting is about getting from home to work or study and the choice of transport mode may 

be influenced by the directness of routes (road network), pedestrian paths and sidewalks, cycle paths, 

access to public transportation, transit services and parking facilities. These are features often referred 

to as the ‘built environment’. There are two main methods to assess the built environment features: 

subjective or objective assessment. Subjective methods use self-reported perceptions of the 

surrounding neighbourhood as measures whereas objective methods use geographical (spatial) data to 

create measures that characterize the built environment. This thesis focuses on the objective measures.  
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Figure 1 The socio-ecological model of four domains of active living (based on Sallis, 2006) (58). 

2.5 Objective measures of the physical environment and association to active 

commuting  

Integrating geographical (spatial) data and spatial computation methods handled in a Geographical 

Information System (GIS) have enabled researchers to develop, measure, and represent features of the 

built environment. GIS software comes with a suite of tools to calculate precise distance measures, 

perform spatial joins between point-based data (e.g. transit stops) and area-based data (neighbourhood) 

for density expressions e.g. number of transit stops within walking distance, and to perform network 

analyses to calculate the accessibility to opportunities by any transport mode. 
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A number of studies have investigated the association between different measures of access to public 

transit and active commuting. These studies are presented in Appendix 1. In summary the studies are 

mainly cross-sectional studies from USA (15;16;18;23-26) and Australia (19;27;28). The age range of 

the study populations is between 16 and 70 years. The study population sizes vary from smaller 

studies (< 500) (18;19;21) to large-scale studies (> 5000) (15;23;26). Three studies are targeted 

towards a specific population group; African-American women (15), rural living Japanese women 

(21), and 50-75 year old English speaking adults in the USA (16). A short description of the most 

common objective measures used in the studies to describe the characteristics of public transportation, 

and their association to active commuting is presented in the following sections.  

 Distance measures 2.5.1

Proximity is a widely used measure to describe the access or availability of public transportation, 

parks, cycle paths etc. In GIS, the distance can be derived as simple Euclidean distance, network 

distance, or alternatively as the time spent along a road network. The network distance is usually 

calculated by using Dijkstra’s algorithm (66) for finding the shortest path between the origin and the 

destination. If an area has many cul-de-sacs and a low number of four-street intersections, the 

Euclidean distance between an origin and a destination underestimates the “real” distance when 

walking or biking on the road network. Network distances are better measures of real walking 

distances although movement is restricted to walking on the network. A high proportion of walkable 

(crossable) green areas or street crossings not registered in the network data results in the network 

distances overestimating the “real” walking distances (67). 

The access to public transportation has been measured as the network distance to nearest bus stop from 

home (12;18;19;23;27;29), nearest train station from home (12;18;19;23;27) (Kamada et al. (21) uses 

Euclidian distance to bus and train), or nearest public transportation stop from home (25;27;28). Some 

of the studies categorise the distance into having a bus stop within 400 and 1500m from home (27), 

presence of a transit stop within a 400m circular buffer (28), or living within 450m or between 450 

and 1000m from a transit stop (25). Only some of the studies find significant associations between the 

distance measures and active commuting or use of public transportation. A greater distance to the 

nearest bus stop is found to be associated with less utilitarian walking (15) and an increase in the 

energy expenditure from walking (23). Greater distance to the nearest bus stop and rail station is found 

to be associated with lower odds for walking for transportation ≥ 150 min/week (18), and lower odds 

for using public transportation (12). Residing within 400m from a bus stop and within 400m and 

1500m within a rail station is found to be significantly associated with regular walking for transport 

(27).     
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 Density measures 2.5.2

Density measures are often derived from distance measures and are used to express the number of 

transit stops or other destinations (land use mix such as shops, food stores etc.) within a given 

distance, time, or per area.  It is a measure of opportunities, their concentration, and variety within 

walking distance. The term service area is often used by transit planners in modeling the access 

coverage or area within which people are willing to walk to the public transportation stop. The size of 

the so-called buffer zones used in transport planning around bus stops is typically 400m and 800m 

around train stations (68). To some extent these buffer sizes have been adapted by the studies of 

association between access to public transportation and active commuting to measure a number of 

identified built environment characteristics. The studies count number of bus stops or transit stops 

within 400 m (1/4 mile) (18;19), 500m (29), 800 m (½ mile) (12;18), and census block level (16). As 

alternatives to the count of stops, Hoehner et al. (24) use a 400 m buffer zone to measure the 

percentage of street segments with a bus or other transit stops and Coogan et al. (15) uses an 800 m 

buffer to measure the length of bus routes to express access to busses. The density of bus or transit 

stops has been shown to be positively associated with walking for transport (16;18;29) and meeting 

recommendations on physical activity (16;18). 

 Public transport service characteristics  2.5.3

To a large extent the studies listed in Appendix 1 only use the location based measures listed above to 

describe the attractiveness of public transport as commuter mode. Stone and Mees (2010) (20) 

comment that attractive service frequencies and operating hours for multiple destinations are important 

features of public transportation. Data on public transportation services need to be integrated with the 

public transport stops to compute these kinds of measures. Lack of data is perhaps the reason why 

these measures are not researched to a broader extent. A few studies have measured the service 

frequency at nearest stop (12;21;26) and number of routes within 800 m network distance from 

home/work (12). Kamada et al. (21) define a bus convenience index based on distance to nearest bus 

stop and service frequency. Findings show that lower bus frequency is associated with lower odds of 

public transport use in the UK study (12). However, more studies that include public transportation 

service characteristics are warranted.      

 Connectivity 2.5.4

Street connectivity is widely used in studies of active commuting and relates to directness and 

availability of alternative travel routes through the street network (69). In a public transportation 

context it measures how easy it is to reach a public transport stop. The measures are often density 

based using the same buffer distances as the density measures. Grid-based networks have high 

connectivity and shorten the travel distance between an origin and a destination, whereas many dead-

ends in the network restrict direct travelling. A number of connectivity expressions are used in the 
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literature in relation to active travel both from transport planning and public health. Transport 

geography uses a number of different link-node ratio indexes to describe connectivity (α, β, γ, etc.) 

(70;71). Other widely used expressions are the block size (15;72), block length (28;73), street density 

(12;23;29), number or proportion of three and four-way intersections (12;14-16;26;29;73;74) and the 

ratio between route length and Euclidian distance (13). Connectivity is often used as a confounder in 

the association between the built environment and active commuting. It has been found to be 

positively associated with public transport use (12) and for choosing bike over car for transportation 

(14). 

 Land use mix and walkability 2.5.5

Land use mix is a parameter describing the urban form and the distribution of different land use 

opportunities such as residential, retail, entertainment, office, and institutional (75). It is measured 

extensively in studies of physical activity and the environment as a proxy for how attractive the 

neighbourhood facilities are for a number of activities. Only two of the studies in Appendix 1 have not 

included some kind of land use measure in addition to the public transportation measures (19;25). 

Walkability is an index describing how walkable or conducive for walking an area is. It is a 

composite of a number of components such as net residential area, retail area, connectivity and land 

use mix (75). Whereas walkability is widely used in studies of leisure time physical activity, a few 

studies only include walkability in association with active transportation (28;76-79). They find that 

higher walkability is associated with more walking (28;76-79) and cycling for transportation (76-79).  

2.6 Individual socio-demographic confounders  

Health and travel behaviour research recognise that individual factors such as demography, health, 

attitudes, economic status and social relations affect the associations between the built environment 

and physical activity. Individual socio-demographic factors frequently included in Appendix 1 are age, 

gender, ethnicity, education, income, employment, car ownership, marital status, and children in the 

household. General health measures included are BMI, general health state, limiting illness, and 

chronic diseases. Age, gender, income, car ownership and employment have been found to affect 

travel mode choice (80). Other studies have found that there is a higher prevalence of using public 

transportation in younger age groups (46;81).   The associations between SES (socio-economic status) 

indicators with walking or cycling for transport are not clear. Some studies show a negative 

association between high SES and walking for transport (77;82). Cerin et al. (83) found that individual 

level household income was negatively related to weekly minutes of transport. Sallis et al. (84) did not 

find any association between income and walking for transport. Different measures of SES may lead 

to differences in findings.    
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2.7 Area-based Socio-demographic confounders 

The social environment (contextual factors) such as neighbourhood socio-demographic and cultural 

factors may influence the individual choice of health behaviour. Population density is often used as a 

proxy for the opportunity for social interaction whereas area level SES (income) is used to describe the 

social norms, social- and economic capital and culture in the area the individual lives in. Lower area 

SES has been found to be associated with higher levels of walking for transport (77;82;85). Van lenthe 

et al. (86) found that lower SES areas were associated with higher likelihood of not walking or cycling 

for transport. However, Lachapelle et al. (2) found no association between area level income and 

public transport use.  

2.8 Accessibility  

Although access is an important part of choosing public transportation for commuting, it does not 

describe how effective the transport network is for transporting the individual to destinations i.e. the 

transport part of commuting. Theories on travel behaviour have long been of interest to transport and 

urban planners. Their focus has been on studying how transport networks (car-based and public 

transportation) support reaching destinations or opportunities such as jobs and how it influences travel 

mode choice (87-93). The term accessibility (used widely) has been defined as the potential of 

opportunities for interaction (94) or the ease with which people can reach their destinations or activity 

sites (22). It is determined by the spatial distribution of destinations, the ease of reaching each 

destination, and the magnitude, quality and character of the activities found there (95).  

A substantial amount of accessibility measures has been developed based on different travel behaviour 

theories and the aggregation level of data. Accessibility measures are often based on a number of 

components; land use (jobs, shops, transit), transportation (transport system), temporal (peak or off-

peak time), and the individual (needs, demography, social status) (96). Four groups of accessibility 

measures have been defined and used widely in the literature and are worth mentioning in the context 

of active commuting (95;97;98). 

The first group of measures is the “cumulative opportunities measures”, which count the number of 

opportunities reachable within a given travel time or distance or general cost. Potential destinations or 

opportunities are usually weighted equally. The measure is often referred to as contour or the iso-

chronic measure and is widely used in planning. It is a simple measure to compute, but it is sensitive 

to the cut-off travel time or distance.  Density of transit stops within walking distance is a simple 

example of a cumulative opportunity measure.  

The second group is “gravity based measures” that are based on the denominator of the gravity 

model for trip generation. This potential model was first derived by Hansen (1959) and incorporates 
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weights on the opportunities or destinations often as a function of travel time or quantity as a proxy for 

their attraction. Travel time impedance is often used in a negative exponential function such that the 

larger the distance to an opportunity, the lower the impact on the accessibility measure.  

The third group of measures is based on “random utility theory” and consists of the denominator of 

the multinomial logit model (95). Every location is given a utility value and the likelihood of choosing 

an opportunity depends on the utility of that choice compared to the utility of all choices. The discrete 

choice theory seeks to explain the relation between urban form and travel behaviour (99). The 

individual makes a choice regarding travel mode, based on the utility of that choice of mode relative to 

the other modes. Utility could be travel cost, travel time or convenience. Pirie (100) denotes that the 

strength of utility-based measures is that they enable measuring accessibility at the individual level 

based on individual preferences and in this way capture the differences in preference.    

The fourth group is “space-time measures”. The space-time theory was first introduced by 

Hägerstrand (101). The travel in space and choice of activity depends on the individual’s mobility and 

constraint by time. The integration of time is a strength since many activities and thereby accessibility 

are time dependent. A simple look at a public transportation time schedule reveals that transport 

services vary markedly from peak to off-peak hours which have an immediate effect on accessibility.   

 Public transportation accessibility – integration of individual travel time 2.8.1

Many of the older studies on public transportation accessibility calculate travel time between zones or 

neighbourhoods to represent the individuals living in the zones (88-90;93;102). The studies have used 

origin-destination matrices based on shortest path or distance often derived by planning staff  (87). 

Demand for a sustainable solution within traffic and urban planning together with an increased 

availability of more disaggregate data such as parcel-level data, available transit schedules from web 

sites or travel planners, together with high performing GIS software have generated a growing interest 

in creating individual based public transportation accessibility measures using multimodal network 

analyses (103). The individual approach seems logical, since ridership decision is based on the 

individual’s personal criteria such as the cost, distance, access and services provided (98;104;105).  

Moreover, the public transit accessibility measures seek to integrate the temporal differences in 

services during the day (rush-hour, off-peak). This follows the theory of the space-time accessibility 

measures, in which activities are influenced by the individual’s needs and the time of day (101).  

GIS has been used extensively in the literature to measure public transportation accessibility. Authors 

have either developed tools to create isochrones maps of accessibility (106;107), created applications 

integrated with the ArcGIS (ESRI) platform (87;98) or used GIS programs such as ArcGIS 

(92;103;108) or Accession (109) to create accessibility catchment areas. In addition to the GIS based 

approaches, Salonen and Toivonen (92) created three models of accessibility. In the first two models 
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they use ArcGIS to calculate the accessibility like the studies above. In their third “advanced” model, 

they use the API of the local travel planner (Helsinki, Finland) and calculate the accessibility based on 

the official up-to-date public transport schedules. 

The main challenge of calculating individual public transportation accessibility lies in how to handle 

the temporal component. Some studies integrate detailed transit schedule information in their analyses 

(87;92;98;103;108;110) while others rely on average travel speeds assigned to the whole route 

(106;107;111). Standard GIS software does not have capabilities to handle the temporal variation in 

transit services directly, so average travel times based on routes are often (necessarily) applied to the 

links between the stops. Although the access distance is important when using public transportation 

(112), the studies listed above often ignore this or do not report how this is integrated.  Some of the 

studies take into account accessing other stops than just the nearest one since the nearest stop might 

not provide the timeliest connection to a given destination (92;98;107).  

The different parts of the travel with public transportation are calculated in a number of ways. Wait 

time at initial stop is in most studies simplified to one half the headway time (time interval between 

departures) (103;107;109) or a fixed number of minutes (108;111). In other studies, the wait time is 

integrated from the transit schedules (87;92;98). When schedules are not integrated, the standard 

procedure used for calculating in-vehicle travel time is to use the average travelling speed calculated 

from time spent on the whole route divided by the route length (106;107). Transfers between modes 

are often ignored (106) or handled in the same way as wait time (frequency of service) (107;108). 

Using transit schedules enables calculation of transfer time as the elapsed time between arrival and the 

departure of a new service. A study from the Netherlands by De Jonge and Teunter (113) showed that 

integrating walk transfers into the multimodal network reduced total travel time. So this is an 

important feature of travelling. Finally only one study defines the distance individuals can walk from 

the end stop to a location (87).  

In their comparison between using the simplifications of travel time mentioned above or integrating 

time schedules, Salonen & Toivonen found that using half the headway time as a surrogate for transfer 

related wait time, clearly underestimates travellers’ ability to optimize their journey. Especially short 

trips were sensitive to this and they conclude that transfers based on true schedules are much shorter 

than half the headway. Their results also showed that the travel time is much more sensitive to the 

underlying model than travel distance. 
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3. Materials and methods 

3.1 Study Area  

The study area is the Capital Region of Denmark, see Figure 2. The area covers 2,561 km2 (the region 

is 1,973 km2 excluding the island of Bornholm) and the population in the Zealand part is 

approximately 1.6 million (2010) (Statistics Denmark). The main urban areas are the Copenhagen 

metropolitan area (1,181,239 inhabitants) and 7 other smaller cities (20 – 50,000 inhabitants). 

 

Figure 2 Overview of the study area including Bornholm (the Island to the east). Parishes have been 
divided into Copenhagen inner-city area and suburban and city areas having a population density of > 
250 inh./km2 and a rural area with a population density of < 250 inh./km2. 

The urban transport system and the public transport system development in the Region is shaped by 

the strategic urban development plan “The Fingerplan” from 1947 (114). Pressure on the capacity of 

the local public transport network that consisted of busses, trams and railways led to the identification 

of five urban development corridors around existing or planned railway lines. The so-called S-train 

network was developed as an electrified rapid rail transit to Copenhagen’s Central Business District 

(CBD) (115) from the five fingers.  
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3.2 Study population 

The study population consists of participants from a cross-sectional questionnaire survey conducted in 

the Capital Region of Denmark from February to April 2010. The survey was part of the Danish 

National Health Survey 2010 (116). Using computer generated random numbers, random samples of 

residents 16+ of age were drawn from the Danish Civil Registration System (CPR). The sample size 

for each municipality was 2,450 persons. Due to the population size, the sampling size in 

Frederiksberg Municipality was increased to 4,500 persons and Copenhagen Municipality was divided 

into ten units each treated as a municipality in the sampling process, see Figure 3.  

 

Figure 3 Overview of the municipalities in the Capital Region of Denmark and the division of 
Copenhagen municipality into 10 city units 

The total sample included 95,150 individuals from the 29 municipalities. Individuals were invited to 

participate in the survey by mail and were asked to fill in a questionnaire, paper version or online. The 

response rate was 52.3% (N=49,806). The survey was reported to and approved by the Danish Data 

Protection Agency. Approval from the regional Committee on Health Research Ethics was not 

necessary as no human biological material was included in the data collection.  
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Respondents from the island of Bornholm were excluded due to the isolation of the island from the 

metropolitan area public transport network. The study population selected for this study was restricted 

to 16 to 64-year-old respondents living on the island of Zealand, either under education or working, 

having a commute distance of more than 0 km but less than 200 km and reporting valid data on the 

outcome variable. Figure 4 shows the different exclusion criteria and the resulting sample size.  

 

Figure 4 Flow diagram of the exclusion criteria used to select the study population. 

The population used in articles I and III is 28,928 individuals. The population size in paper II is 

29,447. People working below 200 hours per year were excluded before running the analyses in paper 

I and III. The respondents’ home addresses were geo-coded using address-matching to the official 

address register from the Danish Geodata Agency. The geocoding enabled the linkage to other 

geographical data and geographical analyses based on individuals.    

3.3 Data Sources 

The study uses a number of databases linking the survey respondents to the Danish nation-wide 

registers and spatial databases. The data sources and preparation for use in the papers are outlined 

below. 

Respondents (52.3 %)                            

N = 49,806 

Invited participants                               
N = 95,150 

Bornholm excluded                               
N = 48,361 

Respondents < 65 years                         
N = 37,448 

Working or studying                             
N = 31,333 

Distance to work < 200 km                   

N = 29,293 

Valid answers on active commuting                                   

N = 28,928 
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 Central registers 3.3.1

Data from the national central registers were obtained from Statistics Denmark. A short description of 

the registers they origin from is given below. 

All of the respondents have a unique Danish civil registration number (CPR) which is registered in 

The Danish Civil Registration System (CRS) (117). The CPR number consists of 6 digits indicating 

date of birth, followed by 4 digits indicating the gender of the individual. This administrative register 

was established in 1968 and includes information on place of birth, vital and civil status, parental 

links, spouse and place of residence (address). The CPR number can be used as a unique identifier to 

link to other registers. Age, gender and population density were drawn from CRS and used in papers I 

and III.  

Education level, used in paper I and III, was drawn from the Danish Population Education Register 

(PER). It contains information on individuals’ highest completed education for 96.4% of the Danish 

population aged 15-69 (2008) (118).  

Median income, used in paper I and III, was drawn from the Danish Income Statistics Register that 

contains a large amount of information such as income, wages, taxes, pension, fortune and 

socioeconomic status along with a number of demographic variables (119).  

Employment used to select the employed part of the study population was drawn from the Register-

based labour force statistics that contains information on the Danish population’s affiliation to the 

labour market (120).        

 www.Rejseplanen.dk 3.3.2

Rejseplanen.dk is a travel planner and the official search engine for all public transportation in 

Denmark. The database contains information on transport mode, operators, geographical location of 

transit stops, routes, time of operation, time schedules etc. The data were received in a number of text-

files in HAFAS raw data file format covering all public transportation modes in Denmark. The 

services and their time schedules covered the period of the questionnaire from February to April 2010. 

The text-files were stored as separate tables in a MS SQL SERVER 2008 R2 database, © 2014 

Microsoft.  Based on documentation received from Rejseplanen.dk, the different tables were joined by 

unique identifiers to create a master table. The table contains information on service operators, 

transport modes, operating days, routes, time schedules, and geographic location of each transit stop in 

Denmark. The master table was used to build the multimodal network in paper II and to create 

measures of public transportation in paper I and III.  
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 Kort10 3.3.3

Kort10 from the Danish Geodata Agency is a topographic base map collection in vector format. The 

data collection is object based and the thematic layers are divided into 9 classes; administrative 

boundaries, buildings, built-up area, addresses, traffic (road network), technical themes (sport 

facilities, graveyards), nature themes (forest, wetland), hydrology (lakes, rivers), and topography 

(contour lines). The data were stored in a ArcGIS 10.1 file-geodatabase (Redlands, CA: 

Environmental Systems Research Institute). The road network was used to create proximity and 

density measures to transit stops in paper I as well as access and transfer walk links in paper II.  

3.4 Building the multimodal public transportation network  

The proposed multimodal network model in this study (Paper II) is conceptually a weighted directed 

graph having time between stops (in-vehicle, access/egress time, wait time and transfer time) as the 

weight and only allowing one-way traffic (121). The two-dimensional design was controlled by 

topology rules based on time. Time is thus controlling which vehicles can be entered and which 

interchanges or transfers that can be conducted at a given time.  The Information from Rejseplanen.dk 

has been integrated into the model so that all travel time components are in accordance with the 

schedules. In addition to the public transportation schedules, the distance to public transportation stops 

from individual home addresses (see section 3.7.1) as well as distances for walk transfers between 

stops/stations, were calculated using the road network theme from The Danish Geodata Agency and 

the origin - destination matrix tool in the Network Analyst Application in ArcGIS 10.1.  The walk 

links were subsequently integrated into the data from rejseplanen.dk to form the multimodal network. 

The different components of travel time and their implementation into the network are shown in 

Figure 5. 
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Figure 5 The different travel parts that need to be integrated into the multimodal public transportation 
network to calculate individual accessibility area. 

To overcome the challenges of integrating all temporal components of travel time without using 

simplifications, the original stop was split into a number of stops equal to the number of routes 

arriving at a given stop, see Figure 6. Each route arriving was given a unique ID (integer) that was 

used to offset the original coordinates of the public transportation stops by multiplying the original 

coordinates (x or y) by the unique ID times 3 meters. In Figure 6 the original coordinates have been 

offset along the y-axis into 3 new stops that equal the different routes arriving at that stop. The in-

vehicle time is equal to the scheduled time for the specific route and not a mean value based on all 

routes or average speed. The design also has the immediate benefit that interchanges between routes 

can now be conducted according to the time schedule by establishing line segments between the new 

established stops.  To reduce the number of possible interchanges, the interchange time (time between 

arrival and departure) was restricted to a maximum of 20 minutes. In the top example in Figure 6 all 

Wait for a service at initial stop                              
Integrating access time with time schedule. Search for all 
departures reachable within access + wait time ≤ 20 minutes. 
Departures no later than 07:35 

07:15 Walk or bike to a stop                                                 
Active transport time to all transit stops within 1 km walking and 
3 km cycling.  

In-vehicle time                                                                            
Link weight equal to arrival time minus depart time at previous 
stop on the specific route 

Interchange time                                                                     
Search for all possible interchanges when arriving at a stop. 
Interchanges are restricted to departures within 20 minutes after 
arriving with a vehicle. 

Transfer time and transfer wait time                                    
Search for all possible transfers within 1 km walking distance. 
Transfers to other stops are restricted to services departing within 
20 minutes upon arrival. 

Egress time                                                                            
Travel time left for walking within a given threshold (30, 45 or 
60 minutes) and a maximum egress walking of 12 minutes when 
arriving at a stop.  
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possible interchanges are shown. Restricting the interchange time only allows 1 interchange to be 

conducted. The arrival at 07:21 allows for an interchange to the route leaving at 07:35 and the link 

wait is thus 14 minutes. No other interchanges are possible. 

 

Figure 6 Split of original stop location into a number of stops equal to routes arriving or departing the 
stop. Possible interchanges were established according to the time table (lower part) 

Transfers from one stop to another were conducted along the walk links established by the origin – 

destination matrices. The walk links combines two of the established unique route stops if the arrival 

at a stop was linked to a departure at another stop within walking distance. Only transfers of a 

maximum of 1 km walking distance and transfer time (time between arrival and departure) of a 

maximum 20 minutes were allowed. Figure 7 shows how transfers were made possible between a bus 

stop and a train station by using the established walk links. Walk links had been established between 

all transport modes as well as between stops with the same transport mode that are not connected by 

any route. In Figure 7, the walk between the two stops takes 6 minutes according to the distance 

calculated in GIS and a walking speed of 5 km/h, as illustrated by the orange arrow. In the multimodal 

network the link weight equals both the walk time and the wait time at the new stop to the departure 

according to the time schedule. When arriving at 07:14 at the train station, the weight of the walk link 

will therefore be 8 minutes where 6 minutes are passed walking to the bus station and 2 minutes is the 

wait time to the bus departure.   
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Figure 7 An illustration of unique routes arriving at their unique locations at a bus stop and a train 
station (blue arrows), interchanges (grey arrows), walk transfers between to stops (orange arrows) and 
departures (green arrows) 

The access to the public transportation network was conducted along walk links from the home 

address to all stops reachable within 1 km walking or 3 km cycling distance. The access walk links 

were created in the same way as transfer walk links. The link weight equals the time it takes to walk 

from the home address down to a stop and the time it takes to wait for a service to depart at that stop. 

The maximum combined access and wait time was set to 20 minutes. The start time of the trip is 07:15 

which equal the morning rush hour.  The egress time was not built into the multimodal network but it 

results from travelling in the network. Egress time is time left within a certain time threshold (max. 12 

min) to walk away from a stop. It is converted into areas calculated as walking in all directions 

(service areas) on the road network from the Danish Geodata Agency (see section 3.6.5). 

3.5 Active commuting - outcome 

The primary outcome variable investigated in papers I and III was being an active commuter (yes/no) 

and meeting recommended daily levels of 30 minutes’ moderate-to-vigorous intensity physical activity 

only by active commuting (yes/no). Active commuting was self-reported by replying the question: 

“How many hours and minutes do you use on walking or cycling to and from work or education 

daily”. The response was dichotomised into being an active commuter with a cut point of 4 minutes 
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and 30 minutes’ active commuting for meeting recommendations of physical activity in both papers I 

and III.  

3.6 Objective measures of public transportation   

The objective distance and density measures were calculated as the network distance from the 

geocoded home addresses (origins) of each respondent to the public transportation stops (destinations). 

The Origin – Destination matrices tool in the Network Analyst application in ArcGIS 10.1 allows 

calculation of the “walking” routes for a large number of respondents in the same process. The road 

network theme from The Danish Geodata Agency was used as network dataset. The impedance in the 

network was distance in meters along the road network.  

 Distance to nearest transit stop 3.6.1

For each respondent, the distance to the nearest bus stop, train station, S-train station and metro station 

was measured. The distances were used both as continuous and as categorised variables in paper I. The 

categorisation was conducted to reflect distances that people are willing to walk or bike to a public 

transportation stop. The categorisation of distance to the nearest bus stop reflects the distances often 

used in the literature (400 & 800 metres). As 76.6% of the respondents residing within 400m of a bus 

stop, it was decided to categorise respondents into living right next to a bus stop (0 – 200m), residing 

within immediate walking distance from a bus stop (201 – 400m) and residing within a long distance 

to a bus stop (400 - 800 m) and having a long walking distance to a bus stop (> 800 m).   

The metro is only present in Copenhagen city centre and the s-train and train have local coverage 

hence the distances to these stops are much larger than to bus stops. The categorisation for these three 

transport modes was chosen to reflect residing in close or far walking distance (0–500m and 501–1000 

m), in cycling distance (1001–3000 m) and far from a station (> 3000 m).  

 Density of bus stops 3.6.2

The density of bus stops was counted as number of bus stops within 1 km network distance of each of 

the respondents’ home address. The 1 km network distance is inspired by The National Travel Survey 

conducted in 2006 – 2007 (122). In that survey, the mean walking distance for any trip purpose in the 

Capital Region of Denmark was found to be 1 km and cycling distance for any trip purpose was 3 km. 

In paper I the density of stops was categorised into 4 classes based partly on the distribution of 

density, the stops for each respondent and having an equal number of possible stops in the categories. 

The categories are 0-5, 6-10, 11-15 and >15 stops. .  
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 Access to different transport modes  3.6.3

The presence of different transport modes within walking or cycling distance was used in paper I as an 

alternative density measure expressing the ability to access more destinations. The transport mode 

index (TMI) is a count of transport modes (bus, train, S-train, metro) reachable within 1 km walking or 

3 km cycling (network distance) from the respondents home addresses. The index with values from 0 

to 4 was defined as:  

TMIwalk/cycle = Bus(0,1) + Metro(0,1) + S-Train(0,1) + Train(0,1)  

 Bus service characteristics 3.6.4

The service characteristics were extracted on a Tuesday during morning rush hour (07:00 – 08:00) in a 

normal week (week no. 9). From this time window, service characteristics were extracted for each 

identified nearest stop and all stops within walking distance (1 km).  

The number of uniquely active bus routes at nearest bus stop was counted. The bus stop is thereby 

evaluated by how many different services are available during rush hour. In paper I the measure is 

categorised into three categories of having ≤ 1, 2, and ≥ 2 routes. Furthermore the number of uniquely 

active bus routes accessible within walking distance (1 km) was counted. This measure was created to 

get a better description of the services available in the neighbourhood as an alternative to the 

traditional density of stops measure. Four stops within walking distance may only be served by the 

same bus route in one area. In other areas four stops may be served by five different routes hence the 

necessity to evaluate this measure. The route density was categorised into four categories; 0-2, 3-4, 5-

6, and > 6 routes.   

Bus service frequency was counted as the number of departures in any direction at a given bus stop 

between 07:00 and 08:00 in the morning. Two measures were created; service frequency at the nearest 

bus stop (no distance limit) and service frequency at the “best” stop within walking distance (1 km). 

The best stop was set equal to the stop with the highest service frequency. If two stops within 1 km 

had the same service frequency, the one nearest to the respondents’ home address was selected as the 

“best” stop. The service frequency measure at the nearest stop was subsequently categorised into 4 

classes describing a bus departing between 0 and 2 times within the given hour, a departure every 10 

to 20 minutes, a departure every 4 to 9 minutes, and at least a departure every 4 minutes. The service 

frequency at the “best” stop was also categorised into four categories describing having a departure of 

up to every 6 minutes, having a departure every 3 to 6 minutes, having a departure every 3 to 1½ 

minutes, and having a departure at least every 1½ minute.  
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A bus convenience measure was created combining the distance to and service frequency at the 

nearest stop and the distance to and service frequency at the “best” connected stop. The created 4 by 4 

matrix is shown in table 1.  

Table 1 Bus convenience matrix based on distance to a bus stop combined with the bus departure 
frequencies to form an expression of how convenient the bus services are for an individual. 

  Bus frequency 

Distance to bus stop  High Medium-high  Medium-low  Low 

Close  4 4 3 2 

Medium Close 4 4 3 2 

Medium Far  3 3 1 1 

Far 2 2 1 1 

 

 Public transportation accessibility 3.6.5

Individual accessibility determined in paper II and analysed in paper III was defined as the area an 

individual is able to cover using active transport modes e.g. walking and cycling in combination with 

public transportation (bus, train, S-train, and metro). The accessibility was calculated during rush hour 

on a Monday morning between 07:15 and 08:15. The accessibility area was defined as the area that 

can be covered within 30, 45 and 60 minutes’ travel time starting from the home address using active 

modes (walking and cycling) of transportation in combination with public transportation. The 

individuals’ work address was not known, so accessibility was used to express the potential for 

reaching other destinations by covering an area directly linked to the public transportation network. 

This is seen as a proxy for how attractive the public transportation network is for the commuters. 

Three measures of individual accessibility by public transportation were defined; the accessibility area 

using services at nearest stop (distance), all stops within 1 km of walking from home address (density 

based) and all stops within 3 km of cycling from home address. All stops within cycling distance were 

chosen in addition to walking to describe accessibility in the rather large rural part of the study area. 

The access area was calculated as: 

 AAo = Aac + Aegr  (1) 

AAo is accessibility area for a given origin o, Aac is the initial access area resulting from network 

distances of 1 km walking or 3 km cycling in all directions from home address. For the nearest transit 

stop measure, AAo equals a 1 km egress area at the first stop (in which it is located). Aegr is the sum 

of areas resulting from walking from all reachable stops (destinations in the multimodal network) in 

all directions with a distance that equals the time left when arriving at the destination.  
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The egress time was restricted to a maximum of 12 minutes (1 km walking) or by the three defined 

travel time thresholds used to express local and regional accessibility: 30, 45 and 60 minutes. It is not 

allowed to exit the vehicle between stops so the individual access area is the sum of the areas that can 

be covered walking from reachable destinations (egress). If total travel time at a stop is 24 minutes, the 

egress area equals walking 6 minutes in all directions from that particular stop when using the 30 

minutes’ travel time threshold.   

The modelling was conducted in three steps (paper II). The first step was to calculate travel time from 

origin to destinations in all directions. The travel time to destinations was calculated by using origin – 

destination matrices. Accessing the public transit network at all stops within 1 or 3 km network 

distance creates multiple route solutions and thereby multiple travel time for the same destination. In 

order to calculate the highest potential accessibility area, the shortest travel time was found for each 

station using simple SQL querying.  

The second step was to calculate the egress areas that make up the accessibility area. The egress areas 

were calculated as service areas based on the road network. In the third step, the individual egress 

areas were dissolved at individual level (unique ID) to create the individual accessibility area. Three 

accessibility measures were determined per individual in the study population (nearest stop, all stops 

within walking, and all stops within cycling distance stops) and further divided into the time 

thresholds of 30, 45 and 60 minutes. Only 30 and 60 minutes accessibility areas were used in paper III, 

where they were divided into quartiles to investigate the association with active commuting.  

3.7 Individual level characteristics (confounders) 

Individual socio-demographic characteristics were included as confounder in the analyses in papers I 

and III. The characteristics comprised age, gender, and educational level. Educational level was 

defined by four classes based on the highest completed education; primary or secondary school, 

vocational education, academy or bachelor degree, and master’s or PhD degree. Educational level was 

used to describe the individual socio-economic position.  

3.8 The neighbourhood socioeconomic environment (confounder) 

Based on the assumption that individual health behaviour is affected by the area in which the 

individual lives, the median income level at parish level was included as a confounder in paper I and 

III. There are 223 parishes on the Zealand part in the region. The median income level was calculated 

from individual income level of all inhabitants in the study area grouped by parish code (4 digits) and 

was included as a continuous variable. The median income level ranged from 144,922 to 446,287 

Danish kroner and the geographical distribution based on parishes is shown in Figure 8.  
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Figure 8 Population median income calculated from register-based population aged 16+ by parishes. 

3.9 The neighbourhood population density 

In papers I and III the neighbourhood population density based on parishes was included as a 

confounder. Population density is a proxy for urbanity. As described in section 3.1 the Capital Region 

of Denmark consists of rural, suburban, and urban areas. By including population density as a 

confounder, it is possible to account for the differences in access to public transit and other 

opportunities and also different norms and lifestyles. The population density is expressed in the 

number of inhabitants per km2 and is included as a continuous variable. The population density ranged 

between 35.7 and 33,703.8 inhabitants per km2 and the geographical distribution is shown in Figure 9. 
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Figure 9 Population density calculated by summing the total register-based population living in each 
parish in the Capital Region of Denmark. 

3.10 The neighbourhood street connectivity  

The neighbourhood street connectivity was included in papers I and III as a confounder. Connectivity 

accounts for differences in how easy it is to move around on roads and walking paths in the various 

neighbourhoods in the region. Some of the urban areas have a clear gridded and highly accessible 

infrastructure whereas some of the rural areas only have few possible routes when walking from A to 

B. In this study, street connectivity was defined by the gamma index (74) calculated at parish level:  

� �
�

�����	
	,	 n equals intersections 

The values range between 0 and 1, having 1 representing the maximum number of links present. A 

value of 0.60 can be expressed as a network that is 60 % connected. The gamma index in this study 

ranged between 0.37 and 0.71. The values were grouped in quintiles. The geographical distribution of 

the gamma index quintiles is shown in Figure 10. 
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Figure 10 The street connectivity gamma index expressed as quintiles based on parishes. 

