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A B S T R A C T   

Residential environments are associated with people's walking behavior. Transit-related, non-transit-related, and 
recreational walking may be differently associated with residential environments on weekdays and weekends, 
but empirical evidence is scarce. We therefore examined 1) to which extent these types of walking correlated 
with natural and built environmental characteristics of residential neighborhoods, 2) how these correlations 
differ for walking on weekdays and weekends, and 3) what substitution and complementarity effects between 
different types of walking exist. Our sample comprised 92,298 people aged ≥18 years from the pooled Dutch 
National Travel Survey 2010–2014. Multivariate Tobit regression models were used to assess the associations 
between the natural and built environment and the three types of walking (in average minutes per day). Our 
models accounted for cross-correlations between the walking types. Our results showed that denser residential 
areas encouraged both longer transit-related and non-transit-related transport walking on weekdays and 
weekends, whereas lower density neighborhoods were positively associated with recreational walking on 
weekdays. Shorter distances to public transport were only significantly associated with transit-related transport 
walking on weekdays. Shorter distances to daily facilities were positively associated with non-transit-related 
transport on weekdays. No significant associations between built environment and recreational walking were 
found on weekends. Additionally, some compensation effects between different types of walking seem to be at 
play: during weekends, recreational walking was inversely correlated with transit-related transport walking. 
Residential environments seem to affect walking types in a different way, suggesting that one size fits all policies 
might be less effective. Intervention strategies should be tailored for each walking type separately.   

1. Introduction 

Walking is an emission free travel mode that contributes to physical 
activity and has benefits for the environment as well as people's health 
(Bentley et al., 2018; Saelens and Handy, 2008). Hence, urban policy 
makers aim to create walkable environments. This requires proper in
sights into the underlying mechanisms by which built environmental 
characteristics relate to different kinds of walking behavior. 

According to the ecological model of active living, walking is as
sociated with person-level characteristics and environmental features 
(Sallis et al., 2015). Various studies have addressed which neighbor
hood characteristics foster or inhibit walking (Frank et al., 2019;  
McCormack et al., 2012; Saelens and Handy, 2008; Vale et al., 2016) 

distinguishing between transport-related walking (i.e., walking to reach 
a destination for a specific purpose) and recreational walking (i.e., 
walking for relaxation). 

Although frequently disregarded, walking for different purposes 
may have different associations with built and natural environments 
(Giles-Corti et al., 2013; Kang et al., 2017; Lee and Moudon, 2006;  
Saelens and Handy, 2008). Reviews concluded that transport-related 
walking is related to address density, land-use diversity, street network, 
and accessibility of daily destinations (e.g., shops, workplace), while 
recreational walking is more often related to aesthetic quality, side
walk, and street lamp availability (Saelens and Handy, 2008; Smith 
et al., 2017; Sugiyama et al., 2012). 

The distinction between recreational and transport walking is not 
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the only distinction that is important. Also, within the category of 
transport walking, it is important to distinguish between walking to 
shops or facilities (transport-related walking) and walking to a public 
transport stop (transit-related transport walking). These behaviors are 
likely influenced by different neighborhood characteristics, given the 
differences in destinations, routes, and the time pressure imposed by 
public transport time tables. Walking is the most frequent mode to 
access and egress trains, metro, and bus stops (Handy et al., 2002;  
Lachapelle and Pinto, 2016; Xiao et al., 2019). For example, in the 
Netherlands, active travel to and from public transport is significant 
(e.g., 25% of public transport trips are preceded by walking and 49% of 
egress transport is done walking) (Fishman et al., 2015; KiM, 2010;  
Shelat et al., 2018). 

However, to date, few studies (Ewing and Cervero, 2001; Lachapelle 
and Noland, 2012; Wasfi et al., 2013; Waygood et al., 2015) considered 
walking to and from public transit as a distinctive type of walking. This 
simplification may translate into biased estimates of the built en
vironment effects on walking, as associations with built environment 
characteristics may be different depending on the purpose of the 
walking trip. For example, while transit related walking is likely af
fected by the number of and distance to transit stops and not by pre
sence of amenities, this will be the other way around for transportation 
walking. In addition, insight is lacking in the extent to which transit 
users' amount of walking differs from non-transit users. 

Another limitation of most studies is that they predominantly ad
dress built environmental-walking correlations independent of day of 
the week. The effects of the physical environment on walking types may 
differ by weekdays and weekends, as decision structures related to 
weekday and weekend trips are different (Gim, 2018; Ho and Mulley, 
2013; Yang et al., 2016). For example, during weekdays, people, 
especially commuters, are more sensitive to travel time due to busy 
agendas, and fixed time schedules than they are during weekends. In 
addition, they may have less time for recreational walking during 
weekdays. Thus, it is necessary to consider and analyze different types 
of walking behavior on both weekdays and weekends separately. 
However, most previous studies focused exclusively on understanding 
walking behavior on weekdays (Daniels and Mulley, 2013; Lachapelle 
et al., 2011; Murray and Wu, 2003). 

Finally, correlations between different walking types have hardly 
been addressed when investigating the role of the natural and built 
environment (Menai et al., 2015). It is possible that engaging in one 
type of walking may substitute other types of walking behavior due to 
time-space constraints. Compensation effects may exist between dif
ferent types of walking behavior. For example, people may start 
walking to and from public transport and subsequently decrease or even 
quit their morning recreational walking. 

To fill these research gaps this study aims to examine: 1) to what 
extent natural and built environmental characteristics correlate with 
three different types of walking (transit-related transport walking, non- 
transit related transport walking and recreational walking), 2) how 
these associations differ for weekdays and weekends, and 3) what 
substitution and complementarity effects between different types of 
walking exist. 

2. Materials and methods 

2.1. Study population 

Data were obtained from the Dutch National Travel Survey (NTS) 
for the period 2010–2014 (CBS, 2015). The NTS is a cross-sectional and 
continuous survey among approximately 40,000 individuals annually 
conducted by Statistics Netherlands. Respondents reported their trans
portation behavior by means of a travel diary for one day. For each trip, 
travel data include transportation modes for each trip stage, place of 
origin and destination, time of departure and arrival, and travel pur
pose. The sample is representative of the Dutch population. The sample 

only includes participants who recorded travel data and were over 
18 years of age (N = 129,142). People with ‘Unknown’ and/or missing 
values of socioeconomic characteristics were not included (25,446). 

The respondents' residential locations were geocoded on a 4-digit 
postal code (PC4) level, which allowed data linkages with attributes 
describing the residential natural and built environment. Respondents 
with missing information for postal code and environmental attributes 
were excluded (N = 11,398). The final sample comprised 92,298 
people: 73,729 people who reported travel behavior on weekdays re
siding in 2874 PC4 areas with a mean number of respondents per PC4 of 
26 people (standard deviation (SD) = 25), nested in 388 municipalities 
throughout the Netherlands. On weekends, the sample consisted of 
18,569 people in 2529 PC4 areas with an average of 7 people (SD = 5), 
nested in 386 municipalities. 

2.2. Data 

2.2.1. Walking duration 
Three outcome variables were constructed: 1) transit-related 

transport walking, 2) non-transit-related transport walking, and 3) re
creational walking; all in minutes per day. To create variables of the 
duration of walking trips for different purposes, trip episode data were 
aggregated. Transit-related transport walking only included walking 
trips that are part of a combined walking and transit trip. Non-transit- 
related transport walking included trips to and from or between shops, 
facilities or work. Recreational walking included walking for pleasure 
or with the dog. 

