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A B S T R A C T

The transportation impacts of an increasingly urban population have led planners and policy makers to consider
ways to encourage the use of active travel in urban areas. Active travel is attractive from a planning perspective
because its environmental impact is considerably lower than the alternatives, and in addition is known to have a
number of population health and social benefits. Not surprisingly, there has been a growth in interest in the
factors associated with the use of active modes of transportation. The objective of this study is to investigate the
individual (demographic and socio-economic) and contextual (geography and land use type) factors that cor-
relate with the propensity to travel by active modes in Vitoria-Gasteiz. This is a medium sized city in the north of
Spain, and a case study that has hitherto not been reported. Data obtained from a household travel survey (HTS)
conducted in 2014 allow us to estimate a multinomial logit model of the propensity to travel by different modes
of transportation. Furthermore, since the data are geocoded, we can estimate a model with spatially-varying
coefficients to assess the geographical variations in the probability to use active modes. The results of the study
provide valuable information concerning differences in active travel by gender and age, including significant and
quite substantial variations by location. In addition, the effect of different urban fabrics indicates the relevance
of density and mix of uses for active travel. In this way, the present research helps to increase our global
knowledge-base regarding active travel in a medium-sized city.

1. Introduction

The size of the world's urban population continues to increase.
According to the United Nations (2014) 54% of the world population is
now urban, and the forecast is that this percentage will reach 60% by
2050. This percentage is even higher for countries with developed
economies. The rate of urbanization presents challenges to urban
planners, who are tasked with helping to manage this growth in a
sustainable way – with transport planning playing a crucial part to
achieve this objective. In recent years, this challenge has also presented
renewed opportunities for implementing transport policies to support
and promote active transport modes, namely walking and cycling.

The benefits of active travel for urban sustainability and population
health are well documented in the literature. Active mobility, for in-
stance, reduces motor vehicle use along with its negative impacts in
terms of air pollution, needs for space, and traffic congestion

(Christiansen et al., 2016; Kim and Macdonald, 2016). Active modes do
not contribute to greenhouse emissions, noise, or contamination, and
do not rely extensively on non-renewable resources. As such, active
forms of travel are the only truly sustainable transportation modes.
Furthermore, active modes are accessible to the majority of the popu-
lation, regardless of their income level (Pucher and Buehler, 2008;
International Transport Forum, 2012), and walking in particular is re-
commended as a suitable form of transportation for people of all ages
(US Department of Health and Human Services and others, 2008).
Walking, in fact, is a fundamental mode in inter-modal travel chains,
since every trip begins and ends by walking, and it is also an important
source of accessibility on its own right (Litman, 2003). Walking and
cycling for transportation can also contribute to daily physical activity
(Moniruzzaman et al., 2014; De Hartog et al., 2010), and therefore can
also yield important health benefits by helping to reduce the risk of
diseases such as cardiovascular disease, diabetes, some cancers, and
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depression (World Health Organization, 2017).
In addition to the individual and environmental advantages af-

forded by walking, this mode is also positive for well-being and social
cohesion, since it increases the opportunities for social interaction and
permits engagement with local opportunities (Gatrell, 2013; Zhu et al.,
2014; Grannis, 2009). As a consequence, walkable environments are
associated with sense of community (Whalen et al., 2012). Whereas
walking has the potential to substitute some motorized trips (e.g.,
Morency et al., 2007) the reality is that it has a more limited range.
Cycling, in contrast, is a feasible alternative to larger number of mo-
torized trips, and has the advantage of having much lower direct and
indirect costs in terms of public infrastructure and space use relative to
other road-based modes (Pucher and Buehler, 2008; Lois, Moriano, and
Rondinella, 2015).

Given the many potential benefits of active travel for urban en-
vironments and population health, it is not surprising that under-
standing the factors that encourage or deter active travel have attracted
considerable attention in recent years. For example, age and gender are
variables frequently used to explain travel behavior in different con-
texts. Previous studies have found that mobility tends to be lower
among younger and older people compared to other groups (Paez et al.,
2007; Mercado and Paez, 2009; Schmocker et al., 2008), and that se-
niors travel less, use transit and walk more, and use the car less (Bocker
et al., 2017; Tilley and Houston, 2016; Kim and Ulfarsson, 2004).
Gender differences are also observed in previous studies, which report
that women are more reliant on slower modes, such as walking and
transit (Best and Lanzendorf, 2005).

