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Abstract
The perception of safety within the public transport system is of high importance for 
passengers according to multiple passenger satisfaction surveys. However, among 
the many studies of public transport mode choice, little focus has been on the influ-
ence of safety perceptions. This study contributes to existing literature by specifi-
cally investigating the influence of perceived safety on public transport mode choice 
using a large-scale multimodal travel survey with 17,355 respondents and 42,438 
trips from the Greater Copenhagen area. This made it possible to analyse safety at 
stations while still taking into account other main determinants of public transport 
usage. The study also includes walking distances to various public transport stops, 
e.g. metro, suburban and regional train stations, and bus stops, hence taking into 
account possible differences in attitudes towards different public transport modes. 
The results of a logistic regression confirm the hypothesis of lower perceived safety 
at stations being negatively correlated with public transport mode choice, but still 
to a smaller extent than that of service characteristics in terms of service frequency. 
The study also revealed that travellers perceive metro and suburban rail services 
as more attractive, as compared to local rail and bus services. Hence, vicinity to 
such stations was associated with a higher likelihood of choosing public transport, 
thus highlighting the importance of close vicinity to high-class services being of 
the highest importance for attracting passengers to public transport while perceived 
safety being of minor, yet significant, importance.
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1 Introduction

Perceptions of personal safety have been highlighted as being of major impor-
tance for passengers in the public transport system. Results from a UK study 
suggested that 10% would reconsider using public transport if their fears were 
addressed (Crime Concern 2004), and in Denmark, only 77% of the passengers 
reported to be satisfied with the safety in the public transport system according to 
a recent satisfaction survey (Passagerpulsen 2017). Furthermore, perceived safety 
and security have been reported as an essential parameter across multiple other 
passenger satisfaction studies (Stuart et  al. 2007; Fellesson and Friman 2012; 
Spears et  al. 2013; Iseki and Taylor 2015), together with the traditional service 
level elements, e.g. service coverage, frequency, and travel speed (Eboli and Maz-
zulla 2015; Mouwen 2015; Imaz et al. 2015; Eboli et al. 2018a; van Lierop et al. 
2018).

While no direct correlation between reported crime levels at and around 
stations and fear of crime has been identified, a potential fear might influence 
travellers’ choice of using public transport. Despite this, only few studies have 
explicitly analysed the influence of perceived safety on travel behaviour in gen-
eral and on public transport ridership in particular. Kim et  al. (2007) analysed 
factors influencing mode choice between home and light rail stations, i.e. access/
egress trip legs, and found that crime had a significant impact on mode choice 
as female transit riders were more likely to be dropped off and picked up at the 
station instead of walking. In Börjesson (2012) the influence of perceived safety 
on the valuation of walking time was analysed. This study found that walking in 
closed environments was associated with higher disutility for both women and 
men during night hours suggesting an effect of perceived safety. Only Delbosc 
and Currie (2012) have analysed explicitly the influence of safety perceptions on 
public transport usage finding a significant impact on public transport use fre-
quency. However, a main limitation of this study was the use of a small conveni-
ence sample of only 784 respondents, which was not representative of the general 
population (Delbosc and Currie 2012).

These studies suggest the influence of perceived safety as a contributing determi-
nant of travel behaviour, but they, however, have shortcomings in terms of analys-
ing its significance on actual public transport ridership. This study fills the gap in 
research by analysing on a larger scale the influence of perceived safety on public 
transport mode choice in the Greater Copenhagen area. The contribution is two-fold.

First, the study analyses the actual influence of perceived safety at the station-
level for each trip undertaken by travellers. This allows for estimating the effect 
on mode choice, thereby determining the actual effect on ridership in the pub-
lic transport system. Furthermore, important characteristics influencing the per-
ceived safety level, e.g. station characteristics in terms of availability of shops, 
and the time-of-travel, could be included as these characteristics might also influ-
ence the perceived safety level.

Second, the study considers a wide range of service and socio-demographic 
characteristics related to the individual trip, which made it possible to control for 
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important trip and traveller characteristics highlighted as important determinants 
of ridership by previous research (Taylor and Fink 2013). This also includes the 
influence of vicinity to public transport stops served by different public trans-
port modes, hence enabling an analysis of the influence of modes with varying 
attractiveness and service frequency. This is achieved by deploying a large-scale 
dataset based on the Danish National Travel Survey (Christiansen 2015), which 
holds a vast amount of information about the respondents, including socio-eco-
nomic background information. The utilisation of the travel survey data ensures 
a large representative sample of the general population as approximately 10,000 
responses are collected every year.

The remainder of the paper is structured as follows. Section 2 reviews the litera-
ture on the determinants of public transport ridership. In Sect. 3, the study area is 
briefly presented including description of the data sources used for the model esti-
mations. The results are presented and discussed in Sect. 4. Section 5 concludes the 
work by pointing to relevant policy implications.

2  Determinants of public transport ridership

Many previous studies have investigated the factors affecting public transport satis-
faction, passenger loyalty and ridership focusing on the influences of land uses, the 
built environment and characteristics related to the public transport system and the 
travellers. As the focus of this paper is on ridership effects, less emphasis will be 
on travel satisfaction and loyalty; however, an extensive review can be found in van 
Lierop et al. (2018). For ridership effects an extensive review can be found in Ing-
vardson and Nielsen (2018). Most of these ridership studies range from analysing 
station-level ridership over line- or corridor-level ridership to full network ridership, 
with only few studies analysing individual mode choice, and even fewer considering 
perceived safety. This section focuses on recent studies involving perceived safety as 
well as traditional socio-economics, land use and service quality variables; hence, 
highlighting the important characteristics to be included in the subsequent analyses.