2.2.2. Built environment variables 
The selection of the built environment measures was guided by the 

literature (Ewing and Cervero, 2010; Wong et al., 2011), but con
strained by data availability: density, diversity, destination accessibility 
and distance to train station were considered. The variables were cal
culated at the PC4 level (CBS 2012, CBS (Centraal Bureau voor de 
Statistiek), 2014a, b). Address density refers to the total number of 
addresses per km2 per PC4 area (CBS, 2014a). Land-use diversity is 
represented by the Shannon entropy index. A value of 0 refers to one 
land use class per area, and a value of 1 refers to an even distribution of 
all land use types per area (Cervero and Kockelman, 1997). The oper
ationalization considered the five most relevant land use types for re
sidents' daily activities: residential, commercial, industrial, and re
creational areas, and public services (e.g., police station, hospital) (CBS, 
2014b). In addition, intersection density (Kadaster, 2012), street net
work density, distance to the nearest train station, supermarket, and 
restaurant (CBS, 2014b), and number of bus stops per PC4 were de
termined. 

2.2.3. Natural environment and weather variables 
The proportion of green space (including agricultural and natural 

areas, man-made greenery (e.g., park)) and water bodies per PC4 area 
were abstracted from the most recent Dutch land use database for the 
year 2012 (Hazeu et al., 2014). Daily meteorological variables were 
collected from 33 weather stations across the Netherlands (KNMI, 
2017). We obtained weather data from the weather station closest to 
each participant's residential area for the day on which the travel diary 
was kept. We matched the trip date with daily measures of maximum 
air temperature (in °C), total precipitation (in mm), and average wind 
speed (in m/s), which are all frequently used measures (Böcker et al., 
2015; Helbich et al., 2014; Liu et al., 2015). 

2.2.4. Individual and household characteristics 
Individual characteristics were self-reported by participants in the 

National Travel Survey (NTS). Age was divided into four categories: 
18–24, 25–34, 35–64, and ≥ 65 years to reflect different life stage 
(Villanueva et al., 2014). We categorized net household income per 
year into low (< €20,000), medium (€20,000–40,000), and high 
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(> €40,000) (Gao et al., 2018). Education attainment was stratified 
into three categories: low (i.e., primary school and lower general sec
ondary school), medium (i.e., upper-division secondary school), and 
high (i.e., college and university) (CBS, 2016b). Employment status was 
incorporated as employed (work 12–30 h; work more than 30 h), stu
dent, unemployed, retired, and others. Other controls were gender, 
household structure, number of cars per household, bicycle ownership, 
and driver's license. 

2.3. Statistical analyses 

In addition to descriptive analyses, multivariate Tobit models were 
used to examine associations between the natural and the built en
vironment variables and three types of walking duration (i.e., transit- 
related transport walking, non-transit-related transport walking, and 
recreational walking) as outcomes. Since the outcome variables were 
censored, due to many respondents not reporting walking trips, Tobit 
models were applied (Barslund, 2007). Unlike fitting a traditional Tobit 
model to each walking behavior separately, which may induce an es
timation bias wrongly assuming that the three walking types are in
dependent of each other, our model also incorporated correlations 
among the three walking types (Anastasopoulos et al., 2012; Huang, 
1999; Zhang et al., 2017). Correlations between the dependent vari
ables are represented as an endogeneity relationship, suggesting that a 
change in the endogenous variable leads to a change in the dependent 
variable. We assumed that each walking type is affected by changes in 
other types of walking and vice versa. By estimating cross-equation 
error correlations and the variance of the error terms, this model reveal 
the relation across different walking types. Pearson correlation coeffi
cients were used to assess multicollinearity among the covariates. 
Correlations < −0.8 or  >  0.8 were considered as problematic 
(Freedman et al., 1991). 

The following models were estimated for both weekdays and 
weekends separately. First, our base models (Model 1) only included 
individual and household characteristics. Second, Model 2 additionally 
adjusted for natural and built environmental variables. Due to varying 
units, continuous independent variables were z-score transformed. The 
significance level was set at 0.01. Analyses were carried out in Stata SE 
15.1 (StataCorp, 2018). 

3. Results 

3.1. Descriptive statistics 

The overall walking duration for transit users (23.69 min/day) was 
much longer than for non-transit users (10.85 min/day). Among all 
participants, average total walking duration was longer on weekends 
(14.95 min/day), compared to weekdays (10.90 min/day). 
Approximately 6.9% of the participants (N = 6195) were transit users, 
and reported an average daily walking duration of 23.35 min on 
weekdays, and 25.12 min on weekends. People engaged in longer 
transit-related transport walking on weekends (18.00 min/day) than on 
weekdays (16.82 min/day). For both non-transit-related transport 
walking and recreational walking, non-transit users walked for a longer 
duration than transit users. In particular, non-transit users engaged in 
more recreational walking than transit users (Fig. 1). 

Summary statistics for the entire sample of transit users and non- 
users are presented in Table 1. Regarding contextual factors, for transit 
users, the mean address density, intersection density, and number of 
bus stops of residential areas were greater, compared to non-transit 
users on both weekdays and weekends. Additionally, destination ac
cessibility (i.e., distance to supermarkets, restaurants, and a train sta
tion) was much higher for transit users. Transit users reported living in 
less green areas than non-transit users. 

3.2. Regression model results 

Covariate multicollinearity was not a concern (Table A1 in the 
supplementary materials). Correlations showed that recreational 
walking was positively correlated with non-transit-related transport 
walking on weekdays (Table 2). For weekends an inverse correlation 
between recreational walking and transit-related transport walking was 
observed (Table 3). 

Table 2 presents the results of the Tobit regression analyses for 
weekdays. Controlling for individual and household characteristics, it 
shows that individuals living in PC4 areas with a higher address den
sity, higher intersection density, and shorter distance to the nearest 
train station were more likely to engage in transit walking on weekdays. 
Regarding non-transit-related transport walking, respondents in PC4 
areas with a higher address density and shorter distances to the nearest 
supermarket and restaurant, and a lower share of green area tended to 
walk longer for transport. A lower temperature was positively related to 
non-transit-related walking duration, compared to the normal tem
perature in the Netherlands (i.e., 10–20 °C). No significant associations 
were found between non-transit-related walking duration and other 
natural and built environmental variables (e.g., intersection density, 
distance to the nearest train station, wind speed, precipitation and 
water bodies). In contrast, recreational walking was less prevalent in 
higher address density area compared to less urbanized areas but no 
other significant associations of built or natural environment char
acteristics with recreational walking were found. 

On weekends, as presented in Table 3, a higher address density and 
more bus stops per PC4 area were positively associated with transit- 
related transport walking. Green space showed an inverse association 
with transit-related transport walking. No significant associations were 
found for meteorological attributes. Address density was positively as
sociated with non-transit-related transport walking. Green space was 
negatively associated with non-transit-related transport walking. No 
significant associations were found between the built environment and 
recreational walking, only temperatures below 0 °C encouraged people 
for recreational walking. 