3.11 Statistical analyses 

The statistical analyses in Papers I and III were based on the same setup. In order to examine whether 

access to and accessibility of public transportation were associated with individual active commuting 

and assuming that the social and physical environment of the neighbourhood influence individual 

health behaviour, we used multilevel regression models (123-128). Data were fitted to the multilevel 

framework by organizing the data in a hierarchical structure having individuals at level 1 and 

neighbourhoods (parishes) at level 2. This approach follows the socio-ecological perspective on health 

assuming that respondents living in the same neighbourhood are more alike than those from different 

neighbourhoods. 

  Paper I analyses 3.11.1

The association between access to public transportation and 1) being active, and 2) meeting 

recommended levels of physical activity by active commuting, was analysed using multilevel logistic 

regression by the GLIMMIX procedure in SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina). 

A two level model was fitted with individuals (level 1, n= 28,928) nested within parishes (level 2, n = 

223). A conceptual diagram of the model is shown in Figure 11. 
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Figure 11 A conceptual diagram of the statistical approach in paper I. The grey coloured individual 
confounders are not included in all models, see section 3.11.1. 

Prior to running the multilevel analysis a pair-wise correlation matrix was constructed to identify 

variables that were highly correlated. Highly correlated values were defined as having a Pearson’s 

correlation coefficient of > 0.55 (12;129). The results were used to evaluate the risk of 

multicollinearity in the models.  

Two “empty” models were estimated to detect if there was a contextual dimension to 1) being an 

active commuter and to 2) meeting daily recommended levels of physical activity by active 

commuting. The contextual dimension was estimated by calculating the Intra Class Coefficient (ICC) 

(128). ICC ranges between 0 and 100 % and represents the proportion of the unexplained variance of 

the dependent variable (level 1) that can be explained by the neighbourhoods (level 2). A 3-step 

modeling strategy was used and ICC was calculated for each model. First the primary explanatory 

variable was included (unadjusted model). In this paper 15 explanatory variables were used leading to 

15 model runs.  

Secondly the individual level covariates were included to examine whether the between-parish 

variance was attributable to a compositional effect. Individual age, gender and education were 

included in all 15 models. In addition to the individual socio-demographic variables, bus frequency 

and number of routes at nearest bus stop were included in the models with the explanatory variables 
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distance to nearest bus, density of bus stops and unique routes within 1 km. The distance to nearest bus 

stop was included in the models with the explanatory variables distance to train, metro and S-train. 

The distance to nearest bus stop and bus frequency at nearest stop was included in the model with the 

explanatory variable unique bus routes at nearest stop.  The distance to nearest bus stop and unique 

bus routes at nearest stop were included in the model with the explanatory variable bus frequency at 

the nearest stop.  Unique bus routes at nearest stop were included in the model with the explanatory 

variable bus convenience at nearest stop. The density of stops within 1 km was included in the models 

with explanatory variables bus frequency at “best stop” and bus convenience at “best stop”.      

Thirdly the parish-level covariates (median income, population density, street connectivity) were 

included to explore if the remaining between-parish variance could be explained by contextual factors. 

The results from the analysis were presented as odds ratios (OR) with 95 % confidence intervals (CI), 

which estimate the odds of 1) being an active commuter and 2) meeting daily recommended levels of 

moderate-to-vigorous intensity physical activity. Furthermore to see if the association differed among 

subgroups, it was examined if there was a significant interaction with distance to work expressed by 

living ≤ 5 km, 5 to 10 km, 10 – 20 km and ≥ 20 km from work or study, age and gender. 

  Paper III analyses 3.11.2

The association between public transportation accessibility and 1) being an active commuter, and 2) 

meeting recommended levels of physical activity by active commuting was analysed using multilevel 

logistic regression by the GLIMMIX procedure in SAS version 9.3 (SAS Institute, Inc., Cary, North 

Carolina). A two level model was fitted with individuals (level 1, n= 28,928) nested within parishes 

(level 2, n = 223). A conceptual diagram of the model is shown in Figure 12. 

 

Figure 12 A conceptual diagram of the statistical approach in paper III 
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First the primary variable was included. This paper has 6 explanatory variables leading to 6 model 

runs. Secondly the individual level covariates (age, gender, education) were included to examine 

whether the between-parish variance was attributable to a compositional effect. Thirdly the parish-

level covariates (median income, population density, connectivity) were included to explore if the 

remaining between-parish variance could be explained by contextual factors. The results from the 

analyses were presented as odds ratios (OR) with 95 % confidence intervals, which estimate the odds 

of being an active commuter. Furthermore to see if the association differed among subgroups, it was 

examined if there was a significant interaction with distance to work expressed by four groups that 

represent distances with high but decreasing amount of active commuting with distance 0-5 km, 5-10 

km and 10-20 km and > 20 km. in addtion it was examined if there was a significant interaction with 

age expressed by three subgroups indicating different stages in life; 16-29 years, 30-45 years and 46-

64 years. And lastly it was examined if there was a significant interaction with gender. 
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4. Results  

4.1 Study population characteristics 

The socio-demographic characteristics of the study population are shown in Table 2.  The study 

sample consisted of 56.3% women, the mean age was 41 years (SD= 13.1) and 16.3% had a university 

degree while 26.8 had a vocational education.   

Table 2 The distribution of age, gender, education and commute distance by subgroups of active 
commuters (> 4min/day) (yes/no) and meeting recommendations of physical activity (yes/no). 

  

Total Active commuter                    

(> 4min/day) 

Meeting recommended 

levels of physical activity                

(≥ 30min/day) 

Yes No  Yes No 

  N (%) N (%) N (%) N (%) N (%) 

Total population 28,928 (100) 21,094 (72.9) 7834 (27.1) 14,629 (50.6) 14,299 (49.4) 

Age
a
 40.9 (13.1) 39.7 (13.5) 44.3 (11.2) 39.3 (13.7) 42.6 (12.2) 

      

Age groups (6 missing)       

   16 - 29 years 6538 (22.6) 5724 (87.5) 814 (12.5) 4245 (64.9) 2293 (35.1) 

   30 - 45 years 10,782 (37.3) 7507 (69.6) 3275 (30.4) 5056 (46.9) 5726 (53.1) 

   46 - 64 years 11,604 (40.1) 7860 (67.7) 3744 (32.3) 5327 (45.9) 6277 (54.1) 

      

Gender (6 missing)       

   Male 12,624 (43.6) 8518 (67.5) 4106 (32.5) 5709 (45.2) 6915 (54.8) 

   Female  16,300 (56.3) 12,573 (77.1) 3727 (22.9) 8919 (54.7) 7381 (45.3) 

      

Education (438 missing)       

   Primary or secondary school 8150 (28.2) 6434 (78.9) 1716 (21.1) 4608 (56.5) 3542 (43.5) 

   Vocational education 7742 (26.8) 4920 (63.5) 2822 (36.5) 3273 (42.3) 4469 (57.7) 

   Academy or bachelor degree 7898 (27.3) 5822 (73.7) 2076 (26.3) 3992 (50.5) 3906 (49.5) 

   Master or PhD degree 4723 (16.3) 3593 (76.1) 1130 (23.9) 2501 (53.0) 2222 (47.0) 

      

Commute distance       

   0 - 5 km 9237 (31.9) 7957 (86.1) 1280 (13.9) 5731 (62.0) 3506 (38.0) 

   5 - 10 km 6676 (23.1) 5117 (76.6) 1559 (23.4) 3995 (59.8) 2681 (40.2) 

   10 - 20 km 6516 (22.5) 4265 (65.5) 2251 (34.5) 2730 (41.9) 3786 (58.1) 

   > 20 km 6499 (22.5) 3755 (57.8) 2744 (42.2) 2173 (33.4) 4326 (66.6) 
a Age is expressed by mean and standard deviation 

A total of 72.9% of the respondents reported more than 4 minutes of active commuting per day and 

50.6% reported 30 minutes or more active commuting per day. More respondents between 16 and 29 

years of age were active commuters and met the recommended levels of physical activity compared to 

the older respondents. More women were active commuters than men. Respondents with a vocational 

education had a lower proportion of active commuters and meeting recommendations of physical 

activity than the other education groups. The proportion of active commuters as well as respondents 
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meeting recommended levels of physical activity were highest for those with commute distances ≤ 5 

km and the proportion of active commuters decreased with increasing commute distance.  

The mean distance to work was 14.6 km (SD = 15.9), see Table 3. Active commuters reported shorter 

commute distances (12.7 km) than non-active commuters (19.6 km). Mean individual distance to the 

nearest bus stop was 300 meters, whereas the mean distance to train and S-train varied from 

approximately 4 km to as far as 13.3 km to the nearest metro stop.  Active commuters had on average 

shorter mean distances to nearest train, s-train and metro stop than non-active commuters. 

Table 3 Distance to the different public transportation modes in the population by subgroups of active 
commuters (> 4min/day) (yes/no) and meeting recommendations of physical activity (yes/no). 

  

Total Active commuting                 

(> 4min/day) 

Meeting recommended 

levels of physical activity   

(≥ 30min/day) 

Yes No  Yes No 

   Km Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

   Distance to work or education 14.6 (15.9) 12.7 (14.8) 19.6 (17.6) 11.8 (14.0) 17.1 (17.2) 

   Distance to bus stop  0.3 (0.2) 0.3 (0.2) 0.4 (0.3) 0.3 (0.2) 0.3 (0.3) 

   Distance to train station  4.2 (3.5) 4.0 (3.3) 4.8 (4.0) 3.8 (3.1) 4.6 (3.8) 

   Distance to S-train station  4.1 (5.8) 3.7 (5.4) 5.3 (6.6) 3.3 (5.0) 5.0 (6.4) 

   Distance to metro stop  13.3 (14.2) 11.6 (13.3) 17.9 (15.5) 10.1 (12.4) 16.6 (15.1) 

 

4.2 Access to public transportation and active commuting (paper I) 

 The association between distance to public transportation stops and active commuting 4.2.1

Table 4 shows the association between distance to public transportation and the odds of being an 

active commuter. After adjusting for potential confounders, greater distance to public transportation 

was associated with lower odds of being an active commuter. Residing > 400 meters from a bus stop 

was associated with significantly lower odds of being an active commuter compared to residing within 

400 meters, and residing > 800 meters from a bus stop was associated with significantly lower odds of 

being an active commuter compared to residing within 800 meters. For trains, S-trains and metro there 

was a similar dose-response trend, as greater distance to a station was associated with lower odds of 

being an active commuter. For trains and S-trains, there was only a significant difference in the 

association for those residing > 3 kilometres from a train or S-train station compared to residing within 

500 metres. The ICC in the two empty models showed a noticeable significant between 

neighbourhood variation of 13.6% in being an active commuter and 12.7 % in meeting 

recommendations of physical activity. ICC in the unadjusted models varied from 5.3 to 12.7 % and 

was significantly reduced to between 1.6 and 2.1% in the fully adjusted model.   
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Table 4 Crude and adjusted associations (OR) between objective distance measures to public 
transportation and being an active commuter. Between-neighbourhood variation is expressed by the 
Intra-class correlation coefficient (ICC). 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood       

co-variates 

  OR (CI)  OR (CI)b  OR (CI)c  

Distance to bus stop (km)  0.71 (0.63 - 0.80) 0.70 (0.62 - 0.79) 0.76 (0.67 - 0.85) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 12.6 9.2 2.1 

Distance to bus stop (m) 

   Close (≤ 200) 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.00 (0.94 - 1.07) 1.00 (0.93 - 1.07) 1.02 (0.95 - 1.09) 

   Moderate Far(401 - 800) 0.88 (0.82 - 0.96) 0.89 (0.82 - 0.96) 0.92 (0.85 - 1.00) 

   Far (>800) 0.68 (0.58 - 0.80) 0.68 (0.58 - 0.80) 0.73 (0.62 - 0.86) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 12.8 9.4 2.1 

Distance to train station (km) 0.93 (0.91 - 0.94) 0.94 (0.92 - 0.95) 0.97 (0.96 - 0.98) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 11.3 8.9 2.1 

Distance to train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.92 (0.76 - 1.12) 0.95 (0.78 - 1.17) 0.97 (0.79 - 1.18) 

   Medium Far (1001 - 3000) 0.84 (0.69 - 1.02) 0.87 (0.71 - 1.05) 0.86 (0.71 - 1.03) 

   Far (>3000) 0.65 (0.52 - 0.80) 0.69 (0.56 - 0.85) 0.75 (0.62 - 0.91) 

   P-value
a
 <0.0001 <0.0001 0.0002 

   ICC 12.8 9.9 2.1 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.99 (0.87 - 1.12) 1.03 (0.90 - 1.17) 1.03 (0.90 - 1.17) 

   Medium Far (1001 - 3000) 0.79 (0.70 - 0.90) 0.84 (0.74 - 0.96) 0.89 (0.78 - 1.00) 

   Far (>3000) 0.53 (0.44 - 0.62) 0.55 (0.47 - 0.65) 0.81 (0.69 - 0.94) 

   P-value
a
 <0.0001 <0.0001 0.0002 

   ICC 9.6 7.0 2.0 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.83 (0.66 - 1.04) 0.84 (0.67 - 1.06) 0.86 (0.68 - 1.08) 

   Medium Far (1001 - 3000) 0.66 (0.52 - 0.84) 0.72 (0.56 - 0.91) 0.78 (0.63 - 0.98) 

   Far (>3000) 0.27 (0.21 - 0.35) 0.32 (0.25 - 0.40) 0.56 (0.45 - 0.71) 

   P-value
a
 <0.0001 <0.0001 <.0.0001 

   ICC 5.2 3.9 1.6 
aP-value from type III test of the association. 
bBus distance adjusted for age, gender, education, bus routes and bus frequency. Train, S-train 
and metro adjusted for age, gender, education and distance to bus. 
cAdjusted for population density, median income, street connectivity.  

 

 The association between public transportation density measures and being an active commuter  4.2.2

Table 5 shows the association between the different density measures and the odds of being an active 

commuter. In the unadjusted models both density of bus stops, bus routes within 1 km and the number 

of transport modes within walking or cycling distance were all positively associated with being an 

active commuter. The associations were attenuated when adjusted for individual and contextual 
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confounders, but remained significant. An increase in the density of bus stops, bus routes or access to 

more transport modes was associated with significantly higher odds of being an active commuter. The 

ICC in the unadjusted models ranged from 5.0 to 10.7 and was significantly reduced to 1.7 – 1.9% in 

the fully adjusted models. 

Table 5 Crude and adjusted associations (OR) between objective density measures of public 
transportation and being an active commuter. Between-neighbourhood variation is expressed by the 
Intra-class correlation coefficient (ICC). 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood       

co-variates 

  OR (CI)  OR (CI)b  OR (CI)c  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 

   Medium low (6 - 10) 1.29 (1.20 - 1.39) 1.33 (1.24 - 1.43) 1.25 (1.16 - 1.34) 

   Medium high (11 - 15) 1.56 (1.42 - 1.71) 1.58 (1.44 - 1.74) 1.32 (1.20 - 1.45) 

   High (>15) 2.42 (2.12 - 2.76) 2.43 (2.14 - 2.77) 1.52 (1.32 - 1.75) 

   P-value
a
 <.0.0001 <.0.0001 <.0.0001 

   ICC 6.4 3.9 1.8 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 

   Medium low (3-4) 1.17 (1.08 - 1.26) 1.22 (1.13 - 1.31) 1.14 (1.05 - 1.23) 

   Medium High(5-6) 1.49 (1.34 - 1.65) 1.54 (1.39 - 1.71) 1.27 (1.14 - 1.41) 

   High (>6) 1.75 (1.56 - 1.96) 1.86 (1.66 - 2.08) 1.31 (1.16 - 1.48) 

   P-value
a
 <.0.0001 <.0.0001 <.0.0001 

   ICC 8.1 4.8 1.8 

Transport mode index (TMI) 1 km 

   0d 0.67 (0.53 - 0.83) 0.64 (0.51 - 0.8) 0.67 (0.54 - 0.85) 

   1 1.00 1.00 1.00 

   2 1.29 (1.20 - 1.4) 1.29 (1.20 - 1.4) 1.19 (1.11 - 1.29) 

   3 1.53 (1.30 - 1.79) 1.51 (1.28 - 1.77) 1.35 (1.16 - 1.56) 

   P-value
a
 <.0.0001 <.0.0001 <.0.0001 

   ICC 10.7 8.7 1.9 

Transport mode index (TMI) 3 km 

   1d 1.00 1.00 1.00 

   2 1.35 (1.21 - 1.51) 1.35 (1.21 - 1.51) 1.19 (1.07 - 1.33) 

   3 1.85 (1.61 - 2.12) 1.85 (1.62 - 2.12) 1.42 (1.24 - 1.62) 

   4 4.30 (3.57 - 5.18) 4.00 (3.35 - 4.79) 1.87 (1.53 - 2.28) 

   P-value
a
 <.0.0001 <.0.0001 <.0.0001 

   ICC 4.9 4.0 1.7 
aP-value from type III test of the association. 
bUnique bus routes within 1 km adjusted for density of bus stops, age, gender and education. 
Density of bus stops adjusted for age, gender, education, bus routes at nearest stop and bus 
frequency at nearest stop. TMI 1 and 3 km adjusted for age, gender and education. 
cAdjusted for population density, median income and street connectivity.  
dThe number represents number of transport modes within walking(1 km) and cycling distance 
(3 km).   

 

 The association between bus service measures and being an active commuter 4.2.3

Table 6 shows the association between bus service level and being an active commuter. In the adjusted 

models, the associations between bus routes and frequency at the nearest stop and being an active 

commuter were insignificant. A higher bus service frequency at the “best” stop was associated with 
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significantly higher odds of being an active commuter except for the medium-low frequency. No 

significant association was found between bus convenience at the “best” stop and being an active 

commuter.  

Table 6 Crude and adjusted associations (OR) between objective measures of public transportation 
services and being an active commuter. Between-neighbourhood variation is expressed by the Intra-
class correlation coefficient (ICC). 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-

variates 

Model 3: Model 2 + 

Neighbourhood      

co-variates 

  OR (CI)  OR (CI)b  OR (CI) c  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 

   Medium (2) 1.00 (0.93 - 1.07) 0.96 (0.88 - 1.03) 0.98 (0.91 - 1.05) 

   High (>2) 1.03 (0.95 - 1.12) 0.91 (0.82 - 1.01) 0.97 (0.88 - 1.07) 

   P-value
a
 0.7272 0.2027 0.7919 

   ICC 13.7 9.1 2.0 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.90 (0.83 - 0.98) 0.90 (0.83 - 0.99) 0.92 (0.85 - 1.01) 

   Medium-high (7 - 15) 1.02 (0.93 - 1.12) 1.04 (0.94 - 1.15) 1.00 (0.91 - 1.11) 

   High (> 15) 1.07 (0.96 - 1.18) 1.08 (0.96 - 1.23) 0.96 (0.84 - 1.08) 

   P-value
a
 0.0008 0.0012 0.1148 

   ICC 12.6 9.2 2.1 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 

   Medium low (11 - 20) 1.21 (1.10 - 1.32) 1.13 (1.04 - 1.24) 1.09 (0.99 - 1.19) 

   Medium high (21 - 40) 1.43 (1.30 - 1.57) 1.28 (1.17 - 1.41) 1.15 (1.04 - 1.26) 

   High (> 40) 1.99 (1.77 - 2.24) 1.58 (1.40 - 1.79) 1.26 (1.11 - 1.43) 

   P-value
a
 <.0.0001 <.0.0001 <.0.0001 

   ICC 7.2 2.6 1.6 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.17 (1.06 - 1.29) 1.16 (1.04 - 1.29) 1.12 (1.01 - 1.25) 

   Medium-high (3) 1.07 (0.98 - 1.16) 1.07 (0.98 - 1.17) 1.06 (0.97 - 1.15) 

   High (4) 1.30 (1.19 - 1.43) 1.30 (1.18 - 1.44) 1.19 (1.08 - 1.32) 

   P-value
a
 <.0.0001 <.0.0001 0.0016 

   ICC 11.7 9.6 2.1 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.05 (0.98 - 1.13) 1.04 (0.93 - 1.11) 1.00 (0.93 - 1.08) 

   Medium-high (3) 1.19 (1.10 - 1.29) 1.11 (1.02 - 1.20) 1.06 (0.97 - 1.14) 

   High (4) 1.28 (1.12 - 1.47) 1.15 (1.00 - 1.31) 1.11 (0.97 - 1.26) 

   P-value
a
 <.0.0001 0.0667 0.3100 

   ICC 12.3 3.8 2.0 
aP-value from type III test of the association. 
bBus routes at nearest stop adjusted for distance to nearest bus stop, bus frequency at nearest 
stop, age, gender and education. Bus frequency at nearest bus stop adjusted for distance to 
nearest bus stop, bus routes at nearest stop, age, gender, education. Bus convenience at nearest 
stop adjusted for bus routes at nearest stop, age, gender and education. Bus frequency at “best” 
stop and Bus convenience at “best” stop adjusted for density of bus stops within 1 km, age, 
gender and education.  
cAdjusted for population density, median income and street connectivity.  
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The ICC in the unadjusted models ranged from 7.2 to 13.6 and was significantly reduced to 1.6 – 2.2% 

in the fully adjusted models. 

 Distance to work, age and gender in relation to active commuting 4.2.4

Significant interactions were observed between all public transportation access measures (except 

categorised distance to train) and commute distance (p-values ranged from <0.0001 to 0.0439), see 

appendix 2. For those with commute distances ≤ 10 km the associations showed significantly lower 

odds of being an active commuter with increasing distance to public transportation and significantly 

higher odds of being an active commuter with increasing density of stops, more available routes and 

transport modes. For respondents with commute distances > 10 km the associations became 

insignificant to a large extent. 

For women, distance to public transportation was associated with lower odds of being an active 

commuter and higher density is associated with higher odds of being an active commuter. For men, the 

associations were insignificant to a large extent and with no clear trend. Only transport modes 

accessible within 3 km showed a trend towards increasing number of transport modes being associated 

with significantly higher odds of being an active commuter.  

For the age group between 30 and 45 the associations found in the adjusted models remained. These 

associations remained significant to a large extent but less pronounced in the age group between 46 

and 64. For the age group between 16 and 29, the associations were insignificant to a large extent and 

with no clear or an inverse trend.   

 Association with meeting recommended levels of physical activity by active commuting 4.2.5

The adjusted models showed the same but less pronounced associations between the objective 

measures of public transportation and ≥ 30 minutes of active commuting per day. The distance to 

nearest bus stop and train station was significantly inversely associated with meeting 

recommendations of physical activity by active commuting. A higher density of stops and increasing 

number of transport modes within 3 km cycling was associated with significantly higher odds of ≥ 30 

minutes of active commuting per day. The number of bus routes and transport modes within 1 km 

walking distance showed a positive trend with ≥ 30 minutes of active commuting per day, but having a 

high number of bus routes and at least 3 transport modes were not significantly associated with higher 

odds of meeting recommendations compared to a low number of bus routes and no transport modes 

available. The service measures showed no significant association between services at the nearest stop 

and ≥ 30 minutes of active commuting per day but a positive association was found between service 

frequency at “best” stop and ≥ 30 minutes of active commuting per day.  
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The subgroup analysis showed a strong positive association between all density measures and ≥ 30 

minutes of active commuting per day for those with commute distances of 5 to 10 km. In those having 

≤ 5 km commute distance, there was a positive trend between density measures and ≥ 30 minutes of 

active commuting per day. For commute distances of > 10 km the associations became insignificant. 

The interaction analyses with age and gender showed the same associations as described in section 

4.2.4. 

In addition specific detailed results on interactions and meeting recommendations of physical activity 

are presented in Appendix 2.  

4.3 Building a multimodal network to determine public transportation 

accessibility area (Paper II) 

The multimodal network constituted six major transport modes e.g. bus, train, S-train, metro, ferry and 

walking. All the public transport modes and their time schedules (arrivals and departures) were 

obtained from the travel planner and a multimodal public transportation network with travel time as 

travel cost was built. Walk links between stops were calculated in a GIS, using road network distances 

and integrated in the network. The resulting network model is shown in Figure 13 without walk links. 

The network model handled all travel time components in accordance with the travel planner 

schedules and was easily integrated into a GIS network model. 
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Figure 13 The constructed multimodal network consisting of 5 transport modes. Walk links between 
stops are not included in this Figure. Connections between stops are constructed as straight lines with 
a weight corresponding to scheduled travel time. 

The accessibility area was calculated based on entering the public transportation network at the nearest 

stop, all stops within 1 km walking distance or all stops within 3 km cycling distance and travel times 

thresholds of 30, 45 and 60 minutes. The accessibility areas resulting from entering all stops within 

walking distance when living in Copenhagen inner-city (A) and in the rural area (B) of the Capital 

Region of Denmark are shown in Figure 14. 
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Figure 14 Accessibility areas based on all stops within walking distance from home address (1 km). 
The shown accessibility areas results from travelling 30, 45 and 60 minutes by public transportation 
from home address in a metropolitan (A) and in a rural setting (B) 

The mean individual public transportation accessibility area based on all three access models (nearest 

stop, 1 km walking and 3 km cycling) and the time travel threshold subdivided by Copenhagen inner-

city, suburban and smaller city areas, and rural areas, are shown in Table 7.  

Table 7 Mean (and range) accessibility area sizes based on individual public transportation of 
participants living in Copenhagen inner-city area, suburban and city areas and in the rural area 
(overview of the different zones in Figure 2). 

  Copenhagen inner-city area Suburban and city areas Rural area 

 Travel time Mean km2 (range km2) Mean km2 (range km2) Mean km2 (range km2) 

Nearest stop  

  30 min  64.8 (0 - 209.2) 23.7 (0 - 181.1) 6.5 (0 - 65.3) 

  45 min  250.8 (0 - 500.2) 117.4 (0 - 449.4) 27.0 (0 - 332.6) 

  60 min 424.6 (0 - 695.0) 251.4 (0 - 647.6) 77.3 (0 - 518.3) 

Stops within 1 km walking distance 

  30 min  95.4 (0 - 235.8) 37.4 (0 - 191.7) 8.9 (0 - 68.6) 

  45 min  334.7 (0 - 510.8) 167.6 (0 - 454.7) 36.3 (0 - 332.7) 

  60 min 538.9 (0 - 695.1) 332.2 (0 - 650.8) 99.4 (0 - 518.4) 

Stops within 3 km cycling distance 

  30 min  143.1 (16.7 - 235.9) 73.2 (0 - 192.8) 18.6 (0 - 100.3) 

  45 min  407.6 (122.1 - 510.9) 246.5 (0 - 473.0) 58.0 (0 - 353.5) 

  60 min 607.6 (324.7 – 713.3) 427.4 (0 - 671.0) 139.1 (0 - 522.0) 

 

A B 
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The accessibility areas are smallest in the rural zone and become larger in the suburban zone and in 

Copenhagen inner-city. The 30 minutes´ travel time result is much smaller accessibility areas than 45 

and 60 minutes travelling. 

4.4 Public transportation accessibility and active commuting (paper III) 

The association between accessibility and being an active commuter is shown in Table 8. After 

adjusting for confounders, the accessibility area (30 and 60 minutes) resulting from accessing the 

nearest stop did not show a significant association with being an active commuter. The accessibility 

areas resulting from accessing all stops within walking distance were significantly positively 

associated with being an active commuter. An increase in accessibility area was associated with 

significantly higher odds of being an active commuter. The same dose-response relationship was 

observed in the association between the accessibility area resulting from accessing all stops within 

cycling distance and being an active commuter although there was no difference in odds of being an 

active commuter in the medium-low and the medium-high accessibility groups. The ICC in the 

unadjusted models ranged from 3.7 to 11.5 and was significantly reduced to 1.2 – 1.4 % in the fully 

adjusted models.      
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Table 8 Crude and adjusted associations (OR) between individual public transportation accessibility 
(using the nearest stop, all stops within walking distance or all stops within 3 km cycling distance) and 
being an active commuter. Between-neighbourhood variation is expressed by the Intra-class 
correlation coefficient (ICC). 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood co-

variates 

  OR (CI)  OR (CI)b  OR (CI)c  

Nearest stop 30 minutes Acc. 

   Low 1.00 1.00 1.00 

   Medium low 0.92 (0.85 - 1.00) 0.91 (0.84 - 0.99) 0.93 (0.86 - 1.01) 

   Medium high 1.05 (0.96 - 1.14) 1.07 (0.98 - 1.17) 1.03 (0.94 - 1.12) 

   High 1.21 (1.10 - 1.34) 1.25 (1.13 - 1.38) 1.05 (0.95 - 1.17) 

   P-value
a
 <.0001 <.0001 0.0607 

   ICC 11.6 4.7 1.4 

Nearest stop 60 minutes Acc. 

   Low 1.00 1.00 1.00 

   Medium low 1.00 (0.92 - 1.09) 1.02 (0.94 - 1.11) 1.04 (0.96 - 1.13) 

   Medium high 1.07 (0.98 - 1.17) 1.11 (1.01 - 1.21) 1.03 (0.95 - 1.13) 

   High 1.27 (1.14 - 1.41) 1.34 (1.20 - 1.48) 1.07 (0.96 - 1.19) 

   P-value
a
 0.0002 <.0001 0.6310 

   ICC 11.4 4.6 1.4 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.26 (1.16 - 1.37) 1.27 (1.17 - 1.37) 1.17 (1.08 - 1.27) 

   Medium high 1.70 (1.54 - 1.87) 1.65 (1.50 - 1.81) 1.33 (1.21 - 1.47) 

   High 2.13 (1.90 - 2.39) 2.03 (1.83 - 2.26) 1.37 (1.21 - 1.55) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 6.2 1.8 1.2 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.41 (1.28 - 1.54) 1.32 (1.21 - 1.44) 1.17 (1.07 - 1.28) 

   Medium high 1.90 (1.71 - 2.11) 1.69 (1.53 - 1.86) 1.34 (1.21 - 1.49) 

   High 2.73 (2.41 - 3.10) 2.28 (2.03 - 2.55) 1.44 (1.26 - 1.66) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 4.8 2.1 1.3 

Stops within cycling distance 30 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.62 (1.45 - 1.81) 1.44 (1.29 - 1.60) 1.21 (1.09 - 1.35) 

   Medium high 2.20 (1.95 - 2.49) 1.70 (1.52 - 1.90) 1.20 (1.06 - 1.36) 

   High 3.36 (2.94 - 3.84) 2.44 (2.16 - 2.76) 1.44 (1.24 - 1.67) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 4.2 1.9 1.3 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.61 (1.44 - 1.80) 1.42 (1.28 - 1.58) 1.20 (1.07 - 1.33) 

   Medium high 1.98 (1.76 - 2.23) 1.58 (1.42 - 1.76) 1.19 (1.05 - 1.34) 

   High 3.60 (3.15 - 4.13) 2.56 (2.27 - 2.90) 1.45 (1.24 - 1.71) 

   P-value
a
 <0.0001 <0.0001 <0.0001 

   ICC 3.8 2.0 1.3 
aP-value from type III test of the association. 
bAdjusted for age, gender, education, commute distance. 
cAdjusted for population density, median income and street connectivity 
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 Distance to work, age and gender in relation to active commuting 4.4.1

The interaction between the public transportation accessibility area and categorised commute distance 

was significant for all measures of accessibility (p-values <0.0001). For those living within 10 

kilometers of the work or study place, all accessibility areas showed a trend that a larger accessibility 

area was associated with being an active commuter. For the accessibility areas resulting from 1 km 

walking or 3 km cycling, an increase in accessibility area was associated with significantly higher 

odds of being an active commuter. For commuters having between 10 and 20 km commute distance, 

an increase in the accessibility area (1 km walking and 3 km cycling) was associated with significantly 

higher odds of being an active commuter in the medium-low quartile of accessibility compared to low 

accessibility. Although the other quartiles showed significantly higher odds of being active compared 

to the low accessibility quartile, the odds were not significantly higher than for the medium-low 

quartile. Having more than 20 km commute distance, the associations between accessibility area and 

being an active commuter became insignificant. Having high accessibility based on the nearest stop 

and 3km cycling (60 minutes) resulted in lower odds of being an active commuter compared to having 

low accessibility.      

The subgroup analysis with age showed that for the age category 16 to 29 years, the association 

between accessibility (1 km walking and 3 km cycling) and being an active commuter was 

insignificant. For the respondents in the other two age groups, 30 – 45 and 46 – 64 years, the 

accessibility was positively associated with being an active commuter. The association was strongest 

among the 30 to 45-year-old. 

For women there was a significant positive association between accessibility area based on all stops 

within walking and cycling distance and being an active commuter. Furthermore women having high 

accessibility based on services at the nearest stop (30 and 60 minutes) had significantly higher odds of 

being an active commuter compared to the reference group (low). For men the associations were 

insignificant.   

 Association with meeting recommended levels of physical activity    4.4.2

Positive associations were found between the density accessibility areas and meeting 

recommendations on physical activity although less pronounced compared to the associations with 

being an active commuter, see supplement results in Appendix 3. There was a significant interaction 

between all accessibility areas and distance to work or study. Positive significant associations were 

found between all density measures and meeting recommendations of physical activity for participants 

with commute distance of ≤ 10 km. The associations were strongest for those having between 5 and 10 

km commute distance. For participants having between 10 and 20 km commute distance, a medium-

low or medium-high accessibility based on 1 km walking or 3 km cycling was associated with 

significantly higher odds of meeting recommendations of physical activity compared to having low 
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public transportation accessibility. High accessibility was not significantly associated with higher odds 

of meeting recommendations of physical activity compared to low accessibility. For those having 

more than 20 km commute distance, accessibility area was not associated with meeting recommended 

levels of physical activity.  

The interaction with age was significant for all measures.  The subgroup analysis showed that for the 

age category 16 to 29 years, the association between accessibility and meeting recommendations of 

physical activity was insignificant and even significantly inversely associated for medium high and 

high accessibility based on all stops within walking distance. For the respondents in the other two age 

groups, the accessibility (30 and 60 minutes) was positively associated with meeting recommendations 

of physical activity.  

For women there was a significantly positive association between accessibility area based on all stops 

within walking and cycling distance and meeting recommendations of physical activity. No significant 

associations were found for women between accessibility based on services at the nearest stop (30 and 

60 minutes) and meeting recommendations of physical activity. For men the associations were less 

pronounced, although suggesting that higher accessibility based on walking and cycling was positively 

associated with meeting recommendations of physical activity.  

In addition, results from the association between public transportation accessibility area and meeting 

recommended levels of physical activity as well as all subgroup analysis for active commuting are 

attached in Appendix 3. 
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5. Discussion 

The overall aim of this thesis was to explore the associations between the objective measures of access 

to public transportation and active commuting as well as to investigate the association between 

individual public transportation accessibility and active commuting. Furthermore it was assessed 

whether commute distance, age and gender modified the association between access to public 

transportation and active commuting as well as if commuting distance, age and gender modified the 

association between the accessibility and active commuting. New and known objective measures of 

access to public transportation were tested in order to contribute knowledge on which features of 

public transportation facilitates active commuting. In order to calculate the individual public 

transportation accessibility, a method for integrating time schedules into a multimodal network model 

for use in standard GIS was developed. The main findings from the three papers, upon which this 

thesis is built, are described and discussed in relation to other studies below. 

5.1 Measures of access to public transportation and association to active 

commuting (paper I) 

The distance to public transportation is important for using active transport modes when commuting. 

The associations found  are supported by a number of studies showing that proximity to public 

transportation stops is significantly associated with utilitarian walking (15), greater distance to railway 

stations is associated with significantly lower odds of walking for transportation (18) and significantly 

lower odds of cycling and public transport use (12). In this study, greater distance to a bus stop was 

associated with significantly lower odds of being an active commuter. The association was more 

pronounced here than for the other public transport modes. Due to the large study area many 

respondents have very long distances to the train, S-train and metro stations. This clearly attenuates 

the associations for these three transport modes. Locally, the three transport modes are very important 

for commuting by public transportation in the region with direct and fast services to the main city 

centres. 

The association between the distance measures and meeting recommendations of physical activity was 

less pronounced than the associations of being an active commuter, but remained significant.  A few 

other studies have investigated distance measures in relation to meeting recommendations of physical 

activity. McConville et al. (18) found the same significant association but they compared meeting the 

recommended levels to “non-walkers” and therefore found much lower odds for distance to bus and 

train. Lachapelle and Frank (25) found that transit users living within 450 to 1000 meters of a transit 

stop were significantly more likely to be moderate walkers (<30 minutes walking per day) but not with 

meeting the recommendations of physical activity (≥ 30minutes walking per day). On the other hand 
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Hino et al. (29) did not find an association between distance to nearest bus or BRT tube station and 

meeting recommended levels of physical activity. 

