
Objective correlates and determinants of bicycle 
commuting propensity in an urban environment 

T. Cole-Huntera, b,  
D. Donaire-Gonzaleza, b, c,  
A. Curtoa,  
A. Ambrosa,  
A. Valentina, 
J. Garcia-Aymericha, b, d,  
D. Martíneza, b,  
L.M. Braune,  
M. Mendezf,  
M. Jerrettg,  
D. Rodrigueze,  
A. de Nazelleh,  
M. Nieuwenhuijsena, b 
 
a Centre for Research in Environmental Epidemiology, Barcelona, Spain 
b CIBER Epidemiología y Salud Pública (CIBERESP), Barcelona, Spain 
c Department of Physical Activity and Sports Sciences, Fundació Blanquerna, Barcelona, Spain 
d Departament de Ciències Experimentals i de la Salut, Universitat Pompeu Fabra, Barcelona, 
Spain 
e Department of City & Regional Planning, University of North Carolina, Chapel Hill, USA 
f Department of Nutrition, Gillings School of Global Public Health, University of North Carolina, 
Chapel Hill, USA 
g Department of Environmental Health Sciences, University of California, Los Angeles, USA 
h Centre for Environmental Policy, Imperial College London, London, United Kingdom 

 
doi:10.1016/j.trd.2015.07.004 

 

Highlights 

• We performed a travel survey in the Mediterranean city of Barcelona, Spain. 

• Our study recruitment design surveyed a relatively-high proportion of 

bicyclists. 

• We ascertained urban environmental determinants for bicycle commuting 

using GIS. 

• Bicycle sharing stations and greenness were motivators for bicycle 

commuting. 

• Public transport stations and elevation were deterrents for bicycle commuting. 

 

Abstract 

Objective 
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Bicycle use for commuting is being encouraged not only to address 

physical inactivity, but also vehicular congestion, air pollution and 

climate change. The current study aimed to ascertain the urban 

environmental correlates and determinants of bicycle use for 

commuting (bicycle commuting) among the working or studying 

population in Barcelona, Spain. 

Methods 

Adults (n = 769; 52% females) recruited whilst commuting within 

Barcelona (Spain) responded to a comprehensive telephone survey 

concerning their travel behaviour. Based upon responses collected 

from June 2011 to May 2012, participants were categorised into four 

groups: frequent bicyclists, infrequent bicyclists, willing non-bicyclists, 

and unwilling non-bicyclists. The determinants of frequency and 

willingness (propensity) to commute by bicycle were assessed by 

multinomial logistic regression models adjusted for potential 

confounders and covariates. 

Results 

The number of public bicycle stations surrounding the home address 

and amount of greenness surrounding the work/study address were 

significant positive determinants of bicycle commuting propensity. On 

the other hand, the number of public transport stations surrounding the 

home address and elevation of the work/study address were significant 

negative determinants of bicycle commuting propensity. Individual age, 

education level, gender, nationality, physical activity level and commute 

distance significantly affected this propensity. 

Conclusion 

Greater availability of public bicycle stations and higher levels of urban 

greenness may increase bicycle use by adults commuting within a city 

such as Barcelona, Spain. Electrically-assisted public bicycles may 

address the challenge of elevation, making this system a more 

competitive mode against traditional motorised public transport. 

Abbreviations 

 dB(A), A-weighted decibels;  

 GIS, geographic information system;  

 NDVI, Normalized Difference Vegetation Index;  

 NO2, nitrogen dioxide;  

 RBA, route-by-area 
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Introduction 

Physical activity is associated with myriad mental and physical health 

benefits (Haskell et al., 2007 and U.S. Department of Health and 

Human Services, 1996). Insufficient physical activity may result in 

cardio-metabolic conditions such as obesity, diabetes, and high blood 

pressure (Furie and Desai, 2012) which rank as leading causes of 

death and disability globally (Lim et al., 2012). An urban environment 

can facilitate the incorporation of regular physical activity into daily 

routines (Brown et al., 2013), such as with active transport (Pucher et 

al., 2010), increasing physical activity levels. Moreover, a substantial 

population shift from motorised to active transport modes may reduce 

emissions and improve air quality, while also reducing traffic accidents, 

bringing greater environmental and public health benefits (De Nazelle 

et al., 2011). 

Most cities have only a very small proportion of commuting trips by 

bicycle (Pucher et al., 2010), and our study site of Barcelona is no 

exception with only 1.3% of the trips being made by bicycle (Autoritat 

del Transport Metropolità, 2013). However, other cities have a much 

higher bicycle share. For example, Copenhagen has approximately a 

third of all commuting trips by bicycle (City of Copenhagen, 2012). 

While recently more studies are being conducted in non-exceptional 

cities, the majority of previous studies have focused on exceptional 

cities like Copenhagen, and arguably, determinants of bicycling may 

vary at different levels of participation in the population. For example, 

high levels of participation in bicycling may reduce the individual risk of 

bicyclists by heightening awareness of their presence and thereby 

mitigating interaction with motorised traffic (Bhatia and Wier, 2011). 

While participation rates are still low, however, bicycle infrastructure 

such as separated bike lanes on major roads may reduce the risks for 

bicyclists and encourage participation by offsetting the negative effects 

of higher traffic volumes (Broach et al., 2012, Wegman et al., 

2012 and Winters et al., 2010) and by enhancing connectivity and 
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travel times (Winters et al., 2011). The vast majority of studies 

examining the determinants of bicycling commuting have focused on 

infrastructure features such as this in different cultures and 

geographies (Panter and Jones, 2010, Molina-García et al., 

2010,                   , 2004, Titze et al., 2008 and Troped et al., 

2001). One potential reason for this focus is the prevailing framework 

for understanding travel behaviour. Bicycling infrastructure and other 

built environment attributes can be thought as influencing travel 

behaviour by affecting the relative utility of different travel modes 

(Boarnet and Crane, 2001, Cervero, 2002 and Crane, 1996). The utility 

of a given mode is related to the perceived cost and difficulty of using 

that mode (Boarnet and Crane, 2001, Cervero, 2002 and Handy and 

Boarnet, 2002). By influencing travel times, convenience, safety, 

pleasantness, and so on, infrastructure features have a direct influence 

on the choice of different travel modes. 