Compared to males, females were more engaged in transit-related 
walking on weekdays, and more engaged in recreational walking on 
weekends (Tables 2 and 3). Higher educated people were positively 
associated with transit-related transport walking on both weekdays and 
weekends. Compared to other population groups, students were more 
likely to be engaged in transit-related transport walking on weekdays 
and weekends, while unemployed and retired people were more en
gaged in non-transit-related transport walking and recreational walking 
on weekdays. Couple with children took more transit-related transport 
walking on weekdays, while they were less likely to walk for non- 
transit-related transport on both weekdays and weekends. Alternative 
travel mode options (e.g., car ownership, bicycle ownership) were ne
gatively associated with transport-related walking. 

4. Discussion 

4.1. Main findings 

This study examined to what extent three different walking types 
were correlated with natural and built environment characteristics for 
weekdays and weekends separately. Our results showed that denser 
residential areas encouraged both transit-related and non-transit-re
lated transport walking on weekdays and weekends, whereas lower 
density neighborhoods were positively associated with increased re
creational walking on weekdays. Shorter distances to public transport 
were only significantly associated with transit-related transport walking 
on weekdays. Shorter distances to daily facilities were positively asso
ciated with non-transit-related transport walking on weekdays. No 
significant associations were found on weekends. 
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4.2. The built and natural environment 

Consistent with earlier studies (Adams et al., 2013; Lee and 
Moudon, 2006; Saelens and Handy, 2008), the results confirmed that 
the built environment is differently related to different types of 
walking. Transit-related transport and non-transit-related transport 
walking were more frequently related with the built environment than 
recreational walking, which is in line with reviews (Panter and Jones, 
2010; Saelens and Handy, 2008; Van Holle et al., 2012). Specifically, 
denser residential areas encouraged both longer transit-related and 
non-transit-related transport walking, whereas low density areas are 
positively associated with longer recreational walking on weekdays. 
Because people would prefer to walk for recreation (e.g., walking for 
leisure, brisk walking and walking a dog, etc.) in public open spaces, 
leafy suburbs with less address density provide attractive destinations 
and pleasant routes. Recreational walking is not necessarily undertaken 
in the residential neighborhood, as recreational built environment (e.g., 
parks) may compete with other land use characteristics such as living 
and commercial areas (Van Holle et al., 2012). An interesting contrast is 
found that green space had a negative effect on transport-related 
walking, which is in line with previous Dutch studies (Fishman et al., 
2015; Gao et al., 2018). The results might seem counterintuitive, be
cause one may expect it to be more pleasant to walk in green areas. A 
possible explanation is that a higher percentage of green space may be 
characterized by a lower level of safety, leading to feelings of insecurity 
(Kuo and Sullivan, 2001). In addition, presence of green may lead to 
longer walking distances to amenities. Proximity to utilitarian facilities 
only matters for non-transit-related transport walking. This is in line 
with existing literature, considering access to utilitarian destinations an 
important indicator of a walk-friendly environment (Heinen et al., 
2010; Lee and Moudon, 2006; McCormack et al., 2012). 

We observed some important differences between how environ
mental characteristics correlated with walking types for weekdays and 
on weekends. Intersection density was only significantly associated 
with transit-related transport walking on weekdays, but not on week
ends. This indicates that not only distance to public transport matters, 
but also the ease, in terms of route choices, with which one can get to a 
destination, given that intersection density relates to the ease of travel 

between two points (Adams et al., 2013). By contrast, on weekends, this 
is not the case, which is probably due to fewer tight constraints and the 
use of public transport for recreational reasons. It is also possible that a 
higher density of bus stops on the weekends offer individuals a limited 
variety of lines that require more walking (e.g., to go to various desti
nations including friends/restaurants/leisure activities). Moreover, 
proximity to facilities was not correlated to non-transit-related trans
port walking on weekends, whereas it was on weekdays. It is possible 
that most people take utilitarian walk trips during weekdays. 

No significant associations between built environment and recrea
tional walking were found on weekends, which is consistent with pre
vious cross-sectional evidence (Lee and Moudon, 2006; Lovasi et al., 
2008; Pikora et al., 2006), and a longitudinal study (Hirsch et al., 
2014). McCormack et al. (2012) concluded that a supportive neigh
borhood built environment is necessary, but insufficient to increase 
recreational walking alone. People would engage in recreational 
walking outside residential areas. Another possible explanation is that 
recreational walking is affected by factors other than the built en
vironment, such as safety or social features, which could still be 
neighborhood-level characteristics, but are constrained by data avail
ability in this study. 

Another important factor for walking behavior is formed by weather 
conditions. In contrast to existing international (Aaheim and Hauge, 
2005; Tucker and Gilliland, 2007) and Dutch cycling studies alike 
(Böcker et al., 2015; Gao et al., 2018) maximum daily air temperature, 
especially a lower temperature (i.e., < 0 °C, and 0–10 °C), had a posi
tive effect on recreational walking on weekends, and non-transit-related 
transport walking for both weekdays and weekends. This may suggest 
that lower temperature has an impact on people's walking behavior. 
This is probably because the Netherlands has a moderate climate with 
mild temperatures, and substantially low temperatures did not prevent 
people from walking outside. Instead, when temperature is below zero 
degrees, roads get slippery so that people may walk more as they fear to 
fall for cycling. 

Additionally, our findings reveal that the correlation between dif
ferent types of walking behavior differs between weekdays and week
ends. During weekdays, recreational walking is positively correlated 
with non-transit-related transport walking, suggesting a 

Fig. 1. Mean walking duration per day (in minutes) for three different types of walking, stratified by transit/non-transit users and by weekdays/weekends.  
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complementary relationship. This result suggests that on weekdays a 
positive walking attitude promotes both transport and recreational 
walking for those who do not using public transport. On the other hand, 
on weekends, transit-related transport walking and recreational 
walking are competing activities (Beenackers et al., 2013; Yang, 2015). 
During weekends, recreational walking is reversely correlated with 
transit-related transport walking, suggesting a trade-off between these 
two types of walking behavior. This substitute effect may be related to 
the existence of time constraints that necessitate a choice between ac
tivities given an available time budget for out-of-home leisure activ
ities. 

4.3. Strengths and limitations 

To our knowledge, no other study has yet examined the relation
ships of three distinct types of walking behavior with built and natural 
environment characteristics at a nationwide level using such a large and 
representative sample, examining differences between walking on 
weekdays and weekends, and taking correlations between the three 
types of walking into account. 

Our study has some limitations. First, self-reported walking may 
lead to over- or under-reporting of walking duration (Turrell et al., 
2014; Wasfi et al., 2016). For example, the large number of non-walkers 
observed is probably due to underreporting of short daily walking trips. 
Second, our study did not consider the type and characteristics of 
transit services, including the frequency of services. Previous studies 
have suggested that such characteristics of public transport service are 
correlated with people's usage (Djurhuus et al., 2014; Wasfi et al., 
2013). Third, the natural and the built environmental variables were 
only available on the PC4 level which did not allow us to determine 
more fine-grained or individualized factors of the living environment. 
Fourth, we lacked data of pedestrian infrastructures (e.g., sidewalks 
conditions). Although nearly every street in the Netherlands is walk
able, there may be differences in terms of the design (e.g., width, pa
vement type) and use (e.g., presence of other pedestrians, parked bi
cycles, or other obstacles). However, in the current of 24/7 economy, 
some people may work on weekends or at midnight, which may lead to 
more transport-related walking on weekends. Finally, as many other 
studies (Bunds et al., 2019; Menai et al., 2015; Perchoux et al., 2019), 
we cannot infer causality from our cross-sectional analyses. 