Although density measures are often based on different distance thresholds reflecting different 

contexts and commute patterns, studies consistently find density of bus stops or public transportation 

stops to be positively associated with walking for transport (16;18;29) and meeting the 

recommendations of physical activity (16;18). In the present study, all four density measures were 

significantly positively associated with being an active commuter. Although the number of stops 

within an area reflects how well-connected the public transportation is, the alternative measures 

created in this study, unique routes and accessible transport modes were intended to better describe the 

diversity of services in the neighbourhood. The positive associations found may not only reflect a 

higher use of public transportation in areas of high density, but also better connected street networks 

(see the gamma index, Figure 10) that allow more direct travelling and the presence of cycle lanes that 

facilitate active commuting. The positive associations attenuated with respect to meeting 

recommendations of physical activity, but remained significant for the density of stops and transport 

modes accessible within cycling distance. There was a trend that higher density and more transport 

modes were associated with higher odds of meeting the recommendations of physical activity.   

The public transportation services such as the routes active or the frequency of departures are 

perceived as important characteristics that facilitate the use of public transportation (20). Surprisingly, 

no significant associations were found between the routes or the service frequency at the nearest stop 

and being an active commuter.  The number of routes at nearest stop is very low and therefore the 

variation may be too small in the measure to obtain statistical difference. The frequency measure 

shows much more variation but the association becomes insignificant when adjusting for the 

neighbourhood level confounders. The association with the bus frequency has only been investigated 

in relation to active commuting in few other studies (12;21;26). Dalton et al. (12) found that medium 

(tertiles) and low bus frequencies were significantly associated with lower odds of using public 

transportation compared to having a high frequency. Kamada et al. (21) did not find a significant 

association but their sample size was small and therefore had very low statistical power. The “best” 

stop measure in this study represents the most attractive bus stop within walking distance which on the 

other hand showed significantly higher odds of being an active commuter and meeting the 

recommendations of physical activity. It is likely that commuters are willing to walk to a stop with 

more frequent services if the nearest stop provides poor service or does not provide the service that 

can bring the commuters to their work or study place.  

In the present study, having a high frequency and a short distance to the nearest stop are associated 

with significantly higher odds of being active compared to having longer distances and low frequency. 

This was not significant for the “best” stop convenience measure or in association to meeting the 
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recommendations of physical activity. Kamada et al. (21) did not find a significant association 

between their convenience measure and active commuting, but their results showed the same positive 

trend that higher convenience was associated with higher odds of active commuting. It is highly 

questionable, however, whether the two studies are comparable as Kamada et al. (21) investigated 

women living in a rural setting in Unnan City, Japan, with a generally low public transportation 

service level.  

 Distance to work, age and gender in relation to active commuting 5.1.1

The distance to work has been identified as one of the most important predictors of travel mode choice 

(11;12;130). When the commuting distance is > 10 km the number of commuters who cycle all the 

way to work decreases markedly and car-based commuting becomes dominant (11). This is also 

evident from the results of this study. A positive attitude towards using public transportation to 

commute has been observed to decrease with the commuting distance which partly explains why car-

based commuting dominates at longer commute distances (130). This may explain why the 

associations become insignificant for respondents having commuting distances > 10 km. For those 

residing within 10 km from work or study, the associations between the objective measures and active 

commuting are more pronounced for those having ≤ 5 km commuting distance. This relationship 

changes when looking at meeting the recommendations of physical activity where those having a 

commuting distance between 5 and 10 km show more pronounced associations.  

Women’s commute travel choices seem to be more influenced by access to public transportation than 

men. The associations found in the full model remain significant and in the same magnitude for 

women, but for men these associations become insignificant. Men’s travel choice may be more 

influenced by car ownership. However, data on car ownership were not available in the present study.   

The 16 to 29 year olds are to a large extent walking or cycling in combination with using public 

transportation which may explain the non-significant associations between the access measures and 

being an active commuter. The travel choice in the 30 to 45 year old group seems to be much more 

influenced by access to public transportation and a higher access and service level result in higher 

odds of being an active commuter. The associations become less pronounced for the 46 to 64 year 

olds. This may be the result of more car-based commuting and possibly also caused by less cycling or 

walking due to functional decline with age. 

5.2 Building a multimodal network and determine public transportation 

accessibility (paper II)   

Whereas the access to public transportation has been widely studied in relation to active commuting, 

the overall public transportation accessibility has not been assessed. One of the big challenges of 
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modeling accessibility using a standard GIS is how to handle the temporal component that restricts the 

possible travel links when using public transportation. In the literature, the modelling of the different 

parts of travel time varies both because of the lack of data, simplifications to overcome the changing 

temporal component or full or partial integration of travel schedules (87;92;98;106-111). The present 

study proposed a method for constructing a multimodal network of public transportation from a travel 

planner enabling the integration of the temporal component in a door-to-door approach including all 

parts of a trip from an individual home address to all reachable areas within a given travel time 

threshold. The main approach was to split the original public transportation stop into a number of 

stops equal to the number of arrivals and departures at a stop. The split was conducted by off-setting 

the original stop coordinates by a unique number assigned to each route times multiplied by a 

specified number of meters.  

Splitting transit stops into a stop per service enabled interchanges, transfers between services as well 

as handling the wait time in accordance with the time-table. The design thereby overcomes some of 

the challenges of using a standard GIS, such as using half the headway time as wait and transfer time. 

Thus, the model is suitable for modelling the individual public transportation accessibility integrating 

travel planner data. Another benefit of the simple two-dimensional approach is that it enables other 

GIS software than ArcGIS to perform the O-D matrix calculations.  

In the proposed model, the access to public transportation followed the distances used in paper I. The 

accessibility was thus calculated using the services at nearest stop, all stops within walking distance (1 

km) and all stops within cycling distance (3 km). The time it takes to walk to a stop was calculated 

from distance to stop with a walking speed of 5 km/h. Other studies of public transportation 

accessibility do not describe specifically how the access distance is taken into account, although they 

describe that the access time is included in the travel time (92;103;106-110). Benenson et al. (87) used 

a 300 meter crow-fly (Euclidean) distance as maximum access distance. Given the importance of the 

distance to a stop in relation to active commuting, it would be very valuable to know if a maximum 

distance is used and if it is the network distance or Euclidean distance.  In line with the density 

approach in the proposed model, O’Sullivan et al. (107), Lei and Church (98) and Salonen and 

Toivonen (92) included accessing other stops than the nearest stop in order to capture the timeliest 

connections.  The large differences between the accessibility area size resulting from entering only at 

the nearest stop, and including all stops within 1 kilometre walking (Table 7), highlight how sensitive 

the accessibility measure is to include access to other than the nearest stop.     

Average speed between stops based on the route start departure and route end arrival time has been 

used by some authors as the in-vehicle time (106;107). As noted by O’Sullivan et al. (107) this 

simplification will likely underestimate the bus speed in the suburban (and rural) area and 

overestimate the bus speed in the city centre. In addition, wait time has been calculated as half the 
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headway time (103;107;109) or a fixed time (108;111). Salonen and Toivonen (92) found that using 

half the headway as a surrogate for transfer related wait time, clearly underestimates the travellers’ 

ability to optimize their journey. Integrating the time schedule into the network provides more true in-

vehicle and wait time. In the same way, the time schedule can be used to restrict which interchanges 

and transfers that are allowed in accordance with the scheduled arrivals and departures.  

The transfer walks were integrated by calculating walking distances between stops (≤ 1 km) and 

integrating arrivals and departures from the time schedules. These were not present in the original 

dataset but transfer between modes is often essential to a flexible transportation. Benenson et al. (87), 

O’Sullivan et al. (107) and Gent & Symonds (109) also integrate transfer walk links but in some of the 

earlier studies they are ignored (106). In addition, Lei and Church (98) identify the shortest elapsed 

time for transfers based on the time schedule, but how this is implemented in their model is not fully 

described. Finally, Salonen and Toivonen (92) used the travel planner to model travel time. 

Interchanges and transfers were handled by the travel planner and relied on the walking speed and 

distances agreed upon by transport authorities. When using the API method, the challenges of building 

temporal enabled multimodal networks in GIS may be overcome, but researchers do not have a lot of 

options to change the parameters of the travel planner such as walking speed, the size of walk links 

etc.    

The egress areas ultimately make up the individual public transportation accessibility area. As with the 

access time, egress time was limited to 12 minutes walking or time left within a given travel time 

threshold. Benenson et al. (87) used a similar approach to model egress time, but they used 500 meter 

Euclidean distance  at stops. Other studies do not explicitly describe if the egress time is limited by 

time or distance (92;98;103;106-109;111).  

The most common outputs from the accessibility studies are the catchment areas, isochrones maps or 

service areas. The individual public transportation accessibility area found by travelling in the 

multimodal network is a service area. Looking at the accessibility, it increases as expected when using 

all stops within 1 km walking distance and 3 km cycling distance as opposed to services at the nearest 

stop. More timely connections, other routes and other transport modes are reachable by walking 

beyond the nearest stop. This is important to take into account in studies of individual public 

transportation accessibility. It is also evident from the accessibility areas that to those living in the 

inner-city of Copenhagen public transportation provides high accessibility while the rural areas are 

much poorer covered.     
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5.3 Public transportation accessibility area and association to active commuting 

(paper III) 

In paper III, the individual public transportation accessibility area was used to express the potential for 

reaching other destinations by covering an area directly linked to the public transportation network. 

The findings from the individual public transportation accessibility and its association to active 

commuting suggest that the individual public transportation accessibility based on density measures is 

associated both with being an active commuter as well as with meeting the recommendation of 

physical activity.  

In the adjusted model individual public transportation using the nearest stop and being an active 

commuter showed a non-significant association and similarly when looking at meeting the 

recommendation of physical activity. It is surprising that the accessibility areas from the nearest stop 

are not associated with being an active commuter. From the study of access to public transportation 

(paper I) we saw a similar tendency that frequency and routes at nearest stop were not associated with 

active commuting. It should be noted that the accessibility measure in this paper is not restricted to bus 

stops but includes all types of transport modes. One explanation for the lack of association may be that 

the services at the nearest stop do not express the “real” accessibility well enough. Another 

explanation may be due to the way the accessibility is modelled. The nearest stop measure is quite 

sensitive to services leaving between the time a participant enters the stop until the last allowed 

departure time at 07:35. This can result in accessibility areas of 0 km2 although services may leave at 

07:36 and thereby lower the variance of the measure.  

The fact that neighbouring stops a bit further away from the nearest stop may provide much better 

services is one of the main reasons why this study does not solely focus on the nearest stop. When 

including other stops, it is possible to account for more timely connections that expand the 

accessibility area. The positive association found between the individual public transportation 

accessibility based on stops within 1 km walking or 3 km cycling and active commuting as well as 

meeting the recommended levels of physical activity reflects the findings from access to public 

transportation studies showing that density is associated with active commuting (12;16;18;23;29). 

High accessibility reflects a public transportation network that is efficient in bringing individuals to 

other places and opportunities and is thus conductive of being an active commuter. Frank et al. (23) 

investigated energy expenditure in association to active transportation. They found that transit 

accessibility, described as the ability to access all of a region’s five activity centers by walking to 

transit, were positively associated with energy expenditure by walking. However, it is not mentioned 

specifically how accessibility was calculated in the study.     
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The interaction with the commuting distance is consistent with findings from other studies 

(11;12;130). Residing within 10 km commuting distance and in areas of high accessibility is 

associated with being an active commuter and meeting the recommendations of physical activity. The 

metropolitan area and city centres have high accessibility, high density of jobs and a supportive 

infrastructure that promotes walking or cycling and the use of public transportation. As commute 

distances gets longer, car-based commuting is more prevalent and attenuates the associations. A high 

proportion of the respondents between 16 and 29 live close to their work or study and walk or cycle all 

the way. This weakens the effect of public transportation (the association is insignificant) although 

other studies find that this age group is the most inclined to use public transportation to travel (46;81). 

For the other age groups, the positive associations found reflect that using active commute modes 

becomes more attractive if the potential for reaching other destinations is high. 

The results suggest that men’s active commute patterns are less influenced by public transportation 

than women which may be caused by more car-based commuting. Living in areas of high accessibility 

is not associated with active commuting in men whereas women show a clear dose-response 

relationship between accessibility and the odds of being an active commuter.      

5.4 Methodological considerations 

The studies presented have some strengths and limitations that need to be considered. 

 Cross-sectional design and study population 5.4.1

The study population used in this thesis consists of participants from the Danish National Health 

Survey 2010 that is a cross-sectional survey. One of the challenges with a cross-sectional design is that 

it is not possible to draw conclusions on causal relationships. The results provided are a snapshot of 

dynamic associations. Whether it is the presence of public transportation that causes people to be 

active or if active commuters choose to live next to public transportation cannot be identified from this 

study. More longitudinal studies are warranted to test if the associations persist over time. The Danish 

National Health Survey has been conducted in 2013 and a new survey is planned in 2017. Combining 

data from these surveys can provide a basis for studying the temporal trends in the associations 

between the built environment and active commuting.  

The high proportion of respondents reporting active commuting in this study (72.9 %) is substantially 

higher than those reported in the other studies in Appendix 1. It is therefore unknown whether the 

results may be generalizable to other countries or cities where active commuting is not as common. 

The observed associations are quite similar to the other studies in Appendix 1, which indicates that the 

findings may be comparable.   
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 Non-response and self-report bias    5.4.2

The health survey had a response rate of 52.3%. The implication of this response rate was tested in a 

non-response analysis. The analysis showed that the response rate was highest among women, middle-

aged individuals and individuals of higher socio-economic position and lowest among men, young and 

elderly individuals and individuals of lower socio-economic position. Accordingly a number of 

statistic weights have been calculated by Statistics Denmark to adjust for the non-response on 

municipality level. The weights have not been applied to the individual data in this study so the results 

are not generalizable to the whole population in The Capital Region of Denmark.    

The thesis relies on self-reported data that can be subject to bias. Known self-report bias is 

misinterpretation of the question leading to participants failing to respond or give erroneous answers. 

Lack of introspective ability may lead to incorrect responses. The design of the questionnaire is built 

on validated scales and screening tools in order to enhance validity (116).  

Commuting is routine based and very often at the same time of day (every day), bias in the self-

reported active commuting responses is therefore likely to be more valid than for behaviours that 

occur less frequently. Commuters are often well aware of the distance or time it takes to go to work 

and if there are faster or slower commute modes. However, social desirability bias may lead to over 

reporting of physical activity(131).  

 Data sources 5.4.3

The health survey is one of the largest population based surveys in the world. The combination of the 

health survey with individual register based data and high accuracy geographical data, all extracted so 

that they cover the same time period, create a unique base for studying the association between the 

built environment and active commuting.  

 The outcome variable – active commuting 5.4.4

Active commuting was reported as “How many hours and minutes do you spend on walking or cycling 

to and from work or education daily?”. When studying the associations between access to (and 

accessibility by) public transportation, it is not possible to know whether active commuting is a result 

of walking only, cycling only or in combination with using public transportation. It is therefore not 

possible to conclude if better access to public transportation is associated with commuting by public 

transportation, only that it is associated to any form of active commuting. This would be valuable 

information to include in future research to get a better understanding of which features of the built 

environment that facilitate the different domains of active commuting.  The Danish National Health 

Survey 2013 has included transport mode choice so future studies can elaborate more on the 

associations.  
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 The multilevel approach 5.4.5

The multilevel model approach was chosen following the theoretical basis of the socio-ecological 

models that state that the physical environment, social environment and personal-level attributes may 

influence individual health behaviour. Estimates of the ICC showed a clear amount of variation 

between the neighbourhoods on the outcome variable. The neighbourhood effect was accounted for in 

the 3-step model and significant reduction in the variation among neighbourhoods was observed. The 

ICC in the fully adjusted models ranged from 0.9 to 2.2 %. The multilevel design accounted thus both 

for the individual and contextual confounders. 

Adjusting for individual education in combination with employment and neighbourhood SES met 

some of the limitations regarding self-selection. Education and employment status influence where 

people prefer or are able to live and also their health behaviour (132). 

The design and measured weights for non-response in the health survey were, as mentioned in section 

5.4.2., not taken into account in the multilevel analyses. This was decided for a number of reasons. 

First of all the difference between including and not including the weights in regression analysis gave 

no significant difference in the estimates. This may be due to the fact that this study analyses 

individuals and the weights are based on the municipality population. Secondly the GLIMMIX 

procedure in SAS 9.3 is not able to include weights into a survey based multilevel analysis. This 

should be included in the new version 9.4. On that basis, the survey design was ignored.  

 Neighbourhood size 5.4.6

To adjust for neighbourhood covariates, neighbourhoods were defined by parishes. Parishes are old 

administrative units of varying size following largely the population density. This results in large units 

in rural areas and smaller units in the city. Geographically grouped data are always sensitive to the 

modifiable areal unit problem (133;134). Aggregation of data into different sizes of geographical units 

may lead to different results in the association studies due to differences in heterogeneity (135). 

Parishes were evaluated to be representative for neighbourhoods in this study, given that they were 

only used to adjust for neighbourhood effects and the results from the multilevel analyses support this 

approach. By adjusting for neighbourhood variables in the analyses, the limitations of not including 

residential self-selection are to some extent met in combination with individual SES (education and 

employment). 

 Walking and cycling distances  5.4.7

All distances were calculated similarly in paper I, II and III using network distances from geo-coded 

home addresses to public transportation stops. The threshold distances of 1 km walking and 3 km 

cycling were chosen to reflect realistic distances that commuters are willing to walk or cycle to a 

public transportation stop. This is supported by the findings of the National Travel Survey conducted 
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in 2006 – 2007 (122).  Furthermore distances were based on network distances only allowing walking 

or cycling on roads and biking/walking paths contained in the road network dataset, which is superior 

to using Euclidean distances. 

 Objective measures of access to public transportation 5.4.8

One of the strengths of using objective measures of built environment is that respondent bias is 

eliminated. In addition, objective measures are relevant to urban planners and policy makers for 

designing sustainable solutions in meeting the future challenges of a growing urban population. The 

new introduced measures including the “best” stop, bus routes within 1 km walking distance and 

access to different transport modes expand earlier research to get a better understanding of which 

correlates facilitate active commuting. However, future research will benefit from including personal 

attitudes towards using different transport modes as well as including perceptions of the build 

environment. Omitting the attitudinal variables might bias the results found.  

Due to the large study area, parameters such as road safety and presence of bike lanes and sidewalks 

were not integrated into the distance measures, but they obviously have an effect on the choice of 

transport mode (13;14).       

 The multimodal network 5.4.9

The 2D model approach used to build the multimodal network model enable full control on 

programming which connections that can be conducted in accordance with the time schedule. A 

limitation to the model is that it creates a large number of nodes and links thereby making process time 

potentially long, when calculating service areas. By isolating arrival and departures during rush hour, 

the performance was high when computing all reachable stops. A 3D approach could be an alternative 

to the used model. A 3D model uses 3D topology so that different arrivals are places on top of each 

other on the same geographical location but having different height (z) coordinate equal to arrive time. 

This can be constructed in ArcGIS (ESRI) but the 2D approach was chosen since the method was 

sought to be software independent.  

  The accessibility measure 5.4.10

The accessibility area in papers II and III do not include restrictions on number of transfers that can be 

conducted although more stops/transfers promote car-based commuting (20;136).  The time 

restrictions of 20 minutes on both initial access + wait time and walk transfers and wait time were 

chosen so that a maximum walking distance of 12 minutes would result in a maximum wait time of 8 

minutes. This is comparable to the arrive-to-wait time found in a New Zealand study of 7 minutes 

(137). A similar investigation could not be found for Danish commuters but the 8 minutes are regarded 

as reasonable in this context. Those having shorter distances to a stop get a longer permitted wait time 
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which may be favorable in terms of entering more services within the 20 minutes. This, though, reflect 

the difference in the service level.      

The accessibility measure does not include how many jobs that are accessible within the accessibility 

area, which has been included in other studies. Individual profession or job type is not known and 

therefore integrating this in the analyses may not add to the understanding of choosing active 

commuting to work or study.  

 Unmeasured confounding 5.4.11

A number of confounders identified in other studies was not included in this study. Car ownership is 

often a strong predictor in analyses of travel mode choice (104). It was not included in this study as it 

was not the aim to investigate how car ownership affects active commuting. Health measures such as 

general health state, disability and chronic diseases may affect travel choice and it would be good to 

include those in further analyses.     
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6. Conclusions 

The results of the present study suggest that provision of proximate and good public transportation 

services is associated with being an active commuter and with meeting the recommended levels of 

physical activity from active transportation alone. The results support the hypothesis that easy access 

to public transportation and high accessibility by public transportation play an important role in active 

commuting.  

The proposed multimodal network model was designed to overcome the known challenges of handling 

time in a standard GIS network model. The model enabled integration of public transportation time 

schedules and the different components of travel time e.g. access, wait, in-vehicle, transfer and egress 

time. The constructed accessibility areas describe the potential for the individual to travel with public 

transportation in combination with walking or cycling within given time frames. 

The wide range of new and known measures constructed in this thesis can contribute to the 

identification of the public transportation characteristics that facilitate the use of public transportation 

and associated active commuting. Ultimately this can be used as a guidance in transport planning to 

create more sustainable infrastructure solutions favouring active transport modes and reducing car-

based commuting. 
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7. Perspectives 

Active commuting is a unique opportunity to be routinely physically active and gain related health 

benefits. Planning a more sustainable transport system in the future, urban and transport planners need 

to focus on infrastructure that promote active commuting and reduces car-based commuting. However, 

which features of the built environment facilitate the different domains of active commuting? Future 

research should include information on which transport modes are used when commuting e.g. walking, 

cycling, public transportation in combination with active modes and car-based commuting.  The 

Danish National Health Survey performed in 2013 has included transport mode choice so the data are 

readily available for these kinds of analyses.  The survey is planned to be conducted every four years, 

which enables an evaluation of the stability and robustness of the associations over time. This opens 

the opportunity for studying temporal trends in the associations between the built environment and 

active commuting.  

The multimodal model presented in this study provides the opportunity to perform further research 

within commuting patterns. Estimates of potential benefit from active commuting if shifting from car-

based to active modes of commuting can be derived. The walk links in the multimodal network can 

easily be labelled so that it will be possible to calculate how much distance has been walked, cycled 

alone or in combination with public transportation. Future studies would therefore benefit from 

including information on individual working address to make simulation of commuting by the 

different transport modes from the home address to the work/study place possible.  

The individual accessibility area is a very interesting aspect of the mobility, not only for commuting 

but also for leisure time activities, social interaction and access to public services.  New methods are 

developing that make public transportation time schedules available for research in accessibility and 

transport choice studies. Salonen and Toivonen (92) used an API to obtain individual accessibility in 

Helsinki. This approach provides fast results based on updated time schedules. Recent developments 

within GIS integrate transit agencies' GTFS data feeds with network analyses tools (138). These new 

approaches will certainly enable many more to make accessibility studies. 

The infrastructure is rapidly developing in The Capital Region of Denmark and it will likely have a 

great impact on the commuting patterns in the years to come. The construction of a metro ring around 

the Copenhagen City Core (139), a light rail combining the suburban city cores (140) and a double rail 

line from Copenhagen to Ringsted (141) will ease the travel to and around the metropolitan area with 

public transportation. Furthermore the introduction of super cycle highways (142) will make active 

commuting for longer commuting distances very attractive in the region. The impact of all these 

projects will potentially contribute to new exciting research in the years to come.  
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9. Appendices 



A1: Literature review: associations between access to public transportation and active 

commuting 

  



 



 

Author, 

study type 

Study location, 

sample size 

Outcome - active 

commuting 

Objective public 

transport measure 

Other built 

environment constructs 

Confounders Findings 

Hino  et al. 

(2013), 
Cross-
sectional 

Curitiba, Brasil, N 
= 1,206 (+18 years 
old) 

Any walking for 
transport (≥ 10 
min/week), Walking at 
recommended levels (≥ 
150 min/week), Cycling 
for transportation at 
once for 10 minutes a 
week 

1) Network distance to 
nearest bus stop. 2) 
Density of bus stops 
within 500 m network 
buffer. 3) Density of 
Bus Rapid transit 
Tube stations within 
500 m network buffer. 

Population density, Area 
income, Land use mix, 
Connectivity measures 
within 500 m buffer. 1) 
street density, meter road 
per square meter 2) avg. 
street length 3) # blocks 
4) Proportion of dead-
ends 5) Proportion of 
street intersections. # 
traffic lights within 
buffer. Terrain slope 

Sex, age, BMI, 
education, marital status, 
car ownership 

Only density of BRT tubes  
(≥2) were positively 
associated with any walking 
for transport (OR= 1.5 
CI=1.22,1.84) 

Hoehner et 
al. (2005), 
Cross-
sectional 

St. Louis, USA, N 
= 865 (18-96 years 
old) 

1) engaged in any versus 
no transportation 
activity (walking or 
bicycling) , 2) Met/did 
not meet 30 min/day of 
walking or bicycling 

1) % street segments 
with a bus or other 
transit stop (400 m 
radius from home) 

Within 400m radius: 
Land use, #destinations, 
#parks with facilities, 
Presence of at least one 
bike lane, street safety 
score (connectivity, 
crossings, traffic ligth, 
street design) 

age, gender, education Segments with a bus stop was 
significantly associated with 
any transportation activity 
(OR=1.5 CI=1.0,2.3) 

Li et al. 

(2008), 
Cross-
sectional 

Portland, USA, N 
=1,221 (English 
speaking 50 - 75 
years old)  

Walking for 
transportation (e.g. to 
catch a bus, light rail or 
train. Walked for 
household 
errands/transportation ≥ 
30 min/week or not. 
Self-reported moderate-
to-vigorous PA split in 3 
categories: 1) met 
guidelines for PA 2) 
insufficiently active 3) 
sufficiently active 

1) Density of public 
transit stations divided 
by area (census block)  

Land use mix, Density of 
fast food outlets, #street 
intersections/mi2, total 
acreage of green and 
open spaces 

age, gender, 
race/ethnicity, 
employment status, 
home ownership, 
income, health status. 
Fruit & vegetable intake, 
fried food consumption, 
BMI, residential density, 
median household 
income, and % African 
American/Hispanic 
residents 

Density of public transport 
stations significantly 
associated with more walking 
for transport (OR= 1.15 CI= 
1.03,1.27) and being 
"sufficiently active" (OR= 
1.07 CI=1.01,1.14) 

        Appendix 1 Continues >> 

  



 

Author, 

study type 

Study location, 

sample size 

Outcome - active 

commuting 

Objective public 

transport measure 

Other built 

environment constructs 

Confounders Findings 

Coogan et al. 

(2009), 
Longitudinal 

NYC, Chicago, 
Illinois, LA, USA, 
N = 20,354 
(African-American 
women 21-69 years 
old) 

Hours/week spent in 
utilitarian walking (≥ 5h 
walking/week vs < 5h 
walking/week) 

1) distance to nearest 
subway, train or ferry 
stop. 2) Length of bus 
routes within 0.5 mile 
network buffer. 

Within a 0.5 mile 
network buffer from 
resident location:  
Housing density 
units/acre, Land use, 
Street 
Interconnectedness: 
Average block size, # 
intersections/mi2, ratio 
of 4-way to total 
intersections, Traffic as 
total length of major 
roads. Presence of 
sidewalks and distance 
to parks 

age, BMI, smoking 
status, alcohol intake, 
parity, marital status, 
caregiver 
responsibilities, 
education, number of 
residential moves in the 
last 2 years, chronic 
disease, cancer at 
baseline, energy intake, 
TV viewing, % of vacant 
housing units, 
neighbothood SES, 
crime 

Distance to nearest transit stop 
(OR=2.63 CI=2.29,3.03) and 
miles of bus route (OR=3.23 
CI=2.83,3.68) is significantly 
positively associated with 
utilitarian walking. Miles of 
bus route is independently and 
significantly associated with 
utilitarian walking (OR=1.44 
CI=1.21,1.72) 

Lachapelle 

& Frank 

(2009), 
Cross-
sectional 

Atlanta, USA, 
N=4,156 (employed 
16 - 70 years old) 

3 classes of walking: 1) 
no walking, 2) moderate 
levels of walking < 2.4 
km per day, 3) sufficient 
walking ≥ 2.4 km per 
day. 

1) distance between 
nearest transit stop 
and the center of a 
200m grid cell. 2) 
dichotomous variable 
of wether transit users 
lived within 450m and 
between 450 and 1 km 
of a transit stop  

  age, ethnicity, household 
income, net residential 
density, presence of 
retail stores, distance to 
transit, car availability 

Transit users living 450 - 1000 
meters of transit were 
significantly more likely to be 
moderate walkers (OR=6.54). 
Trips with public transport are 
significantly associated with 
being sufficiently active 
(OR=3.35 ) compared to 
driving or being a car 
passenger 

Frank et al. 

(2010), 
Cross-
sectional 

Atlanta, USA, N = 
10,148 (+16 years 
old) 

Average kilocalories 
spent walking.  

1) Network distance to 
nearest rail and bus 
stop based on centroid 
of 200m grid cell. 2) 
Transit accessibility 
(wether or not a travel 
survey household 
could access all the 
regions five major 
activity centers 

Net residential area, 
Land use mix, 
intersection density (per 
km) 

age, gender, ethnicity, 
Drivers' license status, 
Household income, 
#people in household,  
#vehicles in household 

As shortest distance from rail 
increased energy expenditure 
from walking decreased. As 
shortest distance to nearest bus 
stop increased, energy 
expenditure from walking 
increased. Those having 
access to all 5 of the major 
city centres burned 
significantly more kilocalories 
from walking 
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Author, 

study type 

Study location, 

sample size 

Outcome - active 

commuting 

Objective public 

transport measure 

Other built 

environment constructs 

Confounders Findings 

McConville 
et al (2010), 
Cross-
sectional  

Montgomery 
County MD, USA, 
N=260 (Healthy 
adults) 

Walking for 
transportation divided in 
3 groups: 1) none, 2) < 
150 min/week, 3)≥ 150 
min/week 

1) Network distance to 
bus stop and rail 
station. 2) # Bus stops 
within 1/4 mile or 1/2 
mile 

Distance to: Bank, Fast-
food restaurant, grocery 
store, library, night use, 
office, parks, PA use, 
recreation center, 
restaurant, retail, school, 
social use, sports 
facility. Residential 
population density 
(people/acre), sidewalk 
density (feet/acre), 
neighbourhood type 

age, gender, 
education, population 
density, sidewalk 
density within 1/4 
mile, Neighbourhood 
type 

Compared to not walking, the 
adjusted odds for walking for 
transportation for < 150 
minutes/week were significantly 
lower with greater distance to 
rail station (OR=0.91 
CI=0.85,0.97). Compared to not 
walking, walking for 
transportation for ≥ 150 
minutes/week were siginificantly 
lower for greater distances to 
closest bus stop (OR=0.01 
CI=0.001,0.11) and rail station 
(OR=0.9 CI=0.82,0.99). 
Compared to not walking, the 
odds for walking for 
transportation < 150 
minutes/week were significantly 
higher with density of bus stops 
within 1/2 mile (OR=1.05 
CI=1.01,1.08).  Compared to not 
walking, the odds for walking for 
transportation ≥ 150 
minutes/week were significantly 
higher with density of bus stops 
within 1/4 (OR=1.16 
CI=1.12,1.20) and 1/2 mile 
(OR=1.06 CI=1.00,1.11).  

Wasfi et al. 
(2013), 
Cross-
sectional 

Montreal, CAN, N= 
6913 (+18 years 
old) 

Calculated daily 
walking distance 

1) Type of transit used 
(bus, train, metro),    
2) Transit service 
characteristics; time 
between every two 
consecutive transit 
vehicles, Transit 
service runs only in 
the morning 

Population density, retail 
density, #street 
intersections within 
500m of trip origin 

age, gender, income, 
education level, 
population density, 
land use density and 
diversity, street 
intersections 

Each trip conducted with a 
commuter train contributed to 
daily walking distances with 
1319.29. Busses 899.53, metro: 
633.84. 11 % of commuters 
achieved recommended PA just 
by walking to and from transit to 
work or school 
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Author, 

study type 

Study location, 

sample size 

Outcome - active 

commuting 

Objective public 

transport measure 

Other built 

environment constructs 

Confounders Findings 

Kamada et 

al. (2009), 
Cross-
sectional 

Unnan City, Japan, 
N= 434 (40-64 
years old rural 
Japanese women) 

1) sufficiently active 
(engaged in 150 min or 
more of moderate or 60 
min of vigorous 
intensity PA per week). 
2) insufficiently active. 
3) inactive 

1) Euclidian distances 
from each 
neighbourhood 
community location to 
nearest train station 
and bus stop. 2) Bus 
service frequency for 
the nearest stop at 
community level. 3) 
Categorization of bus 
convenience based on 
distance and service 
frequency at nearest 
stop 

Perceived measures: 
access to transit, shops, 
sidewalk, bike lane, 
residential density, 
traffic safety and 
aesthetics 

age, BMI, gender, 
general health state, 
household income, 
employment, farming, 
driving status, 
caregiving status 

Sufficiently active women are 
more likely to report good access 
to transit compared to non-
active. Non-drivers in an area 
with moderately convenient bus 
services are more likely to be 
sufficiently active than those 
where services were less 
convenient (OR=3.23 
CI=1.00,10.41) 

Pikora et al. 

(2006), 
Cross-
sectional 

Perth, AUS, 
N=1,678 (18-59 
years old) 

Any walking for 
transport (to and from 
work) in the previous 2 
weeks  

1) Public transport 
within 400 m circular 
buffer of home. 
Embedded in 
destination score 

Walkability score, Street 
design: Grid, Modified 
grid, Cul-de-sac, 
distance between 
intersections 

demographic, 
individual, social, 
physical 
environmental factors, 
area SES 

Presence of public transport 
wihtin 400 meters from home 
was not significantly associated 
with walking for transport 
(OR=1.2). Presence of 
destinations was significantly 
related to walking for transport 
near home (OR=1.8). 
Walkability score was 
significantly associated with 
walking for transport (OR=1.95) 

McCormack 

et al (2007), 
Cross-
sectional (18-
59 years old) 

Perth, AUS, 
N=1,394 (18-59 
years old) 

3 classes of any walking 
for transport in the past 
2 weeks: 1) inactive, 
2)irregular (only 
reporting walking at one 
survey), 3) regular 
walking (walking 
reported at both 
surveys). For regular 
and irregular walking 
for transport a duration 
of walking was 
calculated 

1) Shortest road 
network distance to 
bus stops and transit 
stations. Variables 
were derived as: 1) 
Bus stop/transit 
station present within 
400 meters of home, 
2) Bus stop/transit 
station present within 
1500 meters of home 

Presence within 400 and 
1500 meters: shops, post 
boxes, convenience 
stores, newsagents, 
schools, parks, the river, 
beaches, Perth 
metropolitan area. 
Destination mix as a 
cumulative opportunity 
of different destinations 
wihtin 400 m and 1500 
m. 

sex, age, area level 
social disadvantage, 
education, number of 
children ≤ 18 years, 
BMI 

Residing 400 m (OR=1.66 
CI=1.17,2.37) within a bus stop 
and 400m (OR=5.0 CI=1.18, 
21.25) and 1500m (OR=2.38 
CI=1.67,3.39) within a transit 
station was significantly 
associated with regular walking 
for transport among regular and 
irregular walkers vs incative. 
Residing 1500m within a transit 
station (OR=1.50 CI=1.09,2.05) 
was significantly associated with 
irregular walking for transport vs 
inactive                       >> 



 

Author, 

study type 

Study location, 

sample size 

Outcome - active 

commuting 

Objective public 

transport measure 

Other built 

environment constructs 

Confounders Findings 

Badland et 

al. (2013), 
Longitudinal 

Perth, AUS, N=238 
(>18 years old) 

Self-reported usual 
commute mode to work. 
PMV, PT, Walk/cycle, 
Multimodal.  

1) Nearest bus stop to 
residence and 
workplace. 2) Nearest 
rail stop to residence 
and workplace. 3) 
Density of public 
transport stops within 
400 m network buffer 
from residence and 
workplace. 4)  3 
categories for access 
to nearest bus (400m) 
and rail (800m).  
Tertiles of bus stops 
were used to describe 
density of stops 

  sex, children present 
in household 

Compared to those only having 
proximate residential PT access, 
respondents having only 
proximate workplace PT access 
(OR=11.57) or had both 
proximate residence and 
workplace PT (OR=16.51) were 
significantly more likely to 
commute to work using PT 
modes. Only PT density around 
the working place were 
significantly associated with 
commuting by PT (OR=25.77) 

Dalton et al. 