Despite the emerging importance of the built environment for bicycling, 

several measurement improvements are necessary. For one, a broader 

set of environmental measures is required. Some built environment 

attributes have been less consistently covered than others in the 

existing literature, such as greenness and noise, which are features of 

a typical urban environment that warrant consideration. Based on the 

travel behaviour framework, greenness and noise likely affect the utility 

of bicycling by influencing the overall pleasantness and enjoyability of 

it. While noise may directly influence utility in this way (Winters et al., 

2011 and Panter et al., 2008), greenness may generally promote 

physical activity (James et al., 2015, Lee et al., 1999, Rodriguez et al., 

2014, Frank et al., 2007 and Ewing et al., 2008). In fact, greenness has 

been observed as one of the most stimulating perceived (subjective) 

environmental determinants to bicycle commute (Wahlgren and 

Schantz, 2012). In addition to a broader set of environmental measures 

being required, the context in which built environment measures are 

made deserves attention. Most studies have focused on the 

environment around where trips begin. Yet, the attributes of 

destinations and of the route in-between are also likely to impact the 

utility of a given mode. For example, Winters and associates (Winters 

et al., 2011) find that features of the origin, route, and destination 

environments are all significant determinants of bicycling and in 

different ways (e.g., some determinants are more important in one 

spatial zone than the others). Not only can the attributes of the built 

environment be important for mode choice, but the perception of 

travellers about these attributes can be too. In the end, the utility of a 

given mode for a person is a melding of the actual attributes, the 
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t  v ll  ’s p  c pti  s  f th s   tt ib t s,     th  t  v ll  ’s v l  ti   

of the importance of those attributes. Indeed, studies have considered 

both objective and perceived measures of bicycling infrastructure, with 

interesting comparisons. Previously, perceptions have been found to 

be more important predictors of travel behaviour than objective 

measures of the same environmental characteristics (Dill and Voros, 

2007 and Hoehner et al., 2005). McGinn and associates (McGinn et al., 

2007) found both to be significant, but varying in magnitude. Both 

objective and perceived measures of the built environment are likely to 

factor into the valuation of travel modes and resulting decisions about 

how to travel. 

While attitudes and perceptions of an individual are known to be 

important theoretical considerations for travel planning (Dill et al., 

2014, Sener et al., 2009a and Sener et al., 2009b), a review on the 

determinants of bicycle commuting highlighted gaps in the literature 

and the need to gather more evidence on objective and built 

environmental determinants (Heinen et al., 2010). In this paper we 

address this call by focusing on an expanded set of built environment 

measures calculated in different contexts (around home, around 

work/study, and along the route). Specifically, we aim to (1) describe 

the urban environmental characteristics (including greenness and 

noise) of three different spatial zones (home, work/study, and commute 

   t      s)  cc   i   t    p  ticip  t’s p  p  sity t  bicycl  c mm t ; 

and (2) evaluate the strength of the relationship between multiple yet 

specific urban environmental determinants of bicycle commuting 

(including greenness and noise) and the propensity to bicycle 

commute. 

Methods 

Study design 

The current study design was cross-sectional, utilising a geographic 

information system (GIS) to characterize the built environment at the 

p  ticip  t’s h m      w  k    sch  l      ss     ,  s w ll  s th  

commute route area between the two addresses. Data on participant 

commute behaviour in the study location was collected with a travel 

survey. 

Study location 

Barcelona is a Mediterranean city on the north-eastern coast of Spain 

with a population of 1.6 million. The city is densely populated with 

approximately 16,000 inhabitants and 6000 vehicles per 

km2 (D p  t m  t  ’Est  ístic , 2011). Bicycle use in the city is 
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accommodated by several location features, including temperate 

climate, relatively flat topography and a public bicycle sharing program. 

This program (Bicing) was introduced in 2007 with a network density of 

3.7 bicycles per 1000 inhabitants with stations evenly distributed by 

distance throughout the city, resulting in a 36% increase in daily bicycle 

trips since the inception of the program ( Desarrollo Organización 

Movilidad, 2011 and Midgley, 2011). Despite Bicing, bicycling is still a 

very minor mode of transport at 1.3% of modal share; the public 

transport network has a share of 19%, and private motor vehicles have 

31%, with the rest being walking ( Autoritat del Transport Metropolità, 

2013). 

Participant recruitment 

Due to low modal share of bicycles for commuting we chose to recruit 

participants on the street to be able to identify and target bicyclists for 

obtaining sufficient analytical power, while also recruiting non-bicyclists 

as users of other travel modes. Forty locations throughout the city of 

Barcelona were used to recruit participants between June 2011 and 

May 2012. These 40 points resulted from randomly selecting four 

locations to sample within each of the 10 city districts (see Appendix 

Figs. A and B), thereby providing adequate coverage of the city. 

Nearby locations were chosen as points of recruitment for targeted 

participants representing various commute modes. For example, at the 

40 points, we recruited bicycle commuters near Bicing stations, public 

transport users near public transport stations, and private transport 

users near vehicle parking lots. Each point was sampled by three 

trained interviewers between 7:45 and 11:30 a.m. during four days 

within a randomly selected week. When first approached, potential 

participants were given an initial screening questionnaire to determine 

whether they were suitable to be surveyed, namely of being (physically) 

capable of riding a bicycle for commuting purposes in Barcelona. Once 

recruited, participants responded to a travel survey by Computer 

Assisted Telephone Interviewing (CATI; QDS 2.0, NOVA Research 

Company) at a later date. To be included in the analysis of this study, 

they were required to meet the following inclusion criteria of: (i) being 

an adult of 18 years or more; (ii) having lived in Barcelona city since at 

least 2006 (allowing adequate commuting experience); (iii) working or 

studying in Barcelona city; (iv) being healthy enough to ride a bicycle 

unassisted for 20 min; (v) having a commute distance of greater than 

one km (or 10 min duration) from home to work or school; (vi) having a 

maximum distance of 400 m (or five minutes duration) from home to 

the first transport mode; (vii) using at least one mode of transport other 
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than walking within the commute, and; (viii) having a geocodable home 

and work/study address. The study protocol was approved by the 

Clinical Research Ethical Committee of the Parc de Salut Mar (CEIC-

Parc de Salut Mar), and written informed consent was obtained from all 

participants before participation. 