5. Conclusions 

This study is among the first to examine the associations between 
natural and built environmental characteristics across different walking 
types on weekdays and weekends. Our findings suggest that the re
sidential built environment is related to different types of walking be
havior. We found that residential areas with pronounced address den
sity appeared to be positively associated with transport-related walking, 

Table 1 
Descriptive statistics.        

Sociodemographic 
variables 

Total 
sample, 
% 

Weekdays  
(N1 = 73,729) 

Weekends  
(N2 = 18,569) 

Transit 
user, % 

Non- 
transit 
user, % 

Transit 
user, % 

Non- 
transit 
user, %  

Sample size n 92,298 7.28 92.7% 4.44 95.6 
Age (in years)      

18–24 6.4 23.7 5.1 18.2 5.7 
25–34 14.1 18.7 13.6 19.2 14.3 
35–64 59.2 46.4 60.2 46.9 59.6 
65+ 20.3 11.2 21.1 15.8 20.4 

Gender      
Male 48.7 45.2 48.9 45.2 48.9 
Female 51.3 54.8 51.1 54.8 51.1 

Education      
Low 5.3 4.0 5.3 6.2 5.4 
Medium 60.4 51.5 61.1 53.9 60.5 
High 34.4 44.5 33.6 39.9 34.0 

Gross household 
income       

< 20 K euro 31.2 33.0 31.1 40.1 30.9 
20 K–40 K euro 58.2 56.2 58.5 51.9 58.1  
> 40 K euro 10.5 10.8 10.4 8.0 11.0 

Social participation      
Work (12−30h) 17.7 14.4 18.0 13.1 18.1 
Work (≥ 30 h) 44.3 47.5 44.3 42.5 43.6 
Student 3.5 18.9 2.2 14.9 3.0 
Unemployed 12.1 7.5 12.3 12.0 12.7 
Retired 22.4 11.7 23.2 17.5 22.6 

Household structure      
Single-person 

household 
17.7 26.0 17.1 34.5 16.7 

Couple without 
children 

37.6 28.3 38.5 26.5 37.5 

Couple with 
children 

40.2 38.6 40.1 29.0 41.4 

Single parent with 
children 

4.5 7.1 4.3 9.9 4.4 

Number of cars per 
household      

no car 10.6 31.7 8.8 43.6 9.7 
1 car 52.8 48.8 53.1 39.5 53.8 
2 and more cars 36.5 19.6 38.1 16.8 36.6 

Driver licenses      
No 10.6 26.1 9.3 33.9 10.1 
Yes 89.4 73.9 90.7 66.1 89.9 

Bicycle ownership      
No 14.1 15.8 14.0 21.0 13.6 
Yes 85.9 84.2 86.0 79.0 86.4  

Built environmental variables 
Address density (per 

1000 addresses 
km2) 

1.36 
(1.60) 

2.29 
(2.15) 

1.25 
(1.50) 

2.92 
(2.53) 

1.43 
(1.63) 

Land use diversity 0.61 
(0.16) 

0.60 
(0.15) 

0.61 
(0.16) 

0.60 
(0.15) 

0.61 
(0.16) 

intersection density 
(per km2) 

105.77 
(80.41) 

143.19 
(80.07) 

101.34 
(79.58) 

156.07 
(78.37) 

109.21 
(79.91) 

Number of bus stop 17.78 
(11.54) 

18.56 
(12.02) 

17.61 
(11.52) 

20.60 
(14.01) 

18.08 
(11.31) 

Distance to 
supermarket (km) 

0.95 
(0.78) 

0.76 
(0.55) 

0.98 
(0.81) 

0.68 
(0.50) 

0.91 
(0.69) 

Distance to restaurant 
(km) 

0.90 
(0.74) 

0.71 
(0.59) 

0.93 
(0.78) 

0.59 
(0.49) 

0.84 
(0.63) 

Distance to train 
station (km) 

6.09 
(7.58) 

3.78 
(4.95) 

6.53 
(8.09) 

3.32 
(4.00) 

5.25 
(5.93)  

Natural environmental variables 
Percentage of green 

space (%) 
54.56 
(22.68) 

43.79 
(21.72) 

56.12 
(22.61) 

37.95 
(20.88) 

52.59 
(21.93) 

Percentage of water 
bodies (%) 

4.11 
(6.33) 

4.06 
(6.46) 

4.08 
(6.27) 

4.40 
(6.45) 

4.27 
(6.49)  

Weather variables 
Daily max. Air 

temperature (°C)      

Table 1 (continued)       

Sociodemographic 
variables 

Total 
sample, 
% 

Weekdays  
(N1 = 73,729) 

Weekends  
(N2 = 18,569) 

Transit 
user, % 

Non- 
transit 
user, % 

Transit 
user, % 

Non- 
transit 
user, %   

< 0 °C 3.5% 3.9% 3.6% 1.9% 2.9% 
0–10 °C 30.0% 30.4% 29.7% 29.1% 31% 
10–20 °C 45.0% 46.1% 45.1% 48.1% 44.3% 
20–25 °C 16.2% 15.3% 16.3% 15.6% 15.9%  
> 25 °C 5.3% 4.2% 5.3% 5.2% 6.0% 
Daily precipitation 

sum (mm) 
2.17 
(4.64) 

13.43 
(7.20) 

13.72 
(7.37) 

2.28 
(4.17) 

2.23 
(4.60) 

Daily average wind 
speed (m/s) 

4.22 
(2.03) 

2.21 
(4.84) 

2.16 
(4.63) 

4.49 
(2.17) 

4.16 
(2.03) 
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Table 2 
Results for different walking behavior on weekdays (N = 73,729).         

Variables Transit-related transport 
walk 

S.E. Non-transit-related transport 
walking 

S.E. Recreational walking S.E.  

Constant −37.17⁎⁎⁎ (3.72) −45.75⁎⁎⁎ (3.20) −208.84⁎⁎⁎ (7.34) 
Age (in years)       

18–24 (ref.)       
25–34 −19.20⁎⁎⁎ (1.60) 3.67 (1.98) 31.73⁎⁎⁎ (4.87) 
35–64 −23.20⁎⁎⁎ (1.53) −1.49 (1.91) 46.86⁎⁎⁎ (4.64) 
65+ −23.50⁎⁎⁎ (2.79) −3.85 (2.72) 34.40⁎⁎⁎ (5.99) 

Gender       
Male (ref.)       
Female 3.78⁎⁎⁎ (0.85) 9.53⁎⁎⁎ (0.81) 2.99 (1.61) 

Education       
Low (ref.)       
Medium 4.33 (1.92) −0.81 (1.48) 6.50 (3.36) 
High 14.87⁎⁎⁎ (2.19) 3.23 (1.58) 11.38⁎⁎⁎ (3.58) 

Gross household income        
< 20 K euro (ref.)       
20 K–40 K euro 9.35⁎⁎⁎ (1.03) 0.61 (0.83) 1.49 (1.67)  
> 40 K euro 14.84⁎⁎⁎ (1.63) 0.67 (1.49) −5.61 (2.86) 

Social participation       
Work (12-30 h) (ref.)       
Work (≥ 30 h) 6.44⁎⁎⁎ (1.25) −8.39⁎⁎⁎ (1.09) −17.16⁎⁎⁎ (2.13) 
Student 30.68⁎⁎⁎ (2.29) −4.56 (2.58) −13.09 (5.87) 
Unemployed −8.24⁎⁎⁎ (1.69) 10.85⁎⁎⁎ (1.29) 18.69⁎⁎⁎ (2.52) 
Retired −10.49⁎⁎⁎ (2.52) 12.48⁎⁎⁎ (2.18) 17.30⁎⁎⁎ (4.14) 

Household structure       
Single-person household (ref.)       
Couple without children 3.00 (1.28) −2.93⁎⁎ (1.06) 14.45⁎⁎⁎ (2.24) 
Couple with children 8.62⁎⁎⁎ (1.38) −4.57⁎⁎⁎ (1.20) 8.960⁎⁎⁎ (2.45) 
Single parent with children 1.73 (1.90) −7.26⁎⁎⁎ (1.88) −1.89 (3.96) 

Number of cars per household       
no car (ref.)       