2.1  Safety and security

The importance of safety and security has been analysed thoroughly with regards 
to the influence on travel satisfaction and loyalty in the public transport system, e.g. 
van Lierop et al. (2018). However, only limited research has focused on the influ-
ence on actual public transport usage despite it being highly relevant as fear of crime 
can restrain travellers from using public transport (Abdul Hamid et al. 2015). Specif-
ically, Badiora and Okunola (2015) suggested that fear of crime is a stronger influ-
ential factor against public transport usage than actual crime levels. Furthermore, 
according to a British study ridership increases were suggested to be up to 10% 
when travellers feel safe at stations (Cozens and van der Linde 2015). Hence, proper 
transport planning should ensure safe, secure and comfortable public transport envi-
ronments (Ceccato 2014; Cozens and van der Linde 2015). To the knowledge of 
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the authors, only a single study quantified the actual effect of safety perceptions on 
public transport usage (Delbosc and Currie 2012). Based on 784 respondents of a 
household interview survey, the study found a general positive relationship between 
public transport usage and feeling safe within the public transport system, and the 
effect was only slightly smaller than the negative effect of car ownership. In addi-
tion, safety perceptions were significantly related to the female gender and increased 
age, hence suggesting lower usage among women and elderly persons. This is in 
line with results from several other studies agreeing that the perception of personal 
security is more important for female passengers than for men (Kim et al. 2007; Fan 
et al. 2016). Specifically, Lynch and Atkins (1988) found an increased unease among 
women travelling with public transport at night times, and findings suggested that 
low perceived safety influenced the travel behaviour of women, e.g. by not travelling 
at all. Therefore, particular attention must be paid to the needs and desires of women 
in both design and management of stations (Şimşekoğlu et  al. 2015; van Lierop 
and El-Geneidy 2016). Specifically, stations should have proper route and schedule 
information (Iseki and Taylor 2015), as well as good lighting, vigilant guards and 
a clear station design as the layout of stations can positively influence passengers’ 
safety perceptions (Abdul Hamid et  al. 2015). Finally, Masoumi and Fastenmeier 
(2016) reviewed the literature finding that the use of modern technology, e.g. sur-
veillance cameras, increased the perception of safety.

2.2  Socio‑economic characteristics

Much research has analysed the influence of various socio-economic characteristics 
on public transport ridership. Several studies found that women generally use public 
transport more often than men (Limtanakool et al. 2006; Beirão and Sarsfield Cabral 
2007). In the Netherlands, this was suggested to be due to public transport being 
less stressful than driving a car. In Smith (2008), it was suggested that women and 
children need to feel safe and secure at stations to use public transport more exten-
sively. However, among residents in Calgary, Canada, it was found that men use 
public transport more than women and children (Pasha et al. 2016).

Similarly, inconsistent results regarding the influence of age on public transport 
usage have been identified in the literature. In Sweden and Denver (Colorado) it 
was found that seniors make fewer and shorter trips (Boschmann and Brady 2013; 
Heikkinen and Henriksson 2013). In Hjorthol (2013), this is suggested to be due to 
seniors facing more difficulties travelling by public transport than walking or driv-
ing. On the other hand, Limtanakool et  al. (2006) found that in the United States 
people start using public transport more for medium and long-distance trips as they 
get older.

Many studies found a negative income effect suggesting lower ridership among 
higher-income travellers. Some studies even found income to be the most influen-
tial factor (Chakraborty and Mishra 2013; Levinson and Zhu 2013). This can be 
attributed to a positive correlation between higher-income people and car ownership 
rates, which results in lower public transport usage (Paulley et  al. 2006). Specifi-
cally, car ownership has been reported as being significantly negatively correlated 
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with public transport usage, potentially with larger impacts than the characteristics 
of the public transport system itself (Taylor and Fink 2013). Similarly, lower income 
and unemployment rates are positively correlated with transit ridership (Pasha 
et al. 2016; Barton and Gibbons 2017). However, inconsistent findings concerning 
unemployment rates have been reported by other studies where positive effects on 
ridership can be observed, e.g. due to the financial crisis in Spain that resulted in 
increased bus usage (Cordera et al. 2015). On the other hand, negative effects on rid-
ership were seen in several other studies, possibly due to reduced travel frequency. 
Ownership and use of bicycles have been found to be positively related to public 
transport usage, possibly because bicycles can be used in conjunction with public 
transport, e.g. as feeder mode to rail stations. Therefore, Chen and Zhao (2013) sug-
gest adding more bicycle parking spaces at transit stations, thus enabling travellers 
to use bicycles for their last mile of travel.

2.3  Land use and built environment

Ridership and proximity to transit stations are significantly positively correlated 
(Chen and Zhao 2013; Liu et  al. 2016). Hence, high population and employment 
densities around transit stations ensure a larger share of travellers in close proximity 
to stations thus resulting in a greater use of public transport (Gutiérrez et al. 2011; 
Chakraborty and Mishra 2013). Specifically, Ewing and Cervero (2010) suggested 
an 2.66% increase in ridership if population density increased by 10% around transit 
stations, hence highlighting the importance of dense urban areas in connection with 
public transport. Other studies reported a significant positive influence from more 
parking spaces around stations as well as mixed land use areas (Pasha et al. 2016).