Socioeconomic status has been shown to be influential in the use of
different modes of transport. For instance, Simons et al. (2017) report
differences in mode use in 3 groups of young adults with different oc-
cupations, taking into account their gender and living environment.
Among other findings, they report that secondary-school students were
more likely to cycle, young adult students were more likely to walk and
use public transport, and working young adults were more likely to use
a car. They also found that urban young adults were more likely to walk
compared to those living in rural areas. Student and working young
adults in urban areas were more likely to cycle than those from rural
areas. Goodman, Anna (2013), investigated the implications of socio-
economic patterns in different modes in England and Wales, among
other findings, the study confirmed that active mobility increases more
rapidly in socio-economically advantaged groups, which may rise to
inequalities with respect to health results.

The use of different modes is also influenced by urban configura-
tion, structure and geographical context. Concentration of urban land
uses in monocentric cities encourages cycling, walking and the use of
public transport, while dispersion of urban land uses encourages
driving (Schwanen et al., 2001). Investigations in Nordic cities have
reported that those living in the outer or less dense parts of the city
travel by motorized means of transportation, compared to those living
in central parts (Naess, 2012). Recently (Steinmetz-Wood and Kestens,
2015) found interactions between socioeconomic status and the re-
lationship between active travel and built environment measures
(density of business and service destinations, connectivity and land-use
mix). Potoglou and Arslangulova (2017) examined the factors that in-
fluence active travel to school. They demonstrated that environmental
factors - distance to school and level of urbanization - together with
other personal and household characteristics, were associated with
active travel of children in wales. Living within one mile from school
and residing in an urban area were positively associated with active
travel.

Previous studies that examined the factors that correlate with active
travel have a number of limitations. As reported by (Mackenbach et al.,
2016), studies on active travel and urban configuration frequently focus
on the characteristics of residential areas (Kerr et al., 2013; Saelens
et al., 2003). Other areas, such as industrial fabrics, are also important
in travel behavior, especially for commuter trips. The characteristics at

the start of non-home-based trips are relevant. The influence of urban
form in travel behavior at the city scale has often found to be sig-
nificant. Despite this, although it is widely accepted in the literature
that urban structure is relevant in travel behavior in large metropolitan
areas (Ewing and Cervero, 2010; Naess et al., 2017; Stevens, 2017),
smaller cities are not well represented in the literature (Naess and
Jensen, 2004; Wolday, 2018). Research on active travel in small and
medium-sized cities is of interest. The number of motorized trips that
could potentially be transferred to active modes in these cities could be
higher, since trips in general are likely to be shorter - and, as a con-
sequence, in the range of distance that can be walked or cycled
(Morency et al., 2014; Delso et al., 2018). Furthermore, the above-
mentioned works on active modes that use socio-demographic and
urban configuration variables to better understand the propensity to
travel by active modes do not consider their variation by location. The
analysis of variability by location make it make possible to obtain maps
of geographical trends that help to understand travel behavior in the
city (Roorda et al., 2010; Morency et al., 2011; Moniruzzaman et al.,
2013).

The objective of this paper is to investigate the factors that influence
mode use in Vitoria-Gasteiz. This is a medium-sized city with a popu-
lation of approximately 250,000 people in the north of Spain. Geocoded
data from a mobility survey conducted in 2014 provides micro-data on,
among other items, mode of travel. Estimation of a multinomial model
allows us to estimate the probability of traveling by different modes of
transportation, with a particular focus on active travel. The propensity
of travel by mode in this analysis is a function of individual socio-
economic and demographic attributes. In addition, we examine the role
of urban configuration and geographical context. The results of the
study provide valuable information concerning active travel by gender
and across the age span. In addition, the effect of different urban fabrics
indicates the relevance of density and mix of uses for active travel. In
this way, the present research helps to increase our global knowledge-
base regarding active travel in a medium-sized city.

The paper is structured as follows. The current Section 1 includes
the introduction and objectives, Section 2 describes the Vitoria-Gasteiz
case study, the data used, and the modeling approach adopted. Section
3 details the obtained results and their discussion. Finally, Section 4
provides concluding remarks and pointers to future research topics.