1 car −23.30⁎⁎⁎ (1.59) −13.33⁎⁎⁎ (1.29) −6.11 (3.02) 
2 and more cars −42.95⁎⁎⁎ (2.37) −23.05⁎⁎⁎ (1.59) −8.32 (3.42) 

Driver licenses       
No (ref.)       
Yes −16.03⁎⁎⁎ (1.30) −7.55⁎⁎⁎ (1.17) 4.79 (2.82) 

Bicycle ownership       
No (ref.)       
Yes −5.10⁎⁎⁎ (1.06) −3.102⁎⁎⁎ (0.94) 10.80⁎⁎⁎ (2.11) 

Daily weather conditions       
Daily average wind speed (m/s) 1.22⁎⁎ (0.41) 0.46 (0.37) −1.42 (0.75) 
Daily max. Air temperature (°C)       
10–20 °C (ref.)        

< 0 °C 4.10 (1.92) 15.50⁎⁎⁎ (1.79) 3.70 (3.74) 
0–10 °C 0.72 (0.92) 2.77⁎⁎⁎ (0.81) −1.25 (1.65) 
20–25 °C −1.08 (1.09) −0.73 (1.03) −1.00 (2.13)  
> 25 °C −3.82 (1.85) 0.81 (1.55) −5.16 (3.34) 

Daily precipitation sum (mm) −0.38 (0.41) −0.36 (0.36) −1.09 (0.79) 
4-digit postal code zone level       
Address density (1000 addresses per km2) 2.08⁎⁎ (0.66) 4.72⁎⁎⁎ (0.59) −6.33⁎⁎⁎ (1.36) 
Land use diversity 0.50 (0.56) 0.93 (0.41) 0.59 (0.72) 
Intersection density (per km2) 2.86⁎⁎ (0.96) −1.53 (0.69) 0.99 (1.35) 
Number of bus stops 0.32 (0.56) 0.72 (0.40) −1.56 (0.77) 
Distance to train station (km) −5.18⁎⁎⁎ (0.76) 0.38 (0.41) 0.42 (0.88) 
Distance to supermarket (km) −0.02 (0.64) −2.54⁎⁎⁎ (0.58) −1.89 (0.87) 
Distance to restaurant (km) −0.21 (0.60) −2.68⁎⁎⁎ (0.56) −0.76 (0.83) 
Percentage of green (%) −1.27 (1.06) −3.87⁎⁎⁎ (0.75) −0.80 (1.41) 
Percentage of water (%) −0.54 (0.57) 0.68 (0.36) 0.35 (0.65) 
Summary statistics 
Sigma 46.02⁎⁎⁎ (1.87) 61.42⁎⁎⁎ (1.69) 112.75⁎⁎⁎ (1.65) 
Rho correlation 
Recreational walking and Transit-related walking −0.01 (0.01)     
Recreational walking and non-transit related transport 

walking 
0.09⁎⁎⁎ (0.01)     

Transit-related walking and non-transit related transport 
walking 

0.01 (0.01)     

Wild Chi-squared (102) 2910.28⁎⁎⁎      

LR test 105.36⁎⁎⁎      

⁎⁎⁎ p  <  0.001. 
⁎⁎ p  <  0.010.  
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Table 3 
Results for different walking behaviors on weekends (N = 18,569).         

Variables Model Transit-related 
transport walk 

S.E. Model Non-transit-related 
transport walking 

S.E. Model Recreational 
walking 

S.E.  

Constant −66.32⁎⁎⁎ (9.99) −49.32⁎⁎⁎ (6.25) −239.01⁎⁎⁎ (16.30) 
Age (in years)       

18–24 (ref.)       
25–34 −13.14 (5.36) 4.30 (3.76) 32.34⁎⁎⁎ (10.00) 
35–64 −17.03⁎⁎⁎ (5.12) 5.03 (3.57) 47.56⁎⁎⁎ (9.67) 
65+ −32.55⁎⁎⁎ (8.47) −1.92 (5.05) 49.48⁎⁎⁎ (12.76) 

Gender       
Male (ref.)       
Female 4.16 (2.85) 5.32⁎⁎⁎ (1.57) 9.81⁎⁎ (3.65) 

Education       
Low (ref.)       
Medium 6.26 (5.51) 2.23 (3.18) 9.59 (7.35) 
High 17.10⁎⁎ (6.15) 5.49 (3.44) 12.40 (7.74) 

Gross household income        
< 20 K euro (ref.)       
20 K–40 K euro 7.73⁎⁎ (2.99) −4.81⁎⁎ (1.75) 6.30 (3.80)  
> 40 K euro 5.26 (4.77) −4.74 (3.05) 2.45 (6.39) 

Social participation       
Work (12-30 h) (ref.)       
Work (≥ 30 h) 4.41 (4.14) 1.64 (2.19) −7.92 (4.89) 
Student 25.43⁎⁎⁎ (6.14) −4.12 (4.88) −18.76 (13.88) 
Unemployed −0.71 (5.12) 3.48 (2.60) 15.17⁎⁎ (5.81) 
Retired 5.30 (7.26) 11.55⁎⁎ (3.94) 11.84 (9.12) 

Household structure       
Single-person household (ref.)       

Couple without children −3.71 (3.31) −4.69 (2.05) 24.73⁎⁎⁎ (5.27) 
Couple with children −7.19 (3.83) −6.24⁎⁎ (2.30) 10.19 (5.59) 
Single parent with children 3.93 (4.88) −7.17 (3.58) 12.32 (8.40) 

Number of cars per household       
no car (ref.)       

1 car −29.11⁎⁎⁎ (4.39) −11.46⁎⁎⁎ (2.58) −2.35 (6.85) 
2 and more cars −38.39⁎⁎⁎ (5.71) −20.43⁎⁎⁎ (3.13) −12.20 (7.99) 

Driver licenses       
No (ref.)       
Yes −28.95⁎⁎⁎ (4.41) −10.35⁎⁎⁎ (2.39) −3.10 (5.82) 

Bicycle ownership       
No (ref.)       
Yes −9.38⁎⁎ (3.20) −2.35 (2.06) 13.44⁎⁎ (4.75) 

Daily weather conditions       
Daily average wind speed (m/s) 2.47 (1.09) 0.28 (0.72) 0.68 (1.58) 
Daily max. Air temperature (°C)       
10–20 °C (ref.)        