2.4  Service quality

Many studies have analysed experienced service quality and specifically the rela-
tionship between various service quality elements and characteristics of the pub-
lic transport system on one hand, and passenger satisfaction, user loyalty and rid-
ership on the other hand (De Oña et al. 2013; Guirao et al. 2016; van Lierop and 
El-Geneidy 2016; van Lierop et al. 2018). While findings vary across studies, most 
emphasise the importance of reliability (Cantwell et al. 2009; Eboli and Mazzulla 
2015; Imaz et al. 2015), travel time (Imaz et al. 2015; Abenoza et al. 2017), comfort 
(Cantwell et al. 2009; Imaz et al. 2015), and information (Eboli and Mazzulla 2015; 
Abenoza et al. 2017). An important note is that the service needs to be accessible to 
the users, as public transport usage declines with increasing distance to the system 
(Buehler 2011). Hence, an important parameter for users is the distance to the actual 
public transport services, and thus the perceived service quality has a spatial dimen-
sion identified by several studies. Eboli et  al. (2018b) analysed perceived service 
quality at Italian train stations and found a significant spatial autocorrelation among 
responses, and Nkurunziza et al. (2012) found that stated preference for a proposed 
public transport service was strongly linked to geographical areas of Dar es Salaam, 
Tanzania.
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Previous studies on ridership determinants have used various objective indica-
tors for service quality, including the service frequency (e.g. Chiou et  al. 2015; 
Taylor et  al. 2009) and number of lines serving the station (e.g. Jun et  al. 2015; 
Zhao et  al. 2013; Derrible and Kennedy 2009). However, many studies have also 
highlighted the availability of various service and station characteristics to be posi-
tively related to ridership (Guo and Wilson 2011). This included provision of real-
time information at bus stops (Dziekan and Kottenhoff 2007), integrated ticketing 
(Crampton 2002; Currie et al. 2011), availability of bicycle amenities (Blainey and 
Mulley 2013; Zhao et al. 2013), and park-and-ride facilities for car users (Kuby et al. 
2004; Cervero et al. 2010; Guerra et al. 2012). In terms of station amenities, it has 
also been suggested that the presence of medical, financial, shopping and food ser-
vices will increase ridership while education and recreation-related services will 
decrease transit ridership (Hong et  al. 2017). In Dyrberg and Christensen (2015), 
it was concluded that passengers’ route choice was negatively affected by simple 
station layouts, the availability of shelters and shops at stations, hence suggesting 
the importance of station amenities and simple layouts to attract passengers. Hence, 
these findings suggest that many characteristics influence travellers’ choice of public 
transport, e.g. both characteristics related to the service, but also station characteris-
tics, including the spatial dimension in terms of vicinity to the nearest station, thus 
highlighting the importance of including a broad range of indicators in the subse-
quent analysis.

3  Data and methods

3.1  Travel survey data

This study mainly deployed data from the Danish National Travel Survey (TU) col-
lected from the Greater Copenhagen area (Christiansen 2015). The data is a travel 
diary covering all trips performed by the respondent during the interview day. As 
10–12,000 respondents are interviewed every year, the dataset used for this study 
covering the Greater Copenhagen area in the period 2009–2018 included a total of 
105,268 trips.

This data also holds a vast amount of background information about the respond-
ents, including socio-economic characteristics (e.g. gender, age, household and 
respondents’ income, education level, job type) and travel-related characteristics 
(e.g. car availability, driver’s license, bicycle ownership, distance to nearest station). 
The detailed information makes it possible to include many relevant parameters in 
the model estimation, thereby allowing to control the relevant determinants of mode 
choice as identified in the literature review in Sect. 2.

3.2  Station characteristics

The dataset was linked to characteristics related to every station in the study area. 
This included the perceived safety level experienced by passengers. The main 
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variable was the result of a passenger survey that ranked the perceived safety at 
each station using a 10-point Likert scale. The state railway company, DSB, per-
formed the survey every year in the period 2009–2015 for all DSB S-train and 
regional train stations. From 2016 and onwards the survey has been continued by 
Passagerpulsen, a national body representing the passengers’ interests with regards 
to public transport. Hence, data for 2016–2018 were also included in this study. For 
all years included in the study, the average number of respondents per station was 
100–300 ensuring sufficiently the reliability of the perceived safety level. However, 
the data only cover S-train and regional train stations, i.e. no data were available 
for the Copenhagen metro and the small local railway stations. Considering that the 
S-train and regional train stations cover approximately half of the rail passengers in 
the Greater Copenhagen area this was acceptable. However, based on this, it was 
decided to perform the final model estimations in a two-fold manner, namely (i) 
using all data, but without the perceived safety data, and (ii) using a subset of data 
that included the perceived safety data.

For all stations several other characteristics were collected. This included the 
availability of shops as this was hypothesised to be related to the perceived safety 
level as stations might be perceived as more attractive when shops are available due 
to staff being present at the shop. Also, information about the availability of shelters, 
i.e. small or large shelters, and whether the station is located underground was col-
lected. Finally, the ease of wayfinding at the station was included as this might have 
an effect on whether passengers perceive stations as attractive. These data were col-
lected from Dyrberg and Christensen (2015) for all stations, and thus included in the 
model estimations.