Participant data collection 

The travel survey, which took approximately 30 minutes to complete, 

consisted of both previously-established questions adapted from their 

original source and original questions designed specifically for this 

study. All questions were tested for local applicability and 

comprehension in a convenience sample of 36 participants prior to the 

main sampling period. The information collected in the survey included: 

physical activity level (Craig et al., 2003), bicycle use (Forsyth and 

Krizek, 2012), common use of transport modes (Federació de 

Municipis de Catalunya, 2008), home and work or school addresses 

and socio-demographic variables. 

Participant commute environment characteristics were estimated by 

geocoding the home and work/school addresses with ArcGIS software 

(v10.0; Environmental Systems Research Institute Inc., Redlands CA, 

2010). The micro-environments of the home and work/study address 

area were assessed within the GIS environment using a buffer of 

400 m radius. This magnitude of radius was chosen to reflect the 

distance considered reasonable to be walked in five minutes (at the 

average walking speed of adults, 4.8 km/h) in compliance with the sixth 

inclusion criteria for participation. To estimate the likely route a 

p  ticip  t w  l  t k  f   th i  c mm t , th  ‘sh  t st    t ’ w s 

calculated using ArcGIS Network Analyst, considering the distance as 

impedance and all streets as bi-directional. As bicyclists may not 

necessarily choose the shortest route, micro-environments of the 

sm ll st   ct   l    cl si   th     t  [i. .   b ff     v l p   f ‘   t -

by-are ’ ( BA); s   Fig. 1] were assessed. 
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Fig. 1.  

‘   t -by-    ’ b ff     v l p  withi  GIS   vi   m  t. A  lts (n = 769; 52% females) 

commuting to work or school in Barcelona responded to a comprehensive telephone 

survey concerning their travel behaviour through June 2011 to May 2012. To estimate 

th  lik ly    t      sp     t w  l  t k , th  ‘sh  t st    t ’ w s c lc l t    si   

ArcGIS Network Analyst, considering the distance as impedance and all streets as bi-

http://www.sciencedirect.com/science/article/pii/S1361920915000966


directional (so as not to discriminate against non-road-bound commute modes such as 

bicycling). To address the uncertainty of the calculated path, environment attributes 

associated with commute routes were calculated using the smallest rectangle enclosing 

th     t  (th t is th  b ff     v l p   f ‘   t -by-    ’,  BA). C mm t     t  

attributes, such as noise and nitrogen dioxide (NO2) levels, slope, greenness index, and 

bikeability index, were calculated and collated according to the individual RBA envelope 

of each respondent. 

Objective environmental determinants 

As previously noted, in addition to the influence of mode choice 

attributes such as time and cost of travel, the built and natural 

environments can be considered for understanding mode choices such 

as to go by bicycle (                  , 2004). Thus, the following 

determinants were considered to address some knowledge gaps in the 

field (Heinen et al., 2010). Environmental characteristics of each home 

and work/study area, and RBA, were calculated, including noise 

(daytime) and nitrogen dioxide (NO2) levels, elevation, greenness, 

bicycle lanes, bicycle racks, presence of Bicing (public bicycle) and 

public transport stations. Noise was calculated as a mean and 

percentiles in dB(A) level equivalent (LAeq) modeled using measured 

  is      t   sit   t  f  m B  c l   ’s st  t  ic   is  m p   v l p   

in the year 2007 ( Ajuntament de Barcelona, 2010) based upon 

previous work ( Mi ist       L’E vi     m  t, 1980); briefly, the model 

considers: the number of light vehicles, the number of heavy vehicles, 

the speed of circulation, the street slope, the type of pavement of the 

street, and reflections of the building on either side of the road. The 

noise variable used for analyses was the proportion of street length 

above a 55 dB(A) threshold ( World Health Organisation, 2011). 

NO2 was calculated as a mean and percentiles using a land-use 

regression model developed for a previous project ( Beelen et al., 

2013) in grid cells of 10 square-metres. Elevation was calculated with a 

Digital Elevation Model ( Beyer, 2012). Greenness was calculated as a 

mean and percentiles in Normalized Difference Vegetation Index 

(NDVI) via satellite imagery (LANDSAT 4 and 5, NASA). For NDVI, a 

pixel resolution of 30 m was used from the month of April which 

 ispl y   th  m st   v l p    m   t  f ‘       ss’. Als  m  s     

were bicycle parking and lanes digitised from existing maps 

( Ajuntament de Barcelona, 2011). Bicing (IMI – Informació de Base i 

Cartografia) and public transport stations ( Generalitat de Catalunya, 

2011) were counted within home and work/study areas. 

Classification of bicycle commuting propensity 
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We grouped our respondents according to their propensity to bicycle 

commute. This was based on logic in their responses; that they 

considered themselves generally to use the bicycle often or not and 

that they used it often or not at the time (reflected by the number of 

trips by bicycle in the week prior) of responding to the survey. 

P  ticip  ts w    fi st cl ssifi    s ‘bicycl  c mm t  s’    ‘   -bicycle 

c mm t  s’. A ‘bicycl  c mm t  ’ i  ic t   bicycli    s  t l  st 

“s m tim s” th i        l t   sp  t m        bicycl  c mm t   i  th  

w  k p i   t  s  v y   mi ist  ti  , whil    ‘   -bicycl  c mm t  ’ 

i  ic t   bicycli    s “  v          ly   v  ” th i        l t   sport 

mode and did not bicycle commute in the week prior to survey 

administration. 

Bicycl  c mm t  s w    f  th   cl ssifi    s  ith   ‘f  q   t’    

‘i f  q   t’. A ‘f  q   t’ bicycl  c mm t   i  ic t   bicycli    s “ ft  ” 

(or more frequently) their general transport mode and bicycle 

commuted for four or more days in the week prior to survey 

  mi ist  ti   (i. .  b v  th  t t l     p m  i  ). A  ‘i f  q   t’ 

bicycl  c mm t  , h w v  , i  ic t   bicycli    s “s m tim s” (   l ss 

frequently) their general transport mode and/or bicycle commuted at 

least once in the week prior to survey administration. For example, if a 

p  ticip  t   sp      th t th y “  v          ly   v  ” bicycl   f   

transport but performed at least one bicycle trip in the week prior to 

survey administration then they were considered an infrequent bicycle 

commuter; if no bicycle trips were performed then they were 

considered a non-bicycle commuter. 