2. Data and methods

2.1. Context

The present research is based on the city of Vitoria-Gasteiz, a
medium-sized population center with a population of 247,820 in-
habitants (Ayuntamiento de Vitoria-Gasteiz, 2016). The city is located
in Alava province, in northern Spain, and is characterized by gentle
orography and moderately cold continental climate. Local authorities
have striven to implement sustainable transportation policies for over a
decade, as articulated in the Mobility and Public Space Plan and in the
Cycling Mobility Transport Plan (Muñoz and Rondinella, 2017). Among
the policies considered in these plans and implemented by the city,
there are traffic regulations that consider active transport modes to-
gether with cars and public transportation, in addition to measures to
increase pedestrian spaces in the city, the promotion of cycling, pro-
gressive use of parking fees, and camera-controlled access to the city
center. The result is that walking and cycling in Vitoria-Gasteiz have
grown substantially over the past few years, with the shares of cycling
and walking trips now being among the highest of European medium-
sized cities (Muñoz, 2016).

Vitoria-Gasteiz is the capital of the Basque Country Region (Spain)
and has evolved from an intensive industrial economic model towards a
mixed economy with greater presence of the service sector. As seen in
Fig. 1, there is a variety of land uses in the city, with three industrial
areas concentrated in the west, north east and south of the city, and a
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land-use mix of commercial and residential zones, parks and open
spaces in the rest of the city (Ayuntamiento de Vitoria-Gasteiz, 2011).
The classification of urban fabric (i.e., land use types) is shown in Fig. 1.
The source for the urban fabric types is the work of Rondinella (2015),
who in turn based it on the typology commissioned by the City Council
and developed by the Agencia de EcologÃa Urbana de Barcelona
(Agencia de Ecología Urbana de Barcelona, 2010). As such, it is the tool
used by the city for developing policy regarding land use and trans-
portation.

The urban fabrics were edited for geospatial analysis using ArcMap
10.3.1 (ESRI, 2015) and their characteristics are shown in Table 1,
including their typical population density and intensity of the built
surface as measured by the floor-area ratio (see Rondinella, 2015).
Examples of typical configurations of the different land use types are
shown in Fig. 2.

Like many European cities, one of the main characteristics of the
built environment in Vitoria-Gasteiz is its compactness, and there is a
clear separation between urban uses and rural uses in the countryside.
The spatial configuration of the city is such that around 32% of the
population lives within 1000m from the core of the city center, 74%
within 2000m, and 96% within 3000m (Rondinella, 2015).

2.2. Description of the data

The source of data for this research is the Vitoria-Gasteiz Household
Travel Survey (HTS), a one-day travel survey conducted on a weekday
during the spring and autumn of 2014 in the region. The survey was
telephone-based and asked participants about their trips in the pre-
ceding day- with interviews conducted from Tuesdays to Fridays. To be
eligible to participate in the survey, respondents had to be at least
9 years old. The random sampling design of the survey was stratified by
transport zone (40 zones), age group (5 groups), and gender. In addi-
tion, sampling weights were calculated to reach stratum quotas, and in
this way, the weighted sample is representative of the population. The
data collection exercise is documented in full in Muñoz (2016).

The total sample for the survey is 4192 individuals who, with the
sample weights, represent a population of 218,515 individuals 9 years
or older in Vitoria-Gasteiz. The total number of trips captured by the
survey (population weighted) is 911,326, which represents an average
of 4.3 trips per person per day. The rate of immobility, on the other
hand, is 3.3%, meaning that approximately 7211 individuals did not
make any trips in the preceding day.

The preponderance of travel by different modes in the region under
study is summarized in Table 2. The modeling to follow is based on the

Fig. 1. Typology of urban land uses in Vitoria-Gasteiz.
(Source: Rondinella, 2015).

Table 1
Land use typology.
Source: Rondinella (2015).

Land use type Density Floor-Area Ratio Land use mix

Central > 150 households/ha > 1.5 Mixed
Medium Type 60 to 150 households/ha 1 to 1.5 Mainly residential, some commercial
Residential < 60 households/ha < 1 Almost exclusively residential, some basic commercial
New Urban Sector 48 to 70 households/ha Variable Variable, from residential to highly mixed
Industrial N/A N/A Industrial
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five most frequent modes, specifically two active modes (walking and
cycling) and three motorized modes (car as driver, car as passenger, and
bus). Together, these five modes account for 95% of all trips. Modes not
considered for the analysis due to their small frequency are taxi, mo-
torbike, and other individual (e.g., van) or collective (institutional bus)

modes.