3.3  Service quality

The perceived attractiveness of the public transport system was incorporated in a 
three-fold manner for each trip based on the findings of the literature in Sect.  2. 
Hence, this included (i) spatial vicinity to stations and stops, (ii) the service fre-
quency at the nearest bus stops and train stations, and (iii) travel times by car and 
public transport for the specific trip, thus representing the competition to the main 
alternative mode.

The vicinity to the public transport network was obtained through spatial analy-
ses, which included analysing the street network distance from the origin and des-
tination of each trip leg to the nearest public transport stops of all modes using a 
detailed network of streets and smaller pedestrian paths. For each origin and destina-
tion, the exact coordinates were obtained from the travel survey data; however, due 
to privacy issues, the output used in this study was the distance in 200 m intervals. 
The maximum search distance was set at 2000 m. The analysis included all relevant 
rail lines and bus lines. Due to the many service types in the Greater Copenhagen 
area they were categorised based on type and service frequency. Train stations were 
categorised in four categories, namely (i) metro, which connects 22 stations mainly 
located in the city centre and towards Copenhagen Airport at a very high service fre-
quency throughout the day (2–6 min headways), (ii) suburban rail (S-train), which 
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connects the city centre to the suburbs totalling 85 stations (5–10 min headways), 
(iii) regional/long-distance rail, which only serves the main stations, but offer fast 
travel speeds over long distances (20–60 min headways), and (iv) local rail, which 
runs infrequently in a few suburbs at low speeds (30–60 min headways). Bus stops 
were categorised in three categories due to the bus network in Copenhagen incor-
porating S-bus lines (frequent and fast buses with longer distances between stops), 
A-bus lines (frequent buses with shorter stop distances), and regular buses (less fre-
quent buses with many stops, and often local detours). By calculating the distance 
to the nearest station/stop serviced by each of the seven public transport services, it 
allowed for incorporating possible differences in perceptions of the various public 
transport modes.

The service frequency was collected for the nearest rail and bus stops. For the 
nearest rail station, the hourly service frequency of a typical weekday was included. 
However, as timetables for buses change more frequently than those for trains 
(which were constant over several years in Copenhagen), it was not possible to col-
lect specific hourly departures for bus stops across years. Instead, the number of 
daily departures gathered for a representative weekday of each year, i.e. the first 
Thursday in March, was used for bus stops. This was included for the nearest bus 
stop serviced by A-, S- and regular buses, respectively. Despite not being an accu-
rate service frequency for each individual trip, it was regarded as a representative 
indicator for the general service level and hence attractiveness of the nearest bus 
stop. Hence, this was not expected to cause notable bias in the model estimations. 
On the contrary, it enabled detailed public transport characteristics in the subsequent 
model estimations.

Finally, travel times for car and public transport were calculated based on the ori-
gin and destination for each trip. These were taken from the Danish National Trans-
port Model (NTM) and included the total travel times, i.e. for cars this included the 
travel time with congestion effects, whereas for public transport it included in-vehi-
cle travel time, access- and egress times, and walking and waiting times at transfers. 
This allowed for calculating the ratio between the travel times by car and public 
transport, respectively, which ensured that the model estimation also included the 
relative attractiveness of public transport as compared to the main alternative mode, 
car.

3.4  Sample statistics

The full travel survey dataset included 102,813 trips performed by 32,229 respond-
ents in the Greater Copenhagen area during 2009–2018. This area covers the com-
muting area of the city of Copenhagen, which has a population of approximately 1.2 
million.

For the subsequent analyses three important constraints were made on the data. 
First, station characteristics were linked to the station located nearest to the origin 
of the trip, but it was required that the station was located within 2000 m from the 
trip origin. This was chosen due to the assumption of station characteristics not 
being important if the station is located far from the trip origin. Second, short trips 
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of less than 2000 m were excluded from the dataset. This was done to better ana-
lyse the importance of public transport service characteristics on mode choice. For 
trips shorter than 2000  m the walking and bicycling mode shares are 33.7% and 
29.6%, respectively, whereas public transport is a mere 2.8%, probably due to access 
and egress times being relatively long for such short trips. The threshold was set at 
2000 m due to the large amount of bicyclists in the Copenhagen area, but in other 
settings where bicycles are not as widely used, it could be considered to lower this 
threshold. Third, approximately 25% of the observations did not include income 
information on the traveller. Since this parameter usually has a large influence on 
transport mode choice it was decided to estimate the models on the subset of obser-
vations for which income was available. It was considered to impute the income 
variable using advanced techniques, e.g. multiple imputation or hot-deck imputa-
tion (Andridge and Little 2010); however, this was disregarded because the variables 
that could be used to predict the missing income information would also be needed 
in the estimation of public transport mode choice. These assumptions resulted in a 
dataset of 42,438 trips performed by 17,355 respondents to be used in the subse-
quent model estimations.

The summary statistics of the data used on the model estimations as well as 
those of the full dataset are shown in Table 1. It shows that the survey character-
istics correspond well to the general population of the Greater Copenhagen area, 
which is not surprising as the survey is collected as a representative sample. 
However, there are discrepancies, mainly due to the three restrictions put on the 
data.

The mode share of public transport for trips longer than 2000 m in the Greater 
Copenhagen area is around 17%, with larger shares in the inner city areas where 
the public transport network is more dense and frequent. It can also be seen that 
bicycling constitutes a relatively large mode share of almost 24% of all trips in 
the region, and 17.5% of non-short trips. This is mainly due to its even larger 
share of around one third of trips in the city of Copenhagen (Christiansen 2015). 
Walking trips have a large share for very short trips.