(2013), 
Cross-
sectional 

Cambridge, UK, 
N=1,155 (+16 years 
old) 

RPAQ Used to classify 
participants according to 
their usual mode of 
travel to work: car - 
motor vehicle, public 
transport, bicycle or 
walking. 

1) Bus service to 
work. 2) Distance to 
nearest stop from 
home and work. 3) 
Bus service Frequency 
at home and work. 4) 
Nearest railway 
station at home and 
work. 5) Number of 
bus stops at and work 
within 800 meter 
network buffer- 6) 
Number of bus routes 
(work) 

Distance to work, Route 
directness to work, 
Direction of travel, 
Proportion of A and B 
roads %, Road density, 
Junction density, Road 
connectivity, Existence 
of A roads, proportion % 
of food/cycle paths, 
effective walkable area. 
Land use mix, Building 
density, Number of 
destinations, deprivation, 
car parking availability  

age, gender, limiting 
illness, deprivation, 
education, children in 
the household, car 
ownership, type of 
work, roads and 
routes, land use 

Greater distance to a railway 
station at home were associated 
with lower odds of cycling 
(OR=0.53) and public transport 
use (OR=0.38). A greater 
distance to the nearest bus stop 
(0.39) and a lower bus frequency 
(0.32) were associated with 
lower odds of public transport 
use. 

 

  



 

 



A2: Paper I: Results from the associations between access to public transportation 

and meeting recommended levels of physical activity. Subgroup analyses for distance 

to work, age and gender for both being an active commuter and meeting 

recommendations of physical activity.  

  



  



Associations between access to public transportation and meeting recommended 

levels of physical activity 

Table A2-1 Crude and adjusted associations (OR) between objective distance measures to public 
transportation and meeting recommended levels of physical activity. Between-neighbourhood variation is 
expressed by the Intra-class correlation coefficient (ICC). Significant associations are highlighted in bold 
text. 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood co-

variates 

  OR (CI)  OR (CI) b  OR (CI) c 

Distance to bus stop (km) 0.8 (0.71 - 0.90) 0.81 (0.72 - 0.91) 0.86 (0.76 - 0.96) 

   P-value
 a
 0.0002 0.0005 0.0099 

   ICC 11.9 10.6 2.1 

Distance to bus stop (m) 

   Close (≤ 200) 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.01 (0.95 - 1.07) 1.01 (0.95 - 1.07) 1.02 (0.96 - 1.08) 

   Moderate Far(401 - 800) 0.94 (0.87 - 1.01) 0.95 (0.88 - 1.02) 0.98 (0.91 - 1.05) 

   Far (>800) 0.75 (0.63 - 0.88) 0.75 (0.63 - 0.89) 0.79 (0.67 - 0.94) 

   P-value
 a
 0.0010 0.0028 0.0183 

   ICC 12.0 10.7 2.1 

Distance to train station (km) 0.94 (0.93 - 0.96) 0.95 (0.93 - 0.97) 0.98 (0.97 - 0.99) 

   P-value
 a
 <0.0001 <0.0001 0.001 

   ICC 10.9 9.7 2.1 

Distance to train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.08 (0.90 - 1.29) 1.11 (0.92 - 1.33) 1.13 (0.95 - 1.35) 

   Medium Far (1001 - 3000) 1.03 (0.87 - 1.23) 1.05 (0.88 - 1.26) 1.06 (0.90 - 1.26) 

   Far (>3000) 0.88 (0.72 - 1.07) 0.92 (0.75 - 1.11) 0.99 (0.83 - 1.18) 

   P-value
 a
 0.0101 0.0236 0.1254 

   ICC 12.2 10.7 2.1 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.02 (0.91 - 1.13) 1.03 (0.93 - 1.15) 1.03 (0.93 - 1.15) 

   Medium Far (1001 - 3000) 0.90 (0.80 - 1.00) 0.93 (0.83 - 1.04) 0.96 (0.86 - 1.07) 

   Far (>3000) 0.64 (0.55 - 0.75) 0.64 (0.55 - 0.75) 0.87 (0.76 - 1.00) 

   P-value
 a
 0.0017 <0.0001 0.0260 

   ICC 9.3 7.8 1.9 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.03 (0.87 - 1.21) 1.03 (0.88 - 1.22) 1.04 (0.88 - 1.22) 

   Medium Far (1001 - 3000) 0.93 (0.77 - 1.12) 0.97 (0.81 - 1.17) 1.05 (0.89 - 1.24) 

   Far (>3000) 0.42 (0.35 - 0.51) 0.45 (0.37 - 0.54) 0.74 (0.61 - 0.88) 

   P-value
 a
 0.0017 <0.0001 <0.0001 

   ICC 5.8 4.9 1.7 
aP-value from type III test of the association. 
bBus distance adjusted for age, gender, education, bus routes and bus frequency. Train, S-train and 
metro adjusted for age, gender, education and distance to bus. 
cAdjusted for population density, median income, street connectivity.  
  



Table A2-2 Crude and adjusted associations (OR) between objective density measures of public 
transportation and meeting recommended levels of physical activity. Between-neighbourhood variation is 
expressed by the Intra-class correlation coefficient (ICC). Significant associations are highlighted in bold 
text. 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood co-

variates 

  OR (CI)  OR (CI)
 b
  OR (CI)

 c
  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 

   Medium low (6 - 10) 1.19 (1.11 - 1.28) 1.21 (1.13 - 1.30) 1.16 (1.08 - 1.25) 

   Medium high (11 - 15) 1.38 (1.26 - 1.51) 1.39 (1.27 - 1.52) 1.22 (1.12 - 1.34) 

   High (>15) 1.64 (1.46 - 1.85) 1.66 (1.48 - 1.87) 1.22 (1.08 - 1.38) 

   P-value
 a
 <0.0001 <0.0001 <0.0001 

   ICC 8.4 7.0 1.9 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 

   Medium low (3-4) 1.10 (1.02 - 1.19) 1.13 (1.05 - 1.22) 1.09 (1.01 - 1.17) 

   Medium High(5-6) 1.30 (1.18 - 1.43) 1.33 (1.21 - 1.47) 1.18 (1.07 - 1.29) 

   High (>6) 1.32 (1.19 - 1.46) 1.38 (1.24 - 1.53) 1.09 (0.98 - 1.22) 

   P-value
 a
 <0.0001 <0.0001 0.0082 

   ICC 9.8 7.9 2.0 

Transport mode index (TMI) 1 km 

   0 0.77 (0.60 - 0.98) 0.74 (0.58 - 0.96) 0.78 (0.61 - 0.99) 

   1 1.00 1.00 1.00 

   2 1.18 (1.10 - 1.27) 1.17 (1.09 - 1.26) 1.12 (1.04 - 1.19) 

   3 1.14 (1.00 - 1.3) 1.12 (0.98 - 1.28) 1.07 (0.94 - 1.20) 

   P-value
 a
 <0.0001 <0.0001 0.0018 

   ICC 11.1 10.2 2.0 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 

   2 1.29 (1.15 - 1.45) 1.28 (1.14 - 1.44) 1.16 (1.04 - 1.29) 

   3 1.70 (1.49 - 1.95) 1.70 (1.48 - 1.94) 1.38 (1.21 - 1.57) 

   4 2.79 (2.35 - 3.31) 2.75 (2.32 - 3.27) 1.44 (1.21 - 1.71) 

   P-value
 a
 <0.0001 <0.0001 <0.0001 

   ICC 6.0 5.5 1.7 
aP-value from type III test of the association. 
bUnique bus routes within 1 km adjusted for density of bus stops, age, gender and education. Density 
of bus stops adjusted for age, gender, education, bus routes at nearest stop and bus frequency at 
nearest stop. TMI 1 and 3 km adjusted for age, gender and education. 
cAdjusted for population density, median income and street connectivity.  
dThe number represents number of transport modes within walking(1 km) and cycling distance (3 
km).   

  



Table A2-3 Crude and adjusted associations (OR) between objective measures of public transportation 
services and meeting recommended levels of physical activity. Between-neighbourhood variation is 
expressed by the Intra-class correlation coefficient (ICC). Significant associations are highlighted in bold 
text. 

  

Model 1: Crude Model 2: Model 1 + 

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood co-

variates 

  OR (CI)  OR (CI)b  OR (CI)c  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 

   Medium (2) 1.00 (0.93 - 1.06) 0.98 (0.92 - 1.05) 1.00 (0.93 - 1.07) 

   High (>2) 0.94 (0.87 - 1.01) 0.89 (0.81 - 0.98) 0.92 (0.84 - 1.01) 

   P-value
a
 0.1362 0.0387 0.1372 

   ICC 12.7 10.6 2.1 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.91 (0.84 - 0.99) 0.92 (0.85 - 1.00) 0.95 (0.88 - 1.03) 

   Medium-high (7 - 15) 0.98 (0.90 - 1.06) 1.02 (0.93 - 1.11) 1.00 (0.92 - 1.09) 

   High (> 15) 0.98 (0.90 - 1.07) 1.06 (0.96 - 1.19) 0.99 (0.89 - 1.10) 

   P-value
a
 0.1142 0.0176 0.5287 

   ICC 12.3 10.2 2.1 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 

   Medium low (11 - 20) 1.19 (1.09 - 1.30) 1.15 (1.06 - 1.26) 1.10 (1.01 - 1.19) 

   Medium high (21 - 40) 1.37 (1.25 - 1.50) 1.28 (1.16 - 1.40) 1.16 (1.06 - 1.27) 

   High (> 40) 1.62 (1.46 - 1.81) 1.42 (1.26 - 1.60) 1.18 (1.05 - 1.32) 

   P-value
a
 <0.0001 <0.0001 0.0142 

   ICC 8.0 4.9 1.8 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.15 (1.04 - 1.27) 1.13 (1.03 - 1.25) 1.10 (1.00 - 1.21) 

   Medium-high (3) 1.05 (0.97 - 1.14) 1.06 (0.97 - 1.15) 1.05 (0.97 - 1.41) 

   High (4) 1.15 (1.05 - 1.25) 1.17 (1.07 - 1.29) 1.10 (1.00 - 1.21) 

   P-value
a
 0.0042 0.0029 0.1591 

   ICC 12.7 10.8 2.1 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.01 (0.95 - 1.09) 1.00 (0.93 - 1.07) 0.98 (0.91 - 1.05) 

   Medium-high (3) 1.13 (1.05 - 1.22) 1.10 (1.02 - 1.19) 1.07 (0.99 - 1.15) 

   High (4) 1.10 (0.99 - 1.23) 1.08 (0.96 - 1.22) 1.06 (0.94 - 1.19) 

   P-value
a
 0.0021 0.0191 0.0857 

   ICC 11.8 10.6 2.1 
aP-value from type III test of the association. 
bBus routes at nearest stop adjusted for distance to nearest bus stop, bus frequency at nearest stop, 
age, gender and education. Bus frequency at nearest bus stop adjusted for distance to nearest bus 
stop, bus routes at nearest stop, age, gender,  education. Bus convenience at nearest stop adjusted for 
bus routes at nearest stop, age, gender and education. Bus frequency at “best” stop and Bus 
convenience at “best” stop adjusted for density of bus stops within 1 km, age, gender and education.  
cAdjusted for population density, median income and street connectivity.  

 

  



Subgroup analysis: Distance to work 

Table A2-4 OR table for associations between objective distance measures to public transportation and 
being an active commuter modified by commute distance. Significant associations are highlighted in bold 
text. 

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Distance to bus stop (km)  0.53 (0.40 - 0.68) 0.53 (0.41 - 0.68) 0.93 (0.74 - 1.18) 0.95 (0.80 - 1.14) 

   P-Value interaction = <0.0001 

Distance to bus stop (categories) 

   Close (≤ 200) 1.00 1.00 1.00 1.00 

   Moderate Close (201 - 400) 0.90 (0.78 - 1.03) 1.02 (0.89 - 1.18) 1.03 (0.90 - 1.17) 1.12 (0.99 - 1.27) 

   Moderate Far(401 - 800) 0.74 (0.62 - 0.88) 0.79 (0.67 - 0.93) 1.10 (0.95 - 1.28) 1.02 (0.89 - 1.17) 

   Far (>800) 0.51 (0.35 - 0.74) 0.46 (0.32 - 0.65) 0.72 (0.53 - 0.98) 1.09 (0.86 - 1.40) 

   P-Value interaction = <0.0001 

Distance to train station (km) 0.95 (0.93 - 0.97) 0.97 (0.95 - 0.99) 0.99 (0.97 - 1.00) 0.99 (0.98 - 1.00) 

   P-Value interaction = 0.0010 

Distance to train station (categories) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.96 (0.60 - 1.54) 1.18 (0.75 - 1.86) 1.07 (0.71 - 1.60) 0.82 (0.60 - 1.12) 

   Medium Far (1001 - 3000) 0.74 (0.48 - 1.13) 1.16 (0.77 - 1.76) 0.91 (0.63 - 1.32) 0.72 (0.53 - 0.96) 

   Far (>3000) 0.56 (0.36 - 0.86) 0.99 (0.66 - 1.49) 0.98 (0.68 - 1.42) 0.68 (0.51 - 0.90) 

   P-Value interaction = 0.0022 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.15 (0.88 - 1.50) 0.90 (0.71 - 1.14) 1.03 (0.80 - 1.32) 1.13 (0.86 - 1.48) 

   Medium Far (1001 - 3000) 0.84 (0.66 - 1.08) 0.83 (0.66 - 1.04) 0.85 (0.67 - 1.07) 1.06 (0.83 - 1.37) 

   Far (>3000) 0.73 (0.56 - 0.95) 0.82 (0.63 - 1.05) 0.77 (0.60 - 0.99) 1.12 (0.86 - 1.45) 

   P-Value interaction = 0.139 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.80 (0.52 - 1.23) 1.09 (0.70 - 1.69) 0.73 (0.45 - 1.19) 0.84 (0.50 - 1.38) 

   Medium Far (1001 - 3000) 0.79 (0.59 - 1.17) 1.11 (0.75 - 1.65) 0.68 (0.44 - 1.06) 0.63 (0.40 - 1.00) 

   Far (>3000) 0.43 (0.30 - 0.64) 0.59 (0.40 - 0.86) 0.74 (0.49 - 1.12) 0.89 (0.57 - 1.40) 

   P-Value interaction = <0.0001         

 

  



Table A2-5 OR table for associations between objective distance measures to public transportation and 
meeting recommended levels of physical activity modified by commute distance. Significant associations are 
highlighted in bold text. 

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Distance to bus stop (km)  0.67 (0.53 - 0.85) 0.67 (0.52 - 0.86) 1.04 (0.82 - 1.32) 1.03 (0.85 - 1.25) 

   P-Value interaction = 0.0019 

Distance to bus stop (categories) 

   Close (≤ 200) 1.00 1.00 1.00 1.00 

   Moderate Close (201 - 400) 0.96 (0.87 - 1.06) 0.96 (0.85 - 1.07) 1.06 (0.94 - 1.20) 1.14 (1.00 - 1.29) 

   Moderate Far(401 - 800) 0.87 (0.76 - 0.99) 0.86 (0.75 - 0.99) 1.15 (1.00 - 1.32) 1.08 (0.93 - 1.25) 

   Far (>800) 0.69 (0.49 - 0.97) 0.60 (0.42 - 0.86) 0.81 (0.58 - 1.13) 1.04 (0.80 - 1.36) 

   P-Value interaction = 0.0186 

Distance to train station (km) 0.97 (0.95 - 0.99) 0.96 (0.94 - 0.98) 0.99 (0.97 - 1.01) 1.00 (0.99 - 1.02) 

   P-Value interaction = 0.0008 

Distance to train station (categories) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.06 (0.78 - 1.44) 1.30 (0.88 - 1.93) 1.29 (0.87 - 1.90) 1.03 (0.75 - 1.42) 

   Medium Far (1001 - 3000) 0.99 (0.75 - 1.31) 1.35 (0.95 - 1.92) 1.15 (0.80 - 1.65) 0.89 (0.66 - 1.19) 

   Far (>3000) 0.84 (0.63 - 1.12) 1.22 (0.86 - 1.73) 1.27 (0.89 - 1.82) 0.89 (0.66 - 1.19) 

   P-Value interaction = 0.0230 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.04 (0.87 - 1.24) 1.17 (0.97 - 1.42) 0.91 (0.73 - 1.14) 0.98 (0.76 - 1.28) 

   Medium Far (1001 - 3000) 0.89 (0.76 - 1.06) 1.07 (0.89 - 1.29) 0.86 (0.69 - 1.06) 1.03 (0.80 - 1.32) 

   Far (>3000) 0.81 (0.67 - 0.99) 0.98 (0.79 - 1.20) 0.81 (0.65 - 1.03) 1.01 (0.78 - 1.30) 

   P-Value interaction = 0.2902 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.00 (0.79 - 1.26) 1.07 (0.76 - 1.49) 1.09 (0.73 - 1.62) 1.05 (0.67 - 1.64) 

   Medium Far (1001 - 3000) 1.12 (0.90 - 1.40) 1.10 (0.81 - 1.49) 1.01 (0.71 - 1.43) 0.80 (0.53 - 1.20) 

   Far (>3000) 0.71 (0.57 - 0.89) 0.61 (0.45 - 0.81) 1.07 (0.77 - 1.49) 1.00 (0.68 - 1.47) 

   P-Value interaction = <0.0001         

 

  



Table A2-6 OR table for associations between objective density measures of public transportation and being 
an active commuter modified by commute distance. Significant associations are highlighted in bold text. 

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 1.00 

   Medium low (6 - 10) 1.26 (1.07 - 1.48) 1.54 (1.32 - 1.79) 1.20 (1.06 - 1.37) 1.10 (0.97 - 1.24) 

   Medium high (11 - 15) 1.59 (1.31 - 1.92) 1.66 (1.39 - 1.99) 1.11 (0.94 - 1.31) 0.99 (0.84 - 1.17) 

   High (>15) 2.29 (1.82 - 2.87) 1.95 (1.57 - 2.43) 1.11 (0.88 - 1.38) 0.96 (0.78 - 1.19) 

   P-Value interaction = <0.0001 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 

   Medium low (3-4) 1.27 (1.08 - 1.49) 1.36 (1.16 - 1.58) 0.97 (0.85 - 1.11) 1.06 (0.93 - 1.21) 

   Medium High(5-6) 1.52 (1.25 - 1.84) 1.68 (1.39 - 2.02) 0.97 (0.81 - 1.15) 1.06 (0.88 - 1.28) 

   High (>6) 1.83 (1.51 - 2.22) 1.46 (1.21 - 1.76) 1.12 (0.93 - 1.34) 1.01 (0.84 - 1.21) 

   P-Value interaction = <0.0001 

Transport mode index (TMI) 1 km 

   0 0.52 (0.29 - 0.92) 0.42 (0.25 - 0.72) 0.54 (0.33 - 0.88) 0.97 (0.70 - 1.36) 

   1 1.00 1.00 1.00 1.00 

   2 1.34 (1.16 - 1.55) 1.22 (1.06 - 1.39) 1.21 (1.07 - 1.38) 1.04 (0.91 - 1.19) 

   3 2.24 (1.68 - 2.98) 1.26 (0.99 - 1.62) 1.26 (0.97 - 1.64) 0.80 (0.60 - 1.06) 

   P-Value interaction = <0.0001 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 

   2 1.26 (1.01 - 1.57) 1.14 (0.93 - 1.40) 1.15 (0.96 - 1.36) 1.15 (1.00 - 1.33) 

   3 1.61 (1.26 - 2.05) 1.66 (1.32 - 2.08) 1.17 (0.96 - 1.43) 0.91 (0.75 - 1.11) 

   4 3.10 (2.27 - 4.25) 1.90 (1.40 - 2.57) 1.15 (0.86 - 1.54) 0.99 (0.75 - 1.31) 

   P-Value interaction = <0.0001         

 

  



Table A2-7 OR table for associations between objective density measures of public transportation and 
meeting recommended levels of physical activity modified by commute distance. Significant associations are 
highlighted in bold text. 

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 1.00 

   Medium low (6 - 10) 1.11 (0.97 - 1.27) 1.41 (1.22 - 1.63) 1.14 (1.01 - 1.30) 1.03 (0.90 - 1.17) 

   Medium high (11 - 15) 1.21 (1.04 - 1.40) 1.54 (1.31 - 1.81) 1.04 (0.88 - 1.22) 1.08 (0.91 - 1.28) 

   High (>15) 1.35 (1.15 - 1.59) 1.61 (1.34 - 1.94) 0.88 (0.73 - 1.08) 0.88 (0.72 - 1.08) 

   P-Value interaction = <0.0001 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium low (3-4) 1.02 (0.90 - 1.17) 1.34 (1.17 - 1.55) 1.01 (0.89 - 1.15) 1.05 (0.92 - 1.21) 

   Medium High(5-6) 1.17 (1.01 - 1.35) 1.57 (1.34 - 1.85) 0.98 (0.83 - 1.16) 1.04 (0.86 - 1.25) 

   High (>6) 1.21 (1.05 - 1.40) 1.35 (1.15 - 1.58) 0.88 (0.75 - 1.04) 0.92 (0.77 - 1.09) 

   P-Value interaction = <0.0001 

Transport mode index (TMI) 1 km 

   0 0.74 (0.42 - 1.29) 0.55 (0.31 - 0.97) 0.51 (0.28 - 0.92) 1.09 (0.76 - 1.56) 

   1 1.00 1.00 1.00 1.00 

   2 1.15 (1.04 - 1.28) 1.20 (1.07 - 1.35) 1.11 (0.99 - 1.25) 1.01 (0.89 - 1.16) 

   3 1.37 (1.16 - 1.63) 1.07 (0.88 - 1.31) 0.90 (0.72 - 1.13) 0.69 (0.52 - 0.90) 

   P-Value interaction = 0.0001 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 1.00 

   2 1.09 (0.90 - 1.32) 1.33 (1.10 - 1.62) 1.08 (0.91 - 1.28) 1.15 (0.99 - 1.35) 

   3 1.40 (1.13 - 1.71) 1.89 (1.53 - 2.33) 1.09 (0.89 - 1.32) 0.92 (0.75 - 1.13) 

   4 1.63 (1.29 - 2.07) 1.78 (1.38 - 2.29) 0.90 (0.69 - 1.16) 1.00 (0.77 - 1.29) 

   P-Value interaction = <0.0001         

 

  



Table A2-8 OR table for associations between objective measures of public transportation services and 
being an active commuter modified by commute distance. Significant associations are highlighted in bold 
text. 

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 1.00 

   Medium (2) 1.00 (0.86 - 1.16) 0.87 (0.76 - 1.00) 0.94 (0.83 - 1.07) 1.09 (0.96 - 1.24) 

   High (>2) 1.16 (0.96 - 1.39) 0.97 (0.81 - 1.17) 0.88 (0.75 - 1.03) 0.96 (0.82 - 1.11) 

   P-Value interaction = 0.0439 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.95 (0.79 - 1.14) 0.90 (0.75 - 1.08) 0.93 (0.79 - 1.09) 0.89 (0.77 - 1.03) 

   Medium-high (7 - 15) 1.11 (0.92 - 1.35) 1.08 (0.90 - 1.31) 0.96 (0.81 - 1.15) 0.87 (0.74 - 1.03) 

   High (> 15) 1.24 (1.01 - 1.54) 1.07 (0.87 - 1.32) 0.78 (0.64 - 0.95) 0.78 (0.64 - 0.96) 

   P-Value interaction = 0.0009 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 1.00 

   Medium low (11 - 20) 1.25 (1.04 - 1.51) 1.14 (0.95 - 1.36) 1.06 (0.91 - 1.23) 0.97 (0.84 - 1.11) 

   Medium high (21 - 40) 1.28 (1.08 - 1.53) 1.35 (1.14 - 1.60) 1.13 (0.97 - 1.31) 0.90 (0.77 - 1.05) 

   High (> 40) 1.79 (1.46 - 2.19) 1.42 (1.16 - 1.73) 1.03 (0.85 - 1.23) 0.93 (0.76 - 1.13) 

   P-Value interaction = <0.0001 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.24 (0.99 - 1.56) 1.39 (1.11 - 1.74) 1.03 (0.84 - 1.25) 1.02 (0.85 - 1.21) 

   Medium-high (3) 1.25 (1.03 - 1.52) 1.25 (1.04 - 1.50) 0.95 (0.81 - 1.12) 0.95 (0.82 - 1.10) 

   High (4) 1.60 (1.31 - 1.95) 1.58 (1.31 - 1.92) 0.93 (0.78 - 1.10) 0.97 (0.82 - 1.14) 

   P-Value interaction = <0.0001 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 1.11 (0.95 - 1.30) 1.10 (0.95 - 1.29) 0.90 (0.79 - 1.03) 1.00 (0.88 - 1.13) 

   Medium-high (3) 1.20 (1.02 - 1.41) 1.21 (1.04 - 1.42) 1.09 (0.95 - 1.26) 0.85 (0.74 - 0.99) 

   High (4) 1.29 (1.00 - 1.67) 1.34 (1.03 - 1.73) 0.82 (0.64 - 1.05) 1.23 (0.92 - 1.64) 

   P-Value interaction = 0.0008         

 

  



Table A2-9 OR table for associations between objective measures of public transportation services and 
meeting recommended levels of physical activity modified by commute distance. Significant associations are 
highlighted in bold text.  

  ≤ 5 km  5 - 10 km  10 - 20 km  < 20 km  

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 1.00 

   Medium (2) 1.02 (0.91 - 1.14) 0.92 (0.82 - 1.05) 0.99 (0.88 - 1.12) 1.02 (0.89 - 1.16) 

   High (>2) 0.90 (0.79 - 1.02) 0.97 (0.83 - 1.13) 0.87 (0.75 - 1.01) 0.96 (0.82 - 1.11) 

   P-Value interaction = 0.6387 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.95 (0.82 - 1.09) 0.91 (0.78 - 1.07) 1.00 (0.86 - 1.17) 0.96 (0.82 - 1.11) 

   Medium-high (7 - 15) 0.96 (0.83 - 1.11) 0.99 (0.84 - 1.17) 1.08 (0.91 - 1.27) 0.99 (0.84 - 1.17) 

   High (> 15) 1.00 (0.86 - 1.17) 1.11 (0.93 - 1.33) 0.92 (0.76 - 1.11) 0.92 (0.75 - 1.11) 

   P-Value interaction = 0.2152 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 1.00 

   Medium low (11 - 20) 1.08 (0.93 - 1.26) 1.12 (0.95 - 1.32) 1.13 (0.98 - 1.32) 1.02 (0.88 - 1.19) 

   Medium high (21 - 40) 1.18 (1.03 - 1.37) 1.41 (1.21 - 1.64) 1.11 (0.96 - 1.28) 0.90 (0.77 - 1.05) 

   High (> 40) 1.26 (1.08 - 1.48) 1.44 (1.21 - 1.72) 0.91 (0.77 - 1.08) 0.99 (0.83 - 1.20) 

   P-Value interaction = <0.0001 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 

   Medium-low (2) 1.19 (0.99 - 1.43) 1.24 (1.01 - 1.52) 1.02 (0.84 - 1.24) 0.97 (0.80 - 1.17) 

   Medium-high (3) 1.11 (0.94 - 1.30) 1.09 (0.92 - 1.30) 1.05 (0.90 - 1.23) 0.98 (0.84 - 1.15) 

   High (4) 1.17 (1.00 - 1.38) 1.28 (1.08 - 1.52) 0.97 (0.83 - 1.15) 0.99 (0.84 - 1.17) 

   P-Value interaction = 0.1527 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 1.00 

   Medium-low (2) 1.12 (0.99 - 1.27) 1.13 (0.99 - 1.3) 0.84 (0.74 - 0.95) 0.88 (0.77 - 1.00) 

   Medium-high (3) 1.11 (0.99 - 1.26) 1.26 (1.10 - 1.44) 1.01 (0.88 - 1.15) 0.90 (0.78 - 1.04) 

   High (4) 1.06 (0.89 - 1.27) 1.40 (1.13 - 1.74) 0.79 (0.63 - 1.00) 1.12 (0.86 - 1.45) 

   P-Value interaction = <0.0001         

 

  



Subgroup analysis: Age  

Table A2-10 OR table for associations between objective distance measures to public transportation and 
being an active commuter modified by age. Significant associations are highlighted in bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Distance to bus stop (km)  0.89 (0.65 - 1.20) 0.74 (0.61 - 0.86) 0.73 (0.62 - 0.86) 

   P-Value interaction = 0.5110 

Distance to bus stop (categories) 

   Close (≤ 200) 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.02 (0.86 - 1.21) 1.04 (0.94 - 1.15) 1.01 (0.91 - 1.12) 

   Moderate Far(401 - 800) 1.20 (0.96 - 1.51) 0.87 (0.77 - 0.98) 0.92 (0.82 - 1.03) 

   Far (>800) 0.58 (0.38 - 0.88) 0.89 (0.68 - 1.15) 0.66 (0.53 - 0.83) 

   P-Value interaction = 0.0377 

Distance to train station (km) 0.99 (0.97 - 1.02) 0.97 (0.96 - 0.98) 0.98 (0.96 - 0.99) 

   P-Value interaction = 0.1353 

Distance to train station (categories) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.88 (0.55 - 1.41) 1.00 (0.72 - 1.37) 1.00 (0.75 - 1.34) 

   Medium Far (1001 - 3000) 1.18 (0.77 - 1.83) 0.80 (0.59 - 1.07) 0.84 (0.65 - 1.10) 

   Far (>3000) 1.02 (0.66 - 1.57) 0.69 (0.51 - 0.92) 0.77 (0.59 - 1.01) 

   P-Value interaction = 0.0164 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.05 (0.78 - 1.41) 1.09 (0.90 - 1.32) 0.97 (0.80 - 1.19) 

   Medium Far (1001 - 3000) 0.97 (0.73 - 1.28) 0.84 (0.70 - 1.01) 0.92 (0.76 - 1.11) 

   Far (>3000) 0.96 (0.71 - 1.29) 0.83 (0.67 - 1.02) 0.77 (0.63 - 0.96) 

   P-Value interaction = 0.1228 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.98 (0.63 - 1.52) 0.90 (0.64 - 1.26) 0.72 (0.47 - 1.09) 

   Medium Far (1001 - 3000) 0.99 (0.66 - 1.47) 0.73 (0.53 – 1.00) 0.70 (0.48 - 1.04) 

   Far (>3000) 0.96 (0.66 - 1.41) 0.46 (0.34 - 0.63) 0.51 (0.35 - 0.74) 

   P-Value interaction = <0.0001       

 

  



Table A2-11 OR table for associations between objective distance measures to public transportation and 
meeting recommended levels of physical activity modified by age. Significant associations are highlighted in 
bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Distance to bus stop (km)  0.67 (0.53 - 0.85) 0.79 (0.64 - 0.96) 0.80 (0.68 - 0.95) 

   P-Value interaction = 0.0534 

Distance to bus stop (categories) 

   Close (≤ 200) 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.11 (0.98 - 1.25) 0.98 (0.89 - 1.07) 1.03 (0.94 - 1.13) 

   Moderate Far(401 - 800) 1.23 (1.04 - 1.44) 0.85 (0.75 - 0.95) 1.01 (0.91 - 1.12) 

   Far (>800) 1.04 (0.71 - 1.52) 0.98 (0.75 - 1.27) 0.61 (0.48 - 0.77) 

   P-Value interaction = 0.0003 

Distance to train station (km) 1.00 (0.98 - 1.02) 0.97 (0.95 - 0.98) 0.99 (0.97 – 1.00) 

   P-Value interaction = 0.0025 

Distance to train station (categories) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.04 (0.73 - 1.49) 1.28 (0.96 - 1.70) 1.08 (0.82 - 1.42) 

   Medium Far (1001 - 3000) 1.20 (0.86 - 1.65) 1.10 (0.84 - 1.44) 0.99 (0.77 - 1.26) 

   Far (>3000) 1.17 (0.85 - 1.63) 0.97 (0.74 - 1.27) 0.97 (0.75 - 1.24) 

   P-Value interaction = 0.0444 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.02 (0.84 - 1.24) 1.03 (0.87 - 1.22) 1.04 (0.88 - 1.24) 

   Medium Far (1001 - 3000) 1.06 (0.87 - 1.28) 0.87 (0.74 - 1.02) 1.01 (0.86 - 1.20) 

   Far (>3000) 1.19 (0.95 - 1.47) 0.82 (0.68 - 0.98) 0.82 (0.68 - 0.99) 

   P-Value interaction = <0.0001 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 

   Medium Close (501 - 1000) 1.27 (0.96 - 1.69) 1.09 (0.86 - 1.39) 0.77 (0.56 - 1.04) 

   Medium Far (1001 - 3000) 1.12 (0.86 - 1.45) 1.06 (0.84 - 1.33) 0.92 (0.69 - 1.24) 

   Far (>3000) 1.05 (0.81 - 1.36) 0.62 (0.49 - 0.78) 0.64 (0.48 - 0.86) 

   P-Value interaction = <0.0001       

 

  



Table A2-11 OR table for associations between objective density measures of public transportation and 
being an active commuter modified by age. Significant associations are highlighted in bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 

   Medium low (6 - 10) 1.06 (0.86 - 1.32) 1.35 (1.20 - 1.50) 1.20 (1.08 - 1.32) 

   Medium high (11 - 15) 0.84 (0.67 - 1.07) 1.38 (1.20 - 1.59) 1.40 (1.22 - 1.59) 

   High (>15) 0.87 (0.67 - 1.13) 1.81 (1.51 - 2.17) 1.48 (1.23 - 1.78) 

   P-Value interaction = <0.0001 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 

   Medium low (3-4) 1.13 (0.91 - 1.39) 1.24 (1.11 - 1.39) 1.05 (0.95 - 1.17) 

   Medium High(5-6) 0.76 (0.61 - 0.96) 1.38 (1.19 - 1.60) 1.41 (1.22 - 1.62) 

   High (>6) 0.88 (0.70 - 1.10) 1.46 (1.26 - 1.71) 1.29 (1.11 - 1.50) 

   P-Value interaction = <0.0001 

Transport mode index (TMI) 1 km 

   0 0.44 (0.24 - 0.80) 0.83 (0.56 - 1.21) 0.63 (0.46 - 0.86) 

   1 1.00 1.00 1.00 

   2 0.95 (0.80 - 1.13) 1.36 (1.22 - 1.51) 1.14 (1.02 - 1.26) 

   3 0.89 (0.67 - 1.18) 1.65 (1.34 - 2.03) 1.28 (1.03 - 1.60) 

   P-Value interaction = 0.0003 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 

   2 1.19 (0.91 - 1.56) 1.17 (1.02 - 1.36) 1.16 (1.02 - 1.33) 

   3 1.12 (0.84 - 1.51) 1.45 (1.21 - 1.72) 1.41 (1.20 - 1.66) 

   4 1.33 (0.93 - 1.89) 2.10 (1.65 - 2.68) 1.82 (1.40 - 2.36) 

   P-Value interaction = 0.0179       

 

  



Table A2-12 OR table for associations between objective density measures of public transportation and 
meeting recommended levels of physical activity modified by age. Significant associations are highlighted in 
bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 

   Medium low (6 - 10) 1.16 (0.99 - 1.37) 1.19 (1.06 - 1.33) 1.12 (1.02 - 1.23) 

   Medium high (11 - 15) 0.89 (0.74 - 1.06) 1.37 (1.20 - 1.56) 1.28 (1.13 - 1.44) 

   High (>15) 0.88 (0.73 - 1.07) 1.50 (1.28 - 1.75) 1.13 (0.96 - 1.33) 

   P-Value interaction = <0.0001 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 

   Medium low (3-4) 0.95 (0.81 - 1.11) 1.23 (1.10 - 1.38) 1.03 (0.93 - 1.14) 

   Medium High(5-6) 0.81 (0.68 - 0.97) 1.39 (1.21 - 1.59) 1.22 (1.07 - 1.39) 

   High (>6) 0.75 (0.63 - 0.88) 1.34 (1.17 - 1.54) 1.07 (0.94 - 1.23) 

   P-Value interaction = <0.0001 

Transport mode index (TMI) 1 km 

   0 0.70 (0.39 - 1.25) 0.95 (0.63 - 1.44) 0.68 (0.48 - 0.97) 

   1 1.00 1.00 1.00 

   2 0.90 (0.80 - 1.02) 1.29 (1.17 - 1.42) 1.09 (0.99 - 1.20) 