2.3. Variables

The dependent variable in the analysis is the mode of transport
registered for each trip in the HTS. As noted above, two active modes
and three motorized modes are considered. The independent variables,
on the other hand, describe socio-economic and demographic attributes
of the individual, concretely age, gender, and occupation, as well as the
urban land use type at the point of origin of the trip. The independent
variables were selected based on a scan of the literature (as outlined in
the introductory section).

The sources for the data are as follows. Age, gender, occupation, and
population weights were extracted directly from the HTS survey. All
trip origins were geocoded based on the addresses reported in the HTS

Fig. 2. Examples of typical land use configurations.

Table 2
Mode distribution in the HTS survey sample.

Mode Trips (sample) Weighted trips (population)

Walking 9925 494,987
Bicycle 2165 110,635
Car-Driver 2972 173,039
Car-Passenger 531 28,843
Bus 820 40,600
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survey. Geocoding was conducted using a Python client for Google
Maps Services (GitHub Contributors, 2018). The coordinates of the trip
origins enter the analysis in two ways: first, they help us to situate the
trip origin within the context of a specific urban fabric, and also are
used as independent variables to obtain spatially-varying coefficients.

2.4. Modeling approach

The canonical modeling approach for a variable such as mode of
travel is the multinomial logit model. When individual-level attributes
are available, as in the present case, the model is of the probability of a
certain outcome corresponding to one of K possible states.

The multinomial logit model can be obtained by defining a set of
binary logistic regressions, in the form of the log of the ratio of odds
with respect to a reference outcome (say K), as follows:
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Each equation above is simply a binary logistic regression with re-
spect to outcome K. Importantly, each regression k has its own set of
coefficients βk. Furthermore, since the sum of all probabilities must be
1, it follows that:
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Given P(Yi= k), the probability for outcome k≠ K is obtained as
follows:
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The availability of detailed geocoding in the form of the coordinates
allows us to obtain spatially-varying coefficients by means of the spatial
expansion method of Casetti (1972). The expansion method is a simple
and intuitive strategy to generate models that allow an analyst to infer
systematic spatial trends, and to identify person-location variations.

Implementation of the expansion method is as follows: first, an in-
itial model is posited that contains substantive knowledge about the
process of interest. Secondly, some or all of the coefficients in the initial
model are expanded as a function of contextual variables. In the case of
spatial expansions, the contextual variables are often the coordinates of
the observations, and the function a polynomial of a certain order (e.g.
linear, quadratic, cubic). Finally, the expanded coefficients are in-
troduced in the terminal model.

Consider the k-th equation in the ensemble of regressions that un-
derlie the multinomial logit model:
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Based on this equation, take an arbitrary coefficient, say βk, j, for
expansion as a function of the coordinates (uj,vj) at location j:

=β β u v( , )k j k j j j, ,

The spatial expansion that we consider below is a combination of a
quadratic trend surface and distance to the central business district
(CBD) of the city, as follows:
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By spatially expanding some (or all) coefficients in a model, it is
possible to obtain response surfaces that capture geographical trends in
the outcome. For instance, Fig. 2 shows an example of the kind of
surface that results from using the expansion above. This kind of surface
has been employed to represent geographical variations in travel be-
havior research by Roorda et al. (2010) for trip generation analysis,
Morency et al. (2011) for trip length analysis, and Moniruzzaman et al.
(2013) for joint mode use and trip length analysis (Fig. 3).

Since the coefficients are spatially-varying, it follows that for a
given value of the substantive attribute (say Age), the probability of
using a mode is not necessarily a constant, but rather could vary geo-
graphically. The usual diagnostics of the coefficients (i.e., t-scores or p-
values) are used to decide whether the components of the spatial ex-
pansion are significant or not.

3. Results and discussion

The result of estimating the regression model for travel by mode in
Vitoria Gasteiz are presented in Table 3. As seen there, the variables
Age (and Age2, the square of age), Female, and those related to occu-
pational status were expanded using the coordinates of the trip origin
and the distance to the city center using a 2nd order polynomial
function. Additionally, indicator variables to describes the type of land
use were included in the model. With only two exceptions (the ex-
pansion of Age2 with distance to CBD for bicycle and bus), all variables
achieve significance at conventional levels of confidence or better.

