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Abstract

The objective of this thesis is to explore ways of assessing safety in an urban context and in
transport nodes®. The thesis is composed of articles that aim to determine whether safety
levels vary within a city and within a public transportation network, particularly at transit
stations. Finally, it offers suggestions to increase safety in these environments. The analysis
makes use of Geographical Information Systems (GIS) and statistical techniques and
combines several different data sources. Fieldwork supports the data sources by presenting an
investigation of the current environment in and around the underground stations in
Stockholm. Regression models were used to assess the (strength) relationships between levels

of crime and the social and physical environment at underground stations.

Findings show that urban crime in Stockholm municipality is concentrated in stable hotspots,
varying as it were by the type of crime, in different places at different times. A majority of
these hotspots are located close to underground stations. The environment of underground
stations has a significant impact on the crime levels at these transport nodes; for instance,
lower opportunities for guardianship were related to higher crime rates, while well-
illuminated and open stations showed lower crime rates. An open layout provides better
guardianship opportunities, which in turn may decrease crime levels. The surrounding socio-
economic composition of neighborhoods and the physical and social environment surrounding
the stations affected crime levels similarly. For instance, mixed land uses in the station’s
vicinity could be linked to increased crime rates. However, crime levels showed a varying
distribution over time and space. Different stations showed different levels of crime at
different times of the day; moreover, there was also a correlation to the type of crime: thefts,
for instance, were most concentrated at central stations during peak hours, when stations were

most crowded.

The results of the study include suggestions for policymakers and organizations dealing with
urban safety, planning and public transportation, such as police, transportation companies and
municipal planners. The results suggest that crime interventions should take into account the
dynamic patterns of crime and adopt a more holistic approach that considers stations as well

as their surroundings.

! This thesis is part of the project entitled “Safety in Transport Nodes: The Influence of Environmental
Attributes on Crime and Perceived Safety”, headed by Associate Professor Vania Ceccato. The research was
financed by the Swedish Transport Administration (Trafikverket), Stockholm Public Transport (SL) and
Stockholm municipality during 2010 and 2011 and FORMAS Grant 250-2009-479 in 2012.
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Chapter 1- Introduction

This thesis is composed of five articles:

Article 1 — Uittenbogaard, A.C. and Ceccato, V. (2012). ‘Space-Time Clusters of
Crime in Stockholm, Sweden’. Review of European Studies, Vol. 4 (5), p.148-156.
Article 2 — Ceccato, V., Uittenbogaard, A.C. and Bamzar, R. (2013). ‘Security in
Stockholm’s Underground Stations: The Importance of Environmental Attributes and
Context’. Security Journal, Vol. 26, p.33-59.

Article 3 — Uittenbogaard, A.C. (forthcoming). ‘Assessing Guardianship Opportunities
at Underground Stations’. Security Journal. Accepted, 2013.

Article 4 — Ceccato, V. and Uittenbogaard, A.C. (2014). ‘Space-time Dynamics of
Crime in Transport Nodes’. Annals of the Association of American Geographers, Vol.
104(1), p.131-150.

Article 5 — Uittenbogaard, A.C. and Ceccato, V. (2013). ‘Safety in Stockholm’s
Underground Stations: An Agenda for Action’. European Journal on Criminal Policy

and Research, published online October 2013.

This chapter provides an introduction to the articles and characterizes the main theme of the
thesis. It starts by presenting the aim and objectives of the thesis, followed by the basic
concepts, data and methods used in the articles. The chapter also offers examples of how
urban design and planning can take on the challenges of ensuring safety in transport nodes. In
the final sections, a short summary of the articles is presented, followed by conclusions and

final considerations.

1.1 Outline

Safety is a basic human need. In the present context, safety is understood in direct relation to
risks of crime and victimization. According to Maslow’s hierarchy of needs, after
physiological needs such as shelter and food, humans require safety (e.g. ‘security’ and ‘free
of fear’) in order to advance in life and satisfaction (Maslow, 1943). In developed and
Western countries, the physiological needs of most people are satisfied: they have a home,

shelter, access to clean water, warmth and a daily supply of food. However, the second need —