Non-bicycl  c mm t  s w    f  th   cl ssifi    s  ith   ‘willi  ’    

‘  willi  ’. A ‘willi  ’   n-bicycle commuter indicated bicycling as 

“  v          ly   v  ” th i        l t   sp  t m    b t i  ic t   th t 

they would consider bicycle commuting in Barcelona by answering 

p sitiv ly t  “c  si   i   c sts, t  v lli   tim , c mf  t     s f ty, h w 

ready would you be to use the bicycle/Bicing for your trip to work or 

   c tiv  c  t  ?” A  ‘  willi  ’    -bicycle commuter indicated 

bicycli    s “  v          ly   v  ” th i        l t   sp  t m   ,     

indicated that they would not consider bicycle commuting in Barcelona 

by answering negatively to the above. 

Data analyses 

All data analyses were performed using STATA/SE (v12.0, StataCorp 

LP, Texas USA). Continuous data was tested for normality with 

Shapiro-Wilk and for significance (p < 0.05) with either ANOVA or 

Kruskal-Wallis (according to distribution of variable) across the four 



bicycle commuting propensity groups. Categorical data was observed 

via cross-tabulations and tested for significance with chi-squared or 

Fisher chi-squared (according to class and distribution of variable) 

across bicycle commuting propensity groups. 

Objective environmental measures (described earlier as the main 

exposures) that may determine bicycle commuting propensity were 

evaluated using a multinomial logistic regression model to produce 

relative risk ratios and 95% confidence intervals. Participant 

characteristics were dichotomized before testing as potential 

confounders, including gender, nationality (Spanish/non-Spanish), 

education level (</⩾ tertiary e.g. university), and bicycle access 

(y s/  ; ‘y s’  s   p  t    ith   p iv t  h  s h l   w   ship    

public Bicing membership). Age and calculated commute distance were 

kept as continuous variables and also tested as potential confounders. 

They were included in the final model as confounders if (separately) 

statistically significantly-associated to the outcome or if they changed 

the main predictor of interest by 10% or more. Personal determinants 

such as gender were considered in the model as they are known to 

influence preference for environmental features ( Garrard et al., 2008). 

Commute distance was also included in the model as it has been seen 

as a key determinant (travel cost) of bicycle commuting ( Broach et al., 

2012, Hood et al., 2011 and Ortúzar et al., 2000). Ultimately, objective 

determinants of bicycle commuting propensity were highlighted in the 

model by gradual removal of non-confounder variables (or variables of 

interest, e.g. noise or greenness) according to insignificance probability 

in any of the three propensity outcome categories. This was done using 

a supervised (manual), stepwise (backwards) elimination regression 

process. Population density, as an indicator of urban centres and 

infrastructure hubs, at the home and work/study address (400 m buffer 

radii) area was tested with sensitivity analysis of the final model. Final 

model fitness was checked with a (post-estimation) generalized 

Hosmer–Lemeshow goodness-of-fit test. Unwilling non-bicyclists were 

used as the base for comparison in this model to indicate the increased 

likelihood of bicycling or being willing to bicycle. 

Additionally, as previous research suggests student behaviour may be 

likely different compared to non-students (workers) Heinen et al., 2010, 

a supplemental analysis was performed stratifying this final model by 

occupational status (worker/student). 

Results 

Description of participant and environmental correlates 
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In total 18,469 people were systematically approached across the forty 

sampling points of Barcelona city between June 2011 and May 2012. 

Of those, 6701 participants accepted to answer initial screening 

questions, 1406 participants fulfilled the inclusion criteria and 769 

participants completed the travel survey by phone. Included 

participants had an approximate mean age of 37, were of equivalent 

gender proportion, and in the normal range of body mass index. The 

majority were national (Spanish) and in a professional occupation (i.e. 

not students). Statistically significant differences existed between sub-

groups of bicycle commuting propensity. Personal determinants of age 

and occupational status, however, were not significantly different 

between these sub-groups. Relative to other respondents frequent 

bicycle commuters were more likely to: be male; have access to a 

bicycle; have a cheaper and shorter commute; and have a university-

level education or equivalent (Table 1). 

Table 1. 

Participant characteristics as a total group and according to propensity for bicycle 

commuting. 

Descriptive All 
Bicyclist, 
Frequent 

Bicyclist, 
Infrequent 

Non-
bicyclist, 
Willing 

Non-
bicyclist, 
Unwilling 

p-
value(a/b) 

 
n = 769 n = 281 n = 120 n = 141 n = 227 

 Age, years [mean(SD)] 36.6 
(10.4) 

35.5 
(9.78) 

35.7 
(9.79) 

37.3 
(11.4) 

37.9 
(10.7) 

0.374a 

Gender [Female; # 
(%)] 

51.8 44.5 43.3 51.1 65.6 <0.001b 

BMI [kg/m3; 
mean(SD)] 

23.5 
(3.31) 

23.3 
(3.14) 

23.4 
(3.17) 

23.8 
(3.56) 

23.6 
(3.41) 

0.325a 

Nationality [Spanish; # 
(%)] 

87.4 86.8 80.8 85.8 92.5 0.015b 

Occupation [Student; # 
(%)] 

13.0 11.4 15.8 17.7 10.6 0.141b 

Household income, 
monthly [1-5 k€; 
mean(SD)] 

1.99 
(1.22) 

1.97 
(1.21) 

2.03 
(1.26) 

1.89 
(1.07) 

2.03 
(1.26) 

0.004b 

Bicycle access, 
household/Bicing [Yes; 
# (%)] 

74.9 100 100 59.6 40.1 <0.001b 

Bicycle trips, weekly 
(#) [mean(SD)] 

3.64 
(1.81) 

4.84 
(0.56) 

2.6 (1.01) 0 (0) 0 (0) <0.001b 

Commute days, 
weekly (#) [mean(SD)] 

4.85 
(0.59) 

4.91 
(0.45) 

4.73 
(0.68) 

4.87 
(0.59) 

4.83 
(0.72) 

0.065a 

Commute distance, 
estimated (km) 
[mean(SD)] 

3.85 
(2.05) 

3.19 
(1.59) 

3.78 
(1.93) 

4.32 
(2.11) 

4.42 
(2.34) 

<0.001a 

Commute duration, 
reported (mins) 
[mean(SD)] 