   3 0.80 (0.65 - 0.97) 1.26 (1.06 - 1.49) 1.06 (0.88 - 1.28) 

   P-Value interaction = 0.0001 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 

   2 1.01 (0.81 - 1.26) 1.22 (1.04 - 1.42) 1.13 (0.98 - 1.29) 

   3 0.94 (0.74 - 1.20) 1.57 (1.31 - 1.86) 1.39 (1.19 - 1.64) 

   4 0.93 (0.71 - 1.21) 1.77 (1.43 - 2.20) 1.43 (1.14 - 1.78) 

   P-Value interaction = <0.0001       

 

  



Table A2-13 OR table for associations between objective measures of public transportation services and 
being an active commuter modified by age. Significant associations are highlighted in bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

OR (Cl)  OR (Cl)  OR (Cl)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 

   Medium (2) 1.15 (0.95 - 1.38) 0.95 (0.85 - 1.06) 0.97 (0.88 - 1.08) 

   High (>2) 0.83 (0.67 - 1.02) 1.06 (0.92 - 1.22) 0.94 (0.83 - 1.07) 

   P-Value interaction = 0.0231 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 

   Medium-low (3 - 6) 1.29 (1.02 - 1.62) 0.85 (0.75 - 0.97) 0.91 (0.81 - 1.03) 

   Medium-high (7 - 15) 1.04 (0.82 - 1.31) 0.92 (0.80 - 1.06) 1.08 (0.95 - 1.24) 

   High (> 15) 0.84 (0.66 - 1.07) 1.05 (0.89 - 1.23) 0.93 (0.79 - 1.09) 

   P-Value interaction = = <0.0001 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 

   Medium low (11 - 20) 0.76 (0.60 - 0.97) 1.09 (0.96 - 1.25) 1.15 (1.03 - 1.30) 

   Medium high (21 - 40) 0.76 (0.61 - 0.95) 1.28 (1.12 - 1.46) 1.14 (1.01 - 1.29) 

   High (> 40) 0.73 (0.58 - 0.93) 1.35 (1.15 - 1.59) 1.36 (1.16 - 1.59) 

   P-Value interaction = <0.0001 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 0.83 (0.61 - 1.11) 1.19 (1.01 - 1.39) 1.15 (0.99 - 1.33) 

   Medium-high (3) 1.06 (0.81 - 1.38) 1.03 (0.90 - 1.17) 1.07 (0.95 - 1.21) 

   High (4) 0.82 (0.63 - 1.06) 1.26 (1.09 - 1.46) 1.26 (1.11 - 1.44) 
   P-Value interaction = 0.0004 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 0.83 (0.68 - 1.02) 1.11 (0.99 - 1.24) 0.97 (0.88 - 1.08) 

   Medium-high (3) 0.78 (0.64 - 0.95) 1.16 (1.03 - 1.31) 1.12 (1.00 - 1.25) 

   High (4) 0.66 (0.49 - 0.89) 1.41 (1.15 - 1.74) 1.12 (0.91 - 1.37) 

   P-Value interaction = 0.0002       

 

 

 

 

 

 

 

 

 



Table A2-13 OR table for associations between objective measures of public transportation services and 
meeting recommended levels of physical activity modified by age. Significant associations are highlighted in 
bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 

   Medium (2) 1.11 (0.97 - 1.27) 0.95 (0.85 - 1.05) 1.00 (0.91 - 1.10) 

   High (>2) 0.86 (0.74 - 1.00) 1.01 (0.89 - 1.14) 0.87 (0.78 - 0.99) 

   P-Value interaction = = 0.0203 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 

   Medium-low (3 - 6) 1.30 (1.10 - 1.54) 0.85 (0.75 - 0.97) 0.92 (0.82 - 1.04) 

   Medium-high (7 - 15) 1.07 (0.90 - 1.27) 0.92 (0.81 - 1.05) 1.06 (0.93 - 1.20) 

   High (> 15) 0.97 (0.81 - 1.16) 1.06 (0.91 - 1.22) 0.95 (0.82 - 1.10) 

   P-Value interaction = <0.0001 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 

   Medium low (11 - 20) 0.84 (0.70 - 1.01) 1.12 (0.98 - 1.28) 1.17 (1.04 - 1.31) 

   Medium high (21 - 40) 0.79 (0.67 - 0.94) 1.40 (1.23 - 1.59) 1.13 (1.01 - 1.27) 

   High (> 40) 0.72 (0.60 - 0.87) 1.39 (1.20 - 1.62) 1.25 (1.08 - 1.44) 

   P-Value interaction = <0.0001 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 

   Medium-low (2) 0.82 (0.65 - 1.02) 1.25 (1.06 - 1.46) 1.10 (0.95 - 1.27) 

   Medium-high (3) 1.03 (0.85 - 1.26) 1.06 (0.92 - 1.21) 1.04 (0.93 - 1.17) 

   High (4) 0.81 (0.67 - 0.99) 1.23 (1.07 - 1.42) 1.14 (1.00 - 1.29) 

   P-Value interaction = <0.0001 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 

   Medium-low (2) 0.75 (0.65 - 0.87) 1.12 (1.01 - 1.25) 0.97 (0.88 - 1.07) 

   Medium-high (3) 0.78 (0.67 - 0.90) 1.21 (1.08 - 1.36) 1.10 (0.99 - 1.22) 

   High (4) 0.76 (0.61 - 0.93) 1.30 (1.09 - 1.54) 1.01 (0.84 - 1.21) 

   P-Value interaction = <0.0001       

 

  



Subgroup analysis: Gender  

Table A2-14 OR table for associations between objective distance measures to public transportation and 
being an active commuter as well as meeting recommended levels of physical activty modified by gender. 
Significant associations are highlighted in bold text. 

  
Active commuter  (> 4min/day) Meeting recommended levels of 

physical activity  (≥ 30min/day) 

 

Women Men Women Men 

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Distance to bus stop (km)  0.53 (0.40 - 0.68) 0.82 (0.73 - 0.94) 0.75 (0.60 - 0.94) 0.91 (0.80 - 1.04) 

   P-Value interaction = 0.3002  P-Value =0.7097 

Distance to bus stop (categories) 

   Close (≤ 200) 1.00 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.04 (0.95 - 1.14) 1.00 (0.91 - 1.09) 1.00 (0.93 - 1.08) 1.04 (0.96 - 1.14) 

   Moderate Far(401 - 800) 0.90 (0.80 - 1.00) 0.95 (0.85 - 1.06) 0.94 (0.86 - 1.03) 1.03 (0.92 - 1.14) 

   Far (>800) 0.62 (0.50 - 0.77) 0.88 (0.70 - 1.10) 0.68 (0.55 - 0.84) 0.96 (0.76 - 1.22) 

   P-Value interaction = 0.0594  P-Value =0.1276 

Distance to train station (km) 0.97 (0.96 - 0.98) 0.99 (0.97 - 1.00) 0.97 (0.96 - 0.99) 0.99 (0.98 - 1.01) 

   P-Value interaction = 0.0316  P-Value =0.0073 

Distance to train station (categories) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.95 (0.73 - 1.25) 0.98 (0.74 - 1.30) 1.17 (0.93 - 1.47) 1.07 (0.82 - 1.40) 

   Medium Far (1001 - 3000) 0.88 (0.69 - 1.13) 0.84 (0.64 - 1.09) 1.11 (0.90 - 1.37) 1.00 (0.78 - 1.28) 

   Far (>3000) 0.74 (0.58 - 0.95) 0.76 (0.58 - 0.99) 0.97 (0.78 - 1.21) 1.01 (0.79 - 1.30) 

   P-Value interaction = 0.6368  P-Value =0.0620 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.87 (0.72 - 1.05) 1.18 (1.00 - 1.41) 0.93 (0.80 - 1.07) 1.17 (1.00 - 1.36) 

   Medium Far (1001 - 3000) 0.73 (0.61 - 0.88) 1.05 (0.89 - 1.23) 0.84 (0.73 - 0.96) 1.12 (0.97 - 1.30) 

   Far (>3000) 0.65 (0.53 - 0.79) 0.99 (0.82 - 1.19) 0.75 (0.64 - 0.89) 1.04 (0.87 - 1.24) 

   P-Value interaction = 0.0056  P-Value =0.0116 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.77 (0.55 - 1.10) 0.94 (0.69 - 1.27) 0.95 (0.76 - 1.19) 1.15 (0.91 - 1.45) 

   Medium Far (1001 - 3000) 0.71 (0.52 - 0.99) 0.84 (0.63 - 1.11) 1.04 (0.84 - 1.29) 1.06 (0.85 - 1.32) 

   Far (>3000) 0.44 (0.32 - 0.61) 0.69 (0.52 - 0.92) 0.62 (0.50 - 0.78) 0.90 (0.72 - 1.13) 

   P-Value interaction = 0.0007       P-Value =<0.0001   

 

 

 

 

 



Table A2-15 OR table for associations between objective density measures of public transportation and 
being an active commuter as well as meeting recommended levels of physical activty modified by gender. 
Significant associations are highlighted in bold text. 

  
Active commuter  (> 4min/day) Meeting recommended levels of 

physical activity  (≥ 30min/day) 

Women Men Women Men 

  OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 1.00 

   Medium low (6 - 10) 1.35 (1.23 - 1.49) 1.14 (1.03 - 1.26) 1.21 (1.10 - 1.32) 1.10 (0.99 - 1.22) 

   Medium high (11 - 15) 1.53 (1.35 - 1.74) 1.11 (0.98 - 1.26) 1.35 (1.21 - 1.51) 1.07 (0.94 - 1.21) 

   High (>15) 1.99 (1.67 - 2.38) 1.17 (0.99 - 1.38) 1.41 (1.23 - 1.62) 1.01 (0.87 - 1.17) 

   P-Value interaction = <0.0001  P-Value =<0.0001 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium low (3-4) 1.15 (1.04 - 1.27) 1.11 (1.00 - 1.23) 1.10 (1.00 - 1.20) 1.07 (0.96 - 1.19) 

   Medium High(5-6) 1.47 (1.28 - 1.69) 1.10 (0.96 - 1.25) 1.24 (1.10 - 1.39) 1.10 (0.97 - 1.25) 

   High (>6) 1.57 (1.36 - 1.81) 1.10 (0.95 - 1.27) 1.24 (1.10 - 1.40) 0.93 (0.82 - 1.06) 

   P-Value interaction = <0.0001  P-Value =<0.0001 

Transport mode index (TMI) 1 km 

   0 0.71 (0.53 - 0.95) 0.64 (0.45 - 0.90) 0.79 (0.57 - 1.07) 0.77 (0.52 - 1.13) 

   1 1.00 1.00 1.00 1.00 

   2 1.29 (1.17 - 1.42) 1.10 (1.00 - 1.21) 1.21 (1.11 - 1.32) 1.01 (0.92 - 1.10) 

   3 1.61 (1.32 - 1.98) 1.14 (0.95 - 1.38) 1.19 (1.03 - 1.39) 0.93 (0.79 - 1.09) 

   P-Value interaction = 0.0079  P-Value =0.0018 

Transport mode index (TMI) 3 km 

   1 1.00 1.00 1.00 1.00 

   2 1.19 (1.04 - 1.35) 1.20 (1.04 - 1.38) 1.19 (1.05 - 1.36) 1.10 (0.96 - 1.27) 

   3 1.49 (1.27 - 1.75) 1.35 (1.14 - 1.59) 1.52 (1.31 - 1.77) 1.21 (1.02 - 1.42) 

   4 2.42 (1.90 - 3.07) 1.50 (1.19 - 1.89) 1.76 (1.45 - 2.14) 1.12 (0.92 - 1.38) 

   P-Value interaction = <0.0001       P-Value =<0.0001   

 

  



Table A2-16 OR table for associations between objective measures of public transportation services and 
being an active commuter as well as meeting recommended levels of physical activty modified by gender. 
Significant associations are highlighted in bold text. 

  
Active commuter  (> 4min/day) Meeting recommended levels of 

physical activity  (≥ 30min/day) 

 Women Men Women Men 

OR (Cl)  OR (Cl)  OR (Cl)  OR (Cl)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 1.00 

   Medium (2) 0.96 (0.87 - 1.06) 1.00 (0.91 - 1.11) 0.99 (0.91 - 1.08) 1.00 (0.91 - 1.10) 

   High (>2) 0.96 (0.85 - 1.09) 0.98 (0.86 - 1.12) 0.93 (0.84 - 1.04) 0.90 (0.80 - 1.02) 

   P-Value interaction = 0.8133 P-Value = 0.8475 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.94 (0.84 - 1.06) 0.91 (0.80 - 1.02) 0.92 (0.83 - 1.01) 1.01 (0.90 - 1.13) 

   Medium-high (7 - 15) 1.11 (0.97 - 1.26) 0.91 (0.80 - 1.03) 0.99 (0.89 - 1.11) 1.01 (0.89 - 1.14) 

   High (> 15) 1.07 (0.92 - 1.25) 0.85 (0.73 - 0.99) 1.07 (0.94 - 1.21) 0.91 (0.79 - 1.05) 

   P-Value interaction = 0.0098 P-Value = 0.0030 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 1.00 

   Medium low (11 - 20) 1.15 (1.03 - 1.29) 1.01 (0.90 - 1.14) 1.14 (1.03 - 1.27) 1.03 (0.92 - 1.17) 

   Medium high (21 - 40) 1.27 (1.12 - 1.43) 1.03 (0.91 - 1.16) 1.23 (1.11 - 1.38) 1.06 (0.94 - 1.19) 

   High (> 40) 1.55 (1.33 - 1.81) 1.02 (0.88 - 1.19) 1.34 (1.18 - 1.53) 0.99 (0.86 - 1.14) 

   P-Value interaction = <0.0001 P-Value =  0.0002 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 1.00 

   Medium-low (2) 1.12 (0.98 - 1.29) 1.12 (0.97 - 1.30) 1.14 (1.01 - 1.30) 1.04 (0.90 - 1.20) 

   Medium-high (3) 1.12 (1.00 - 1.26) 0.99 (0.87 - 1.12) 1.09 (0.98 - 1.21) 1.00 (0.88 - 1.13) 

   High (4) 1.37 (1.21 - 1.56) 1.03 (0.90 - 1.18) 1.20 (1.07 - 1.35) 0.98 (0.86 - 1.11) 

   P-Value interaction = 0.0010 P-Value =0.0385 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 1.00 

   Medium-low (2) 1.04 (0.94 - 1.14) 0.98 (0.88 - 1.08) 1.00 (0.92 - 1.09) 0.95 (0.86 - 1.05) 

   Medium-high (3) 1.20 (1.08 - 1.34) 0.97 (0.87 - 1.08) 1.14 (1.04 - 1.25) 0.97 (0.88 - 1.08) 

   High (4) 1.23 (1.02 - 1.49) 1.06 (0.88 - 1.27) 1.15 (0.99 - 1.33) 0.96 (0.82 - 1.13) 

   P-Value interaction = 0.0189      P-Value =0.0431   

 

 



A3: Paper III: Results from the associations between individual public transportation 

accessibility and meeting recommended levels of physical activity. Subgroup 

analyses for distance to work, age and gender for both being an active commuter and 

meeting recommendations of physical activity.  

 

  



  



Table A3-1 Crude and adjusted associations (OR) between individual public transportation accessibility 
(using the nearest stop, all stops within walking distance or all stops within 3 km cycling distance) and 
meeting recommended levels of physical activity. Between-neighbourhood variation is expressed by the 
Intra-class correlation coefficient (ICC). 

  

Model 1: Crude Model 2: Model 1 +  

Individual co-variates 

Model 3: Model 2 + 

Neighbourhood co-

variates 

  OR (CI)  OR (CI)
b
  OR (CI)

c
  

Nearest stop 30 minutes Acc. 

   Low 1.00 1.00 1.00 

   Medium low 0.92 (0.86 - 1.00) 0.92 (0.85 - 0.99) 0.93 (0.87 - 1.01) 

   Medium high 0.99 (0.91 - 1.06) 1.00 (0.93 - 1.08) 0.98 (0.91 - 1.06) 

   High 1.03 (0.95 - 1.12) 1.06 (0.97 - 1.15) 0.97 (0.89 - 1.05) 

   P-value
a
 0.0832 0.0235 0.3233 

   ICC 11.8 7.0 1.3 

Nearest stop 60 minutes Acc. 

   Low 1.00 1.00 1.00 

   Medium low 0.99 (0.92 - 1.08) 1.01 (0.93 - 1.09) 1.03 (0.95 - 1.12) 

   Medium high 1.03 (0.95 - 1.12) 1.06 (0.98 - 1.15) 1.04 (0.96 - 1.12) 

   High 1.04 (0.94 - 1.14) 1.07 (0.98 - 1.18) 0.97 (0.88 - 1.06) 

   P-value
a
 0.7908 0.3134 0.4248 

   ICC 12.3 7.2 1.4 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.17 (1.08 - 1.26) 1.19 (1.10 - 1.29) 1.10 (1.02 - 1.19) 

   Medium high 1.41 (1.29 - 1.55) 1.45 (1.32 - 1.58) 1.22 (1.11 - 1.33) 

   High 1.48 (1.33 - 1.64) 1.55 (1.40 - 1.72) 1.15 (1.03 - 1.28) 

   P-value
a
 <.0001 <.0001 0.0005 

   ICC 8.4 4.1 1.1 

Stops wihtin walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.43 (1.31 - 1.57) 1.41 (1.29 - 1.53) 1.23 (1.12 - 1.34) 

   Medium high 1.82 (1.64 - 2.01) 1.76 (1.60 - 1.93) 1.37 (1.24 - 1.51) 

   High 2.17 (1.93 - 2.44) 2.12 (1.90 - 2.35) 1.36 (1.21 - 1.53) 

   P-value
a
 <.0001 <.0001 <.0001 

   ICC 5.3 2.6 0.9 

Stops within cycling distance 30 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.58 (1.42 - 1.76) 1.44 (1.30 - 1.60) 1.18 (1.07 - 1.30) 

   Medium high 2.37 (2.12 - 2.66) 1.96 (1.76 - 2.18) 1.33 (1.19 - 1.49) 

   High 3.03 (2.69 - 3.42) 2.46 (2.20 - 2.76) 1.42 (1.25 - 1.61) 

   P-value
a
 <.0001 <.0001 <.0001 

   ICC 3.6 1.9 0.9 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 

   Medium low 1.68 (1.51 - 1.87) 1.52 (1.37 - 1.69) 1.24 (1.12 - 1.37) 

   Medium high 2.11 (1.88 - 2.36) 1.78 (1.60 - 1.97) 1.28 (1.15 - 1.43) 

   High 3.29 (2.92 - 3.72) 2.67 (2.39 - 2.98) 1.47 (1.28 - 1.69) 

   P-value
a
 <.0001 <.0001 <.0001 

   ICC 3.3 2.1 0.9 
aP-value from type III test of the association.  
bAdjusted for age, gender, education, commute distance. 
cAdjusted for population density, median income and street connectivity 

  



Table A3-2 OR table for associations between public transport accessibility and being an active commuter 

modified by commute distance. Significant associations are highlighted in bold text. 

  ≤ 5 km 5 - 10 km 10 - 20 km > 20 km 

  OR (Cl) OR (Cl)  OR (Cl)  OR (Cl)  

Nearest stop 30 minutes Acc. 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.02 (0.86 - 1.21) 0.96 (0.81 - 1.14) 0.83 (0.72 - 0.96) 0.94 (0.83 - 1.07) 

   Medium high 1.08 (0.91 - 1.28) 1.21 (1.03 - 1.43) 0.89 (0.76 - 1.03) 1.00 (0.86 - 1.16) 

   High 1.46 (1.21 - 1.76) 1.21 (1.01 - 1.44) 0.87 (0.73 - 1.04) 0.76 (0.63 - 0.91) 

   P-Value interaction = <0.0001 

Nearest stop 60 minutes Acc. 

   Low 1.00 1.00 1.00 1.00 

   Medium low 0.98 (0.83 - 1.17) 1.06 (0.89 - 1.26) 0.93 (0.81 - 1.08) 1.15 (1.00 - 1.31) 

   Medium high 1.09 (0.91 - 1.29) 1.14 (0.96 - 1.34) 0.92 (0.79 - 1.07) 1.01 (0.87 - 1.18) 

   High 1.46 (1.21 - 1.77) 1.24 (1.04 - 1.49) 0.85 (0.70 - 1.02) 0.75 (0.62 - 0.91) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.26 (1.05 - 1.50) 1.23 (1.03 - 1.46) 1.20 (1.05 - 1.39) 1.08 (0.95 - 1.23) 

   Medium high 1.56 (1.30 - 1.87) 1.35 (1.13 - 1.61) 1.33 (1.14 - 1.56) 1.25 (1.06 - 1.47) 

   High 1.94 (1.58 - 2.37) 1.63 (1.34 - 1.99) 1.19 (0.99 - 1.44) 0.87 (0.71 - 1.06) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.31 (1.09 - 1.56) 1.25 (1.04 - 1.50) 1.24 (1.07 - 1.43) 1.05 (0.92 - 1.21) 

   Medium high 1.54 (1.28 - 1.86) 1.49 (1.24 - 1.80) 1.37 (1.17 - 1.61) 1.18 (1.00 - 1.40) 

   High 2.24 (1.80 - 2.78) 1.72 (1.40 - 2.12) 1.29 (1.06 - 1.58) 0.89 (0.72 - 1.09) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.12 (0.93 - 1.36) 1.22 (1.00 - 1.48) 1.40 (1.20 - 1.64) 1.18 (1.02 - 1.36) 

   Medium high 1.34 (1.10 - 1.64) 1.39 (1.15 - 1.69) 1.31 (1.10 - 1.56) 0.85 (0.70 - 1.02) 

   High 2.01 (1.60 - 2.51) 1.79 (1.43 - 2.24) 1.31 (1.06 - 1.62) 0.85 (0.69 - 1.06) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.15 (0.95 - 1.39) 1.24 (1.02 - 1.51) 1.42 (1.21 - 1.67) 1.12 (0.96 - 1.29) 

   Medium high 1.28 (1.05 - 1.55) 1.40 (1.15 - 1.69) 1.34 (1.13 - 1.59) 0.93 (0.78 - 1.11) 

   High 2.14 (1.70 - 2.71) 1.97 (1.56 - 2.48) 1.25 (1.00 - 1.56) 0.79 (0.63 - 0.98) 

   P-Value interaction = <0.0001         

 

  



Table A3-3 OR table for associations between public transport accessibility and meeting recommended 

levels of physical activity modified by commute distance. Significant associations are highlighted in bold 

text. 

  ≤ 5 km 5 - 10 km 10 - 20 km > 20 km 

  OR (Cl) OR (Cl)  OR (Cl)  OR (Cl)  

Nearest stop 30 minutes Acc. 

   Low 1.00 1.00 1.00 1.00 

   Medium low 0.91 (0.79 - 1.04) 0.88 (0.75 - 1.02) 0.96 (0.83 - 1.10) 0.99 (0.86 - 1.13) 

   Medium high 0.98 (0.86 - 1.12) 1.03 (0.89 - 1.19) 0.92 (0.79 - 1.06) 1.02 (0.87 - 1.19) 

   High 1.05 (0.92 - 1.20) 1.05 (0.91 - 1.22) 0.89 (0.76 - 1.04) 0.73 (0.61 - 0.87) 

   P-Value interaction = 0.0010 

Nearest stop 60 minutes Acc. 

   Low 1.00 1.00 1.00 1.00 

   Medium low 0.93 (0.81 - 1.07) 0.88 (0.76 - 1.03) 1.13 (0.98 - 1.31) 1.18 (1.02 - 1.35) 

   Medium high 1.02 (0.89 - 1.17) 1.06 (0.91 - 1.22) 0.98 (0.84 - 1.13) 1.09 (0.93 - 1.28) 

   High 1.04 (0.91 - 1.19) 1.03 (0.88 - 1.20) 0.87 (0.73 - 1.03) 0.75 (0.62 - 0.90) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.05 (0.90 - 1.21) 1.18 (1.01 - 1.39) 1.17 (1.02 - 1.35) 1.05 (0.92 - 1.20) 

   Medium high 1.28 (1.11 - 1.49) 1.30 (1.11 - 1.53) 1.14 (0.98 - 1.33) 1.17 (1.00 - 1.38) 

   High 1.27 (1.09 - 1.49) 1.42 (1.19 - 1.69) 0.98 (0.83 - 1.17) 0.79 (0.66 - 0.96) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.32 (1.13 - 1.53) 1.37 (1.16 - 1.62) 1.22 (1.05 - 1.41) 1.12 (0.97 - 1.29) 

   Medium high 1.51 (1.29 - 1.75) 1.59 (1.34 - 1.88) 1.31 (1.12 - 1.53) 1.20 (1.01 - 1.41) 

   High 1.69 (1.44 - 1.99) 1.69 (1.40 - 2.02) 1.08 (0.90 - 1.30) 0.94 (0.78 - 1.14) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.11 (0.95 - 1.30) 1.31 (1.10 - 1.57) 1.27 (1.09 - 1.48) 1.17 (1.02 - 1.36) 

   Medium high 1.45 (1.24 - 1.71) 1.73 (1.45 - 2.07) 1.28 (1.08 - 1.51) 0.89 (0.74 - 1.08) 

   High 1.64 (1.38 - 1.95) 1.91 (1.57 - 2.32) 1.17 (0.96 - 1.41) 0.93 (0.76 - 1.13) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 1.00 

   Medium low 1.20 (1.02 - 1.40) 1.42 (1.19 - 1.70) 1.36 (1.16 - 1.59) 1.17 (1.01 - 1.36) 

   Medium high 1.37 (1.17 - 1.61) 1.59 (1.33 - 1.90) 1.31 (1.11 - 1.55) 0.97 (0.82 - 1.16) 

   High 1.71 (1.43 - 2.05) 2.09 (1.71 - 2.56) 1.13 (0.92 - 1.38) 0.94 (0.77 - 1.16) 

   P-Value interaction = <0.0001         

 

 

 

 

 

  



Table A3-4 OR table for associations between public transport accessibility and being an active commuter 

modified by age. Significant associations are highlighted in bold text. 

  16 - 29 years 30 - 45 years 46 - 64 years 

  OR (Cl)  OR (Cl)  OR (Cl)  

Nearest stop 30 min 

   Low 1.00 1.00 1.00 

   Medium low 1.09 (0.87 - 1.37) 0.94 (0.83 - 1.06) 0.90 (0.81 - 1.01) 

   Medium high 0.89 (0.71 - 1.10) 1.09 (0.96 - 1.24) 1.01 (0.90 - 1.14) 

   High 0.91 (0.73 - 1.13) 1.13 (0.98 - 1.31) 1.02 (0.89 - 1.18) 

   P-Value interaction = 0.0579 

Nearest stop 60 min 

   Low 1.00 1.00 1.00 

   Medium low 1.18 (0.93 - 1.48) 1.08 (0.95 - 1.22) 1.00 (0.89 - 1.12) 

   Medium high 0.92 (0.74 - 1.14) 1.10 (0.97 - 1.26) 1.02 (0.90 - 1.15) 

   High 0.88 (0.71 - 1.10) 1.16 (1.00 - 1.34) 1.05 (0.91 - 1.23) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.00 (0.79 - 1.26) 1.23 (1.09 - 1.39) 1.15 (1.03 - 1.29) 

   Medium high 0.97 (0.77 - 1.22) 1.50 (1.31 - 1.72) 1.29 (1.13 - 1.46) 

   High 0.91 (0.72 - 1.15) 1.48 (1.26 - 1.74) 1.38 (1.18 - 1.62) 

   P-Value interaction = 0.0806 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 0.91 (0.72 - 1.15) 1.24 (1.09 - 1.41) 1.17 (1.04 - 1.31) 

   Medium high 1.02 (0.81 - 1.29) 1.51 (1.31 - 1.75) 1.27 (1.11 - 1.45) 

   High 0.96 (0.75 - 1.22) 1.60 (1.35 - 1.90) 1.45 (1.21 - 1.72) 

   P-Value interaction = <0.0001 

Stops within cycling distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 1.00 

   Medium low 1.12 (0.89 - 1.43) 1.28 (1.11 - 1.25) 1.16 (1.02 - 1.32) 

   Medium high 0.98 (0.77 - 1.25) 1.26 (1.08 - 1.48) 1.19 (1.02 - 1.38) 

   High 1.04 (0.81 - 1.33) 1.50 (1.25 - 1.80) 1.51 (1.26 - 1.81) 

   P-Value interaction = 0.0462 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.01 (0.80 - 1.28) 1.27 (1.10 - 1.46) 1.15 (1.01 - 1.31) 

   Medium high 0.98 (0.78 - 1.25) 1.21 (1.04 - 1.40) 1.21 (1.05 - 1.39) 

   High 1.06 (0.82 - 1.38) 1.53 (1.26 - 1.85) 1.46 (1.21 - 1.77) 

   P-Value interaction = <0.0001     

 

  



Table A3-5 OR table for associations between public transport accessibility and meeting recommended 

levels of physical activity modified by commute distance. Significant associations are highlighted in bold 

text. 

  Age groups 

  OR (Cl) (16-29 years) OR (Cl) (30-45 years) OR (Cl) (46-64 years) 

Nearest stop 30 min 

   Low 1.00 1.00 1.00 

   Medium low 1.28 (1.08 - 1.52) 0.87 (0.77 - 0.98) 0.89 (0.80 - 0.99) 

   Medium high 0.95 (0.81 - 1.11) 1.06 (0.94 - 1.20) 0.93 (0.84 - 1.04) 

   High 0.90 (0.77 - 1.06) 1.02 (0.90 - 1.16) 0.96 (0.85 - 1.09) 

   P-Value interaction = <0.0001 

Nearest stop 60 min 

   Low 1.00 1.00 1.00 

   Medium low 1.22 (1.03 - 1.45) 1.03 (0.91 - 1.17) 0.98 (0.88 - 1.09) 

   Medium high 0.95 (0.81 - 1.12) 1.14 (1.01 - 1.29) 1.00 (0.89 - 1.12) 

   High 0.84 (0.72 - 0.98) 1.06 (0.93 - 1.21) 0.96 (0.84 - 1.10) 

   P-Value interaction = 0.0035 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 0.87 (0.73 - 1.04) 1.21 (1.07 - 1.37) 1.11 (1.00 - 1.24) 

   Medium high 0.84 (0.70 - 1.00) 1.48 (1.30 - 1.69) 1.18 (1.04 - 1.33) 

   High 0.75 (0.63 - 0.90) 1.36 (1.18 - 1.58) 1.17 (1.01 - 1.35) 

   P-Value interaction = 0.0229 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.03 (0.86 - 1.23) 1.34 (1.18 - 1.53) 1.21 (1.08 - 1.35) 

   Medium high 0.99 (0.83 - 1.19) 1.66 (1.45 - 1.90) 1.31 (1.16 - 1.48) 

   High 0.93 (0.77 - 1.12) 1.63 (1.40 - 1.90) 1.36 (1.18 - 1.58) 

   P-Value interaction = <0.0001 

Stops within cycling distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 1.00 

   Medium low 1.15 (0.96 - 1.39) 1.27 (1.11 - 1.46) 1.11 (0.98 - 1.25) 

   Medium high 1.12 (0.93 - 1.35) 1.48 (1.28 - 1.71) 1.29 (1.12 - 1.47) 

   High 1.04 (0.86 - 1.26) 1.63 (1.39 - 1.92) 1.46 (1.25 - 1.71) 

   P-Value interaction = <0.0001 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 1.00 

   Medium low 1.10 (0.91 - 1.32) 1.36 (1.18 - 1.56) 1.18 (1.04 - 1.34) 

   Medium high 1.08 (0.90 - 1.30) 1.38 (1.20 - 1.60) 1.26 (1.11 - 1.44) 

   High 1.03 (0.85 - 1.26) 1.69 (1.43 - 2.00) 1.51 (1.28 - 1.78) 

   P-Value interaction = <0.0001 

 

  



Table A3-6 OR table for associations between public transport accessibility and being an active commuter 

modified by gender. Significant associations are highlighted in bold text. 

  Women Men 

  OR (Cl) OR (Cl)  

Nearest stop 30 min 

   Low 1.00 1.00 

   Medium low 0.98 (0.88 - 1.09) 0.89 (0.79 - 0.99) 

   Medium high 1.12 (1.00 - 1.25) 0.93 (0.83 - 1.05) 

   High 1.17 (1.03 - 1.34) 0.93 (0.82 - 1.07) 

   P-Value interaction = <0.0332 

Nearest stop 60 min 

   Low 1.00 1.00 

   Medium low 1.09 (0.98 - 1.22) 0.99 (0.89 - 1.12) 

   Medium high 1.10 (0.98 - 1.23) 0.97 (0.86 - 1.09) 

   High 1.24 (1.08 - 1.43) 0.91 (0.79 - 1.05) 

   P-Value interaction = 0.0058 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 

   Medium low 1.19 (1.07 - 1.32) 1.14 (1.02 - 1.28) 

   Medium high 1.41 (1.24 - 1.59) 1.24 (1.09 - 1.41) 

   High 1.63 (1.40 - 1.90) 1.10 (0.94 - 1.27) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 

   Medium low 1.18 (1.05 - 1.32) 1.14 (1.02 - 1.29) 

   Medium high 1.43 (1.26 - 1.63) 1.23 (1.08 - 1.40) 

   High 1.76 (1.50 - 2.08) 1.15 (0.98 - 1.35) 

   P-Value interaction = <0.0001 

Stops within cycling distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 

   Medium low 1.22 (1.08 - 1.38) 1.17 (1.03 - 1.34) 

   Medium high 1.34 (1.16 - 1.55) 1.04 (0.90 - 1.21) 

   High 1.77 (1.49 - 2.11) 1.14 (0.96 - 1.35) 

   P-Value interaction = <0.0001 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 

   Medium low 1.22 (1.07 - 1.38) 1.13 (0.99 - 1.29) 

   Medium high 1.32 (1.15 - 1.52) 1.03 (0.90 - 1.19) 

   High 1.81 (1.50 - 2.18) 1.13 (0.94 - 1.35) 

   P-Value interaction = <0.0001   

 

  



Table A3-7 OR table for associations between public transport accessibility and meeting recommended 

levels of physical activity modified by gender. Significant associations are highlighted in bold text. 

  Women Men 

  OR (Cl) OR (Cl)  

Nearest stop 30 min 

   Low 1.00 1.00 

   Medium low 0.94 (0.85 - 1.03) 0.94 (0.84 - 1.05) 

   Medium high 1.04 (0.94 - 1.15) 0.91 (0.82 - 1.02) 

   High 1.03 (0.93 - 1.15) 0.88 (0.79 - 0.99) 

   P-Value interaction = 0.0409 

Nearest stop 60 min 

   Low 1.00 1.00 

   Medium low 1.03 (0.93 - 1.13) 1.05 (0.94 - 1.17) 

   Medium high 1.06 (0.96 - 1.17) 1.01 (0.90 - 1.13) 

   High 1.06 (0.95 - 1.19) 0.86 (0.76 - 0.97) 

   P-Value interaction = <0.0001 

Stops within walking distance 30 minutes Acc. (1 km) 

   Low 1.00 1.00 

   Medium low 1.10 (1.00 - 1.22) 1.10 (0.98 - 1.23) 

   Medium high 1.26 (1.13 - 1.41) 1.14 (1.01 - 1.29) 

   High 1.31 (1.15 - 1.48) 0.94 (0.82 - 1.07) 

   P-Value interaction = <0.0001 

Stops within walking distance 60 minutes Acc. (1 km) 

   Low 1.00 1.00 

   Medium low 1.22 (1.10 - 1.35) 1.22 (1.08 - 1.37) 

   Medium high 1.45 (1.29 - 1.63) 1.24 (1.10 - 1.41) 

   High 1.55 (1.35 - 1.77) 1.11 (0.96 - 1.29) 

   P-Value interaction = <0.0001 

Stops within cycling distance 30 minutes Acc. (3km) 

   Low 1.00 1.00 

   Medium low 1.17 (1.04 - 1.31) 1.17 (1.03 - 1.33) 

   Medium high 1.42 (1.25 - 1.61) 1.19 (1.04 - 1.37) 

   High 1.65 (1.42 - 1.90) 1.14 (0.98 - 1.33) 

   P-Value interaction = <0.0001 

Stops within cycling distance 60 minutes Acc. (3 km) 

   Low 1.00 1.00 

   Medium low 1.26 (1.13 - 1.42) 1.17 (1.03 - 1.34) 

   Medium high 1.36 (1.21 - 1.54) 1.15 (1.00 - 1.31) 

   High 1.72 (1.48 - 2.00) 1.16 (0.99 - 1.36) 

   P-Value interaction = <0.0001   
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Abstract: Active commuting provides routine-based regular physical activity during the 

week which can reduce risk of chronic diseases. Understanding how public transportation 

characteristics are associated with active transportation is thus important from a public 

health perspective. This study examines the associations between objective measures of 

access to public transportation and self-reported active commuting. Self-reported time 

spent either walking or cycling commuting each day and the distance to workplace were 

obtained for adults aged 16 to 65 in the Danish National Health Survey 2010 (N=28,928). 