3.5  The link between average household income and perceived safety

It has been hypothesised in previous US studies that perceived safety (and crime 
levels) are related to average household income in a given area (Kim et al. 2007; 
Loukaitou-Sideris 2014; Iseki and Taylor 2015). However, other studies argue 
that the actual crime level is not an adequate indicator for perceived safety and 
security (Badiora et al. 2015). For the Greater Copenhagen area, a significantly 
positive relationship was observed between the perceived safety at stations and 
the average income of households in the station vicinity area of that given sta-
tion, cf. Fig. 1, which shows the relationship between the perceived safety score 
at stations and the average household income in the station vicinity are, i.e. 
within 1000 m of the station, across the years 2009–2018. Hence, this suggests 
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Table 1  Summary statistics 
for the dataset of trips from 
the Danish national travel 
survey (TU) used in this study, 
compared to statistics for 
the full TU dataset including 
observations with missing 
values, and to official figures 
from the study area based on 
Statistics Denmark 

[%] Full TU sample Statistics 
Denmark 
(%)

(N = 17,355) (N = 32,229)

Gender
 Male 52.3 49.5 49.3
 Female 47.7 50.5 50.7

Age
 0–15 5.8 8.3 16.6
 16–25 13.8 15.4 12.4
 26–45 39.3 35.5 26.5
 46–67 33.6 30.4 31.3
 > 67 7.5 10.4 13.3

Car ownership
 Yes 73.0 70.8 54.0
 No 27.0 29.2 46.0

Driver’s license
 Yes 82.4 75.0 –
 No 17.6 25.0 –

Bicycle ownership
 Yes 78.4 77.0 –
 No 21.6 23.0 –

Education level
 High-school 11.9 12.2 10.8
 Tertiary 22.2 21.6 31.7
 Bachelor 27.7 25.6 17.2
 Graduate 21.7 18.4 13.4
 Other 16.6 22.2 26.9

Employment status
 Employed 61.1 51.8 58.8
 Student 9.2 8.7 16.3
 Retired 8.9 12.4 –
 Unemployed 2.4 3.4 2.5
 Other 18.4 23.8 22.4

Annual household income (1000 Euros)
 0–33 21.7 – 28.7
 33–66 29.7 – 34.1
 66–100 28.4 – 15.4
 100–133 12.8 – 10.4
 > 133 7.5 – 11.5

Trip distance (km)
 2–4.9 38.6 36.5 –
 5–9.9 25.4 26.0 –
 10–19.9 20.9 21.6 –
 20–29.9 8.4 8.8 –
 > 30 6.7 7.1 –



1 3

The influence of vicinity to stations, station characteristics…

that stations located in low-income areas generally have lower perceived safety 
levels than those in higher-income areas.

Note that TU data only covers citizens of age 10–84 years

Table 1  (continued) [%] Full TU sample Statistics 
Denmark 
(%)

(N = 17,355) (N = 32,229)

Mode choice (all)
 Public transport 10.2 11.2 –
 Car 47.3 47.0 –
 Bike 23.9 23.2 –
 Walk 16.4 16.5 –
 Other 2.2 2.1 –

Mode choice (> 2 km)
 Public transport 16.9 18.3 –
 Car 61.1 60.4 –
 Bike 17.5 17.0 –
 Walk 1.4 1.5 –
 Other 3.1 2.8 –

Perceived safety at nearest station (0–10)
 < 6 0.3 0.2 –
 6–6.9 10.7 11.1 –
 7–7.9 72.0 70.9 –
 8–8.9 17.1 17.8 –
 9–10 0.0 0.0 –

Service headway, origin (percent of trips in dataset)
 < 5 min 19.0 19.9 –
 5–10 min 48.2 49.9 –
 11–15 min 5.8 5.7 –
 16–20 min 5.1 5.3 –
 21–30 min 7.0 6.6 –

> 30 min 14.8 12.5 –
Service headway, destination (percent of trips in dataset)
 < 5 min 19.2 20.0 –
 5–10 min 47.6 49.8 –
 11–15 min 5.7 5.6 –
 16–20 min 5.6 5.5 –
 21–30 min 7.0 6.7 –
 > 30 min 14.8 12.5 –
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4  Analyses and results

This study deployed logistic regression using the SAS/STAT software, Version 9.4 
(SAS Institute Inc 2015), for the analysis of the determinants of public transport 
mode choice, and specifically the influence of station vicinity and station charac-
teristics. It was considered to deploy geographically weighted regression (GWR) to 
allow for the relationships between mode choice and the included dependent vari-
ables to vary by location. However, as we wanted to include several spatial dimen-
sions in the analysis of each single mode choice, i.e. vicinity to nearest stops and 
stations at both origin and destination of each trip, it was preferred to include these 
as independent variables in a logistic regression. Both logit and probit models were 
estimated and yielded similar results in terms of significant parameters, which was 
not surprising (Ben-Akiva and Lerman 1985). For the reporting of the final model 
estimations, logit models were preferred due to the easier interpretation of coeffi-
cients as odds ratios are easily calculated by taking the exponential of the coeffi-
cients. A binary choice variable was created for each trip denoting whether pub-
lic transport was chosen or not. No distinction was made between different modes 
of public transport, e.g. bus, suburban train, regional train, metro, etc. Hence, the 
results show which variables relate to the choice of public transport in a mode 
choice context.