The goodness of fit of the model is assessed using McFadden's
pseudo− ρ2, which relates the likelihood value of the full model to the
likelihood value of the null model (i.e., a model with no predictors).
The model reported a pseudo− R2 of 0.16.

With respect to mode of travel and land use, it is worthwhile noting
that the mode of reference is walking, and the reference land use is the
central fabric. With this in mind, it is possible to see that the probability
of traveling by modes other than walking is higher in every single land
type beyond the central fabric. In particular, we see that trips that begin
in any of the Industrial fabrics have a significantly higher probability of
being by car, especially as passenger. It is also interesting to see that
New Urban fabrics are very similar to Rural in terms of the way they
associate with travel by car, even if the probability of traveling by bi-
cycle is higher in Rural regions. As seen in Table 1, New Urban fabrics
tend to have lower density and are more heterogeneous than the Cen-
tral, Residential, and Medium Type fabrics. Instead, Medium and

Fig. 3. Example of a spatially-varying coefficient using a quadratic polynomial
and distance to CBD.
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Residential fabrics seem to be somewhat more supportive of active
travel, as seen from their relatively smaller coefficients for travel by
auto.

Next, we map the variations in the propensity to travel according to
attributes that were spatially expanded. This is the most effective way
of understanding how these attributes influence travel by the various
modes. To do this, we create the profiles shown in Table 4. Based on
these profiles, we can use the model to estimate the probabilities of
traveling by different modes. The results of this exercise appear in
Fig. 4. The labels in the figure indicate the age, gender, and mode of
travel. Every profile corresponds to employed people, we have not

Table 3
Multinomial logit model with spatially expanded coefficients.