Access to public transportation measures were computed by combining GIS-based road 

network distances from home address to public transit stops an integrating their service 

level. Multilevel logistic regression was used to examine the association between access to 

public transportation measures and active commuting. Distance to bus stop, density of bus 

stops, and number of transport modes were all positively associated with being an active 

commuter and with meeting recommendations of physical activity. No significant 

association was found between bus services at the nearest stop and active commuting. The 
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results highlight the importance of including detailed measurements of access to public 

transit in order to identify the characteristics that facilitate the use of public transportation 

and active commuting.  

Keywords: Active commuting; GIS, multi-level regression; travel planner data; origin-

destination;  

 

1. Introduction 

There is convincing evidence that engaging in regular moderate-to-vigorous physical activity 

reduces the risks of obesity [1;2], cardiovascular diseases [3], diabetes [4] and premature death [5]. 

Active commuting is receiving increased attention in this context because its routine-based nature 

provides regular physical activity during the week. The major modes of active commuting are walking 

or cycling to work alone, or in combination with using public transportation, that involves some 

walking or cycling e.g. to a transit stop, transfers and a walk to the end location [6]. For longer 

commute trips, public transportation offers an active alternative to car-based commuting. Evidence has 

shown that active commuters are more likely to reach the WHO (2010) [7] recommendations of 150 

minutes of moderate intensity physical activity (MPA) per week [8;9] and that transit users accumulate 

more MPA than non-users [10;11]. Studying local public transit characteristics that facilitate the use of 

public transportation thus addresses key information needed to promote active transportation.  

Previous studies have established that the physical environment plays an important role in active 

commuting and associations have been found between active commuting and objective measures of the 

built environment, walking and biking facilities, street connectivity and proximity of destinations [12-

14]. Furthermore, the commute distance has been found to be negatively associated with active 

commuting [15]. Several studies of access to public transportation and its association with active 

commuting have characterised access to public transportation by distance to the nearest stop [13;16-

19] or density of stops within variable distances [20-24]. A few of these studies have found that 

distance to transit [13;17] is negatively associated and that density of stops [20;22-24] is positively 

associated with active commuting. However, additional relevant measures of public transportation 

access such as service frequency, route variation and meaningful destinations [25], have received much 

less attention. A few studies of the association between active commuting and public transportation 

include service frequency at the nearest stop [13;19] or available bus routes [13]. Only Dalton et al. 

[13] find a positive association between nearest bus stop service frequency and active commuting. 

The aim of the present study was to examine the associations between a range of different objective 

measures of access to public transportation and self-reported active commuting in The Capital Region 

of Denmark. Transport service characteristics (service frequency, routes and transport modes) at the 

nearest, the best connected stop and all stops within walking distance were included in the objective 

measures. We further investigated if the associations were modified by the commute distance, age and 

gender. 

2. Experimental Section  
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2.1 Study population and data sources 

The study population comprised a subsample of the Danish National Health Survey 2010. The study 

design has been described in detail previously [26]. This paper focused on respondents living in The 

Capital Region of Denmark. The region includes urban, suburban and rural districts. A random sample 

of 95,150 was selected from the total population above 16 years of age living in the Capital Region of 

Denmark (1,355,000). Data was collected from February to April 2010 and the response rate was 

52.3%. Selected respondents for this study were 16 to 64-year-olds either working or under education, 

with a commute distance of up to 200 km, living on the main island of Zealand who provided valid 

answers on commuting. This reduced the study sample to 28,928 respondents. The respondents´ home 

addresses were subsequently geocoded using the official Danish Address Register from the Danish 

Geodata Agency. The survey contained questions on health behaviour, including distance to and time 

spent walking or cycling to work or study each day. Individuals were invited to participate in the 

survey by answering an enclosed paper questionnaire and returning it by the mail, or online. In 

addition to the questionnaire, register-based data on individual respondents’ age, gender, education and 

income were obtained from Statistics Denmark.  

Two main geographical data sources were used in the study. Data on transit stop location, transport 

mode, routes and time schedules were obtained from www.rejseplanen.dk, the official search engine 

for information about public transportation in Denmark. The Capital Region of Denmark has four 

major transport modes: bus, train, s-train (light-rail) and metro. The data covered February to April 

2010 in accordance with the time period of the questionnaire. Road networks were obtained from the 

Danish Geodata agency (Kort10) to conduct the walking distance measurements. Roads where walking 

or biking was not permitted (e.g. motorways, highways) were excluded from the dataset.   

The Health Survey was reported to the Danish Data Protection Agency. Approval from the regional 

Committee on Health Research Ethics was not necessary as no human biological material was included 

in the data collection. 

2.2. Definition of variables used in the study  

2.2.1 Active commuting 

The outcome variable was based on self-reported time spent walking or cycling to work every day 

(hours, minutes) [27]. The variable was dichotomized into being an active commuter “yes” or “no”, 

with a cut-off value of 4 minute spent on active commuting per day and meeting recommended levels 

of physical activity (≥ 30 minutes) per day “yes” or “no”. 

2.2.2 Objective measures of access to public transportation 

The objective measures of access to public transportation were determined by combining the 

geographical location of the home address of each participant in the study population, road networks 

from the Danish Geodata agency and the geographic location of transit stops and their service level. 

Network distances from each respondent’s home address to the nearest stop (bus, metro, s-train, train) 

and to all stops within 1 km walking and 3 km cycling distance were calculated using origin–
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destination matrices in the Network Analyst application of ESRI ArcGIS 10.1. (Redlands, CA: 

Environmental Systems Research Institute).  

2.2.3 Distance to and density of public transportation stops  

The access to public transportation was constructed as distance and density measures. The distance 

to the nearest bus stop and train station was treated both as a continuous and a categorical variable. The 

distance to metro or S-train was not linearly related to the outcome and was therefore not treated as 

continuous measures. The categorisation of the distance to the nearest bus stop was chosen to reflect 

the distances people are willing to walk to a bus stop that are often used in the literature (400 and 800 

metres) [28]. As 76.6% of the respondents resided within 400m of a bus stop, it was decided to 

categorise respondents into residing right next to a bus stop (0 – 200m), residing within immediate 

walking distance (200 - 400m), residing within a long walking distance (400 - 800m) and having a 

long distance to a bus stop (> 800m). The other transport modes had much lower access coverage so 

the categorization was determined by living at a closer or further location for walking distance (0–

500m and 501–1000 m), cycling distance (1001–3000 m) and more than 3000 m from a station. The 

categorical distances for the train, S-train and metro was inspired by a travel survey performed in the 

Capital Region of Denmark in 2006 -2007 [29], showing that the mean walking and cycling distance 

for any purpose was 1 km walking and 3 km cycling. Density of bus stops was defined as the number 

of bus stops within 1 km walking distance from the home address. The density was divided into 4 

categories based on the density distribution: 0–5, 6–10, 11–15 and >15 stops. As an alternative density 

measure, an index of transport modes reachable within 1 km and 3 km network distance from home 

address was created. The index with values from 0 to 4 was defined as:  

 

TMI = BUS(0,1) + Metro(0,1) + S-Train(0,1) + Train(0,1)  

 

No stop within 1 km for each mode was taken to equal 0, and 1 if a stop was present.  

2.2.4 Service level of public transportation 

Distinct active bus routes at the nearest bus stop and service frequency (number of departures) at the 

nearest and the “best” stop was extracted from www.Rejseplanen.dk. The time period covered were the 

morning rush hour (7:00 a.m. to 8:00 a.m.). The “best” connected stop was defined as the stop with the 

highest service frequency within 1 km walking distance from the individual home address. In addition 

to the distance density measures, a measure of unique bus routes reachable within 1 km walking 

distance was created. Distinct bus routes at the nearest stop were divided into 3 categories and unique 

bus routes within 1 km walking distance and the frequency of services was divided into 4 categories 

based on the distribution of data. Inspired by Kamada et al. [19], two bus convenience measures were 

created combining the distance and service frequency at the nearest stop and distance and service 

frequency at the “best” connected stop, as shown in Table 1.  
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Table 1. Categorization of the bus convenience based on bus frequency and distance to a bus stop with 

4 indicating the highest bus convenience.  

  Bus frequency 

Distance to bus stop  High Medium-high  Medium-low  Low 

Close  4 4 3 2 

Medium close 4 4 3 2 

Medium far  3 3 1 1 

Far 2 2 1 1 

2.2.5 Socio-demographic covariates 

The individual socio-demographic covariates were register-based age, gender and education level. 

Four classes of education level were defined: primary or secondary school, vocational education, 

bachelor degree or equivalent, and master’s or PhD degree.  

2.2.6 Contextual covariates  

Median income level, population density and street connectivity were grouped by parishes, the 

smallest administrative units in Denmark. Median income level and population were based on 

individual data from central registers. Street connectivity was defined by the gamma index γ = l/(3(n – 

2), where n equals the intersections [30]. 

2.2.7 Statistical analyses 

Prior to running the analyses, a pair-wise correlation matrix was constructed to identify variables 

that were highly correlated. Highly correlated variables were defined as having a Pearson’s correlation 

coefficient of > 0.55 [13]. The results were used to evaluate the risk of multicollinearity in the 

multilevel models. We used SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina) to perform the 

multilevel regression analyses (GLIMMIX procedure) to investigate which of the access to public 

transportation measures was associated with being an active commuter and meeting recommended 

levels of physical activity. A two-level model was fitted with individuals (level 1, n = 28,928) nested 

within parishes (Level 2, n = 223).  

Two empty models (active commuter and meeting recommendations of physical activity) were 

estimated to detect whether there was a contextual dimension to 1) being an active commuter and to 2) 

meeting recommended levels of physical activity. The contextual dimension was estimated by 

calculating the Intra Class Correlation Coefficient (ICC). A 3-step modeling strategy was used and the 

ICC was calculated for each model: (1) the primary determinant was included in the model; (2) the 

individual level covariates were included to examine whether the between-parishes variance was 

attributable to a compositional effect. Individual age, gender and education was included in all of the 

models; (3) the parish level contextual covariates were included to see if the remaining between-parish 

variance could be explained by contextual factors. Furthermore to see if the associations differed 

among subgroups, it was examined if there was a significant interaction with distance to work or study 

expressed by having commute distances of  ≤ 5 km, 5 to 10 km, 10 – 20 km and ≥ 20 km, with age 

defined by three groups (16-29, 30-45, 46-64 years) and gender. Values of p < 0.05 were considered 
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statistically significant. If an interaction was present, the odds of being an active commuter when 

belonging to a given distance or age category were calculated based on the full model.   

3. Results and Discussion 

3.1 Results 

3.1.1 Demographics and public transportation access 

Of the study population, 72.9% reported active commuting each day and 50.6% met recommended 

levels of physical activity (moderate intensity physical activity) from active commuting alone (Table 

2). Respondents with a vocational education had the lowest proportion of active commuters (63.5%). 

Women had a higher proportion of active commuters than men and the proportion of active commuters 

decreased with increasing commute distance and age.  

Table 2. Descriptive statistics of study population demographics and distances to work by subgroups 

of active commuters (> 4min/day) (yes/no) and meeting recommendations of physical activity 

(yes/no). 

  

Total Active commuter                      

(> 4min/day) 

Meeting recommended levels 

of physical activity                  

(≥ 30min/day) 

Yes No  Yes No 

  N (%) N (%) N (%) N (%) N (%) 

Total population 28,928 (100) 21,094 (72.9) 7834 (27.1) 14,629 (50.6) 14,299 (49.4) 

Age
a
 40.9 (13.1) 39.7 (13.5) 44.3 (11.2) 39.3 (13.7) 42.6 (12.2) 

      

Age groups (6 missing)       

   16 - 29 years 6538 (22.6) 5724 (87.5) 814 (12.5) 4245 (64.9) 2293 (35.1) 

   30 - 45 years 10,782 (37.3) 7507 (69.6) 3275 (30.4) 5056 (46.9) 5726 (53.1) 

   46 - 64 years 11,604 (40.1) 7860 (67.7) 3744 (32.3) 5327 (45.9) 6277 (54.1) 

      

Gender (6 missing)       

   Male 12,624 (43.6) 8518 (67.5) 4106 (32.5) 5709 (45.2) 6915 (54.8) 

   Female  16,300 (56.3) 12,573 (77.1) 3727 (22.9) 8919 (54.7) 7381 (45.3) 

      

Education (438 missing)       

   Primary or secondary school 8150 (28.2) 6434 (78.9) 1716 (21.1) 4608 (56.5) 3542 (43.5) 

   Vocational education 7742 (26.8) 4920 (63.5) 2822 (36.5) 3273 (42.3) 4469 (57.7) 

   Academy or bachelor degree 7898 (27.3) 5822 (73.7) 2076 (26.3) 3992 (50.5) 3906 (49.5) 

   Master or PhD degree 4723 (16.3) 3593 (76.1) 1130 (23.9) 2501 (53.0) 2222 (47.0) 

      

Commute distance       

   ≤ 5 km 9237 (31.9) 7957 (86.1) 1280 (13.9) 5731 (62.0) 3506 (38.0) 

   5 - 10 km 6676 (23.1) 5117 (76.6) 1559 (23.4) 3995 (59.8) 2681 (40.2) 

   10 - 20 km 6516 (22.5) 4265 (65.5) 2251 (34.5) 2730 (41.9) 3786 (58.1) 

   > 20 km 6499 (22.5) 3755 (57.8) 2744 (42.2) 2173 (33.4) 4326 (66.6) 

a Age is expressed by mean and standard deviation 

 

The mean commute distance was 14.6 km (SD = 15.9), see table 3. Active commuters reported 

shorter commute distances (12.7 km) than non-active commuters (19.6 km). Mean individual distance 

to the nearest bus stop was 300 meters, whereas the mean distance to train and S-train was 
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approximately 4 km and 13.3 km to the nearest metro stop.  Active commuters had on average shorter 

mean distances to nearest train, s-train and metro stop than non-active commuters. 

Table 3. Distance to the different public transportation modes in the population by subgroups of of 

active commuters (> 4min/day) (yes/no) and meeting recommendations of physical activity (yes/no). 

  

Total Active commuting    

 (> 4min/day) 

Meeting recommended levels 

of physical activity 

(≥ 30min/day) 

Yes No  Yes No 

   Km Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

   Distance to work or education 14.6 (15.9) 12.7 (14.8) 19.6 (17.6) 11.8 (14.0) 17.1 (17.2) 

   Distance to a bus stop  0.3 (0.2) 0.3 (0.2) 0.4 (0.3) 0.3 (0.2) 0.3 (0.3) 

   Distance to a train station  4.2 (3.5) 4.0 (3.3) 4.8 (4.0) 3.8 (3.1) 4.6 (3.8) 

   Distance to a S-train station  4.1 (5.8) 3.7 (5.4) 5.3 (6.6) 3.3 (5.0) 5.0 (6.4) 

   Distance to a metro stop  13.3 (14.2) 11.6 (13.3) 17.9 (15.5) 10.1 (12.4) 16.6 (15.1) 

3.1.2 Association between distance to public transportation and active commuting  

The unadjusted models showed that distance to nearest bus stop or train station was negatively 

associated with being an active commuter (Table 4). After adjusting for potential confounders, greater 

distance to a bus stop and a train station was associated with significantly lower odds of being an 

active commuter as well as with meeting recommended levels of physical activity. Residing > 400 

meters from a bus stop was associated with significantly lower odds of being an active commuter 

compared to residing within 400 meters, and residing > 800 meters from a bus stop was associated 

with significantly lower odds of being an active commuter compared to residing within 800 meters. 

For trains, S-trains and metro there was a similar dose-response trend, as greater distance to a station 

was associated with lower odds of being an active commuter. For trains and S-trains, there was only a 

significant difference in the association for those residing > 3 kilometres from a train or S-train station 

compared to residing within 500 metres. The adjusted models for meeting recommendations of 

physical activity showed that for trains, metro and S-trains, there was only a significant difference in 

the association for those residing > 3 kilometres compared to residing within 500 metres.  
  



Int. J. Environ. Res. Public Health 2014, 11 8 

 

 

Table 4. Crude and adjusted associations (OR) between objective distance measures to public 

transportation and being an active commuter and meeting recommended levels of physical activity. 

Between neighbourhood variation is expressed by Intra-class correlation coefficient (ICC). Significant 

associations are highlighted in bold text. 

  

Active commuter (> 4min/day) 

  

Meeting recommended levels of 

physical activity (≥ 30min/day) 

  

Model 1: Crude Model 3: Fully 

adjusted model 

Model 1: Crude Model 3: Fully 

adjusted model 

  OR (CI)  OR (CI)b  OR (CI)  OR (CI)b 

Distance to bus stop (km)  0.71 (0.63 - 0.80) 0.76 (0.67 - 0.85) 0.8 (0.71 - 0.90) 0.86 (0.76 - 0.96) 

   P-value
a
 <0.0001 <0.0001 0.0002 0.0099 

   ICC 12.6 2.1 11.9 2.1 

Distance to bus stop (m) 

   Close (≤ 200) 1.00 1.00 1.00 1.00 

   Moderate Close (201 - 400) 1.00 (0.94 - 1.07) 1.02 (0.95 - 1.09) 1.01 (0.95 - 1.07) 1.02 (0.96 - 1.08) 

   Moderate Far(401 - 800) 0.88 (0.82 - 0.96) 0.92 (0.85 - 1.00) 0.94 (0.87 - 1.01) 0.98 (0.91 - 1.05) 

   Far (>800) 0.68 (0.58 - 0.80) 0.73 (0.62 - 0.86) 0.75 (0.63 - 0.88) 0.79 (0.67 - 0.94) 

   P-value
a
 <0.0001 <0.0001 0.0010 0.0183 

   ICC 12.8 2.1 12.0 2.1 

Distance to train station (km) 0.93 (0.91 - 0.94) 0.97 (0.96 - 0.98) 0.94 (0.93 - 0.96) 0.98 (0.97 - 0.99) 

   P-value
a
 <.0.0001 <.0.0001 <0.0001 0.001 

   ICC 11.3 2.1 10.9 2.1 

Distance to train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.92 (0.76 - 1.12) 0.97 (0.79 - 1.18) 1.08 (0.90 - 1.29) 1.13 (0.95 - 1.35) 

   Medium Far (1001 - 3000) 0.84 (0.69 - 1.02) 0.86 (0.71 - 1.03) 1.03 (0.87 - 1.23) 1.06 (0.90 - 1.26) 

   Far (>3000) 0.65 (0.52 - 0.80) 0.75 (0.62 - 0.91) 0.88 (0.72 - 1.07) 0.99 (0.83 - 1.18) 

   P-value
a
 <0.0001 0.0002 0.0101 0.1254 

   ICC 12.8 2.1 12.2 2.1 

Distance to S-train station (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.99 (0.87 - 1.12) 1.03 (0.90 - 1.17) 1.02 (0.91 - 1.13) 1.03 (0.93 - 1.15) 

   Medium Far (1001 - 3000) 0.79 (0.70 - 0.90) 0.89 (0.78 - 1.00) 0.90 (0.80 - 1.00) 0.96 (0.86 - 1.07) 

   Far (>3000) 0.53 (0.44 - 0.62) 0.81 (0.69 - 0.94) 0.64 (0.55 - 0.75) 0.87 (0.76 - 1.00) 

   P-value
a
 <0.0001 0.0002 0.0017 0.0260 

   ICC 9.6 2.0 9.3 1.9 

Distance to metro stop (m) 

   Close (0 - 500) 1.00 1.00 1.00 1.00 

   Medium Close (501 - 1000) 0.83 (0.66 - 1.04) 0.86 (0.68 - 1.08) 1.03 (0.87 - 1.21) 1.04 (0.88 - 1.22) 

   Medium Far (1001 - 3000) 0.66 (0.52 - 0.84) 0.78 (0.63 - 0.98) 0.93 (0.77 - 1.12) 1.05 (0.89 - 1.24) 

   Far (>3000) 0.27 (0.21 - 0.35) 0.56 (0.45 - 0.71) 0.42 (0.35 - 0.51) 0.74 (0.61 - 0.88) 

   P-value
a
 <0.0001 <0.0001 0.0017 <0.0001 

   ICC 5.2 1.6   5.8 1.7 
aP-value from type III test of the association. 
bAll models adjusted for neighbourhood confounders population density, median income, street connectivity and individual 
confounders. Bus distance adjusted for age, gender, education, bus routes and bus frequency. Train, S-train and metro 
adjusted for age, gender, education and distance to bus. 

3.1.3 Association between density and service of public transportation and active commuting 

The categorised density and service measures and their association with active commuting are 

shown in Table 5 and 6. For the adjusted models, density of bus stops, bus routes within 1 km and 
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number of transport modes within walking and cycling distance were all positively associated with 

being an active commuter.  

Table 5. Crude and adjusted associations (OR) between objective density measures of public 

transportation and being an active commuter and meeting recommended levels of physical activity. 

Between neighbourhood variation is expressed by Intra-class correlation coefficient (ICC). Significant 

associations are highlighted in bold text. 

  

Active commuter (> 4min/day) 

  

Meeting recommended levels of 

physical activity (≥ 30min/day) 

Model 1: Crude Model 3: Fully 

adjusted model 

Model 1: Crude Model 3: Fully 

adjusted model 

  OR (CI)  OR (CI)b  OR (CI)  OR (CI)b  

Density of bus stops 

   Low (0 - 5) 1.00 1.00 1.00 1.00 

   Medium low (6 - 10) 1.29 (1.20 - 1.39) 1.25 (1.16 - 1.34) 1.19 (1.11 - 1.28) 1.16 (1.08 - 1.25) 

   Medium high (11 - 15) 1.56 (1.42 - 1.71) 1.32 (1.20 - 1.45) 1.38 (1.26 - 1.51) 1.22 (1.12 - 1.34) 

   High (>15) 2.42 (2.12 - 2.76) 1.52 (1.32 - 1.75) 1.64 (1.46 - 1.85) 1.22 (1.08 - 1.38) 

   P-value
a
 <.0.0001 <.0.0001 <0.0001 <0.0001 

   ICC 6.4 1.8 8.4 1.9 

Bus routes at stops within 1 km 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium low (3-4) 1.17 (1.08 - 1.26) 1.14 (1.05 - 1.23) 1.10 (1.02 - 1.19) 1.09 (1.01 - 1.17) 

   Medium High(5-6) 1.49 (1.34 - 1.65) 1.27 (1.14 - 1.41) 1.30 (1.18 - 1.43) 1.18 (1.07 - 1.29) 

   High (>6) 1.75 (1.56 - 1.96) 1.31 (1.16 - 1.48) 1.32 (1.19 - 1.46) 1.09 (0.98 - 1.22) 

   P-value
a
 <.0.0001 <.0.0001 <0.0001 0.0082 

   ICC 8.1 1.8 9.8 2.0 

TMI 1 km 

   0c 0.67 (0.53 - 0.83) 0.67 (0.54 - 0.85) 0.77 (0.60 - 0.98) 0.78 (0.61 - 0.99) 

   1 1.00 1.00 1.00 1.00 

   2 1.29 (1.20 - 1.40) 1.19 (1.11 - 1.29) 1.18 (1.10 - 1.27) 1.12 (1.04 - 1.19) 

   3 1.53 (1.30 - 1.79) 1.35 (1.16 - 1.56) 1.14 (1.00 - 1.30) 1.07 (0.94 - 1.20) 

   P-value
a
 <.0.0001 <.0.0001 <0.0001 0.0018 

   ICC 10.7 1.9 11.1 2.0 

TMI 3 km 

   1 c 1.00 1.00 1.00 1.00 

   2 1.35 (1.21 - 1.51) 1.19 (1.07 - 1.33) 1.29 (1.15 - 1.45) 1.16 (1.04 - 1.29) 

   3 1.85 (1.61 - 2.12) 1.42 (1.24 - 1.62) 1.70 (1.49 - 1.95) 1.38 (1.21 - 1.57) 

   4 4.30 (3.57 - 5.18) 1.87 (1.53 - 2.28) 2.79 (2.35 - 3.31) 1.44 (1.21 - 1.71) 

   P-value
a
 <.0.0001 <.0.0001 <0.0001 <0.0001 

   ICC 4.9 1.7   6.0 1.7 
aP-value from type III test of the association. 
bAll models adjusted for neighbourhood confounders population density, median income, street connectivity. Bus distance 
adjusted for individual confounders age, gender, education, bus routes and bus frequency. Train, S-train and metro adjusted 
for individual confounders age, gender, education and distance to bus. 
cThe number represents number of transport modes within walking(1 km) and cycling distance (3 km).  

 

No significant associations were found between bus service measures at the nearest stop (routes and 

service frequency) and being an active commuter. A higher bus convenience (combined distance with 

service frequency) at the nearest stop was associated with significantly higher odds of being an active 

commuter except for the medium-low category. No significant association was found between the bus 

convenience at the “best” stop and being an active commuter. In the adjusted models for meeting 

recommended levels of physical activity, density of bus stops, the bus frequency at the “best” stop and 
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transport modes within cycling distance were positively associated with meeting recommendation of 

physical activity. Unique bus routes and transport modes within walking distance showed a positive 

trend but having a high number of bus routes and three transport modes were not significantly 

associated with higher odds of meeting the recommendations of physical activity. No significant 

association was found between bus services at the nearest stop or bus convenience and meeting 

recommended levels of physical activity.  

Table 6. Crude and adjusted associations (OR) between objective measures of public transportation 

services and being an active commuter and meeting recommended levels of physical activity. Between 

neighbourhood variation is expressed by Intra-class correlation coefficient (ICC). Significant 

associations are highlighted in bold text. 

  

Active commuter (> 4min/day) 

  

Meeting recommended levels of 

physical activity (≥ 30min/day) 

Model 1: Crude Model 3: Fully 

adjusted model 

Model 1: Crude Model 3: Fully 

adjusted model 

  OR (CI)  OR (CI)  OR (CI)  OR (CI)  

Bus routes at nearest stop 

   Low (≤ 1) 1.00 1.00 1.00 1.00 

   Medium (2) 1.00 (0.93 - 1.07) 0.98 (0.91 - 1.05) 1.00 (0.93 - 1.06) 1.00 (0.93 - 1.07) 

   High (>2) 1.03 (0.95 - 1.12) 0.97 (0.88 - 1.07) 0.94 (0.87 - 1.01) 0.92 (0.84 - 1.01) 

   P-value
a
 0.7272 0.7919 0.1362 0.1372 

   ICC 13.7 2.0 12.7 2.1 

Frequency of bus service at nearest stop 

   Low (0-2) 1.00 1.00 1.00 1.00 

   Medium-low (3 - 6) 0.90 (0.83 - 0.98) 0.92 (0.85 - 1.01) 0.91 (0.84 - 0.99) 0.95 (0.88 - 1.03) 

   Medium-high (7 - 15) 1.02 (0.93 - 1.12) 1.00 (0.91 - 1.11) 0.98 (0.90 - 1.06) 1.00 (0.92 - 1.09) 

   High (> 15) 1.07 (0.96 - 1.18) 0.96 (0.84 - 1.08) 0.98 (0.90 - 1.07) 0.99 (0.89 - 1.10) 

   P-valu
a
e 0.0008 0.1148 0.1142 0.5287 

   ICC 12.6 2.1 12.3 2.1 

Frequency of bus services at "best stop" 

   Low (<= 10) 1.00 1.00 1.00 1.00 

   Medium low (11 - 20) 1.21 (1.10 - 1.32) 1.09 (0.99 - 1.19) 1.19 (1.09 - 1.30) 1.10 (1.01 - 1.19) 

   Medium high (21 - 40) 1.43 (1.30 - 1.57) 1.15 (1.04 - 1.26) 1.37 (1.25 - 1.50) 1.16 (1.06 - 1.27) 

   High (> 40) 1.99 (1.77 - 2.24) 1.26 (1.11 - 1.43) 1.62 (1.46 - 1.81) 1.18 (1.05 - 1.32) 

   P-value
a
 <0.0001 <.0.0001 <0.0001 0.0142 

   ICC 7.2 1.6 8.0 1.8 

Bus convenience at nearest stop 

   Low (1) 1.00 1.00 1.00 1.00 

   Medium-low (2) 1.17 (1.06 - 1.29) 1.12 (1.01 - 1.25) 1.15 (1.04 - 1.27) 1.10 (1.00 - 1.21) 

   Medium-high (3) 1.07 (0.98 - 1.16) 1.06 (0.97 - 1.15) 1.05 (0.97 - 1.14) 1.05 (0.97 - 1.41) 

   High (4) 1.30 (1.19 - 1.43) 1.19 (1.08 - 1.32) 1.15 (1.05 - 1.25) 1.10 (1.00 - 1.21) 

   P-value
a
 <0.0001 0.0016 0.0042 0.1591 

   ICC 11.7 2.1 12.7 2.1 

Bus convenience at "best" stop  

   Low (1) 1.00 1.00 1.00 1.00 

   Medium-low (2) 1.05 (0.98 - 1.13) 1.01 (0.94 - 1.08) 1.01 (0.95 - 1.09) 0.98 (0.91 - 1.05) 

   Medium-high (3) 1.19 (1.10 - 1.29) 1.08 (1.00 - 1.17) 1.13 (1.05 - 1.22) 1.07 (0.99 - 1.15) 

   High (4) 1.28 (1.12 - 1.47) 1.14 (0.99 - 1.32) 1.10 (0.99 - 1.23) 1.06 (0.94 - 1.19) 

   P-value
a
 <0.0001 0.1175 0.0021 0.0857 

   ICC 12.3 2.0   11.8 2.1 
aP-value from type III test of the association. 
b All models adjusted for neighbourhood confounders population density, median income, street connectivity. Bus routes at 
nearest stop adjusted for individual confounders distance to nearest bus stop, bus frequency at nearest stop, age, gender and 
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education. Bus frequency at nearest bus stop adjusted for individual confounders distance to nearest bus stop, bus routes at 
nearest stop, age, gender, education. Bus convenience at nearest stop adjusted for individual confounders bus routes at 
nearest stop, age, gender and education. Bus frequency at “best” stop and Bus convenience at “best” stop adjusted for 
individual confounders density of bus stops within 1 km, age, gender and education. 

 

The ICC in the two empty models showed a noticeable significant between-neighbourhood 

variation of 13.6% in being an active commuter and 12.7 % in meeting recommendations of physical 

activity. The ICC in the unadjusted models varied from 5.3 to 12.7 % and was significantly reduced to 

between 1.6 and 2.1% in the fully adjusted models.   

3.1.4 Subgroup analysis 

For respondents with commute distance ≤ 10 km, increasing density of bus stops, bus routes within 

1 km, frequency of bus services at “best” stop, bus convenience at the nearest stop and TMI at 1 km 

and 3 km were all positively associated with significantly higher odds of being an active commuter. 

Furthermore, there was a trend for bus convenience at the “best” stop to be related to active 

commuting. For respondents with commute distances > 10 km the associations were insignificant to a 

large extent. For meeting recommendations of physical activity, the subgroup analysis showed a strong 

positive association between all density measures and ≥ 30 minutes of active commuting per day for 

those with commute distances of 5 – 10km. In those having ≤ 5km commute distance, there was a 

positive trend between the density measures and ≥ 30 minutes of active commuting per day. For 

commute distances > 10 km the associations was insignificant.   

For women, distance to public transportation was associated with lower odds of being an active 

commuter and higher density was associated with higher odds of being an active commuter. For men, 

the associations were insignificant to a large extent and with no clear trend. Only transport modes 

accessible within 3 km showed a trend towards increasing number of transport modes being associated 

with significantly higher odds of being an active commuter. The associations for women attenuated in 

the models of meeting recommended levels of physical activity but remained significant. 

For the age group between 30 and 45 the significant associations found in the adjusted models 

remained. These associations were significant but less pronounced in the age group between 46 and 64. 

For the age group between 16 and 29, the associations were insignificant to a large extent and with no 

clear trend for both being an active commuter as well as meeting recommendations of physical 

activity.   

3.2 Discussion 

The findings of the present study suggest that being an active commuter is influenced by the 

proximity to public transportation, number of bus routes, bus service frequency and accessible 

transport modes within walking or cycling distance. Public transportation characteristics that facilitate 

active commuting are thus complex and need to be better modeled and described than by distance 

measures alone.  

This study highlights the importance of considering not only the nearest stop but also alternative 

services to describe access to public transportation. While no significant association was found for 

number of routes and service frequency at the nearest stop, positive associations were found between 
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bus service frequency and being an active commuter at the “best“ stop. This suggests two very 

different conclusions about the association between public transportation and active commuting. In 

urban or suburban areas the “best” stop might be located close to the nearest stop; therefore, it is 

important to include other stops than nearest stop in measures of local public transportation facilities. 

Having access to more transport mode choices than a bus within walking or cycling distance also had a 

positive effect on being an active commuter. One explanation for the non-significant associations with 

the nearest stop might be that the variation in the measures at the nearest stop is too low to reveal an 

association. The association with the bus frequency has only been investigated in relation to active 

commuting in few other studies [13;19;31]. Dalton et al. [13] found that medium (tertiles) and low bus 

frequencies were significantly associated with lower odds of using public transportation compared to 

having a high frequency. Kamada et al. [19] did not find a significant association, but their sample size 

was small and therefore had very low statistical power 

In accordance with other studies [13;16-19], negative associations were found between the distance 

to the nearest stop or station and being an active commuter as well as with meeting recommendations 

of physical activity. The results suggests that shorter walking distances to a bus stop supports active 

commuting, whereas the attractiveness of the other public transportation modes (metro, trains and s-

trains) diminishes slower with access distance. This is in line with other studies showing that people 

will walk further to trains than to busses [28;31]. Due to the large study area many respondents have 

very long distances to the train, S-train and metro stations. This clearly attenuates the associations for 

these three transport modes. Locally, the three transport modes are very important for commuting by 

public transportation in the region with direct and fast services to the main city centres. 

The positive associations found between the different density measures and being an active 

commuter is supported by other studies findings [20;22-24]. The alternative density measures, the 

unique bus routes within 1 km and number of transport modes measures the effect of having additional 

services within walking distance and show strong associations with active commuting. The outcomes 

for the density measures reveal the importance of both easy access to public transportation and to 

different transport modes and routes that enable more destinations to be reached. The positive 

associations found may not only reflect a higher use of public transportation in areas of high density, 

but also better connected street networks that allow more direct travelling and the presence of cycle 

lanes that facilitate active commuting.  

In the present study, having a high frequency and a short distance to the nearest stop are associated 

with significantly higher odds of being active compared to having longer distances and low frequency. 

This was not significant for the “best” stop convenience measure or in association to meeting the 

recommendations of physical activity. Kamada et al. [19] did not find a significant association between 

their convenience measure and active commuting, but their results showed the same positive trend that 

higher convenience was associated with higher odds of active commuting. It is highly questionable, 

however, whether the two studies are comparable as Kamada et al. [19] investigated women living in a 

rural setting in Unnan City, Japan, with a generally low public transportation service level.  

The finding of a significant interaction with commute distance is in line with previously presented 

results; indicating, that distance to work is a strong predictor of travel mode choice when commuting 

[13;15]. When the commuting distance is > 10 km the number of commuters who cycle all the way to 

work decreases markedly and car-based commuting becomes dominant [32]. This is also evident from 
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the results of this study. For those residing within 10 km from work or study, the associations between 

the objective measures and active commuting are more pronounced than for those having ≤ 5 km 

commuting distance. This relationship changes when looking at meeting the recommendations of 

physical activity where those having a commuting distance between 5 and 10 km show more 

pronounced associations. The longer distances may explain this shift where those travelling further 

spent more time on active transportation. Altogether, the associations that were found reflect the 

attractiveness of public transportation as a travel mode when it is easy to access and enables multiple 

destinations to be reached. Car-based commuting is likely to be the main reason why the associations 

were weaker for the respondents residing far (> 10km) from work or study. 

Women’s commute travel choices seem to be more influenced by access to public transportation 

than men. The associations found in the full model remain significant and in the same magnitude for 

women, but for men these associations become insignificant. Men’s travel choice may be more 

influenced by car ownership. However, data on car ownership were not available in the present study.   