As mentioned in Sect. 3.2 perceived safety data were not available for all com-
binations of stations and years in the dataset. Hence, two models were estimated. 
Model I included all 42,438 trips adhering to the assumptions described in the data 
section; however, they did not include perceived safety. Model II included those 
19,286 trips for which perceived safety information was available for the nearest sta-
tion, while also requiring the station being located within 1000 m of the trip origin. 
By this, the perceived safety was estimated using a sub-sample of 45% of the trips, 
whereas all other characteristics were estimated on the full sample. Note that this 
makes direct comparisons of the fit of the two models impossible.
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Fig. 1  Relationship between perceived safety at stations and the average income of households in the 
vicinity area of stations (data for different years plotted separately)
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An overview of the characteristics included in the final model estimations is 
reported in Table 2. All continuous variables were tested both as continuous covari-
ates and by creating binary dummy covariates, hence considering potential linear 
and non-linear effects. As an example, perceived safety was originally measured on 
a 10-point Likert scale, but was converted into a discrete variable, i.e. low, medium 
and high perceived safety level. Similarly, service headway was measured in hourly 
departures for rail, which was converted into discrete headway intervals in the final 
estimations. Service headway for bus showed to be of no significance. Trip length, 
population density in the station vicinity areas, and the ratio between travel times 
for the specific trip using public transport and car, respectively, were included as 
continuous variables. Most of the respondents’ socio-economic characteristics were 
included as binary dummy variables, except for household income, which was con-
tinuous. Similarly, vicinity to rail stations and bus stops was included as binary 
dummy variables using 200 m distance bands, e.g. whether a trip origin/destination 

Table 2  Overview of the characteristics included in the model estimations

Parameter Type Possible values Reference value

Perceived safety Discrete Low (< 7) Medium (7–8)
Medium (7–8)
High (> 8)

Service headway (rail) Discrete  < 5 min  > 30 min
5–10 min
11–15 min
16–20 min
21–30 min
> 30 min

Service headway (bus) Continuous – –
Trip length Continuous – –
LoS ratio Continuous – –
Population density Continuous – –
Gender Discrete Same as in Table 1 Female
Age Discrete Same as in Table 1  > 67
Education level Discrete Same as in Table 1 High school only
Employment status Discrete Same as in Table 1 Employed
Income Continuous – –
Bicycle ownership Discrete (binary) 0, 1 0
Car ownership Discrete (binary) 0, 1 0
Driver’s license Discrete (binary) 0, 1 0
Station/stop vicinity dummies Discrete (binary) 0, 1 0
Trip purpose fixed effects Discrete – –
Year fixed effects Discrete – –
Trip origin fixed effects Discrete – –
Trip destination fixed effects Discrete – –
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was located within 0–200  m of a station/stop, 200–400  m of a station/stop, etc. 
Finally, we included explicitly fixed effects related to trip origin and destination, trip 
purpose, and the year in the model specification, as these characteristics are known 
to be associated to mode choice. Public transport usage is often higher in the city 
centre than in rural areas, all else being equal. Similarly, commute trips often have a 
higher public transport mode share, whereas business trips often have a lower one. 
In addition, public transport usage has yearly fluctuations due to factors that were 
not possible to consider explicitly, e.g. reliability of specific rail and bus lines. The 
fixed effects were incorporated in the models using k-1 binary variables, where k is 
the number of categories, e.g. number of trip purposes. With 23 trip purpose catego-
ries, 29 origin and 32 destination zones, and 11 years (2009–2019), a total number 
of 91 binary variables for the fixed effects was included in the models. These coef-
ficients are not reported in the model results.

The main results of the model estimations for the mode choice of public transport 
are reported in Table 3 while the parameter estimates related to station vicinity are 
visualised in Fig. 2 (for Model I only). They confirm the hypothesis of perceived 
safety being correlated with public transport mode choice, in line with Delbosc and 
Currie (2012). Specifically, the results indicate, at a 95% significance level, that trav-
ellers are 16.1% less likely to choose public transport if the nearest station is associ-
ated with a low perception of safety and security compared to stations associated 
with a medium and high perception of safety and security, hence actually emphasis-
ing the importance of safe station environments. In addition, it should be noted that 
removing perceived safety from Model II resulted in a marginally lower model fit of 
 R2 = 0.3349 compared to the final  R2 = 0.3352.

However, the effect of perceived safety is notably smaller than that of service 
characteristics. For trips where the service headway at the closest train station to the 
origin is less than 5 min, the likelihood of choosing public transport is almost dou-
ble as compared to that of a headway of more than 15 min (+ 99.6%). This is mainly 
the case of metro stations and large suburban train stations served by multiple lines. 
For service headways of 5–15  min, positive effects are also seen with decreasing 
effect as headway increases. No effects were seen for larger headways, hence sug-
gesting that the positive effects from service frequency only occur in case of rela-
tively frequent rail services. Similarly, no effects were seen for service frequency at 
the nearest bus stop, thus suggesting less attractiveness of bus services. In addition, 
the service frequency at the origin of the trip is more positively associated with the 
likelihood of choosing public transport than the service frequency at the destination. 
The use of threshold dummies provided a better model fit than using service fre-
quency as a continuous explanatory variable, hence further suggesting a non-linear 
relationship between service frequency and the likelihood of choosing public trans-
port. Thus, improving the service frequency at an already high frequency achieves 
a relatively larger increase in ridership than at lower service frequency. This could 
be due to passengers not needing to plan their trip when service frequency is suf-
ficiently high.