< 0 °C −12.97 (7.58) 10.69 (4.21) 30.65⁎⁎⁎ (8.46) 
0–10 °C 0.09 (2.75) 4.85⁎⁎ (1.65) 7.33 (3.65) 
20–25 °C −4.78 (3.77) −2.75 (2.17) −10.13 (4.84)  
> 25 °C −2.55 (5.59) −2.78 (3.08) −4.30 (7.14) 

Daily precipitation sum (mm) −0.29 (1.18) −0.55 (0.80) −3.95 (1.70) 
4-digit postal code zone level       
Address density (1000 addresses per km2) 4.27⁎⁎ (1.41) 5.41⁎⁎⁎ (0.93) −6.07 (2.67) 
Land use diversity −1.10 (1.34) 0.95 (0.82) −3.63 (1.70) 
Intersection density (per km2) −2.56 (2.02) −0.84 (1.27) −4.81 (2.75) 
Number of bus stops 4.88⁎⁎⁎ (1.33) 0.16 (0.77) 0.36 (1.64) 
Distance to train station (km) −5.42 (2.98) 1.77 (1.14) −2.43 (2.17) 
Distance to supermarket (km) −1.19 (2.50) −2.41 (1.15) 2.46 (2.14) 
Distance to restaurant (km) 1.16 (2.64) −2.21 (1.17) −4.58 (2.40) 
Percentage of green (%) −10.19⁎⁎⁎ (2.62) −3.85⁎⁎ (1.44) −2.54 (2.99) 
Percentage of water (%) −0.54 (1.08) 0.38 (0.74) −0.14 (1.47) 
Summary statistics 
Sigma 62.10⁎⁎⁎ (5.45) 66.02⁎⁎⁎ (2.59) 138.75⁎⁎⁎ (4.19) 
Rho correlation 
Recreational walking and Transit-related walking −0.13⁎⁎⁎ (0.04)     
Recreational walking and non-transit related 

transport walking 
−0.03 (0.02)     

Transit-related walking and non-transit related 
transport walking 

−0.06 (0.03)     

Wild Chi-squared (102) 890.27⁎⁎⁎      

LR test 25.97⁎⁎⁎      

⁎⁎⁎ p  <  0.001. 
⁎⁎ p  <  0.010.  

J. Gao, et al.   Journal of Transport Geography 88 (2020) 102860

7



whereas lower address densities were positively related with recrea
tional walking. Access to public transport was only significant for 
transit-related transport walking. Proximity to utilitarian facilities only 
mattered for non-transit-related transport walking. Residential en
vironments seem to affect walking types differently, suggesting that one 
size fits all policies are inappropriate. Intervention strategies should be 
tailored for each walking type separately. 

Author statement 

JG conceived the specific study described in this paper, coordinated 
the data collection, performed the statistical analyses, and drafted the 
manuscript. DE, CBMK, and MH provided critical input for the data 
analyses and helped draft the manuscript. All authors read and ap
proved the final manuscript. 

Declaration of Competing Interest 

None. 

Acknowledgement 

We thank the editor and anonymous reviewers for their valuable 
comments on this paper. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https:// 
doi.org/10.1016/j.jtrangeo.2020.102860. 

References 

Aaheim, H.A., Hauge, K.E., 2005. Impacts of climate change on travel habits: A national 
assessment based on individual choices. In: CICERO report. CICERO Senter for kli
maforskning, Oslo. 

Adams, E.J., Goodman, A., Sahlqvist, S., Bull, F.C., Ogilvie, D., 2013. Correlates of 
walking and cycling for transport and recreation: factor structure, reliability and 
behavioural associations of the perceptions of the environment in the neighbourhood 
scale (PENS). Int. J. Behav. Nutr. Phys. Act. 10 (1), 87. 

Anastasopoulos, P.C., Shankar, V.N., Haddock, J.E., Mannering, F.L., 2012. A multivariate 
tobit analysis of highway accident-injury-severity rates. Accid. Anal. Prev. 45, 
110–119. 

Barslund, M., 2007. MVTOBIT: Stata module to calculate multivariate Tobit models by 
simulated maximum likelihood (SML). In: Statistical Software Components S456875. 
Boston College Department of Economics revised 13 Oct 2009. 

Beenackers, M.A., Kamphuis, C.B., Mackenbach, J.P., Burdorf, A., van Lenthe, F.J., 2013. 
Why some walk and others don’t: exploring interactions of perceived safety and social 
neighborhood factors with psychosocial cognitions. Health Educ. Res. 28 (2), 
220–233. 

Bentley, R., Blakely, T., Kavanagh, A., Aitken, Z., King, T., McElwee, P., Giles-Corti, B., 
Turrell, G., 2018. A longitudinal study examining changes in street connectivity, land 
use, and density of dwellings and walking for transport in Brisbane, Australia. 
Environ. Health Perspect. 126 (5), 057003. 

Böcker, L., Dijst, M., Faber, J., Helbich, M., 2015. En-route weather and place valuations 
for different transport mode users. J. Transp. Geogr. 47, 128–138. 

Bunds, K.S., Casper, J.M., Hipp, J.A., Koenigstorfer, J., 2019. Recreational walking de
cisions in urban away-from-home environments: the relevance of air quality, noise, 
traffic, and the natural environment. Transport. Res. F: Traffic Psychol. Behav. 65, 
363–375. 

CBS (Centraal Bureau voor de Statistiek), 2012. Bodemgebruik, wijk-en buurtcijfers 2012 
[Internet]. Hague: CBS [updated 2016 Mar 3; cited 2019 May 17]. Available from: 
https://data.overheid.nl/data/dataset/cbs-bodemgebruik-wijk–en-buurtcijfers-2012. 

CBS (Centraal Bureau voor de Statistiek), 2014a. Kerncijfers wijken en buurten 2014 [Key 
figures neighborhoods in 2014] [Internet].  Hauge: CBS [citied 2019 May 17]. 
Available from.  https://data.overheid.nl/data/dataset/cbs-kerncijfers-wijken-en- 
buurten-2014. 

CBS (Centraal Bureau voor de Statistiek), 2014b. Wijk-en Buurkaart 2014 [District and 
neighborhood map 2014].  Hauge: CBS [citied 2019 May 17]. Available from. 
https://www.cbs.nl/nl-nl/dossier/nederland-regionaal/geografische%20data/wijk- 
en-buurtkaart-2014. 

CBS (Centraal Bureau voor de Statistiek), 2015. Onderzoek verplaatsing in Nederland - 
OViN. CBS, DANS Hauge. 

CBS (Centraal Bureau voor de Statistiek), 2016b. Educational Attainment. Centraal CBS, 
Hauge Available from.  http://statline.cbs.nl/Statweb/selection/?DM=SLNL&PA= 
82275NED&VW=T Accessed 16 Feb 2016. 

Cervero, R., Kockelman, K., 1997. Travel demand and the 3Ds: density, diversity, and 
design. Transp. Res. Part D: Transp. Environ. 2 (3), 199–219. 

Daniels, R., Mulley, C., 2013. Explaining walking distance to public transport: the dom
inance of public transport supply. J. Transport Land Use 6 (2), 5–20. 

Djurhuus, S., Hansen, H., Aadahl, M., Glümer, C., 2014. The association between access to 
public transportation and self-reported active commuting. Int. J. Environ. Res. Public 
Health 11 (12), 12632–12651. 

Ewing, R., Cervero, R., 2001. Travel and the built environment: a synthesis. Transport. 
Res. Record: J. Transport. Res. Board 1780, 87–114. 