6



that of safety — is not always fulfilled. Even in relatively safe cities, such as the Scandinavian
capitals, a segment of the population declares feeling sometimes, or even often, unsafe
(Ceccato, 2013). A recent survey in the capital of Sweden, Stockholm, showed that 15 percent
of the population feels unsafe due to the risk of crime in their neighborhood (Stockholm City,
2011). Unsafe feelings represent the perception of crime in a city, which may relate to
personal experiences, witnessed events, personal background, vulnerability, gender, and age,
but they may also be associated with the urban environment itself. Cities are complex and
dynamic places. The urban fabric guides people’s movements around the city by means of the
provided infrastructure. Cities are continually dynamic, because activities are performed
around the clock and people are mobile, often moving in many directions and with different
destinations using different modes of transport. Cities provide the backdrop on which desired
safety is created, but they are also a potential site for crimes. The influence of the physical
environment on human activities and consequently on crime development and perceived
safety is undisputable (e.g., Newman, 1972; Wilson and Kelling, 1982). At so-called
‘transport nodes’, i.e. public places where individuals come together to (des)embark on a
transportation en route to other destinations, for example bus stops and underground/train
stations; people bundle their paths (Hégerstrand, 1970) and are exposed to different
environments with varying risks of crime. Within public transportation, ‘fear of crime’
appears stronger and citizens, women in particular, feel less safe and are even afraid of using
public transport. At the Stockholm public transport system 31 per cent of the passengers
report feeling unsafe (Stockholm Public Transport, 2013), and nearly 40 percent of the city’s
residents felt unsafe when walking between home and public transport. Three percent

consciously avoided using public transport because of ‘fear of crime’ (Stockholm City, 2011).

This places a question mark behind current urban planning practices and how levels of safety
are addressed in the design of public places, particularly at transport nodes. Moreover, public
transportation is used by more than half of the urban population daily (Stockholm Public
Transport, 2011). If society’s present aim is to advance towards more sustainable cities and
life-styles, then a proper and secure public transportation system is required (Raco, 2007;
Saville and Kruger, 2012). Therefore, this research focuses on the analysis of crime as a proxy
of safety levels in the city, in particular at transport nodes (embodied by underground stations)
and their surroundings. The thesis also demonstrates the importance of establishing links

between safety, public environments and urban planning.



This thesis provides a glance into the complex matter of analyzing safety in transportation
systems. The articles that compose this thesis concern crime levels at underground stations in
Stockholm, Sweden. This cover chapter discusses the possibilities and challenges of carrying

out this type of research, from data quality to policy implementation.

1.2 Aim and Objectives

The overarching research question posed in this thesis is “why do crimeS occur in certain
locations in the city, but not in others?” Several research questions developed from this, and

these are linked to different topics in the articles (Table 1).

The objective of the thesis is to explore ways to assess safety in an urban context and in
transport nodes. The articles aim at assessing whether safety levels vary within a city and
within a public transportation network, particularly at transit stations. Finally, the articles

offer suggestions for increasing safety in these environments.

Article

Research Question 1 2 3 4 5 Main Topics
How are crime events distributed
over space and time in Stockholm ° Space-Time Distribution
municipality?
What environmental aspects of . .

X Design of Transit
transport nodes influence safety ° ° .

Environments

levels?
Are opportunities for guardianship Guardianship &
related to the design of transport ° Design of Transit
nodes? Environments
Do safety levels at transport nodes .
follow our daily activity patterns? ° Crime Patterns
How can underground stations be
made safer in the case of ° ° Crime Prevention

Stockholm?

Table 1 — Research questions and links to the topics of the thesis.

Each article focuses on a different aspect of urban crime and prevention. The first topic refers
to space-time distributions of crime in the City of Stockholm. In the first article, the objective
is the identification of crime clusters and their variations by crime type and seasonality. The
second article focuses on the design of transit environments, thereby analyzing the variations
in levels of crime at the underground stations in relation to their internal environment and
surroundings. The third article looks at how opportunities for guardianship, which are

important indicators for safety, are related to the design of transit environments. The fourth



article concerns the identification of crime patterns in transit environments in relation to urban
activities and transit station design, whilst the fifth article focuses on crime prevention and

suggests ways to improve safety at underground stations.

Each of the five articles contributes to different parts of the research area (Table 2). This
thesis acknowledges contemporary theories and findings, as well provides new insights for
analysis and suggestions for practical and policy implications. The findings of the thesis are of
value for other studies, as they can contribute to new thinking and the evaluation of current
situations at transport nodes. Results are also of high value for practitioners, policymakers and
security organizations because they present detailed information on the distribution of crime

events and suggest strategies for targeted interventions.