The 16 to 29 year olds are to a large extent walking or cycling in combination with using public 

transportation which may explain the non-significant associations between the access measures and 

being an active commuter in this age group. The travel choice in the 30 to 45 year old group seems to 

be much more influenced by access to public transportation and a higher access and service level result 

in higher odds of being an active commuter and meeting recommended levels of physical activity. The 

associations become less pronounced for the 46 to 64 year olds. This may be the result of more car-

based commuting and possibly also caused by less cycling or walking due to functional decline with 

age. 

3.2.1 Strengths and limitations 

This study has several strengths. The individual GIS-based objective measures for distance from 

home address to public transportation, calculated using network analysis and the inclusion of transport 

service characteristics, provided a sound setting for studying the association between access to public 

transportation and active commuting. The study tested a wide range of objective density measures and 

the inclusion of the “best” stop in the analysis enabled a discussion to take place about how well 

conclusions based on nearest stop capture the significance of public transportation to active 

commuting. The large study population selected from one of the largest health surveys in the world 

and the individual register-based socioeconomic data provide a unique study base. Estimates of the 

ICC showed a clear amount of variation between the neighbourhoods on the outcome variable. The 

neighbourhood effect was accounted for in the 3-step multilevel model and significant reduction in the 

variation among neighbourhoods was observed. 

The main limitation of the study is that the self-reported daily active commuting may be subject to 

information bias. Respondents might have reported daily active commuting even though they had only 

taken the bus a few times a month, which would have made the share of active commuters too high. 

The survey is cross-sectional in design so it is not possible to conclude on causality. The active 

commuting information is restricted to time spent walking or cycling to work or study, and it does not 

refer to time spent in usage of public transportation or car. This restricts the analysis to looking at 

active commuting and not the individual choice of travel mode. Whether the services at nearest or 
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“best” stop was able to transport the respondents to work or study is unknown. The high proportion of 

respondents reporting active commuting in this study (72.9 %) is substantially higher than in other 

studies. Results may therefore not be generalizable to other countries or cities where active commuting 

is not as common. However, the observed associations are quite similar to other studies, which indicate 

that the findings may be comparable.  A number of confounders identified in other studies were not 

included in this study. Car ownership is often a strong predictor in analyses of travel mode choice [33]. 

It was not included in this study as it was not the aim to investigate how car ownership affects active 

commuting. Health measures such as general health state, disability and chronic diseases may affect 

travel choice and it would be good to include those in further analyses.     

4. Conclusions  

The results of the study show that easy access to public transportation and high frequency transport 

services have the potential to promote active commuting. The results suggest that active commuting is 

influenced by the proximity and density of public transportation stops; however, transport service 

characteristics such as number of routes, service frequency and accessible transport modes within 

walking or cycling distance are also important factors associated with active commuting by public 

transportation. Future research should include public transportation service characteristics at all stops 

within walking distance and it should incorporate travel choices to gain a better understanding of the 

driving forces behind active commuting. Commute distance is seen to be limiting active commuting. 

Provision of more direct routes from rural or suburban districts to main centres may facilitate residents 

to use public transportation rather than car-based commuting. 
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BUILDING A MULTIMODAL NETWORK AND DETERMINING INDIVIDUAL 

ACCESSIBILITY BY PUBLIC TRANSPORTATION  

Abstract 

The increased availability of transit schedules from web sites or travel planners as well as more disaggregate 

data has led to a growing interest in creating individual public transportation accessibility measures. 

However, used extensively, standard GIS software do not have direct capabilities to integrate transit 

schedules into multimodal networks and measure space-time based accessibility. This has caused authors to 

either simplify travel time elements or develop tools to overcome these challenges. This paper aims at 

describing and implementing a method that enables integrating time table data from a travel planner into a 

multimodal network modal using simple SQL programming and standard GIS. The method presented here 

integrates all parts of travelling with public transportation from individual home addresses to all reachable 

transit stops within different travel time thresholds. The method is successfully used to create a multimodal 

travel time network model of the Capital Region of Denmark comprising bus, train, light rail, metro, ferry as 

well as integrating walking or cycling to stops. Here, the individual accessibility is defined as accessibility 

areas. The accessibility areas are created at morning rush-hour for a study population of 29,447 individuals 

and a few examples of accessibility areas are presented. The results show a big difference in individual 

public transportation accessibility in the region. In addition, how the transit network is accessed, whether it is 

at the nearest stop or at all stops within 1 kilometre walking distance or 3 kilometre cycling distance, leads to 

very different accessibility areas.   

1 Introduction 

Faced with a growing urban population the challenges of traffic congestion and corresponding air 

pollution are persistently drawing the attention towards public transportation as a more sustainable 

solution compared to car-based commuting. In addition, from a public health perspective, 

commuting by public transportation provides more health benefits than car-based commuting as a 

consequence of more regular physical activity when walking to stops, transfers and end locations 

(Pratt et al., 2012). Accordingly, theories of travel behaviour and related mode choice studies have 

been of interest to transport and urban planners for a long time. Besides looking at the individual 

and neighbourhood factors, studies have focused on how transport networks (road network or public 

transportation) support people in reaching their destinations such as jobs (Shen, 1998; Kwok and 

Yeh, 2004; Hess, 2005; Kawabata and Shen, 2006; Kawabata, 2009; Benenson et al., 2011) or 

health care (Higgs, 2005; Martin et al., 2008, Peipens et al., 2011) expressed by accessibility 

measures.  

A substantial amount of accessibility measures has been developed over time mainly due to 

different purpose of analysis, data availability and aggregation level. Four main categories of 
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accessibility measures have been identified and described in a number of reviews: opportunity 

based, gravity type, utility based and space-time accessibility measures (Handy and Niedermeier, 

1999; Geurs and van Wee, 2004; Liu and Zhu, 2004; Lei and church, 2010). Recently there has 

been a growing interest in creating individual based public transportation accessibility measures 

using multimodal network analysis (Tribby and Zandbergen, 2011). This is driven not only by the 

demand for sustainable solutions but also through an increased availability of more disaggregate 

data such as parcel-level data, available transit schedules from web sites or travel planners, together 

with high performing GIS software. The individual approach seems logical, since ridership decision 

is based on the individual’s personal criteria such as the cost, distance, access and services provided 

(Lei and Church, 2010; Eluru et al., 2012; Pratt and Evans, 2004).  Moreover, the public transit 

accessibility measures seek to integrate the temporal differences in services during the day (rush-

hour, off-peak). This follows the theory of the space-time accessibility measures, in which activities 

are influenced by the individual’s needs and the time of day (Hägerstrand, 1970).  

Measuring the public transportation accessibility is based on solving a multimodal network problem 

with time as constraint. Studies use GIS extensively to solve the multimodal network analysis and 

some studies have constructed GIS tools to measure and visualize public transportation 

accessibility. Both Liu and Zhu (2004) and O’Sullivan et al. (2000) developed GIS applications to 

automatically create isochrones of areas accessible within a given travel time from an origin. The 

resulting catchment areas can easily be combined with other data to create different accessibility 

measures. Benenson et al. (2011) and Lei and Church (2010) has created applications integrated in 

ArcGIS (ESRI) which can measure accessibility as a service or an access area in Tel Aviv and 

Santa Barbara, US. Furthermore, Martin et al. (2008) created a software tool to analyse bus travel 

times based on the UK ATCO standard text files and measure the access to health care in Devon 

and Cornwall.   

The standard ArcGIS are used in a number of studies to calculate public transportation accessibility 

(Salonen and Toivonen, 2013; Tribby and Zandbergen, 2011; Mavoa et al., 2012) whereas Gent and 

Symonds (2004) use the software Accession to calculate catchment areas. Standard GIS software 

does not have capabilities to handle the temporal variation in transit services directly, so average 

travel times based on routes are necessarily applied to the links between the stops. Salonen and 

Toivonen (2013) create three models of accessibility. In the first two models they use ArcGIS to 

calculate the accessibility with the same simplifications of the temporal variation in services as the 
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studies above. In their third “advanced” model, they use the API of the local travel planner 

(Helsinki, Finland) and calculate the accessibility based on the official up-to-date public transport 

schedules. Walking to a transit stop and from a transit stop to a destination is integrated in the travel 

planner. Although the model is called advanced it only involves a tool like a web-crawler to extract 

the data from the travel planner.    

1.1 Aims of the study 

Following the limitations introduced when managing temporal transit tables in network analysis in a 

standard GIS, the aim of this methodological paper is to propose a method that integrate the 

temporal component from a public transit time table into a multimodal transport network model 

using only simple programming. Secondly, using a door-to-door approach as described by 

Benenson et al. (2011) and Salonen and Toivonen (2013), the aim is to incorporate all parts of 

travelling with public transportation and determine individual based public transportation 

accessibility area during morning rush-hour for a large study population.  We have addressed these 

aims by creating a multimodal model that integrate a travel planner into a weighted directed graph 

together with walking trips calculated in a GIS. Travel time is the main input to calculating the 

accessibility. A short review of how the individual public transport accessibility measures described 

above integrates travel time in their calculations is given here.   

2 Accessibility: Travel time in the multimodal public transportation network 

Public transportation accessibility measures are linked directly to how the different temporal 

elements of a trip are integrated. A trip to work can be divided into; 1) accessing the transit network 

by walking or cycling to a stop; 2) waiting for the departure of a service at the initial stop or 

transfers 3) in-vehicle transport time 4) making interchanges or transfer between modes and finally 

5) exiting the vehicle and walk or bike to the final destination (egress). Some studies integrate 

detailed transit schedule information in their analysis (Benenson et al., 2011; Lei and Church, 2010; 

Salonen and Toivonen, 2013; Tribby and Zandbergen, 2012; Mavoa et al., 2012; Martin et al., 

2008) while others rely on average travel speeds assigned to the whole route (Liu and Zhu, 2004; 

O’Sullivan et al., 2000; Peipens et al., 2011). How travel time is handled in the different studies is 

eloborated in this section.  

1) A large number of researchers use 400 meters as the distance people are willing to walk to a bus 

stop, whereas the distance is 800 meters for train stations (Badland et al., 2013; El-Geneidy et al. 
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2009; Dalton et al., 2013; McConville et al., 2011). An increased distance to a transit has been 

found to be associated with lower odds for walking for transportation (McConville et al., 2011) and 

lower odds for public transportation use (Dalton et al., 2013). Krygsman et al. (2004) signifies that 

the access and egress stages of a transit trip are the weakest part of a multimodal public transport 

chain. An increase in the distance results in a decrease in the use of public transportation due to the 

time spent on walking relative to the in-vehicle time. 

Although proximity is a key element in travelling by public transit network, only Benenson et al. 

(2011) specifies a maximum access distance of 300 m crow-fly (Euclidean) distance. The other 

studies either ignore or integrate the access time regardless of the distance. This may be due to the 

fact that the access distance to transit stops in urban areas is never large. O’Sullivan et al. (2000), 

Lei And Church (2010) and Salonen and Toivonen (2013) take into account accessing at other stops 

than the nearest, since the nearest stop might not provide the timeliest connection to a given 

destination.  

2) The wait time at the initial stop or when transferring is in most studies simplified to one half of 

the headway time (time interval between departures) (O’Sullivan et al., 2000; Tribby and 

Zandbergen, 2012; Gent & Symonds, 2004), whereas Mavoa et al. (2012) used 10 minutes and 

Peipens et al. (2011) used 16 minutes as the bus wait time and 6 minutes for the trains. In urban 

areas, having services with high service frequency, this simplification is not creating large errors. In 

rural areas with low service frequency it is on the other hand underestimating the accessibility by 

ignoring that people may choose to enter the stop just in time to depart. In other studies, the wait 

time is calculated from the transit schedules (Benenson et al., 2011; Lei and Church, 2010; Salonen 

and Toivonen, 2013). 

3) When schedules are not integrated, the standard procedure used for calculating in-vehicle travel 

time is to use the average travelling speed calculated from time spent on the whole route divided by 

the route length (Liu and Zhu, 2004; O’Sullivan et al., 2000). Tribby and Zandbergen (2012) 

simplify the travel time between the stops (route segment) by averaging the time for the individual 

busses between 7 and 9 a.m.  

4) Transfers between modes are often ignored (Liu and Zhu, 2004) or handled in the same way as 

wait time (frequency of service) (O’Sullivan et al., 2000; Mavoa et al., 2012). A study from the 

Netherlands by De Jonge and Teunter (2013) showed that integrating walk transfers into the 
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multimodal network reduced total travel time so this is an important feature of travelling. Using 

transit schedules enables calculation of transfer time as the elapsed time between arrival and the 

departure of a new service. Which transfer connections that are allowed in the network needs to be 

decided. O’Sullivan et al. (2000) allowed transfers between bus and train when buffer zones applied 

to their routes crossed. Benenson et al. (2011) allows walk transfers of 500 meter crow-fly distance 

and Gent and Symonds allow 1 km walk transfers.  

5) Only Benenson et al. (2011) sets a limit to the egress walk from the last transit stop (300 crow-fly 

distance). Accessibility measures are often limited to a certain travel time threshold such as 30 or 60 

minutes, and the egress is thus limited by that time threshold. This ignores the fact that people are 

not willing to walk long distances from last stop to their destination.    

3. Methodology 

3.1 Study area and data 

The study area is The Capital Region of Denmark. The Region covers 2,561 km2 (1,973 km2 

without the island Bornholm) with the main urban areas, the Copenhagen metropolitan area 

(1,181,239 inh.) and 7 smaller cities (20 – 50,000 inh.). Figure 1 show the Capital Region of 

Denmark and bordering countries Sweden to the Northeast and Germany to the south. The study 

population for which we create individual measures are participants from the cross-sectional Danish 

National Health Survey 2010 (Christensen et al, 2012). The population selected in this study is 16-

64 year old inhabitants working or in education living in the Capital Region of Denmark. The 

participants from the island Bornholm is excluded due to the isolation from the metropolitan area 

and public transport network. Excluding the Island Bornholm and restricting the commute distance 

to work to less than 200 kilometres, result in a population size of 29,447 participants. Home 

addresses for each participant were geo-coded using address matching to the official address 

register from the Danish Geodata Agency. All Danish addresses with UTM coordinates are freely 

available from www.kortforsyningen.dk. 

FIGURE 1 HERE! 

A road network was obtained from the Danish Geodata Agency’s KORT 10 geodatabase. The 

geodatabase contains thematic data on different road classes, land use features, cadastre, buildings 

and cultural features in a geometric resolution of 1:10,000. Data were captured in February 2010 
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which matches the period of the health survey questionnaire. Roads not suited for walking 

(motorways) is removed before analyses of walking distances.  

Public transportation timetable data are obtained from the travel planner Rejseplanen.dk 

(www.rejseplanen.dk) which is the official travel search engine for all public transportation in 

Denmark. Data is extracted from the database and received in HAFAS text-file format.  The text-

files are stored in a SQL based database. The data contains useful information on transport mode, 

operators, geographical location of transit stops, transit lines, time of operation, time schedules etc. 

The time tables cover the period from February to April 2010 which matches the health survey 

questionnaire. There are five groups of public transport modes in the study area; train (international, 

regional and local), bus (international, regional and local), S-train, metro and ferry. The S-train is a 

rapid urban and suburban train service serving the Copenhagen metropolitan and suburban areas 

having 84 stations and about 170 km double tracks.  The metro is located in the Copenhagen city 

center having 2 lines with 22 stations (9 underground) and 20.5 km tracks in 2010. The public 

transportation in the region is dominated by “The Fingerplan”, a strategic urban development plan 

from 1947 stating that the Copenhagen metropolitan area was to develop along six fingers centred 

along the S-train network (Knowles, 2012). This plan has created a gap in train based transportation 

between the fingers which is covered by busses; see also figure 5. 

The transit time tables, walkable road network and the individual addresses represent the base data 

for creating the multimodal public transport network. The study area borders Sweden by a bridge 

and ferries to the east and Region Zealand to the west and south. In order to minimise edge effects, 

public transportation and road network in the Zealand Region where included so that the individual 

accessibility area can grow beyond the region boundary. An exception is in Sweden where all 

connections to Sweden are cut at the final stop or road exit in Denmark. This is due to lack of data 

on public transportation in Sweden.  

3.2 Constructing the multimodal Public transport network 

The proposed multimodal network model is conceptually a weighted directed graph having time as 

the link weight and only allowing one-way traffic (Bang-Jensen et al, 2008). The two-dimensional 

design is controlled by time restricting topology rules. There are a number of ways to construct the 

network model. The standard GIS network models are usually two-dimensional, but it is possible to 

use three-dimensional topology in ArcGIS 10.1 having time as the third axis. We choose a simple 



8 

 

two-dimensional for the multimodal network since at least initially we want to be independent of 

GIS software. 

The different components of transit travel time (in-vehicle, interchange, transfer, wait, and egress 

time) as described in section 2, are constructed in the SQL database environment using simple 

programming. In addition to the transit time tables, access walk/bike time to initial stop as well as 

transfer walk distances are calculated in a GIS environment and integrated in the SQL database. The 

construction of the different travel parts (time) in the multimodal network is illustrated in Figure 2 

and described below.  

3.2.1 Walking or cycling  

Walking and cycling to initial transit stop and transfer walks between stops are determined by 

origin-destination (O-D) matrices in ArcGIS 10.1. The O-D matrix tool uses Dijkstra’s algorithm 

(Dijkstra, 1959) to find the shortest path between origin A and destination B. Similar types of GIS 

software can be used to perform this calculation.  The access distance to all public transit stops is 

calculated as network distance from all geo-coded home addresses (29,447) (origins) to all 

accessible transit stops. The access walking distance is set to a maximum of 1 kilometre and the 

access bike distance is set to a maximum of 3 kilometres. The maximum walk distance chosen is 

larger than access distances often used in other studies, see section 2. It is based on results from the 

Danish National Travel Survey performed in 2006 – 2007, were the average walking distance for 

any purpose was 1 kilometre and cycling for any purpose was 3 kilometres in the Capital Region of 

Denmark. The survey was based on 17,299 trips conducted by 4,833 persons.    

The transfer walks between transit stops are similarly calculated by O-D matrices using 1 km 

network distance as the maximum distance between the stops. The maximum transfer distance 

corresponds to the distance used by Gent and Symonds (2004). The transfer walk lines are 

calculated between all 5 public transit modes (bus, train, S-train, metro and ferry). Walk links 

between stops with the same transit mode such as a bus stop to bus stop is calculated if existing bus 

routes do not include both stops.  

The access walk and bike distances as well as the transfer walk distances are transformed into time 

using 5 km/h as walking speed and 15 km/h as cycling speed. Given the maximum distances 

described above, the maximum access time walking or cycling to a stop equals 12 minutes.  



9 

 

3.2.2 Constructing the multimodal network 

The multimodal public transport network containing bus, metro, train, s-train and ferry lines, is, as 

mentioned, created in a SQL database environment. First we minimise the dataset to only contain 

routes active during morning rush-hour on a Monday between 07:15 and 08:15, as we are only 

interested in possible trips with a duration of up to 1 hour. Secondly the in-vehicle time between 

stops are calculated for all unique routes and for each transport mode. All routes are restricted as 

one-way routes by adding a cost of 80 minutes (> 60 minutes) to the opposite direction of the 

vehicle direction. To simplify the public transportation network, the routes in the network are not 

‘true’ routes. The bus routes do not follow the road network but are instead straight lines between 

stops with time-table based in-vehicle time on each segment.  

The initial access walk or cycle links are integrated into the multimodal network by creating access 

links to the accessible stops within 1 kilometre walking and 3 kilometres cycling distance. In some 

areas participants will have the same walk or bike access time to the same stop although having 

different home addresses. This will result in the same accessibility measure. Only unique access 

time links are used so instead of using links between the original home address locations and transit 

stops, a new location close to the transit stops is added and a link created having the access time + 

wait time for a service as weight. This result in 11,085 access walk links, instead of 29,447 home 

address to transit links. The initial walk or bike access travel time and wait time for a service at the 

initial stop is restricted to 20 minutes, see Figure 2. The 20 minutes limit is allowing flexible travel. 

Most commuters are optimising there trip to work by arriving just in time for the bus or train. 

Choosing a start time of 07:15, we are not able to capture this just in time optimisation. The 20 

minutes take into account a maximum access time and a tolerable wait time between 8 and 20 

minutes. 

The challenge having different routes arriving and departing at the same stop and allowing 

interchanges is solved by splitting a given transit stop into as many stops as the number of unique 

routes entering the station (all directions). We have conducted this by adding a number (1, 2, 3…) 

to every route entering the stop and offsetting the original x or y coordinates by the number times 3 

meters, see Figure 3. Instead of having one entry point we now have as many entry points (stops) as 

the number of unique routes arriving and departing at a specific stop. Benenson et al. (2011) uses a 

similar approach although they do not specifically describe how this is conducted.  
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FIGURE 3 HERE!! 

Arriving at a stop on a route enables a number of interchanges to other routes leaving at the stops 

just created, see Figure 3. The interchanges are constructed as line segments between the new stops 

and the cost of making the interchanges is calculated as the difference between the arrival time of a 

service and the departure time of a new service. The interchange time is restricted to a maximum of 

20 minutes which reduces the number of interchange links in the network markedly (Figure 3).  

The transfer walk links are integrated into the multimodal network. The time table is used to check 

the departure time of a service at a stop.  If it is accessible within 20 minutes of the arrival time of a 

service linked to that stop by a transfer link, a transfer can be conducted. Figure 4 show a 

combination of having both the interchange possibilities from Figure 3 and now including possible 

walk connections between a bus stop and a train station. Walk transfers are only constructed where 

arrivals and departures are no more than 20 minutes apart. Given a distance of 12 minutes walking 

(1 km), the maximum wait time at the new stop is 8 minutes. The walk link weight equals the time 

difference between arrival and departure.   

FIGURE 4 HERE! 

The egress walk time is calculated as the time left to walk away from a stop when arriving. The 

time left is restricted by a threshold time (30, 45 or 60 minutes) or a maximum distance of 1 

kilometre equal to 12 minutes walking. This is used to restrict the size of each egress area in line 

with the definition of the initial access distance. The Egress walk areas are computationally 

calculated as service areas around the transit stops and are based on the same road network as were 

used to calculate the walk trips in the multimodal network.  

The multimodal network is lastly built as a network data set in a GIS and the accessibility measures 

are ready to be calculated. The network is reduced by cutting away transit stops that are too far 

away (> 1 hour travel time) from the boundary of the Capital Region of Denmark to enhance 

performance. The reduced network contains 627,113 lines and 55,493 nodes. 

3.3 Accessibility area  

The individual public transportation accessibility area within 30, 45 and 60 minutes is calculated 

using the constructed multimodal public transportation network. The thresholds are used in many 

accessibility analyses and they provide a measure of both local (30 minutes) and regional 
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accessibility (60 minutes). Following the approach from O’Sullivan et al. (2000), Lei And Church 

(2010) and Salonen and Toivonen (2013) accessing at other stops than the nearest is included to 

find the timeliest  connection to a given location (stop).   

3.3.1 Individual travel time 

The accessibility areas are based on individual travel time from home address to destinations in the 

multimodal network (stops). The travel time for public transportation tpt from an origin to a 

destination is defined as: 

 tpt = tac + tv + ti + ttr    (1) 

tac is the access time spend on walking or cycling to initial stop plus the wait time at the initial stop. 

tv is the in-vehicle time or motorised travel time. It is the sum of the travel time spent in modes of 

public transportation on a given trip e.g. 5 minutes in a bus and 25 min on a train. ti is the sum of 

interchange time and is a composite of the time spent on interchanges (wait time for a new 

connection) and ttr is time spend on transfers (walking) to other stops plus wait time for a service at 

the new stops. As described previously, we allow walk transfers between stops that are up to 1 

kilometre apart (12 minutes).  

The egress time at a destination is determined by the travel time tpt spent at a destination and the 

travel time thresholds (30, 45 and 60 minutes). If we use 30 minutes as travel time threshold, the 

egress time left for walking at a destination with tpt = 24 minutes equals 6 minutes or 500 meters of 

walking. The egress time is calculated from tpt after the analyses have been run in the multimodal 

network.    

3.3.2 Measure of Individual Accessibility: Accessibility area  

We define three measures of individual accessibility by public transportation as the accessibility 

area using services at nearest stop, all stops within 1 kilometre of walking from home address 

(density based) and all stops within 3 kilometres of cycling from home address. The access area is 

calculated as: 

 AAo = Aac + Aegr  (2) 

AAo is the accessibility area for a given origin o, Aac is the initial access area resulting from 

network distances of 1 kilometre walking or 3 kilometres cycling in all directions from home 
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address. Aegr is the sum of egress areas resulting from walking from all reachable stops 

(destinations in the multimodal network) in all directions with a distance that equals the time left 

when arriving at the destination or a maximum of 12 minutes walking. It is not allowed to exit the 

vehicle between stops so the individual access area is the sum of the areas that can be covered 

walking from reachable transit stops. We only allow walking from destinations not cycling. This is 

mainly because in 2010 it was not allowed to bring bicycles into other transportation modes but S-

trains during rush hour. The access (egress) areas are dissolved at individual level (unique ID)  

resulting in 3 accessibility measures per individual in the study population also further divided into 

the time thresholds 30, 45 and 60 minutes. The accessibility areas can be easily combined with 

other data such as jobs and other opportunities to make comparable location based analyses. This is 

though beyond the scope of this paper.    

3. Results  

The constructed multimodal network with straight lines between connected stops is shown in Figure 

5. A visual inspection of the network reveals the important city centres in the Region and in the 

bordering Region Zealand. As we move towards the rural zone the number of different public 

transportation modes as well as number of routes decline as would be expected. The “Finger Plan” 

is evident in the S-train lines with 6 fingers all meeting at the Central Station in Copenhagen and is 

further connected by a ring around the metropolitan area. Only one ferry line is included in the 

network at the northwest corner of the region.  

FIGURE 5 HERE! 

For each individual three measures has been created: 1) access area using services at the nearest 

stop 2) access area calculated from all access areas of all stops within a walking distance of 1 km 

and 3) access area calculated from all access areas of all stops within 3 km cycling distance. The 

areas have been dissolved by individual id such that no area overlap exists. Figure 6a show all the 

possible routes that can be travelled within 60 minutes by an individual living in the suburban zone 

next to an S-train and a train station. Due to the new stop design the same station can be reached a 

large number of times. To find the fastest route, it is necessary to select the minimum travel time at 

each stop/station from the resulting OD matrix.  It is evident that the train and S-train routes are fast 

routes with few stops creating long lines away from Copenhagen. 

FIGURE 6a-d HERE! 
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Figure 6b show the resulting accessibility area from travelling in the rural part of the region with 

poor access to public transportation. The nearest stop is 6 minutes walking distance from home 

address but do not have any services between 07:15 and 07:35. There are 5 stops within 1 kilometre 

walking distance, but only one transit stop (the local train station) have services operating between 

07:15 and 07:35. This stop is a 9 minute walk away from home address and the departure is at 

07:30, giving a start access + wait time of 15 minutes. Cycling 3 kilometres away from the home 

address does not provide access to other stops. The resulting access area is small and centred around 

the local train network. The rather long start access + wait time result in a rapidly growing 

accessibility area when travelling 45 and especially 60 minutes as oppose to 30 minutes.    

Figure 6c and 6d shows the resulting accessibility area for an individual living right next to the 

busiest bus, train, S-train and metro station in Copenhagen, Norreport station. The accessibility area 

shown, result from using services at nearest stop/station or all stops within 1 km of walking within 

the three travel time thresholds (30, 45 and 60 minutes). The accessibility area is only slightly 

bigger (35 km2) when using the density based (stops within 1 kilometre) approach instead of the 

nearest stop. This is because the nearest stop is well-connected to all transport modes and walking 

to other stops does not provide better services.    

Table 1. Average individual public transportation accessibility areas and range in km2 resulting 

from using services at nearest stop, stops within 1 km walking distance and stops within 3 km 

cycling distance in Copenhagen city area, suburban and city areas outside Copenhagen and rural 

areas in the Capital Region of Denmark at 07:15 on a Monday morning in march 2010.  

 

Copenhagen city area Suburban and city areas Rural area 

  (km2 /range km2) (km2 /range km2) (km2 /range km2) 

Nearest stop  

     30 min  64.8 (0-209.2) 23.7 (0 - 181.1) 6.5 (0-65.3) 

  45 min  250.8 (0-500.2) 117.4 (0 - 449.4) 27.0 (0-332.6) 

  60 min 424.6 (0-695.0) 251.4 (0 - 647.6) 77.3 (0-518.3) 

1 km walking distance 

     30 min  95.4 (0-235.8) 37.4 (0-191.7) 8.9 (0-68.6) 

  45 min  334.7 (0-510.8) 167.6 (0-454.7) 36.3 (0-332.7) 

  60 min 538.9 (0-695.1) 332.2 (0-650.8) 99.4 (0-518.4) 

3 km cycling distance 

     30 min  143.1 (16.7-235.9) 73.2 (0-192.8) 18.6 (0-100.3) 
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  45 min  407.6 (122.1-510.9) 246.5 (0-473.0) 58.0 (0-353.5) 

  60 min 607.6 (324.7-713.3) 427.4 (0-671.0) 139.1 (0-522.0) 

 

Table 1 shows the average accessibility area for individuals living in the Copenhagen city area, the 

suburban area and cities outside Copenhagen as well as in the rural areas. Living in the Copenhagen 

city area with well-connected public transportation leads to a large accessibility area. It is worth 

noting that even in Copenhagen, some individuals living in the harbour area do not have access to 

any services within walking distance during rush-hour. The density based access to the transit 

network (1 km and 3 km) result in much larger accessibility areas than when only accessing at the 

nearest stop. This support that the nearest stop not always provide the timeliest connections and 

therefore other stops need to be taken into account in these measures. The time thresholds used also 

shows that 30 minutes travel time is sensitive to the time it takes to access the transit network. The 

30 minute accessibility areas are thus much smaller than the 45 and 60 minutes accessibility areas. 

4. Discussion  

The present study proposes a method for constructing a multimodal network of public 

transportation from a travel planner using only light programming in SQL. The two-dimensional 

approach is chosen because we want to make the network as simple as possible and to some extent 

be software independent. Implementing all transport modes available into the model as well as 

access walk links and transfer walk links between stops is easily constructed by integrating walk 

time with the transit time tables. Splitting transit stops into a stop per service enables interchanges, 

transfers between services as well as handling wait time in accordance with the time table. The 

design thereby overcome some of the challenges of using a standard GIS, such as using half the 

headway time as wait and transfer time. The model is thus suitable for modelling individual public 

transportation accessibility integrating travel planner data. Another benefit of the simple two-

dimensional approach is that it enables other GIS software than ArcGIS to perform the O-D matrix 

calculations.  

The access to the public transit network is achieved by walking or cycling to transit up to 3 

kilometres away. In Denmark it is very common to bike to an S-train, train or large bus stop, which 

is why we include stops within 3 km of cycling, although this has not been used in other studies. 

Network distance is used as oppose to the crow-fly distance used by Benenson et al. (2011). In rural 

areas with only a few roads, the difference between the two distance measures can be quite large 
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and network distance is widely accepted as a better measure of walking/cycling distance. The other 

studies of public transportation accessibility do not describe how the access distance is taken into 

account, although they describe that the access time included in the travel time. Whether access is 

limited by distance or time is not known. In line with O’Sullivan et al. (2000), Lei and Church 

(2010) and Salonen and Toivonen (2013) we include accessing other stops than the nearest stop in 

order to capture the timeliest connections. The rather large difference between accessibility area 

size resulting from entering only the nearest stop and when including all stops within 1 kilometre 

walking (Table 1), highlight the importance of including access to other than the nearest stop in 

these measures.        

Following the models of Benenson et al. (2011), O’Sullivan et al. (2000) and Gent & Symonds 

(2004), transfer walk links are integrated into the multimodal model. Including transfer links is 

believed by the authors to better illustrate the flexible travel experience commuters are faced with 

when travelling. Many of the earlier studies only include bus as travel mode and walk links are not 

as important as in the case of having many transport modes available. Lei and Church (2010) 

identifies the shortest elapsed time for transfers based on the time schedule, but how this is 

implemented in their model is fully described. Salonen and Toivonen (2013) uses the travel planner 

to model travel time. Interchanges and transfers are handled by the travel planner and this means 

relying on the walking speed and distances agreed upon by transport authorities. Using the API 

method certainly overcome many of the challenges of building temporal enabled multimodal 

networks in GIS, but the researchers do not have a lot of options to change the parameters of the 

travel planner.    

The egress time and accessibility area calculated in this study is inspired by Benenson et al., (2011). 

As with the access time, egress time is limited to 12 minutes walking or time left within a given 

travel time threshold. This also follows the findings of Krygsman (2004) that egress time is 

important for the travel experience and is limiting travelling with public transportation if egress 

distances are too large. The other studies presented in section 2 do not explicitly describe if the 

egress time is limited by time or distance.       

One of the strengths of the proposed model is that it enables modelling accessibility from a door-to-

door approach including all parts of the trip. Some of the earlier challenges of using average speed 

as in-vehicle time between stops (Liu and Zhu, 2004; O’Sullivan et al., 2000) and wait time as half 

the headway time (O’Sullivan et al., 2000; Tribby and Zandbergen, 2012; Gent & Symonds, 2004) 
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or a fixed time (Mavoa et al., 2012; Peipens et al., 2011) is overcome by integrating the transit time 

table. Furthermore interchanges and transfers are handled by creating multiple stops from the 

original stop. This overcomes the challenges of using standard GIS network models where the 

temporal variable needs to be simplified (Tribby and Zandbergen, 2012).   

In the present study the accessibility area is defined in the same way as the access area used by 

Benenson et al. (2010). All stops up to 3 km distance from home are included in the analysis in 

order to cover cycling trips to stops. In the presented results, the accessibility area increases when 

using all stops within 1 kilometre walking distance and 3 kilometre cycling distance as oppose to 

service at the nearest stop. This is to be expected because more timely connections are reachable 

when looking beyond the nearest stop. Analysis of the transport mode at the nearest can reveal the 

sensitivity to accessibility of living next to a train station or a bus stop. The rural example shows 

that some areas in the study area are quite remote in terms of public transportation.  

Some limitations need to be mentioned. One of the limitations of the two-dimensional approach is 

that it creates a large number of nodes and edges due to splitting the stops and incorporating walk 

lines. We were specifically interested in the morning rush hour and thereby reduced the network 

quite substantially and the computation performance in ArcGIS network analyst is high and 

acceptable. If larger time windows are to be used, a performance test should be carried out. The 

method does rely on some knowledge of SQL programming. The more complex the network, the 

more connections need to be constructed. The model initially covered all of Denmark and was 

reduced due to performance enhancement. This shows that the method is flexible and that it is 

possible to handle quite large amounts of time table data and built a multimodal travel time network 

using this method.    

A few limitations come from the used data. The multimodal network relies on the travel planner 

time schedule and do not take traffic congestion or service level into account. This can cause the 

calculated access areas to be too large. Many larger roads in the metropolitan area have designated 

bus lanes which reduce the impact from traffic congestion. The weather plays a role in the service 

level in Denmark where occasional snowy or icy conditions can slow down or close the public 

transportation for shorter periods. Furthermore, we have no data on how well the public 

transportation has performed in the period covered. The results show what can be achieved if the 

services run 100 % on schedule. The overall impact of these issues on the access area is though 

estimated to be low. 
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5. Conclusion 

With an increasing interest in individual public transportation accessibility and more time table and 

disaggregate data becoming available, methods need to enable integration of space-time data.      

The proposed method in this research demonstrates that it is possible to integrate travel time data 

into a multimodal network using only simple programming. Splitting the original transit stops into 

unique route-based stops enables interchanges, transfers and wait-time integration according to the 

time table data. This overcome some of the main problems, when measuring accessibility using a 

standard GIS. Including access and transfer walk links from O-D matrices shows that the method is 

flexible and more services can be incorporated. The individual approach used provides knowledge 

about the individual ability to reach other destinations and opportunities. However, the different 

access approach to the transit network (nearest stop or density) resulted in quite different 

accessibility areas. These issues are important to take into account in future studies.  
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Figure 1. The Capital Region of Denmark divided into 3 zones based on population. The red zone 

shows Copenhagen and Frederiksberg Municipalities, the main Municipalities in the Copenhagen 

city area. The yellow zone shows parishes outside Copenhagen and Frederiksberg Municipalities 

with more than 250 inhabitants per km2 and comprises Copenhagen suburban zone and cities 

outside Copenhagen. The green zone shows parishes with 250 or less inhabitants per km2 and is 

here defined as the rural zone in the Capital Region of Denmark. 
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Figure 2. The door-to-door travel approach highlighting the different elements of travel time in a 

multimodal public transportation network model. 