Bicycle Car Driver Car Passenger Bus

Variable Coefficient Coefficient Coefficient Coefficient

Constant 0.257213 ⁎ −3.808721 ⁎ 0.493503 ⁎ −0.021052 ⁎
Age 59.017087 ⁎ 568.236398 ⁎ −101.073373 ⁎ −316.625246 ⁎
x Lat2 11.589239 ⁎ 11.188550 ⁎ −5.637576 ⁎ −0.601333 ⁎
x Lat −536.871624 ⁎ −594.027578 ⁎ 214.469920 ⁎ 22.950915 ⁎
x Lat x Lon 173.913734 ⁎ 145.544569 ⁎ −98.090232 ⁎ −11.099466 ⁎
x Lon −8693.940767 ⁎ −9469.761726 ⁎ 3252.415166 ⁎ 144.064206 ⁎
x Lon2 −231.371066 ⁎ −601.762340 ⁎ −179.308305 ⁎ −62.989885 ⁎
x Dist CBD 0.002477 ⁎ 0.006579 ⁎ 0.008908 ⁎ 0.002738 ⁎
Age2 0.208035 ⁎ 3714.784113 ⁎ −363.325975 ⁎ −2003.999087 ⁎
x Lat2 −2.347550 ⁎ −0.849390 ⁎ 0.189431 ⁎ −2.786547 ⁎
x Lat 103.064479 ⁎ −39.378501 ⁎ 4.538822 ⁎ 168.252798 ⁎
x Lat x Lon −36.871129 ⁎ −42.864733 ⁎ 7.723402 ⁎ −26.137624 ⁎
x Lon 1659.119484 ⁎ 2185.364039 ⁎ −196.909428 ⁎ 1188.182729 ⁎
x Lon2 14.771851 ⁎ 64.926867 ⁎ 25.122612 ⁎ 13.036327 ⁎
x Dist CBD 0.000010 −0.000457 ⁎ −0.001100 ⁎ −0.000002
Female −9.721566 ⁎ 162.024196 ⁎ −48.293046 ⁎ −26.375143 ⁎
x Lat2 −0.198935 ⁎ 15.981126 ⁎ −6.143946 ⁎ 1.910431 ⁎
x Lat 48.681273 ⁎ −670.854034 ⁎ 308.655623 ⁎ −91.423342 ⁎
x Lat x Lon 9.356500 ⁎ 255.180091 ⁎ −73.392126 ⁎ 26.987261 ⁎
x Lon 872.980191 ⁎ −10,370.072817 ⁎ 4561.984258 ⁎ −1498.550403 ⁎
x Lon2 237.203508 ⁎ 104.970553 ⁎ 264.653753 ⁎ −67.083967 ⁎
x Dist CBD 0.001757 ⁎ −0.002988 ⁎ −0.000971 ⁎ 0.002325 ⁎
Employed 44.802075 ⁎ −1.800939 ⁎ −19.824993 ⁎ −11.172276 ⁎
x Lat2 3.604717 ⁎ 7.639156 ⁎ 2.170157 ⁎ −1.426194 ⁎
x Lat −84.965063 ⁎ −142.522426 ⁎ −93.548643 ⁎ 81.958002 ⁎
x Lat x Lon 78.960167 ⁎ 178.347825 ⁎ 28.575083 ⁎ −10.861506 ⁎
x Lon −1128.403858 ⁎ −1760.604444 ⁎ −1231.441837 ⁎ 1121.136706 ⁎
x Lon2 420.621386 ⁎ 1092.557498 ⁎ 3.685472 ⁎ 122.044349 ⁎
x Dist CBD −0.009015 ⁎ −0.007930 ⁎ −0.012930 ⁎ −0.018221 ⁎
Unemployed −10.240727 ⁎ −31.238073 ⁎ −2.442526 ⁎ −9.653250 ⁎
x Lat2 4.343593 ⁎ 7.149145 ⁎ 0.556634 ⁎ −1.714387 ⁎
x Lat −196.678708 ⁎ −154.759240 ⁎ −59.847677 ⁎ 72.125433 ⁎
x Lat x Lon 68.523897 ⁎ 161.970249 ⁎ −8.509376 ⁎ −20.171492 ⁎
x Lon −3298.182441 ⁎ −2142.103964 ⁎ −763.940541 ⁎ 807.192994 ⁎
x Lon2 −70.725905 ⁎ 890.574693 ⁎ −205.865309 ⁎ −11.949255 ⁎
x Dist CBD 0.001372 ⁎ −0.003578 ⁎ −0.008548 ⁎ −0.011878 ⁎
Homemaker −11.624779 ⁎ 18.549815 ⁎ 21.836178 ⁎ −5.983425 ⁎
x Lat2 4.167724 ⁎ 2.522755 ⁎ 3.414515 ⁎ −4.523395 ⁎
x Lat 22.095877 ⁎ 28.906657 ⁎ −173.227404 ⁎ 48.581866 ⁎
x Lat x Lon 132.602514 ⁎ 78.815932 ⁎ 33.579698 ⁎ −121.891147 ⁎
x Lon 688.037444 ⁎ 1003.523820 ⁎ −2225.112856 ⁎ 526.762824 ⁎
x Lon2 1181.199706 ⁎ 814.844567 ⁎ −135.570616 ⁎ −884.967581 ⁎
x Dist CBD −0.012048 ⁎ −0.009279 ⁎ −0.012042 ⁎ −0.006867 ⁎
Retired −15.628043 ⁎ 98.313740 ⁎ −14.320662 ⁎ −27.890992 ⁎
x Lat2 1.082815 ⁎ 5.051318 ⁎ −4.240966 ⁎ 1.728547 ⁎
x Lat 78.584230 ⁎ −30.838246 ⁎ 127.141993 ⁎ −78.735567 ⁎
x Lat x Lon 51.274891 ⁎ 132.881761 ⁎ −105.473602 ⁎ 19.579988 ⁎
x Lon 1778.060953 ⁎ 287.852856 ⁎ 2809.470332 ⁎ −1036.428256 ⁎
x Lon2 739.820476 ⁎ 1111.281895 ⁎ −310.321838 ⁎ −41.751588 ⁎
x Dist CBD −0.015446 ⁎ −0.016307 ⁎ −0.002348 ⁎ −0.021710 ⁎
Land Use Type: Industrial 0.970141 ⁎ 1.649628 ⁎ 1.807279 ⁎ 0.707925 ⁎
Land Use Type: Medium 0.214288 ⁎ 0.295141 ⁎ 0.432478 ⁎ 0.135478 ⁎
Land Use Type: New Urban 0.000968 ⁎ 0.863843 ⁎ 1.264870 ⁎ 1.813088 ⁎
Land Use Type: Residential 0.534994 ⁎ 0.610086 ⁎ 0.484239 ⁎ 0.646945 ⁎
Land Use Type: Rural 0.172042 ⁎ 0.880376 ⁎ 1.569607 ⁎ 0.526331 ⁎

Note: Walking is the reference mode.
⁎ p < .05. p < .10.