Ewing, R., Cervero, R., 2010. Travel and the built environment: a meta-analysis. J. Am. 
Plan. Assoc. 76 (3), 265–294. 

Fishman, E., Böcker, L., Helbich, M., 2015. Adult active transport in the Netherlands: an 
analysis of its contribution to physical activity requirements. PLoS One 10 (4), 1–14. 

Frank, L.D., Mayaud, J., Hong, A., Fisher, P., Kershaw, S., 2019. Unmet demand for 
walkable transit-oriented neighborhoods in a midsized Canadian community: market 
and planning implications. J. Plan. Educ. Res. 1–17. 

Freedman, D., Pisani, R., Purves, R., Adhikari, A., 1991. Statistics, 2nd edn. Norton, New 
York. 

Gao, J., Kamphuis, C.B., Dijst, M., Helbich, M., 2018. The role of the natural and built 
environment in cycling duration in the Netherlands. Int. J. Behav. Nutr. Phys. Act. 15 
(1), 82. 

Giles-Corti, B., Bull, F., Knuiman, M., McCormack, G., Van Niel, K., Timperio, A., 
Christian, H., Foster, S., Divitini, M., Middleton, N., Boruff, B., 2013. The influence of 
urban design on neighbourhood walking following residential relocation: long
itudinal results from the RESIDE study. Soc. Sci. Med. 77, 20–30. 

Gim, T.-H.T., 2018. SEM application to the household travel survey on weekends versus 
weekdays: the case of Seoul, South Korea. Eur. Transp. Res. Rev. 10 (1), 11. 

Handy, S.L., Boarnet, M.G., Ewing, R., Killingsworth, R.E., 2002. How the built en
vironment affects physical activity: views from urban planning. Am. J. Prev. Med. 23 
(2 SUPPL. 1), 64–73. 

Hazeu, G., Schuiling, C., Van Dorland, G., Roerink, H.S.D., Gijsbertse, H., 2014. Landelijk 
Grondgebruiksbestand Nederland versie 7 (LGN7): vervaardiging, nauwkeurigheid 
en gebruik.  (Alterra). 

Heinen, E., Van Wee, B., Maat, K., 2010. Commuting by bicycle: an overview of the 
literature. Transp. Rev. 30 (1), 59–96. 

Helbich, M., Böcker, L., Dijst, M., 2014. Geographic heterogeneity in cycling under var
ious weather conditions: evidence from greater Rotterdam. J. Transp. Geogr. 38, 
38–47. 

Hirsch, J.A., Moore, K.A., Clarke, P.J., Rodriguez, D.A., Evenson, K.R., Brines, S.J., 
Zagorski, M.A., Diez Roux, A.V., 2014. Changes in the built environment and changes 
in the amount of walking over time: longitudinal results from the multi-ethnic study 
of atherosclerosis. Am. J. Epidemiol. 180 (8), 799–809. 

Ho, C., Mulley, C., 2013. Tour-based mode choice of joint household travel patterns on 
weekend and weekday. Transportation 40 (4), 789–811. 

Huang, H.-C., 1999. Estimation of the SUR Tobit model via the MCECM algorithm. Econ. 
Lett. 64 (1), 25–30. 

Kadaster, 2012. Top 10NL, [Internet]. Centraal Bureau voor de Statistiek, Hauge. 
Kang, B., Moudon, A.V., Hurvitz, P.M., Saelens, B.E., 2017. Differences in behavior, time, 

location, and built environment between objectively measured utilitarian and re
creational walking. Transp. Res. Part D: Transp. Environ. 57, 185–194. 

KiM, 2010. Public Transport in the Netherlands. In: Ministry of Transport, Public Works 
and Water Management, Den Haag, Netherlands. 

KNMI, 2017. Publically Available Weather Records. 
Kuo, F.E., Sullivan, W.C., 2001. Environment and crime in the inner city: does vegetation 

reduce crime? Environ. Behav. 33 (3), 343–367. 
Lachapelle, U., Noland, R.B., 2012. Does the commute mode affect the frequency of 

walking behavior? The public transit link. Transp. Policy 21, 26–36. 
Lachapelle, U., Pinto, D.G., 2016. Longer or more frequent walks: examining the re

lationship between transit use and active transportation in Canada. J. Transp. Health 
3 (2), 173–180. 

Lachapelle, U., Frank, L., Saelens, B.E., Sallis, J.F., Conway, T.L., 2011. Commuting by 
public transit and physical activity: where you live, where you work, and how you get 
there. J. Phys. Act. Health 8 (s1), S72–S82. 

Lee, C., Moudon, A.V., 2006. Correlates of walking for transportation or recreation pur
poses. J. Phys. Act. Health 3 (s1), S77–S98. 

Liu, C., Susilo, Y.O., Karlström, A., 2015. The influence of weather characteristics 
variability on individual’s travel mode choice in different seasons and regions in 
Sweden. Transp. Policy 41, 147–158. 

Lovasi, G.S., Moudon, A.V., Pearson, A.L., Hurvitz, P.M., Larson, E.B., Siscovick, D.S., 
Berke, E.M., Lumley, T., Psaty, B.M., 2008. Using built environment characteristics to 
predict walking for exercise. Int. J. Health Geogr. 7 (1), 10. 

McCormack, G.R., Friedenreich, C., Sandalack, B.A., Giles-Corti, B., Doyle-Baker, P.K., 
Shiell, A., 2012. The relationship between cluster-analysis derived walkability and 
local recreational and transportation walking among Canadian adults. Health Place 
18 (5), 1079–1087. 

Menai, M., Charreire, H., Feuillet, T., Salze, P., Weber, C., Enaux, C., Andreeva, V.A., 
Hercberg, S., Nazare, J.-A., Perchoux, C., 2015. Walking and cycling for commuting, 
leisure and errands: relations with individual characteristics and leisure-time physical 
activity in a cross-sectional survey (the ACTI-Cités project). Int. J. Behav. Nutr. Phys. 
Act. 12 (1), 150. 

Murray, A.T., Wu, X., 2003. Accessibility tradeoffs in public transit planning. J. Geogr. 
Syst. 5 (1), 93–107. 

Panter, J.R., Jones, A., 2010. Attitudes and the environment as determinants of active 
travel in adults: what do and don’t we know? J. Phys. Act. Health 7 (4), 551–561. 