23.8 
(12.0) 

21.1 
(9.09) 

24.1 
(12.3) 

26.7 
(13.3) 

25.2 
(13.4) 

<0.001a 

Commute expense, 5.59 1.27 5.42 9.31 9.01 <0.001a 
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Descriptive All 
Bicyclist, 
Frequent 

Bicyclist, 
Infrequent 

Non-
bicyclist, 
Willing 

Non-
bicyclist, 
Unwilling 

p-
value(a/b) 

 
n = 769 n = 281 n = 120 n = 141 n = 227 

 w  kly (€,-fuel) 
[mean(SD)] 

(8.33) (5.02) (10.8) (8.85) (7.19) 

Vigorous exercise, 
weekly [Yes; # (%)] 

60.1 66.2 73.3 47.5 53.3 <0.001b 

Chronic disease, 
reported [Yes; # (%)] 

7.54 8.19 10.8 3.55 7.49 0.154b 

Tertiary educated 
[Yes; # (%)] 

69.8 77.6 72.5 51.8 70.0 <0.001b 

a ANOVA/Kruskal-wallis for normally/abnormally continuous variables, respectively. 

b Chi-squared for categorical variables. 

Adults (n = 769; 52% females) commuting to work or school in Barcelona responded to 

a comprehensive telephone survey concerning their travel behaviour through June 2011 

to May 2012. Based upon responses, participants were categorised into four groups: 

frequent bicyclists, infrequent bicyclists, willing non-bicyclists, and unwilling non-

bicyclists. Bicycle access is attributed if a participant has a personal bicycle 

or Bicing registration or both. Commute distance is length of route estimated with GIS 

network from home to work/study address. 

Table options 

In the same respect, the significant environmental correlates of being a 

frequent bicycle commuter were: higher counts of bicycle racks and 

public bicycle stations in the home and work/study address area; 

greater proportion of bicycle lanes in the home and work/study address 

area and commute route area; and lower elevation in the home and 

work/study address area. Greenness of the home address area was a 

significant correlate of being a willing non-bicycle commuter (Table 2). 
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Table 2. 

Environmental descriptives as a total group and according to propensity for bicycle commuting. 

Descriptive 
All 
n = 769 

Bicyclist, 
Frequent 
n = 281 

Bicyclist, 
Infrequent 
n = 120 

Non-
bicyclist, 
Willing 
n = 141 

Non-
bicyclist, 
Unwilling 
n = 227 

p-
value a 

Bicycle racks [mean(SD)]       

 Home, count in 400 m 
buffer 

18.7 
(15.7) 

21.9 
(15.8) 

20.2 
(16.4) 

16.1 
(15.3) 

15.6 
(14.7) 

<0.001 

 Work/study, count in 
400 m buffer 

25.9 
(16.8) 

27.8 
(16.4) 

26.9 
(15.7) 

24.9 
(16.6) 

23.6 
(17.7) 

0.026 

Public bicycle stations 
[mean(SD)] 

      

 Home, count in 400 m 
buffer 

4.24 
(2.53) 

4.80 
(2.44) 

4.58 
(2.58) 

3.69 
(2.45) 

3.71 
(2.48) 

<0.001 

 Work/study, count in 
400 m buffer 

4.91 
(3.11) 

5.49 
(3.08) 

4.90 
(2.85) 

4.65 
(3.41) 

4.35 
(2.96) 

<0.001 

Public transport stations 
[mean(SD)] 

      

 Home, count in 400 m 
buffer 

17.2 
(5.37) 

16.4 
(4.93) 

17.0 
(5.30) 

17.6 
(5.52) 

18.0 
(5.73) 

<0.001 

 Work/study, count in 
400 m buffer 

18.3 
(7.00) 

18.6 
(6.90) 

18.1 
(6.58) 

18.2 
(7.65) 

18.0 
(6.95) 

0.542 

Bicycle lane (%)       

 Home, proportion in 
400 m buffer 

13.8 15.6 15.4 13.2 11.2 0.002 

 Work/study,proportion in 
400 m buffer 

29.7 31.9 33.5 28.7 25.5 0.009 

 Commute 
route,proportion in RBA 

13.7 14.8 14.2 13.8 12.0 <0.001 

NO2, ppb [mean(SD)]       
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Descriptive 
All 
n = 769 

Bicyclist, 
Frequent 
n = 281 

Bicyclist, 
Infrequent 
n = 120 

Non-
bicyclist, 
Willing 
n = 141 

Non-
bicyclist, 
Unwilling 
n = 227 

p-
value a 

 Home,concentration in 
400 m buffer 

76.2 
(17.5) 

78.1 
(17.6) 

74.9 
(18.4) 

74.6 
(17.2) 

75.6 
(17.1) 

0.091 

 Work/study,concentration 
in 400 m buffer 

78.5 
(22.5) 

79.2 
(21.1) 

77.3 
(21.4) 

77.6 
(24.1) 

78.7 
(23.9) 

0.738 

 Commute 
route,concentration in 
RBA 

84.4 
(17.0) 

85.2 
(17.4) 

83.5 
(16.2) 

82.3 
(16.0) 

85.3 
(17.3) 

0.257 

Noise, >55 dB (%)       

 Home, proportion in 
400 m buffer 

78.5 78.5 78.6 77.8 78.9 0.682 

 Work/study,proportion in 
400 m buffer 

79.6 79.4 81.3 80.5 78.3 0.396 

 Commute 
route,proportion in RBA 

77.3 76.7 78.5 78.2 77.0 0.160 

Greenness, NDVI [IQR, 
mean(SD)] 

      

 Home, average of 400 m 
buffer 

0.79 
(1.07) 

0.61 
(0.95) 

0.86 
(1.27) 

0.91 
(1.16) 

0.90 
(1.02) 

0.002 

 Work/study,average of 
400 m buffer 

0.62 
(0.96) 

0.52 
(0.83) 

0.60 
(0.82) 

0.77 
(1.03) 

0.68 
(1.11) 

0.177 

 Commute route,average 
of RBA 

0.97 
(0.96) 

0.84 
(0.82) 

0.94 
(0.91) 

1.03 
(1.00) 

1.10 
(1.11) 

0.212 

Elevation [mean(SD)]       

 Home, average of 400 m 
buffer 

42.7 
(49.0) 