In terms of socio-economic characteristics, the results revealed that men are 
22.8% less likely to choose public transport than women, which is in accordance 
with most previous studies (Limtanakool et  al. 2006; Beirão and Sarsfield Cabral 
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2007). Children choose public transport less often, probably because they normally 
travel with their parents—or walk or cycle to school. Young adults choose pub-
lic transport more frequently, maybe due to being captive users. The same applies 
for pensioners. On the other hand, students are less likely to choose public trans-
port, which might be due to the combination of public transport being relatively 
expensive in the Greater Copenhagen area and the large share of bicyclists. Hence, 

Table 3  Logistic logit regression results for the choice of public transport. 95% confidence level used

Variable name Model I Model II

Estimate Odds ratio p–value Estimate Odds ratio p-value

Intercept − 0.821 0.440 0.1928 − 0.655 0.519 0.3960
Trip characteristics
 Perceived safety, low (origin) – – – − 0.175 0.839 0.0189
 Service headway, < 5 min (orig.) 0.595 1.813 < 0.0001 0.691 1.996 < 0.0001
 Service headway, 5–10 min 

(orig.)
0.436 1.546 < 0.0001 0.573 1.773 < 0.0001

 Service headway, 11–15 min 
(orig.)

0.404 1.497 < 0.0001 0.504 1.656 0.0015

 Service headway, < 5 min (dest.) 0.389 1.475 < 0.0001 0.327 1.386 < 0.0001
 Service headway, 5–10 min 

(dest.)
0.254 1.289 < 0.0001 0.237 1.268 < 0.0001

 Trip length (km) 0.049 1.051 < 0.0001 0.062 1.064 < 0.0001
 LoS ratio (PT/car) − 0.709 0.492 < 0.0001 − 0.780 0.459 < 0.0001
 Population density in station 

area
− 0.077 0.926 < 0.0001 − 0.081 0.923 < 0.0001

Socio-economic characteristics
 Male − 0.269 0.764 < 0.0001 − 0.259 0.772 < 0.0001
 Age, 0–15 years − 0.773 0.462 < 0.0001 − 0.414 0.661 0.0005
 Age, 16–25 years 0.292 1.339 < 0.0001 0.317 1.372 < 0.0001
 Income (1000 DKK per year) − 0.00173 0.998 < 0.0001 − 0.00155 0.998 < 0.0001
 Education, vocational − 0.420 0.657 < 0.0001 − 0.378 0.685 < 0.0001
 Education, university short − 0.235 0.790 0.0009 − 0.226 0.798 0.0248
 Education, university medium − 0.183 0.833 < 0.0001 − 0.127 0.881 0.0142
 Student − 0.430 0.651 < 0.0001 − 0.346 0.708 < 0.0001
 Retired 0.213 1.237 0.0006 0.229 1.257 0.0113
 Bicycle ownership (dummy) − 0.216 0.806 < 0.0001 − 0.241 0.786 < 0.0001
 Car ownership (dummy) − 1.195 0.303 < 0.0001 − 1.187 0.305 < 0.0001
 Driver’s license [dummy] − 1.174 0.309 < 0.0001 − 1.054 0.349 < 0.0001

Trip purpose fixed effects Yes
Year fixed effects Yes
Geographical fixed effects Yes (orig. and dest.)
Number of observations 42,438 19,286
Log likelihood − 14,341 − 7332
R2 (McFadden) 0.3477 0.3352
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students are probably more likely to choose their bicycle. Finally, the likelihood of 
choosing public transport decreases with household income. This is in accordance 
with most previous studies identified in the literature review.

There also seems to be a variation across respondents with different educational 
levels. Those with a vocational or short secondary background use public transport 
least frequently, compared to university graduates and those without secondary edu-
cation, who are more likely to choose public transport. This is in line with previous 
research findings (Taylor et al. 2009). This might be explained by workplace loca-
tion differences as high-education jobs are more frequently located in city centres 
that have good public transport coverage.

As expected, car ownership and the possession of a driver’s license is negatively 
associated with choosing public transport, which is in line with previous research 
(Taylor et al. 2009; Delbosc and Currie 2012). Similar results are seen for bicycle 
ownership, which suggests that also bicycling is a competitor to public transport 
rather than being complementary. Also, the likelihood of choosing public transport 
increases with increasing trip length. This is likely due to public transport being 
more competitive on longer trips whereas access and egress times are substantial 
parts on shorter trips leading to low average travel times.

Close proximity to train stations and bus stops also had an effect on the likelihood 
of choosing public transport, however the effects depend on the various modes of 
the Copenhagen public transport network. Figure 2 shows the parameter estimates 
and related odds ratios graphically for the explanatory variables included in Model I. 
Note that odds ratio is obtained by taking the exponential to the parameter estimates, 
hence the secondary y axis is non-linear.