Main Research Area Methods

Acrticle 1 Crime geography Spatial cluster analysis

Urban crime clusters

Acrticle 2 Safety in transit environments Comprehensive fieldwork/

Underground station crime secondary data &

levels Modeling

Article 3 Environmental design of transit Comprehensive fieldwork/

Guardianship environments secondary data &
Modeling

Avrticle 4 Activity patterns & Space-time analysis &

Crime levels over space and  Safety in transit environments Modeling

time

Acrticle 5 Crime prevention & Policy implementation

Crime prevention Urban planning

Table 2 — Articles and their contribution to the research field.

1.3 Theoretical Background
The Geography of Urban Crime

Urban crime may develop on the background of existing city planning in which physical
environments, socio-economic settings, accessibility and urban layouts play a role. This
implies that crime is subject to a city’s geography and its urban environments. Crime and
disorder events are not distributed evenly throughout a city; on the contrary, certain places
experience higher crime levels than others. Urban safety has been addressed using different
theories within criminology, architecture and urban planning. Some theories focus more on

social aspects, while others rely on different environmental aspects to explain variations in



crime. The theories below present a complementing set of explanations on the varying aspects

of urban crime.

Firstly, studies suggest that knowledge of a potential victim’s behavior and schedule fosters
crime opportunities (Cohen and Felson, 1979). Crime levels vary over space and time because
people perform routine activities that present rhythmic patterns. These are guided by time of
the day, the season, and the day of the week. Cohen and Felson (1979) argue that these
routine schedules provide the anchor points for committing a crime because the possible
offender is presented with repetitive patterns and recurrent opportunities. However, this is
closely related to the interdependence of space and time. Routine activity theory suggests that
for a crime to happen, the motivated offender and a suitable victim need to be at the same
place at the same time in the absence of guardians (Cohen and Felson, 1979). A known
concentration of people (suitable victims) in a small, accessible location may create an easy

crime opportunity for a motivated offender. A transport node could be one such location.

Furthermore, offenders are guided by their willingness to commit a crime. Rational choice
theory states that when offenders assess situations, their own personal risks and benefits play
a role in the decision of whether or not to commit the offense (Clarke and Felson, 1993).
Thus, the environment plays an important role in creating opportunities for crime, as certain
features of the environment may contribute to different risks for the possible offender, such as
being seen and apprehended (Clarke and Felson, 1993). A crowded or well-guarded location
may deter an offender from committing a violent crime because the potential risks are too
high. On the other hand, a crowded location may increase the benefits for an offender willing
to commit a theft, due to the availability of many targets and the inherent difficulty of

surveillance in a crowded location.

Secondly, the influence of the physical environment on opportunities for crime is related to
defensible space theory, which defines the layout of a space as the existing (or nonexistent)
possibilities for the control and prevention of unwanted activities (Newman, 1972). Different
locations can present varying possibilities for surveillance and visibility, which translates into
possibilities for direct and indirect social control. As Newman suggests, places with an open
layout enhance surveillance and visibility opportunities, and this may deter offenders from
committing a crime due to the associated increased risks. Moreover, boundaries between

private and public spaces may also influence safety levels. A softer boundary makes both
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public and private users responsible for events happening in either place, and it may increase

indirect social control (Newman, 1972).

Additionally, certain places may bear evidence of uncivilized social or physical behavior or
be visibly deteriorated, littered or insanitary. These environments may be perceived as lacking
in control and thus attract criminal activities, as proposed in the broken-window theory
(Wilson and Kelling, 1982). Suggested lack of control in an area represents fewer risks for the

offender and thereby indirectly increases the opportunities for committing a successful crime.

Thirdly, the urban context also provides a socio-economic background that has a direct effect
on variations in the spatial distribution of crime and victimization (e.g., Shaw and McKay,
1942; Wikstrom, 1990). Social disorganization theory relates crime activity to the social
aspects of a neighborhood and the lack of social control that may provide opportunities and
trigger offenders to commit a crime (Shaw and McKay, 1942). According to Wikstrém
(1990), local land use influences what kind of activities and type of population can be found
in a place. These activities (and the population) vary over time, thereby influencing the
place’s vulnerability to crime, as activities directly influence the number of interactions and

criminal opportunities (Wikstrém, 1990).
Safety and Transport Nodes

Safety in public transportation has been under analysis since the 1970s; for example, in 1971
Harris published a study of the design and crime rates of the Washington D.C. Metro,
Chaiken et al. (1974) examined crime in the New York City subway system, Pearlstein and
Wachs (1982) looked into transit crimes and environments of transport nodes in Los Angeles,
and Brit (1989) analyzed safety and crime prevention in public transportation in the
Netherlands. Recently, this specific area of criminology research has been the subject of
increasing interest as more and more researchers devote time to understanding crime and

safety levels in relation to transportation.