35.4 
(30.7) 

37.5 
(39.7) 

45.4 
(40.9) 

52.8 
(44.1) 

<0.001 

 Work/study,average of 
400 m buffer 

40.6 
(40.0) 

31.6 
(26.2) 

37.5 
(33.0) 

43.5 
(43.0) 

51.6 
(51.4) 

<0.001 

a ANOVA or Kruskal-wallis for normally and abnormally-distributed continuous variables, respectively. 
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Adults (n = 769; 52% females) commuting to work or school in Barcelona responded to a comprehensive telephone survey concerning their travel 

behaviour, through June 2011 to May 2012. Based upon responses, participants were categorised into four groups of propensity to bicycle commute: 

frequent bicyclists, infrequent bicyclists, willing non-bicyclists, and unwilling non-bicyclists. Environmental (GIS) determinants were calculated using 

A cGIS       p  ticip  t’s    c     h m      w  k/st  y      ss,  s  ith   400 m t   b ff  s s rrounding these addresses or a route-by-area 

(RBA) surrounding the predicted route and the two addresses.  



Adjusted models of environmental determinants 

Personal determinants of age, education level, gender, nationality, 

vigorous exercise performance and commute distance were included in 

the final multinomial logistic regression model. Testing statistically for 

model goodness of fit, the final model has a Prob > chi-squared of 

0.327. 

Nationality and vigorous exercise were significant positive determinants 

of being an infrequent bicycle commuter rather than an unwilling non-

bicycle commuter. On the other hand, gender and commute distance 

were a significant negative determinant of this. Nationality was a 

significant positive determinant of being a frequent bicycle commuter 

rather than an unwilling non-bicycle commuter, while age, gender and 

commute distance were significant negative determinants of this. 

Similarly, nationality was a positive, while education and gender were 

negative, significant determinants of being a willing rather than an 

unwilling non-bicycle commuter (Table 3). 
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Table 3. 

Adjusted multinomial regression model with environmental and personal determinants of bicycle commuting; according to individual propensity for 

bicycle commuting. 

Determinant 

Non-bicyclists, 
Unwilling:  
Bicyclists, Frequent 

Non-bicyclists, 
Unwilling:  
Bicyclists, Infrequent 

Non-bicyclists, Unwilling:  
Non-bicyclists, Willing 

ENVIRONMENTAL RRR (95%CI) RRR (95%CI) RRR (95%CI) 

Public bicycle stations 
Home, count in 400m buffer 

1.121 (1.032–1.216) 1.105 (1.004–1.216) 0.969 (0.883–1.062) 

Public transport stations 
Home, count in 400m buffer 

0.930 (0.895–0.966) 0.955 (0.913–0.999) 0.973 (0.935–1.014) 

Greenness, NDVI 
Work/study, IQR (mean) of 400m 
buffer 

1.537 (1.136–2.079) 1.435 (1.009– 2.042) 1.693 (1.221– 2.347) 

Elevation 
Work/study, mean of 400m buffer 

0.978 (0.971–0.986) 0.985 (0.976–0.994) 0.987 (0.980– 0.995) 

PERSONAL 

Age, continuous 0.971 (0.952–0.991) 0.980 (0.957–1.003) 0.999 (0.979–1.021) 

Education, dichotomous,  
tertiary-educated 

1.480 (0.933–2.349) 1.005 (0.585–1.725) 0.442 (0.279–0.701) 

Gender, dichotomous,  
Female 

0.371 (0.248–0.556) 0.397 (0.245–0.644) 0.515 (0.327–0.809) 

Nationality, dichotomous,  
Spanish 

2.581 (1.317–5.059) 3.844 (1.867–7.916) 2.587 (1.265–5.288) 

Vigorous exercise (weekly),  
dichotomous, Affirmative 

1.467 (0.976–2.206) 2.247 (1.342–3.761) 0.845 (0.537–1.329) 

Commute distance (trip),  
continuous 

0.690 (0.618–0.771) 0.831 (0.735–0.939) 0.931 (0.841–1.030) 

Abbreviation, definition: RRR, relative risk ratio; 95%CI, 95% confidence interval; NDVI, Normalized Difference Vegetation Index; IQR, inter-quartile 

range. 



Adults (n = 769; 52% females) commuting to work or school in Barcelona responded to a comprehensive telephone survey concerning their travel 

behaviour, through June 2011 to May 2012. Based upon responses, participants were categorised into four groups of propensity to bicycle commute: 

frequent bicyclists, infrequent bicyclists, willing non-bicyclists, and unwilling non-bicyclists. The determinants of frequency and willingness (propensity) 

to commute by bicycle were assessed by a multinomial logistic regression model adjusted for personal features (potential confounders and 

covariates) including age, education level, gender, nationality, physical activity and commute distance. Unwilling non-bicyclists were used as the base 

for comparison in this model to indicate the increased likelihood of bicycling or being willing to bicycle. Environmental (GIS) determinants were 

c lc l t    si   A cGIS       p  ticip  t’s    c     h m      w  k/st  y      ss,  s  ith   400 m t   b ff  s s       i   th se addresses or a 

route-by-area (RBA) surrounding the predicted route between the two addresses. 



 

The environmental determinants positively-determining being a bicycle 

commuter (either frequent or infrequent) rather than an unwilling non-

bicycle commuter were the quantity of public bicycle (Bicing) stations 

within the home area and greenness within the work/study area. 

However, the quantity of public transport stations within the home area 

and the mean elevation of the work/study area were both negatively-

determining this (Table 3). 

The amount of greenness within the work/study area was a positive 

determinant of being a willing non-bicycle commuter rather than an 

unwilling non-bicycle commuter. The same, but negative, determination 

was observed for the mean elevation within the work/study area (Table 

3). 

Sensitivity analysis showed that population density did not remove 

significance from model outcomes (results not shown). Supplemental 

analysis stratifying the model by occupation status (worker/student) 

showed that some outcomes lost significance for students (Appendix 

Table A). Our study sample was observed to be representative of the 

general population surveyed in the Barcelona Active Population Survey 

(BAPS), in terms of age, gender and neighbourhood socioeconomic 

status (Agència de Salut Pública de Barcelona, 2011) (Appendix Figs. 

C and D). 