Perchoux, C., Brondeel, R., Wasfi, R., Klein, O., Caruso, G., Vallée, J., Klein, S., Thierry, B., 
Dijst, M., Chaix, B., 2019. Walking, trip purpose, and exposure to multiple 

J. Gao, et al.   Journal of Transport Geography 88 (2020) 102860

8

https://doi.org/10.1016/j.jtrangeo.2020.102860
https://doi.org/10.1016/j.jtrangeo.2020.102860
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0005
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0005
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0005
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0010
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0010
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0010
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0010
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0015
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0015
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0015
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0020
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0020
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0020
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0025
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0025
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0025
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0025
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0030
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0030
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0030
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0030
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0035
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0035
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0040
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0040
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0040
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0040
https://data.overheid.nl/data/dataset/cbs-bodemgebruik-wijk--en-buurtcijfers-2012
https://data.overheid.nl/data/dataset/cbs-kerncijfers-wijken-en-buurten-2014
https://data.overheid.nl/data/dataset/cbs-kerncijfers-wijken-en-buurten-2014
https://www.cbs.nl/nl-nl/dossier/nederland-regionaal/geografische%20data/wijk-en-buurtkaart-2014
https://www.cbs.nl/nl-nl/dossier/nederland-regionaal/geografische%20data/wijk-en-buurtkaart-2014
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0055
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0055
http://statline.cbs.nl/Statweb/selection/?DM=SLNL&PA=82275NED&VW=T
http://statline.cbs.nl/Statweb/selection/?DM=SLNL&PA=82275NED&VW=T
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0070
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0070
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0075
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0075
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0080
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0080
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0080
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0085
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0085
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0090
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0090
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0095
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0095
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0100
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0100
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0100
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0105
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0105
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0110
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0110
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0110
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0115
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0115
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0115
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0115
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0120
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0120
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0125
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0125
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0125
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0130
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0130
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0130
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0135
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0135
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0140
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0140
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0140
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0145
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0145
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0145
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0145
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0150
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0150
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0155
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0155
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0160
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0165
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0165
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0165
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0170
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0170
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0175
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0180
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0180
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0185
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0185
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0190
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0190
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0190
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0195
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0195
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0195
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0200
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0200
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0205
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0205
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0205
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0210
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0210
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0210
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0215
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0215
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0215
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0215
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0220
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0220
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0220
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0220
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0220
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0225
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0225
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0230
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0230
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0235
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0235


environments: a case study of older adults in Luxembourg. J. Transp. Health 13, 
170–184. 

Pikora, T.J., Giles-Corti, B., Knuiman, M.W., Bull, F.C., Jamrozik, K., Donovan, R.J., 2006. 
Neighborhood environmental factors correlated with walking near home: using 
SPACES. Med. Sci. Sports Exerc. 38 (4), 708–714. 

Saelens, B.E., Handy, S.L., 2008. Built environment correlates of walking: a review. Med. 
Sci. Sports Exerc. 40 (7 Suppl), S550. 

Sallis, J.F., Owen, N., Fisher, E., 2015. Ecological models of health behavior. In: Health 
Behavior: Theory, Research, and Practice, 5th ed. Jossey-Bass, San Francisco, pp. 
43–64. 

Shelat, S., Huisman, R., van Oort, N., 2018. Analysing the trip and user characteristics of 
the combined bicycle and transit mode. Res. Transp. Econ. 69, 68–76. 

Smith, M., Hosking, J., Woodward, A., Witten, K., MacMillan, A., Field, A., Baas, P., 
Mackie, H., 2017. Systematic literature review of built environment effects on phy
sical activity and active transport–an update and new findings on health equity. Int. 
J. Behav. Nutr. Phys. Act. 14 (1), 158. 

StataCorp, L., 2018. Sata: Release 15.1, Statistical Software. StataCorp LLC, College 
Station, TX. 

Sugiyama, T., Neuhaus, M., Cole, R., Giles-Corti, B., Owen, N., 2012. Destination and 
route attributes associated with adults’ walking: a review. Med. Sci. Sports Exerc. 44 
(7), 1275–1286. 

Tucker, P., Gilliland, J., 2007. The effect of season and weather on physical activity: a 
systematic review. Public Health 121 (12), 909–922. 

Turrell, G., Hewitt, B., Haynes, M., Nathan, A., Giles-Corti, B., 2014. Change in walking 
for transport: a longitudinal study of the influence of neighbourhood disadvantage 
and individual-level socioeconomic position in mid-aged adults. Int. J. Behav. Nutr. 
Phys. Act. 11 (1). 

Vale, D.S., Saraiva, M., Pereira, M., 2016. Active accessibility: a review of operational 
measures of walking and cycling accessibility. J. Transport Land Use 9 (1), 209–235. 

Van Holle, V., Deforche, B., Van Cauwenberg, J., Goubert, L., Maes, L., Van de Weghe, N., 
De Bourdeaudhuij, I., 2012. Relationship between the physical environment and 
different domains of physical activity in European adults: a systematic review. BMC 
Public Health 12 (1), 807. 

Villanueva, K., Knuiman, M., Nathan, A., Giles-Corti, B., Christian, H., Foster, S., Bull, F., 
2014. The impact of neighborhood walkability on walking: does it differ across adult 
life stage and does neighborhood buffer size matter? Health Place 25, 43–46. 

Wasfi, R.A., Ross, N.A., El-Geneidy, A.M., 2013. Achieving recommended daily physical 
activity levels through commuting by public transportation: unpacking individual 
and contextual influences. Health Place 23, 18–25. 

Wasfi, R.A., Dasgupta, K., Eluru, N., Ross, N.A., 2016. Exposure to walkable neighbour
hoods in urban areas increases utilitarian walking: longitudinal study of Canadians. J. 
Transp. Health 3 (4), 440–447. 

Waygood, E.O.D., Sun, Y., Laurence, L., 2015. Active travel by built environment and 
lifecycle stage: case study of Osaka metropolitan area. Int. J. Environ. Res. Public 
Health 12 (12), 15900–15924. 

Wong, B.Y.-M., Faulkner, G., Buliung, R., 2011. GIS measured environmental correlates of 
active school transport: a systematic review of 14 studies. Int. J. Behav. Nutr. Phys. 
Act. 8 (1), 39. 

Xiao, C., Goryakin, Y., Cecchini, M., 2019. Physical activity levels and new public transit: 
a systematic review and meta-analysis. Am. J. Prev. Med. 56 (3), 464–473. 

Yang, Y., 2015. Interactions between psychological and environmental characteristics and 
their impacts on walking. J. Transp. Health 2 (2), 195–198. 

Yang, L., Shen, Q., Li, Z., 2016. Comparing travel mode and trip chain choices between 
holidays and weekdays. Transp. Res. A Policy Pract. 91, 273–285. 

Zhang, H., Kuuluvainen, J., Yang, H., Xie, Y., Liu, C., 2017. The effect of off-farm em
ployment on forestland transfers in China: a simultaneous-equation Tobit model es
timation. Sustainability 9 (9), 1645.  

J. Gao, et al.   Journal of Transport Geography 88 (2020) 102860

9

http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0235
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0235
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0240
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0240
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0240
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0245
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0245
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0250
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0250
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0250
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0255
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0255
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0260
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0260
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0260
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0260
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0265
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0265
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0270
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0270
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0270
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0275
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0275
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0280
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0280
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0280
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0280
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0285
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0285
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0290
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0290
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0290
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0290
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0295
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0295
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0295
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0300
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0300
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0300
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0305
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0305
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0305
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0310
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0310
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0310
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0315
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0315
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0315
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0320
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0320
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0325
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0325
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0330
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0330
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0335
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0335
http://refhub.elsevier.com/S0966-6923(20)30255-6/rf0335

	What is ‘neighborhood walkability’? How the built environment differently correlates with walking for different purposes and with walking on weekdays and weekends
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Data
	2.2.1 Walking duration
	2.2.2 Built environment variables
	2.2.3 Natural environment and weather variables
	2.2.4 Individual and household characteristics

	2.3 Statistical analyses

	3 Results
	3.1 Descriptive statistics
	3.2 Regression model results

	4 Discussion
	4.1 Main findings
	4.2 The built and natural environment
	4.3 Strengths and limitations

	5 Conclusions
	Author statement
	Declaration of Competing Interest
	Acknowledgement
	mk:H1_22
	Appendix A Supplementary data
	References