Table 4
Profile for visualization of results.

Profile Gender Age Occupation

Profile 1 Female 20 Employed
Profile 2 Male 20 Employed
Profile 3 Female 60 Employed
Profile 4 Male 60 Employed
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distinguished levels of occupation in order to present a compact dis-
cussion of the results.

The figure contains the four profiles defined in the table (columns)
and represents the probability of mode use, for each mode considered in
this study (rows). Recall that the spatial expansion is based on the
origin of the trip, hence the probabilities in the figure correspond to the
probability of using a mode for a trip that begins at that location.

It can be seen in the figure that the probability of walking is gen-
erally high in the Central and Medium Fabrics near the CBD of Vitoria-
Gasteiz. This probability tends to decline with distance from the CBD,
and when transitioning to Residential Fabrics and New Urban Sectors.
With respect to age, we notice that the spatial variation of the prob-
ability of walking tends to be flatter when we examine the two younger
profiles (i.e., 20 years old). When we inspect the two senior profiles
(i.e., 60 years old), in contrast, the probability of walking appears to be
substantially higher, however, it also drops more rapidly outside of the
Central and Medium Fabrics near the CBD.

With respect to cycling, we see that although this mode is not as
probable as walking, it is still more probable in the two young profiles
compared to Profiles 3 and 4. Among younger travelers, cycling re-
mains relatively popular among females, whereas for the two 60-year-
old profiles there is evidence of only very small gender differences. The
probability of cycling by young women is moderately high in the
Central and Medium Fabrics, and also in the industrial region located in
the west of the city. The spatial variations, however, tend to be flatter,
perhaps because the probability of cycling tends to be relative lower
across the region.

Regarding travel as a driver of a car, the highest probabilities are
located outside of the Central Fabric. In the case of the young profiles,
the probability of driving is very high in the Industrial Fabrics, while in
the case of the 60-year-old profiles the probability of car use is very
high in every fabric outside of the Central Fabric. The probability of
using a car as passenger is high in the case of profiles 3 and 4 and more
marked in the more peripheral parts of the city, while in profiles 1 and
2 this probability remains low. The probability for bus use is low for
every profile and location, and only young men (profile 2) show slightly
higher probabilities for using public transport in New Urban sectors and
Residential fabrics located in the south, west and east of the city.

A more refined perspective of the differences in the use of active

modes of travel can be obtained from examining the odd-ratios of the
probabilities. Figs. 5 to 8 help to explain the particularities of active
mode use in Vitoria-Gasteiz for different demographic and spatial
profiles.

Fig. 5 plots the odd-ratios of the probabilities for walking of Profile
2 with respect to Profile 1 (young male and young female). According
to the results, young men are more likely than women to walk in the
Central and Medium Fabrics in the center of the city, and also in the
Residential Fabric but only in the east of the city center. However, for
trips that begin further away from the center, this trend is inverted, and
women are more likely to walk than men - although it is important to
note that in those regions the probability of walking is already rela-
tively low. Active travel by bicycle in young profiles shows a strikingly
different spatial trend. Fig. 6 plots the odd-ratios of bicycle, again
looking at Profiles 2 with respect to Profile 1 (young men and young
female). The results indicate that bicycle use by women is substantially
higher across the region. Locations closest to the CBD and the periphery
of the city (where Industrial and New Urban Development are common)
show a particularly high prevalence of bicycle use by women, which is
less pronounced in the belt that surrounds the Central Fabric, with the
presence of Medium and Residential Fabrics.

The comparison of the probability of use of active modes to driving
also leads to interesting spatial variations in Vitoria-Gasteiz. For ex-
ample, the ratio of odds for cycling and driving in young females
(Fig. 7) shows that in the Central Fabric, and in the Residential and
Medium Fabrics that surround it to the south, west and northwest,
women are up to 1.6 times more likely to cycle than to drive. However,
in the Industrial Fabrics, the New Urban Developments in the south and
west, and in the Residential Fabric in the east, the use of car prevails.
Walking is always highly more probable than driving for young men in
the whole city, as it is presented in Fig. 7, where the ratio of odds for
walking to driving is plotted using Profile 2 (young male).