Discussion 

The current study aimed to identify which urban environmental 

determinants affect the propensity to commute by bicycle within a city 

such as Barcelona, Spain. In the adjusted multinomial logistic 

regression model, significant positive determinants of propensity for 

bicycle commuting were the quantity of public bicycle stations within 

the home area, and amount of greenness within the work/study area 

(i.e. within a 400 m radius). On the other hand, the quantity of public 

transport stations within the home area and the mean elevation of the 

work/study area were significant negative determinants of the same 

propensity. Personal characteristics such as age, education level, 

gender, nationality, vigorous exercise and commute distance were all 

associated with this propensity. While some of these observations 

support previous findings (such as infrastructure, topography and 

personal characteristics), the suggestion that the amount of objectively-

measured greenness and public bicycle sharing stations have a 

positive effect on bicycle commuting propensity is novel. Moreover, 

while many mode choice analyses have examined objective measures 

of bicycling infrastructure, most have considered these in proximity to 
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home addresses and relatively few have examined infrastructure 

characteristics within the work/study environment, where in the current 

study greenness was seen to be a positive determinant for bicycle 

commuting. 

The number of public bicycle (Bicing) stations within the home, 

although not the work/study area, was a significant positive determinant 

of being a bicycle commuter rather than a non-bicycle commuter. This 

suggests that availability of public bicycle stations may motivate non-

bicycle commuters to begin bicycle commuting. It could be argued that 

stations were deployed to areas indicated by expected use, or that 

individuals already prone to bicycle commuting were drawn to reside in 

areas with such infrastructure, but the Bicing stations have been 

deployed evenly throughout the city (at approximately even distances 

apart). Further, the fact that our finding was robust with sensitivity 

analysis using population density supports against these previous 

arguments. Public bicycle sharing schemes are relatively new 

infrastructure and therefore less studied than bicycle parking for private 

bikes; however, it has been seen previously that bicycle parking 

provision increases the odds for bicycle commuting, even when 

controlling for other explanatory variables ( Buehler, 2012). Arguably, 

such parking increases the convenience of bicycle use for commuting, 

which could be conveyed with public bicycle stations available at the 

home address area. Other reasons for the presence of Bicing stations 

positively influencing bicycle commuting propensity may include the 

higher visibility of people using bicycles for commuting (i.e. 

arriving/departing to/from the station). 

Besides convenience and observation, another source of motivation for 

non-bicyclists to use public bicycle sharing schemes may come from 

the flexibility associated with such systems, allowing one-way commute 

trips by bicycle from the home (origin) to work/study (destination) 

address. Such flexibility may be particularly attractive to users that 

have a destination at a higher elevation than the origin, requiring extra 

physical effort to gain altitude, even if the user is physically capable of 

the effort (reflected by our study population). We observed that the 

mean elevation of the work/study area was a negative determinant for 

non-bicyclists to be willing to bicycle commute. Similar observations 

have been made extensively before (Broach et al., 2012, Rod        

and Joo, 2004, Troped et al., 2001, Hood et al., 2011 and Heinen et al., 

2012). Unfortunately, topography is difficult to address with policy, 

although measures such as electrically-assisted bicycles, now being 

introducing by Bicing in Barcelona, may help to address this apparent 

deterrent. Another possibility is to have bicycle sharing systems provide 
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monetary incentives (for example a discounted ride) for users that park 

the bicycle in locations with higher elevation relative to other locations 

in the system. Moreover, having public bicycle stations within the home 

area may be particularly important in cities like Barcelona for non-

bicyclists due to relatively-low bicycle access (at approximately 40–

60% of our non-bicyclist respondents) compared to exceptional cities 

such as Copenhagen (at approximately 80% of residents) (City of 

Copenhagen 2013). 

The number of public transport stations within the home area was 

negatively-associated with bicycle commuting participation. It may be 

reasonable then to suggest that public transport use is competing with 

bicycle use for commuting (depending on infrastructure availability); 

however, it has been previously shown in Spain that the proximity of 

public transport to commute addresses is not significantly negatively-

correlated with participation in active transport (Molina-García et al., 

2010). 

Interestingly, we observed that the greenness surrounding a work/study 

address was a significant positive determinant of bicycle commuting. 

T  th    th  s’ k  wl     this  ss ci ti   with  bj ctiv  (NDVI) 

measures is novel. Green space, when incorporated into the plan of an 

urban environment, has been previously suggested as a method to 

increase physical activity participation (Lee and Maheswaran, 2011) 

and has been reported as the most stimulating perceived (subjective) 

environmental determinant of bicycle commuting (Wahlgren and 

Schantz, 2012). It may be thought that lower-density areas, of lower 

traffic, are greener; however, when testing for sensitivity to population 

density of the work/study address our finding was robust. In Barcelona 

and many other major cities, motorised traffic is the major emitter of air 

pollution and noise, making it difficult to determine if it is the lack of 

traffic (and thus emissions) or the presence of greenness (or a mixture 

of both) determining propensity for bicycle commuting. It has been 

previously observed that a strong (self-reported) motivator for the 

decision to bicycle commute or not by both bicyclists and non-bicyclists 

are routes with appealing scenery (Winters et al., 2011), however we 

did not observe greenness of the (estimated) commute route to be 

significantly determining bicycle commuting propensity. The possible 

issue of collinearity of greenness with bicycle lanes (being significantly 

correlated with bicycle commuting propensity although not a significant 

determinant within the multinomial model) was ruled-out by (1) 

insignificant correlations with bivariate analysis of final model 

independent variables, and (2) negligible effect on model fit statistics 

when replacing greenness level with bicycle lane proportion at the 
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work/study address (results not shown). Further, the fact that 

greenness of only the work/study address was significantly determining 

bicycle commuting propensity may reveal that other characteristics of 

the work/study location or profession type (such as industrial zoning, 

irregular work hours, carried equipment, physical labour, etcetera) 

associated with greenness may be the true determinants. 

Besides environmental determinants, we found age, education level, 

gender, nationality, vigorous exercise and commute distance to be 

important for consideration of demographics and their influence on 

attitudes and behavioural control (propensity to bicycle commute), in 

agreement with previous studies (Dill et al., 2014, Sener et al., 

2009a, Akar and Clifton, 2009 and Parkin et al., 2007). When stratifying 

the analysis by occupation status as a potential effect modifier in the 

association between determinants of interest and the behaviours, the 

result was that outcomes lost some significance within the student sub-

sample. This was probably due to the small sub-sample size of 

students and therefore statistical power. While more interesting results 

may have been expected from such stratification by occupation status 

(Heinen et al., 2010), it should be noted that our sample were all adults. 