  

Wait for a service at initial stop                              
Integrating access time with time schedule. Search for all 
departures reachable within access + wait time ≤ 20 minutes. 
Departures no later than 07:35 

07:15 Walk or bike to a stop                                                 
Active transport time to all transit stops within 1 km walking and 
3 km cycling.  

In-vehicle time                                                                            
Link weight equal to arrival time minus depart time at previous 
stop on the specific route 

Interchange time                                                                     
Search for all possible interchanges when arriving at a stop. 
Interchanges are restricted to departures within 20 minutes after 
arriving with a vehicle. 

Transfer time and transfer wait time                                    
Search for all possible transfers within 1 km walking distance. 
Transfers to other stops are restricted to services departing within 
20 minutes upon arrival. 

Egress time                                                                            

Travel time left for walking within a given threshold (30, 45 or 
60 minutes) and a maximum egress walking of 12 minutes when 
arriving at a stop.  
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Figure 3. The splitting of a transit stop into route stops. The stops are relocated from the original 

location by off-setting the x or y-coordinate. Unique routes arrive at unique stops. The design 

enables interchanges between the new stops. All possible interchanges between stops at a public 

transport stop are reduced in the model (bottom) that only includes interchanges between departures 

no later than 20 minutes after an arrival. 
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Figure 4. Interchanges at a public transportation stop and transfer between stops using walk lines of 

6 minutes duration equal to 500 meter walking. Arriving by train at the train station at 7:14 gives 

the commuter the opportunity to shift to a bus (departing 7:22) by walking 6 minutes from the train 

station to the bus stop and wait 2 minutes, which equals a transfer time of 8 minutes in total.  

  

Train station Bus stop 

07:21 

07:26 

07:45 

07:48 

07:52 

07:15 Walk link 6 min. 

07:47 

Arrivals 

Departures 

Walk transfer 

Interchanges 

Route stop 

07:22 

07:35 

08:00 



24 

 

 

Figure 5. The constructed multimodal network showing all routes (bus, S-train, train, metro and 

ferry) active between 07:15 and 08:15 on a Monday morning in the Capital Region of Denmark. 
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Figure 6a: Individual travel routes by public transportation using services at the nearest stop. 6b: 

Accessibility area resulting from travelling 30, 45, and 60 minutes using public transportation 

services at stops within 1 km walking distance in a rural setting. 6c and 6d: Accessibility area 

resulting from travelling 30, 45, and 60 minutes using public transportation services at the nearest 

stop and at stops within 1 km walking distance in the Copenhagen city centre.  
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Abstract 12 

Background: Active commuters have lower risk of chronic disease. Understanding which of the, to 13 

some extent, modifiable characteristics of public transportation that facilitate its use is thus important 14 

in a public health perspective. The aim of the study was to examine the association between 15 

individual public transportation accessibility and self-reported active commuting, and whether the 16 

associations varied with commute distance, age and gender.  17 

Methods: 28,928 commuters in the Capital Region of Denmark reported self-reported time spent 18 

either walking or cycling to work or study each day and the distance to work or study. Data were 19 

obtained from the Danish National Health Survey collected in February to April 2010. Individual 20 

accessibility by public transportation was calculated using a multimodal network in a GIS. Multilevel 21 

logistic regression was used to analyze the association between accessibility, expressed as access 22 

area, and being an active commuter. 23 

Results: Public transport accessibility area based on all stops within walking and cycling distance 24 

was positively associated with being an active commuter. Distance to work, age and gender modified 25 

the associations. Residing within 10 km commuting distance and in areas of high accessibility was 26 

associated with being an active commuter and meeting the recommendations of physical activity. For 27 

the respondents above 29 years, Individual public transportation accessibility was positively 28 

associated with being an active commuter. Women having high accessibility had significantly higher 29 

odds of being an active commuter compared to having a low accessibility. For men the associations 30 

were insignificant. 31 

Conclusions: This study extends the knowledge about the driving forces of using public 32 

transportation for commuting by examining the individual public transportation accessibility. 33 

Findings suggest that transportation accessibility supports active commuting and planning of 34 

improved public transit accessibility has thus a potential of providing health benefits to commuters. 35 

1. Introduction 36 

A number of studies have found that active commuters have lower risks of a number of chronic 37 

diseases (1-4). Using public transportation involves walking or cycling to a transit stop, transfer 38 

walks and walking to the end destination, thereby providing health benefits through regular physical 39 

activity to commuters during the week (5). Increasing the number of active commuters as an 40 

alternative to car-based commuting also has the beneficial potential of decreasing air pollution by 41 
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lowering car congestion. Understanding which of the, to some extent, modifiable characteristics of 42 

public transportation that facilitate its use is thus important in a public health perspective.  43 

Several studies have investigated the association between local access to public transportation 44 

stops and active commuting. Individual access to public transportation described by the proximity 45 

(6;7) and density of transit stops (8-11) as well as the service frequency and number of routes at 46 

nearest stop (7) was found to be positively associated with active commuting. The access is very 47 

important because it determines how easily a person can reach the public transportation network, 48 

however is does not quantify the accessibility by public transportation, i.e. the area and thereby 49 

opportunities than can be reached by using public transportation.  50 

Dalvi and Martin (1978) (12) defined accessibility as the ease with which people can reach their 51 

destinations or activity sites. Thus accessibility by public transportation describes how efficient the 52 

public transportation network is in bringing people to destinations often within a given time frame 53 

and is a widely used term in transport planning and studies of urban form. Several researchers’ have 54 

modelled individual public transportation accessibility (13-19). These models vary in complexity and 55 

some include time schedules while others rely on simplifications of the different parts of the journey 56 

e.g. access, waiting, in-vehicle, transfer and the egress time from the origin to destinations. Only one 57 

study has investigated individual public transportation accessibility in relation to active commuting. 58 

Frank et al. (2010) (20) found that transit accessibility was significantly associated with walk energy 59 

expenditure. Their accessibility measure described a travel survey households´ potential to reach the 60 

region’s five major activity centres. In addition, others studies on travel mode choice have found that 61 

the prevalence for car-based commuting increases with distance to work (7;21;22) and that there is 62 

higher prevalence for using public transportation in younger age groups (4;23). More studies on 63 

accessibility and the association to active commuting are warranted to understand how the local 64 

public transportation is influencing active commuting.   65 

The aim of this study was to model individual accessibility using data from a travel planner and to 66 

examine the association between individual public transportation accessibility and self-reported 67 

active commuting in The Capital Region of Denmark. Furthermore the aim was to examine if the 68 

associations were modified by the individual commute distance, age and gender.  69 

2. Materials and methods 70 

2.1. Study population  71 

The study included cross-sectional data collected from the Danish National Health Survey 2010 72 

described in Christensen et al. (2012) (24). The survey contained questions on health behavior, 73 

including distance to and time spent walking or cycling to work or study each day. Respondents 74 

either completed an enclosed paper questionnaire and returning it by the mail, or online. The Capital 75 

Region of Denmark was selected as study area. The region includes Copenhagen metropolitan area as 76 

well as suburban and rural districts. From the total population above 16 years of age (1,355,000) a 77 

random sample of 95,150 was selected; the response rate was 52.3%. The data were collected from 78 

February to April 2010. The study used a subsample of 28,928 respondents living on the main island 79 

of Zealand in The Capital Region of Denmark, working or in education, between 16 and 64 years of 80 

age and with valid answers on time spent each day on active commuting in hours and minutes and 81 

individual distance to work or study. All individuals home addresses were geocoded using address 82 

matching with the official address register from the Danish Geodata Agency.  83 

The survey was approved by the Danish Data Protection Agency. Approval from the regional 84 

Committee on Health Research Ethics was not necessary as no human biological material was 85 

included in the data collection.  86 
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2.2. Geographical data 87 

Public transport network data were obtained from Rejseplanen.dk which is the official Danish travel 88 

planner search engine. The data contained information on transport mode (bus, train, s-train, metro 89 

and ferry), routes, schedules and geographic location of all transit stops. The schedules covered the 90 

same period as the Health Survey i.e. February to April 2010. Road networks were obtained from the 91 

Danish Geodata agency (Kort10). Roads where walking or cycling was prohibited (e.g. motorways, 92 

highways) were excluded from the dataset before analysis.   93 

2.3. Multimodal public transportation network 94 

The geographic location of the transit stops and schedules from Rejseplanen.dk were used to 95 

construct a multi-modal transit network including all transport modes in the region (bus, trains, S-96 

trains, metro and ferry). In addition, road network walk links were constructed using origin-97 

destination matrices in the Network Analyst application of ESRI ArcGIS 10.1 (Redlands, CA: 98 

Environmental Systems Research Institute) from each individual home address to all public transport 99 

stops within 3 km. Walk links were also constructed between all stops not connected by a transit 100 

service to allow transfers not included in the transit network. The walk links connected stops situated 101 

no more than 1 km road network distance apart. Time spent along the access and transfer walk links 102 

were calculated from their distance and a walking speed of 5 km/h. Wait time at initial stop, in-103 

vehicle, transfer and egress time was integrated in the model using the time schedule. The Network 104 

Analyst application of ESRI ArcGIS 10.1 (Redlands, CA: Environmental Systems Research Institute) 105 

was used to build the network having travel time as the network impedance. The interchange 106 

connections at the same stop/station at a given time and transfers were restricted by having an arrival 107 

time less than and within 20 minutes from the next the departure time (wait time).  108 

2.4. Active commuting 109 

The outcome variable was based on the self-reported time spent walking or cycling to work every 110 

day (hours, minutes) (25). The variable was dichotomized to being an active commuter binary 111 

variable (“yes” or “no”), with a cut-off value of 4 minute spent on active commuting per day and 112 

meeting recommended levels of physical activity (“yes” or “no”) (≥ 30 minutes) by active 113 

commuting alone. 114 

2.5. Individual public transportation accessibility   115 

The individual accessibility was defined as the area each respondent can cover on the road network 116 

using active transport modes including public transportation inspired by Benenson et al., (2011) (13). 117 

The accessibility was calculated for a Monday morning between 07:15 and 08:15 during a normal 118 

week in March 2010. If no service was active within 20 minutes at the initial stop, the accessibility 119 

area was set equal to zero. Three measures of accessibility were created using public transportation 120 

services at 1) nearest stop within 1 km, 2) all stops within 1 km walking distance from home address 121 

and 3) all stops within 3 km cycling distance from home address. Services at the nearest stop do not 122 

always have the best service which is why all stops within walking distance were modelled. The 3 123 

km access was used to capture accessibility for respondents living in the rural areas. Furthermore the 124 

accessibility area was calculated for 30 and 60 minutes travel time. This was based on the assumption 125 

that 30 minutes travel time measures local accessibility whereas 60 minutes travel time measures the 126 

regional accessibility. The 30 and 60 minutes travel thresholds has been used in a number of other 127 

accessibility studies (14;26;27). The accessible area from a given origin (AAo) can be expressed as 128 

AAo = Aac + Aegr.  Aac is the initial access area resulting from either 1 km walking or 3 km cycling 129 

(road network) in all directions from the individual home address. Aegr is the sum of egress areas 130 

resulting from walking away from all reachable transit stops in all directions on the road network. 131 
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Access and egress areas were dissolved by individual to remove overlapping areas. Individual public 132 

transportation accessibility area based on all stops within walking distance (1 km) for an individual 133 

living in Copenhagen City Center is shown in Figure 1. Ultimately the resultant accessibility areas 134 

where divided into quartiles for each measure. 135 

FIGURE 1 HERE 136 

2.6. Covariates 137 

The individual covariates were obtained from central registers and comprised age, gender, income 138 

and education level. Four classes of education level were defined: primary or secondary school, 139 

vocational education, academy or bachelor degree, and master’s or PhD degree.  140 

Contextual covariates (median income level, population density and street connectivity) were 141 

aggregated by parishes, the smallest administrative units in Denmark. Street connectivity was defined 142 

by the gamma index γ = l/(3(n – 2), where n equals the intersections (28). 143 

2.7. Statistical analyses 144 

SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina) was used to perform multilevel 145 

regression analyses (GLIMMIX procedure) to investigate if the individual public transportation 146 

accessibility was associated with being an active commuter. A two-level model was fitted with 147 

individuals (level 1, n = 28,928) nested within parishes (Level 2, n = 223).  148 

Two empty models were estimated to detect whether there was a contextual dimension to being an 149 

active commuter and meeting recommended levels of active commuting. A 3-step modelling strategy 150 

was used and ICC was calculated for each model: (1) The determinant was included in the model; (2) 151 

the individual level covariates were included to examine whether the between-parish variance was 152 

attributable to a compositional effect; (3) the parish level covariates were included to explore if the 153 

remaining between-parish variance could be explained by contextual factors. Furthermore subgroup 154 

analyses was conducted for distance to work expressed by living within four distance categories (≤ 155 

5km, 5- 10 km, 10 -20 km  and > 20 km) from work, for age categorized in three age categories (16-156 

29, 30-45 and 45- 64 years of age) and for gender. Values of p < 0.05 were considered statistically 157 

significant. If an interaction was present, the odds of being an active commuter when belonging to a 158 

given distance or age category were calculated based on the full model.   159 

3. Results 160 

Table 1 shows the descriptive statistics for the study population. 56.3 % were females whilst 40.3% 161 

were between 45 and 64 years of age, 22.6 % were between 16 and 29 and 37.2 % were between 30 162 

and 45 years of age. Approximately 73 % of the study population reported daily active commuting 163 

and 50.6 % reported meeting recommended levels of physical activity by active commuting 164 

(moderate physical activity). The proportion of active commuters decreased with increasing commute 165 

distance and age. 166 

 167 

  168 
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Table 1 Deskriptive statistics of the study population socio-demographics, home address location 169 

and commute distance by subgroups of being an active commuter and meeting recommended levels 170 

of physical activity. 171 

  

Total Active commuter   

(> 4min/day) 

Meeting recommended 

levels of physical activity  

(≥ 30min/day) 

  

Yes No  Yes No 

  N (%) N (%) N (%) N (%) N (%) 

Total population 29447 (100.0) 21,480 (72.9) 7967 (27.1) 14,902 (50.6) 14,545 (49.4) 

Age (average years/SD) 41.0 (13.1) 39.7 (13.6) 44.4 (11.3) 39.3 (13.8) 42.7 (12.3) 

Age groups (6 missing) 
        16 - 29 years 6643 (22.6) 5811 (87.5) 832 (12.5) 4306 (64.8) 2337 (35.2) 

   30 - 45 years 10,940 (37.1) 7630 (69.7) 3310 (30.3) 5142 (47.0) 5798 (53.0) 

   46 - 64 years 11,858 (40.3) 8034 (67.8) 3824 (32.2) 5451 (46.0) 6407 (54.0) 

Gender (6 missing) 
        Male 12,866 (43.7) 8692 (67.6) 4174 (32.4) 5837 (45.4) 7029 (54.6) 

   Female  16,575 (56.3) 12,783 (77.1) 3792 (22.9) 9062 (54.7) 7513 (45.3) 

Education (438 missing) 
        Primary or secondary school 8354 (28.4) 6587 (78.8) 1767 (21.2) 4720 (56.5) 3634 (43.5) 

   Vocational education 7882 (26.8) 5014 (63.6) 2868 (36.4) 3335 (42.3) 4547 (57.7) 

   Bachelor degree 7993 (27.1) 5894 (73.7) 2099 (26.3) 4044 (50.6) 3949 (49.4) 

   Master or PhD degree 4780 (16.2) 3643 (76.2) 1137 (23.8) 2534 (53.0) 2246 (47.0) 

Home address location 
        Copenhagen inner-city  9450 (32.1) 8183 (86.6) 1267 (13.4) 6520 (69.0) 2930 (31.0) 

   Suburban and city areas 17,768 (60.3) 12,105 (68.1) 5663 (31.9) 7741 (43.6) 10,027 (56.4) 

   Rural  2229 (7.6) 1192 (53.5) 1037 (46.5) 641 (28.8) 1588 (71.2) 

Distance to work groups 
        0 - 5 km 9460 (32.1) 8133 (86.0) 1327 (14.0) 5854 (61.9) 3606 (38.1) 

   5 - 10 km 6805 (23.1) 5217 (76.7) 1588 (23.3) 4074 (59.9) 2731 (40.1) 

   10 - 20 km 6604 (22.4) 4326 (65.5) 2278 (34.5) 2769 (41.9) 3835 (58.1) 

   > 20 km 6578 (22.4) 3804 (57.8) 2774 (42.2) 2205 (33.5) 4373 (66.5) 

The ICC in the two empty models showed a noticeable significant between neighborhood 172 

variation of 13.6% in being an active commuter and 12.7 % in meeting recommendations of physical 173 

activity. The ICC in the unadjusted models ranged from 3.7 to 11.5 and was significantly reduced to 174 

1.2 – 1.4 % in the fully adjusted models.     175 

Table 2 shows the individual public transportation accessibility area size divided in quartiles for a 176 

travel time of 30 and 60 minutes. Changing the access point to the transit network from the nearest 177 

stop to all stops within 1 km increases the accessibility area in each quartile. Expanding the access to 178 

all stops within 3 km cycling, results in a maximum accessibility area of 713.3 km2 when the travel 179 

time is 60 minutes.      180 

  181 
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Table 2 Quartiles of individual public transportation accessibility area for 30 and 60 minutes travel 182 

time calculated for all adult commuters aged 16 to 64 in The Capital Region of Denmark 183 

participating in the Danish National Health Survey 2010.     184 

  30 minutes travel (km2) 60 minutes travel (km2) 

Nearest stop 
     Low 0 - 4.0 0 - 108.5 

   Medium low 4.1 - 19.3 108.6 - 313.7 

   Medium high 19.4 - 62.8 313.8 - 470.4 

   High 62.9  - 209.2 470.5 - 695.0 

All stops within 1 km walking 

    Low 0 - 16.9 0 - 264.3 

   Medium low 17.0 - 44.5 264.4 - 421.2 

   Medium high 44.6 - 85.1 421.4 - 525.5 

   High 85.2 - 235.8 525.6 - 695.1 

All stops within 3 km cycling 
    Low 0 - 42.0 0 - 383.2 

   Medium low 42.1 - 91.8 383.3 - 514.7 

   Medium high 91.9 - 137.9 514.8 - 606.4 

   High 138.0 - 235.9 606.5 - 713.3 

The results from the multilevel regression models are shown in Table 3. No significant association 185 

was found between public transportation accessibility at nearest stop and being an active commuter. 186 

The accessibility areas resulting from accessing all stops within walking distance were significantly 187 

positively associated with being an active commuter. An increase in accessibility area was associated 188 

with significantly higher odds of being an active commuter. The same dose-response relationship as 189 

was observed in the association between the accessibility area resulting from accessing all stops 190 

within cycling distance and being an active commuter although there was no difference in odds of 191 

being an active commuter in the medium-low and the medium-high accessibility groups. In addition, 192 

Positive associations were found between the density accessibility areas and meeting 193 

recommendations on physical activity although less pronounced compared to the associations with 194 

being an active commuter 195 

 196 

Table 3 Crude and adjusted associations (OR) between individual public transportation accessibility 197 

area and being an active commuter and meeting recommended levels of physical activity. Between 198 

neighbourhood variation is expressed by Intra-class correlation coefficient (ICC). Significant 199 

associations are highlighted in bold text.  200 
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 201 

  

Active commuter (> 4min/day) 

  

Meeting recommended levels of 

physical activity (≥ 30min/day) 

 

Model 1: Crude Model 3: Fully 

adjusted model 
 

Model 1: Crude Model 3: Fully 

adjusted model 
  OR (CI)  OR (CI)a  

 
OR (CI)  OR (CI)a  

Nearest stop 30 min. Acc. 
        Low 1.00 1.00 

 
1.00 1.00 

   Medium low 0.92 (0.85 - 1.00) 0.93 (0.86 - 1.01) 
 

0.92 (0.86 - 1.00) 0.93 (0.87 - 1.01) 
   Medium high 1.05 (0.96 - 1.14) 1.03 (0.94 - 1.12) 

 
0.99 (0.91 - 1.06) 0.98 (0.91 - 1.06) 

   High 1.21 (1.10 - 1.34) 1.05 (0.95 - 1.17) 
 

1.03 (0.95 - 1.12) 0.97 (0.89 - 1.05) 
   P-value

b
 <.0001 0.0607 

 

0.0832 0.3233 
   ICC 11.6 1.4 

 
11.8 1.3 

Nearest stop 60 min. Acc. 
        Low 1.00 1.00 

 
1.00 1.00 

   Medium low 1.00 (0.92 - 1.09) 1.04 (0.96 - 1.13) 
 

0.99 (0.92 - 1.08) 1.03 (0.95 - 1.12) 
   Medium high 1.07 (0.98 - 1.17) 1.03 (0.95 - 1.13) 

 
1.03 (0.95 - 1.12) 1.04 (0.96 - 1.12) 

   High 1.27 (1.14 - 1.41) 1.07 (0.96 - 1.19) 
 

1.04 (0.94 - 1.14) 0.97 (0.88 - 1.06) 
   P-value

b
 0.0002 0.6310 

 

0.7908 0.4248 
   ICC 11.4 1.4 

 
12.3 1.4 

Stops within 1 km 30 min. Acc. 
       Low 1.00 1.00 

 
1.00 1.00 

   Medium low 1.26 (1.16 - 1.37) 1.17 (1.08 - 1.27) 
 

1.17 (1.08 - 1.26) 1.10 (1.02 - 1.19) 
   Medium high 1.70 (1.54 - 1.87) 1.33 (1.21 - 1.47) 

 
1.41 (1.29 - 1.55) 1.22 (1.11 - 1.33) 

   High 2.13 (1.90 - 2.39) 1.37 (1.21 - 1.55) 
 

1.48 (1.33 - 1.64) 1.15 (1.03 - 1.28) 
   P-value

b
 <0.0001 <0.0001 

 
<.0001 0.0005 

   ICC 6.2 1.2 
 

8.4 1.1 
Stops within 1 km 60 min. Acc. 

       Low 1.00 1.00 
 

1.00 1.00 
   Medium low 1.41 (1.28 - 1.54) 1.17 (1.07 - 1.28) 

 
1.43 (1.31 - 1.57) 1.23 (1.12 - 1.34) 

   Medium high 1.90 (1.71 - 2.11) 1.34 (1.21 - 1.49) 
 

1.82 (1.64 - 2.01) 1.37 (1.24 - 1.51) 
   High 2.73 (2.41 - 3.10) 1.44 (1.26 - 1.66) 

 
2.17 (1.93 - 2.44) 1.36 (1.21 - 1.53) 

   P-value
b
 <0.0001 <0.0001 

 
<.0001 <.0001 

   ICC 4.8 1.3 
 

5.3 0.9 
Stops within 3 km 30 min. Acc. 

       Low 1.00 1.00 
 

1.00 1.00 
   Medium low 1.62 (1.45 - 1.81) 1.21 (1.09 - 1.35) 

 
1.58 (1.42 - 1.76) 1.18 (1.07 - 1.30) 

   Medium high 2.20 (1.95 - 2.49) 1.20 (1.06 - 1.36) 
 

2.37 (2.12 - 2.66) 1.33 (1.19 - 1.49) 
   High 3.36 (2.94 - 3.84) 1.44 (1.24 - 1.67) 

 
3.03 (2.69 - 3.42) 1.42 (1.25 - 1.61) 

   P-value
b
 <0.0001 <0.0001 

 
<.0001 <.0001 

   ICC 4.2 1.3 
 

3.6 0.9 
Stops within 1 km 60 min. Acc. 

       Low 1.00 1.00 
 

1.00 1.00 
   Medium low 1.61 (1.44 - 1.80) 1.20 (1.07 - 1.33) 

 
1.68 (1.51 - 1.87) 1.24 (1.12 - 1.37) 

   Medium high 1.98 (1.76 - 2.23) 1.19 (1.05 - 1.34) 
 

2.11 (1.88 - 2.36) 1.28 (1.15 - 1.43) 
   High 3.60 (3.15 - 4.13) 1.45 (1.24 - 1.71) 

 
3.29 (2.92 - 3.72) 1.47 (1.28 - 1.69) 

   P-value
b
 <0.0001 <0.0001 

 
<.0001 <.0001 

   ICC 3.8 1.3   3.3 0.9 
aAdjusted for individual age, gender, education, distance to work and neighborhood median income, 202 

population density and street connectivity. 203 
b
 P-value from type III test of the association. 204 
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The interaction between the public transportation accessibility area and categorized commute 205 

distance was significant for all measures of accessibility (p-values <0.0001) as shown in Table 4. 206 

 207 

Table 4 OR table for associations between public transport accessibility and being an active 

commuter modified by commute distance. Significant associations are highlighted in bold text. 

  ≤ 5 km 5 - 10 km 10 - 20 km > 20 km 

  OR (Cl) OR (Cl)  OR (Cl)  OR (Cl)  

Nearest stop 30 minutes Acc. 
       Low 1.00 1.00 1.00 1.00 

   Medium low 0.99 (0.84 - 1.18) 0.96 (0.81 - 1.13) 0.82 (0.71 - 0.95) 0.94 (0.82 - 1.06) 

   Medium high 1.06 (0.89 - 1.26) 1.20 (1.02 - 1.42) 0.88 (0.76 - 1.02) 0.99 (0.85 - 1.15) 

   High 1.43 (1.19 - 1.72) 1.21 (1.02 - 1.44) 0.87 (0.73 - 1.03) 0.75 (0.62 - 0.91) 

   P-Value interaction = <0.0001 

    Nearest stop 60 minutes Acc. 
       Low 1.00 1.00 1.00 1.00 

   Medium low 0.96 (0.81 - 1.14) 1.06 (0.89 - 1.26) 0.93 (0.80 - 1.07) 1.15 (1.01 - 1.31) 

   Medium high 1.08 (0.91 - 1.28) 1.15 (0.97 - 1.35) 0.92 (0.79 - 1.07) 1.00 (0.86 - 1.16) 

   High 1.43 (1.19 - 1.73) 1.24 (1.03 - 1.48) 0.84 (0.70 - 1.01) 0.74 (0.61 - 0.89) 

   P-Value interaction = <0.0001 

    Stops within walking distance 30 minutes Acc. (1 km) 
     Low 1.00 1.00 1.00 1.00 

   Medium low 1.24 (1.04 - 1.47) 1.23 (1.03 - 1.46) 1.20 (1.04 - 1.38) 1.08 (0.95 - 1.22) 

   Medium high 1.53 (1.28 - 1.83) 1.37 (1.15 - 1.63) 1.34 (1.15 - 1.56) 1.24 (1.05 - 1.46) 

   High 1.89 (1.55 - 2.31) 1.63 (1.34 - 1.98) 1.19 (0.99 - 1.44) 0.86 (0.71 - 1.05) 

   P-Value interaction = <0.0001 

    Stops within walking distance 60 minutes Acc. (1 km) 
     Low 1.00 1.00 1.00 1.00 

   Medium low 1.31 (1.10 - 1.56) 1.26 (1.05 - 1.50) 1.25 (1.08 - 1.44) 1.05 (0.92 - 1.20) 

   Medium high 1.53 (1.27 - 1.83) 1.49 (1.24 - 1.79) 1.38 (1.18 - 1.62) 1.18 (1.00 - 1.39) 

   High 2.20 (1.78 - 2.72) 1.72 (1.40 - 2.12) 1.29 (1.06 - 1.58) 0.88 (0.72 - 1.08) 

   P-Value interaction = <0.0001 

    Stops within walking distance 30 minutes Acc. (3km) 
     Low 1.00 1.00 1.00 1.00 

   Medium low 1.12 (0.93 - 1.36) 1.23 (1.01 - 1.48) 1.40 (1.20 - 1.63) 1.18 (1.02 - 1.36) 

   Medium high 1.32 (1.08 - 1.60) 1.38 (1.14 - 1.67) 1.33 (1.12 - 1.59) 0.86 (0.71 - 1.03) 

   High 1.95 (1.56 - 2.43) 1.78 (1.43 - 2.22) 1.30 (1.06 - 1.60) 0.82 (0.66 - 1.02) 

   P-Value interaction = <0.0001 

    Stops within walking distance 60 minutes Acc. (3 km) 
     Low 1.00 1.00 1.00 1.00 

   Medium low 1.16 (0.96 - 1.40) 1.25 (1.03 - 1.51) 1.41 (1.20 - 1.65) 1.11 (0.96 - 1.29) 

   Medium high 1.26 (1.04 - 1.52) 1.37 (1.13 - 1.66) 1.34 (1.13 - 1.59) 0.94 (0.79 - 1.12) 

   High 2.11 (1.68 - 2.66) 1.99 (1.58 - 2.50) 1.25 (1.01 - 1.56) 0.77 (0.61 - 0.96) 

   P-Value interaction = <0.0001         
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For the accessibility areas resulting from 1 km walking or 3 km cycling, an increase in 208 

accessibility area was associated with significantly higher odds of being an active commuter. For 209 

commuters having between 10 and 20 km commute distance, an increase in the accessibility area (1 210 

km walking and 3 km cycling) was associated with significantly higher odds of being an active 211 

commuter in the medium-low quartile of accessibility compared to low accessibility. Living more 212 

than 20 km from work, the association between public transportation accessibility and being an 213 

active commuter became insignificant and even negative for medium high and high accessibility in 214 

the model with all stops within 3 km cycling. Positive significant associations were also found 215 

between all density measures and meeting recommendations of physical activity for participants with 216 

commute distance of ≤ 10 km. The associations were strongest for those having between 5 and 10 km 217 

commute distance. For participants having between 10 and 20 km commute distance, a medium-low 218 

or medium-high accessibility based on 1 km walking or 3 km cycling was associated with 219 

significantly higher odds of meeting recommendations of physical activity compared to having low 220 

public transportation accessibility.  For those having more than 20 km commute distance, 221 

accessibility area was not associated with meeting recommended levels of physical activity.  222 

The subgroup analysis with age showed that for the age category 16 to 29 years, the association 223 

between accessibility (1 km walking and 3 km cycling) and being an active commuter was 224 

insignificant. For the respondents in the other two age groups, 30 – 45 and 46 – 64 years, the 225 

accessibility was positively associated with being an active commuter. The association was strongest 226 

among the 30 to 45-year-old. The subgroup analysis with age showed the same results with meeting 227 

recommended levels of physical activity. 228 

For women there was a significant positive association between accessibility area based on all 229 

stops within walking and cycling distance and being an active commuter. Furthermore women having 230 

high accessibility based on services at the nearest stop (30 and 60 minutes) had significantly higher 231 

odds of being an active commuter compared to the reference group (low). For men the associations 232 

were insignificant.  For women there was a significantly positive association between accessibility 233 

area based on all stops within walking and cycling distance and meeting recommendations of 234 

physical activity. No significant associations were found for women between accessibility based on 235 

services at the nearest stop (30 and 60 minutes) and meeting recommendations of physical activity. 236 

For men the associations were less pronounced, although suggesting that higher accessibility based 237 

on walking and cycling was positively associated with meeting recommendations of physical 238 

activity.  239 

4. Discussion 240 

The findings suggest that individual public transportation accessibility influences commuters travel 241 

preferences and higher public transportation accessibility is associated with being an active 242 

commuter and meeting recommended levels of physical activity from active commuting only. The 243 

study extend the previous studies of the access to public transportation and associated active 244 

commuting by combining the access to public transportation i.e. density of stops, service frequency 245 

and available routes with the efficiency of the public transportation network in enabling the 246 

respondent in reaching destinations. 247 

Those living in the metropolitan and inner suburban areas often have multiple transit stops within 248 

walking distance that provide different transit services and modes. The insignificant association 249 

found between individual public transportation accessibility and active commuting for public 250 

transportation accessibility at the nearest stop may thus be explained by the fact that the nearest stop 251 

provides a too simplified picture of the “real” public transportation accessibility. Another explanation 252 

may be due to the way the accessibility is modelled. The nearest stop measure is quite sensitive to 253 

services leaving between the time a participant enters the stop until the last allowed departure time at 254 
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07:35. This can result in accessibility areas of 0 km2 although services may leave at 07:36 and 255 

thereby lower the variance of the measure. Commuters tend to optimise their trip by entering a 256 

station just in time for the service to depart. This cannot be captured in this analysis.  257 

The positive association found between accessibility based on all stops within walking distance (1 258 

km) and active commuting reflect other findings that accessible and efficient public transportation is 259 

conducive for being an active commuter (7-11;20).  260 

In Accordance with other studies we found that distance to work or study influence active 261 

commuting (7;21;22). Living close to work (within 10 km) in areas of high public transportation 262 

accessibility are associated with being an active commuter. Metropolitan and city areas have high 263 

public transportation accessibility, high density of opportunities such as jobs and a supportive 264 

infrastructure that promotes walking or cycling and use of public transportation. There is prevalence 265 

for car-based commuting at commute distances longer than 20 km even if public transportation 266 

accessibility is high resulting in a negative association between public transportation accessibility and 267 

active commuting.       268 

A high proportion of the respondents between 16 and 29 live close to their work or study and walk 269 

or cycle all the way. This weakens the effect of public transportation (the association is insignificant) 270 

although other studies find that this age group is the most inclined to use public transportation to 271 

travel (4;23). For the other age groups, the positive associations found reflect that using active 272 

commute modes becomes more attractive if the potential for reaching other destinations is high. 273 

The results suggest that men’s active commute patterns are less influenced by public 274 

transportation than women which may be caused by more car-based commuting. Living in areas of 275 

high accessibility is not associated with active commuting in men whereas women show a clear dose-276 

respons relationship between accessibility and the odds for being an active commuter.      277 

Higher public transportation accessibility has the potential for increasing active commuting and 278 

thereby providing important health benefits through active transportation. Future transport planning 279 

should evaluate how longer commute trips (>10 km) can be covered by better public transportation 280 

services to create an alternative to car-based commuting. Furthermore it should include restrictions 281 

on car-based commuting such as restrictions on car-park facilities which have a positive impact 282 

towards active commuting in Denmark (22).  283 

4.1. Strengths and limitations 284 

This study has a number of strengths. The multimodal network constructed with integrated time 285 

schedule made it possible to calculate individual public transportation accessibility based on network 286 

travel time and walking along the road network. The accessibility measure includes the potential to 287 

travel in the association analysis in contrast to just looking at the access to public transportation 288 

stops. The large study population selected from one of the largest health surveys in the world and the 289 

individual register-based socioeconomic data provide a unique study base. The multilevel model 290 

accounted for the large neighborhood effect found.   291 

There are a number of limitations to this study. The cross-sectional design makes it impossible to 292 

draw conclusion on causality. The self-reported daily active commuting may be subject to 293 

information bias. The active commuting information is restricted to time spent walking or cycling to 294 

work or study, and it does not refer to time spent in usage of public transportation or car. The high 295 

proportion of respondents reporting active commuting in this study is substantially higher than in 296 

other studies. It is therefore unknown whether the results may be generalizable to other countries or 297 

cities where active commuting is not as common. The multimodal network uses the time schedule to 298 

calculate travel time but no information about service performance have been included. No land-use 299 

parameter such as reachable jobs is included in the individual public transportation accessibility 300 

meaning that all areas are weighted equally important when commuting. The public transportation 301 
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accessibility is thus used as a measure of how efficient the public transportation system is in bringing 302 

respondents to other destinations. Transfers between transport modes were not limited in this study 303 

although this is often listed as an inconvenience when using public transportation (29). Further work 304 

would benefit from including work addresses in order to model routes to work using different 305 

transport modes and examine associated travel choices.   306 

5. Conclusion 307 

This study extends the knowledge about the driving forces of using public transportation for 308 

commuting by examining the individual public transportation accessibility. The findings suggest that 309 

provision of good public transportation accessibility is associated with active commuting although it 310 

varies with distance to work or study, age and gender. The implication for future transport and health 311 

policy is to improve public transit services by increasing accessibility through improved access and 312 

linkage between services and keep travel costs at a rational level.  313 
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7. Figure legends 406 

Figure 1 Individual public transportation accessibility area based on entering all stops within 407 

walking (road network) distance from home address (1 km). The shown accessibility areas results 408 

from travelling 30 and 60 minutes by public transportation in all directions starting from the home 409 

address in the Copenhagen city area at 07:15 in the morning.  410 
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