4. Conclusions

The objective of this paper has been to investigate the factors that
influence the propensity to travel by active modes of transportation in
Vitoria-Gasteiz in Spain. The analysis was based on the application of
multinomial logistic regression. The availability of georeferenced

Fig. 4. Probability of traveling by different modes by age, gender, and geograpical origin of trip.
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information also allowed us to develop a model with spatially-varying
coefficients. The results provide evidence that travel behavior - ex-
pressed as the probability of using different modes - has an important
geographical component.

The focus of the analysis was on the socio-economic and demo-
graphic factors that influence active travel. The study of different socio-

demographic and geographic profiles helps to identify the areas and
segments of population that are more active in their mobility, distin-
guishing among different types of urban fabrics.

The study of the spatial variation of mode use provides important
information about the locations where interventions may be required to
encourage active travel. Walking, despite being quite popular overall

Fig. 5. Odds-ratio of the probability of walking, Profile 2 (Young Male) to Profile 1 (Young Female).

Fig. 6. Odds-ratio of the probability to cycle Profile 2 (Young Male) to Profile 1 (Young Female).

Fig. 7. Odds-ratio of the probability of cycling to driving, Profile 1 (Young Female).
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(see Table 2), also tends to be fairly concentrated spatially, in particular
in the Central Fabric, while its popularity declines markedly in the
Industrial, Rural, and New Urban fabrics. The level of active travel
among women is notable, since they are more likely to walk than men
in many cases, and more likely to cycle than men. Bicycle is the third
most important transport mode in the city and preferred at younger
ages, while walking becomes the most probable mode for seniors.

The active travel behavior in Vitoria -Gasteiz across the age span is
coincident with previous studies. For example, seniors are more likely
to walk than the younger profiles, as it was also reported by other
authors (Bocker et al., 2017). However, our analysis allows to modulate
the results attending to urban configuration characteristics that in Vi-
toria-Gasteiz the difference is substantially higher in the Central Fabric,
which is characterized by a high population density and mixed land
uses. Our results about cycling by gender, in contrast, are different from
the general trend reported reported by other authors, who often find
that women are less likely to cycle than men (Beecham and Wood,
2014; Grudgings et al., 2018; Mitra and Nash, 2018). This result may be
an indication of a turnaround in women mobility (Tilley and Houston,
2016).

The findings reported in this paper offer valuable insights regarding
urban fabrics at the origin of trips, and how these fabrics correlate with
the use of active modes. For example, active travel tends to be more
common in the Central, Residential, and Medium Type fabrics. In
contrast, urban fabrics classified as New Urban Developments appear to
be less supportive of active modes, and car use there is in fact tends to
be quite similar to Rural development, other things being equal. This
seems to be a combination of lower density developments, and greater
heterogeneity in type of development. The identification of these areas
is of particular interest, given that these zones are where initiatives
could be intensified to modify this trend. Further research may be fo-
cused into qualitative research and more in-detail urban design issues
that may be affecting active mobility in these new urban developments.

In summary, the results indicate that more compact and mixed uses
of land tend to be more favorable to the use of active modes, a relevant
result in Vitoria-Gasteiz, where car trips that could be replaced by ac-
tive modes could reach 40%, according to (Delso et al., 2018). More
generally, the findings in this paper support previous research on the
factors that associate with active travel (e.g., Cervero, 1996; Ewing and
Cervero, 2010; Naess, 2012), and offer validation of previous research
but for smaller urban areas (Wolday, 2018) and other findings from
Nordic Countries (Naess and Jensen, 2004; Wolday, 2018).

This study has limitations that open up other new opportunities for
further research. We have not discussed the implications of the socio-
economic aspects and their relationship with the active travel.
Occupation was found to be a significant variable in the multinomial

logistic regression, but its levels were not included in the profiles
constructed to identify, explain and plot the areas and segments of
population that are more active in their mobility. Further work will
explore additional socioeconomic status measures and more dis-
aggregated indicators of land uses and the built environment.
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