Additionally, there was not a significant difference in proportion of 

students between propensity groups. Moreover, while respondents with 

very short commute distances were excluded from this study (as they 

are assumed to walk), there was no maximum distance considered for 

exclusion. This is because respondents had to have a home and 

work/study address within Barcelona, which is a relatively small city in 

area (approximately 4 km radius), therefore commute distances were 

considered within the limits of bicycle use. 

Although our results from the adjusted models show few significant 

environmental correlates associated with the bicycling outcomes, it is 

important to note that all measured correlates were included in the 

model. Many of the exposures are likely to be correlated. Although we 

tested sensitivity to population density in our model, arguably, busier 

parts of the city are likely to have a higher public transport service and 

quantity ofBicing stations. Average variance inflation factors were 3, but 

some were as high as 6. This means that the broad built and natural 

environments, as measured here, are likely to be associated with the 

outcomes. Identifying the specific characteristics of those environments 

is much more challenging and to be addressed in future research. 

Despite an extensive recruitment drive, a relatively low response rate 

was achieved. Less than half of those individuals approached for 

recruitment completed the survey, potentially adding bias to the 

response data set due to respondent motivation. Likely bias would 
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nevertheless tend to over-represent individuals with a more active 

lifestyle and therefore underestimate real differences due to the built 

environment. While the study sampling was spatiotemporally-

randomised throughout the city, which enjoys a Mediterranean climate 

with relatively stable meteorological conditions, the recruitment period 

was long and therefore response bias may come from seasonal 

variation in bicycling levels. Further, GIS environmental data was 

attributed to a respondent according to the estimation of a ‘sh  t st 

   t ’     th   pplic ti    f   ‘   t -by-    ’ b tw    h m      

work/study address. This attribution may be inaccurate as bicyclists 

have been shown to travel longer distances to use bicycle 

infrastructure such as bicycle lanes (Dill and Gliebe, 2008). Therefore, 

our findings may not be completely transferable to the general 

population. While our study population was reflective of the general city 

demographic (see Appendix Figs. C and D), some small differences 

existed in that our study population slightly over-represented the first 

and second quartile of neighbourhood socioeconomic index, under 

40 year olds, and women. We did not collect participant occupation 

type and therefore could not know if greenness at the work/study 

address is the determinant of effect, or a confounder of occupation 

characteristics, on bicycle commuting propensity. Additionally, the 

estimation of commute route did not allow for adjustment of our models 

with (known) commute distance, only that calculated within a GIS 

environment. Furthermore, our analyses did not directly address the 

issue of perceptions as a determinant in travel decisions, which is 

considered important and may differ from objective measures (Dill and 

Voros, 2007, Hoehner et al., 2005 and McGinn et al., 2007) – future 

studies may attempt to consider both to determine which is more 

important for policy measures. Also, future studies should ask for 

occupation type to determine if the occupation description is 

confounding with variables of the work address environment. Future 

research may also use GPS-measured commute routes for better 

environmental determinant attribution, such as by using a uniform 

buffer along the commute route to better capture variables such as 

bicycle lanes, rather than relying on GIS networking and a route-by-

area approach. 

To our knowledge, this is the first study providing information on 

objective measures of an urban environment in a Mediterranean city – 

most studies are from northern Europe or the USA (Heinen et al., 

2010). Additionally, this is the first study to consider the influence of 

objectively-m  s            ss       i  ivi   l’s p  p  sity t  

bicycle commute, suggesting that it (or related factor/s) may be a 

http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0095
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0100
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0100
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0170
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0205
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0155
http://www.sciencedirect.com/science/article/pii/S1361920915000966#b0155


positive determinant of bicycle commuting. In general, an integral 

strength of the current study is the use of a comprehensive GIS 

dataset. Another strength is that the current weekly frequency of 

bicycle commuting is included as a dependent variable to further define 

(and validate) the different sub-groups of self-reported bicycle 

commuting propensity. Further, we considered the willingness to start 

bicycle commuting within non-bicycle commuters, which we could 

contribute to consideration of behaviour change interventions on non-

users. We have been able to compare the influence of environmental 

and personal determinants between bicycle commuters and non-

bicycle commuters of different propensities. This is a novel and 

reasonable approach to analysing survey response data, allowing 

sufficient statistical strength for comparing groups according to bicycle 

commuting propensity and identifying the significant determinants of 

this. 

Conclusion 

Our findings suggest that the presence of greenness and moreso 

public bicycle stations are significant positive determinants for an 

i  ivi   l’s p  p  sity t  bicycl  c mm t . Alt   atively, the negative 

association suggests public transit competes with bicycling commuting. 

Elevation change between the trip origin and destination deters bicycle 

commuting as expected. These determinants should be further 

considered with future research and transport policy on bicycle 

commuting; doing so would support an increase in city commuting by 

bicycle and consequently help to address physical inactivity, vehicular 

congestion, air pollution and climate change. 
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Participant recruitment points: (a) by district; and (b) home addresses in 

relation to population density. To reach a variety of commuters in the 

street, 40 recruitment points covered the expanse of Barcelona city, 

comprising four randomly-selected points in each of the ten city districts. 

Within proximity of each point, strategic locations were chosen (when 

available) to target public transport users near public transport stations, 

bicycle commuters near Bicing stations, and private transport users near 

vehicle parking lots. Each point was sampled by three trained 

interviewers between 7:45 and 11:30 a.m. during four days within a 

randomly selected week. 
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address and (a) population density of Barcelona or (b) commercial outlet 

density of Barcelona. 

Supplementary Appendix Fig. C.   

Comparison of study sample age and gender distribution against the 

Barcelona Active Population Survey (BAPS). 

Supplementary Appendix Fig. D.   

Comparison of study sample home neighbourhood deprivation index 

distribution against the Barcelona Active Population Survey (BAPS). 

Supplementary Appendix Table A.   

Adjusted multinomial regression model with environmental and personal 

determinants of bicycle commuting; according to individual propensity for 

bicycle commuting, according to worker or student status. 
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