The largest effects are seen for trips with origin or destination within 200 m of 
metro stations, where the likelihood of choosing public transport is around double 
of that of trips located further than 1000 m from metro stations. This suggests that 
the metro is most successful in attracting passengers, even when controlling the high 

Fig. 2  Parameter estimates (left axis) and odds ratios (right axis) for vicinity to various public transport 
stops and stations (solid: 95% confidence level; transparent: 80% confidence level). Note that odds ratios 
are non-linear
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service frequency. This could be related to the high reliability of the metro. Simi-
larly, the proximity to S-train stations is significantly related to a higher likelihood 
of choosing public transport, however in a slightly smaller magnitude, i.e. a 50–80% 
higher likelihood if trip origin or destination is within 0–400 m. Comparable results 
are seen for proximity to regional train stations with the largest effect of an approx. 
100% higher likelihood of choosing public transport if the trip origin or destination 
is within 0–200 m. These stations are often served at lower service frequencies, but 
provide fast travel speeds from outside the Greater Copenhagen area to city centre 
locations. On the other hand, local train services seem to have limited effects, hence 
travellers do not perceive access to these stations as similarly attractive.

For bus stops the results are mixed. A small positive effect of an up to approx. 
20% increased likelihood is observed for proximity to bus stops served by S-buses 
that run at faster speeds than other bus types. However, the effect is small and only 
for a very close proximity of less than 200 m, and the effect is even smaller from 
200 to 400 m of the origin. No effects were observed for the proximity to bus stops 
served by A-buses and regular buses, hence suggesting that these bus services are 
less attractive. This suggests that travellers are more likely to choose public trans-
port, across bus and rail services, if the service provided is fast and frequent.

Discussion and study limitations While the current study provides new insights on 
the influence of perceived safety on public transport mode choice it did have impor-
tant limitations which future studies should address. First, the service frequency was 
included only for the nearest station, independent of type, and for the nearest bus 
stop of each type (A-, S-, and regular bus stops) at the origin and destination of each 
trip. Similarly, the perceived safety level was only included for the station nearest 
to the origin of the trip. Hence, the study implicitly assumes that passengers will 
base their decision to use public transport on service characteristics related to only 
their nearest train station and bus stops. As train stations are often located distantly 
from each other, this assumption is suitable in most cases, except in the city centre 
where stations are located closer to each other. Here some might prefer to use a 
slightly more distant metro station rather than an S-train station (or vice versa). For 
bus stops, this assumption is less suitable as bus stops are generally located closer 
to each other, especially in the city centre. This means that there may be several bus 
stops located almost similarly close to an origin or destination that the travellers can 
choose between depending on their destination. This might be the reason for ser-
vice frequency at the nearest bus stop being insignificant in the model estimations. 
Hence, efforts could be made to improve this aspect, e.g. by taking into account 
characteristics from multiple stations and stops in the vicinity of the origin and des-
tination of each trip.

Second, most of the characteristics related to the station layout and amenities 
did not significantly influence public transport mode choice. Hence, these are not 
reported. It was hypothesised that improved station layout and availability of shops 
might entail more attractive stations that were then more likely to be used by the 
travellers. Both because travellers have the possibility to spend their time efficiently 
while waiting, and because such stations might be perceived as being safer and more 
secure. However, the results did not reveal any significant effects. Possible reasons 
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for this result could be that such an effect is more dependent on detailed character-
istics related to the shops, e.g. opening hours, number of customers, etc. rather than 
solely whether a shop is present or not. This could be analysed in more detail.

Thirdly, the model estimations included objective service characteristics, whereas 
individuals’ travel attitudes and perceived quality of service in terms of satisfaction 
levels were not included as they were not available. The results are thus an average 
over the passenger population.

5  Conclusions

The current study analysed the likelihood of travellers to choose public transport 
using logistic regression and utilising a large-scale travel survey from the Greater 
Copenhagen area. The results confirmed the hypothesis that perceived safety at 
stations is positively associated with choosing public transport. Specifically, a low 
perceived safety was negatively related to choosing public transport, hence suggest-
ing that a low perceived safety creates unease for passengers. However, the effects 
of a low perceived safety were smaller than those related to the service frequency. 
No effects were observed from any of the station characteristics, e.g. availability of 
shops and station layout. Hence, the findings suggest a larger influence from service 
characteristics rather than station characteristics.

The study also revealed the influence of station vicinity, as proximity to rail sta-
tions was associated with a higher likelihood of choosing public transport, even 
when controlling for service frequency. The largest effects were observed for close 
proximity to metro stations, but proximity to S-train and regional train stations had 
an almost similarly large influence, whereas proximity to high-class bus services 
was least positively associated. Hence, at an aggregate level these findings sug-
gest that rail-based public transport is more attractive from the passengers’ point 
of view, even when controlling for service frequency. This could be due to higher 
travel speeds, reliability and comfort, as these characteristics were not controlled for. 
However, this should be investigated in more detail if general conclusions are to be 
drawn.

Furthermore, while the results showed that the aggregated average household 
income in the vicinity of the stations was significantly positively correlated with 
perceived safety, it was not directly related to the choice of public transport. This 
suggests that socio-demographic characteristics in station areas relate to the percep-
tion of the areas, hence possibly indirectly relating to the use of public transport.

Finally, to attract more passengers to the public transport system, the findings 
from this study suggest that it is more relevant to focus on improving service charac-
teristics, such as service frequency and network coverage, rather than on perceived 
safety levels, especially considering that the effects of perceived safety were solely 
significant for stations with relatively low perceived safety levels. On the other hand, 
improving service characteristics in terms of service frequency might be associated 
with increased operation costs, whereas increased perceived safety levels at stations 
might be achieved in combination with urban planning initiatives by creating more 
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attractive station areas. In that sense, ensuring that station areas are not perceived as 
unsafe by improving the surrounding urban space may be worthwhile and may also 
influence public transport ridership positively.
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