Transport nodes are argued to concentrate offenders and generate crime (Brantingham and
Brantingham, 1995), becoming unsafe places in the absence of good prevention. Although it
is not always proven that transport nodes attract the majority of crimes in cities (e.g. LaVigne,
1997; Loukaitou-Sideris et al., 2002), most studies indicate a correlation between transport

nodes and concentrations of crime.

11



Owing to the fact that a great deal of people use public transportation to travel to and from
work and various leisure activities, for shopping and outings, etc., transport nodes are places
at which large flows of people converge and individuals meet. According to routine activity
principles (Cohen and Felson, 1979), offences can only occur at a specific point in time and at
a specific place when a motivated offender meets a suitable victim in a place that lacks
control. Because of their innate function and their design, public transport nodes provide these
occurrences daily; for instance, rush hours provide excellent opportunities for a thief to blend
in and go unnoticed while selecting a suitable victim to pickpocket. Transport nodes are
public places and therefore have a lower threshold for entry compared to private homes, but
they still provide objects and easy targets for an offender. Citizens’ daily routine activities put
them at risk of ending up in such a situation when the path of an offender crosses that of a

victim.

Besides accommodating convergences between people who may be potential victims or
offenders, transport nodes also consist of specific crime-prone features that may increase
opportunities for offenders or decrease the safety of the passengers. Smith and Cornish (2006)
state that the connection between safety levels and the environment in which a place is

embedded is at its most obvious in transport nodes.

The physical environment of public transport nodes includes several features that may
contribute to decreased levels of safety or increased feelings of fear of crime. For instance,
Harris (1971) showed that within the Washington D.C. subway, lighting, fencing, open design
and security cameras contributed to decreased levels of crime. The illumination of transit
stations has been found to be of high importance in increasing safety levels at different places
in the world and within different types of public transport (e.g., Poyner and Webb, 1993;
Pease, 1999; Welsh and Farrington, 2007; Cozens et al., 2003). Cozens et al. (2003) also
found that at railway stations in South Wales, UK, visibility aspects were of great importance
when assessing safety levels. Loukaitou-Sideris et al. (2002) also indicated that at stations in
Los Angeles, better visibility and surveillance opportunities correlated positively with
increased levels of safety. Complex layouts with poor visibility, elevated sections, the
presence of large stairs and escalators increased the risk for passengers to become victims of
crime (Loukaitou-Sideris et al., 2002).

However, the social environment at transport nodes can also impact safety levels at transit

stations. The presence of formal guards and possibilities for informal social control at
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transport nodes may increase levels of safety. Chaiken et al (1974) found that the presence of
police reduced crimes at the New York City subway stations. In the Netherlands, Brit (1989)
showed that increased formal surveillance by official guards had a positive effect on crime
reduction in public transportation. Informal control has been shown to influence property
crime levels, for instance by Reynald and Ellfers (2009). Ceccato and Haning (2004) also
argue that the convergence of passengers can have a positive impact on safety levels, as they
may act as informal guardians of the place. On the other hand, overcrowding may potentially
affect safety levels in a negative manner, as opportunities for surveillance are lost. Studies
have shown that at more crowded transport nodes, property crime levels in particular are
higher, while at less crowded nodes more violent crimes may occur (Ceccato et al., 2013).
This relates both to the (lack of) opportunities for control and surveillance, as well as the

presence of opportunities for an offender to commit such crimes at low risks.

Transport nodes are not stand-alone features of the urban space, but are instead often
embedded within dynamic surrounding environments consisting of various land uses, social
activities and socio-economic status. Social disorganization theory (Shaw and McKay, 1942)
provides a background for this reasoning: it states that the lack of formal social organization
in some neighborhoods can turn into weak social control which results in a culture of violence
and high delinquency rates. Pearlstein and Wachs (1982) concluded that a station located in a
deprived neighborhood with low socio-economic status also demonstrated increased levels of
crime. Loukaitou-Sideris et al. (2002) also suggested that a neighborhood’s socio-economic
status impacts crime levels at public transport nodes. They showed that neighborhoods with a
high population density, lower income, lower education, residents with predominantly foreign
backgrounds, a younger population and rental housing may be associated with higher levels of
crime at the transit station. On the other hand, specific urban features and activities located in
vicinity of public transport nodes may attract or create crimes. Certain activities and land uses
fundamentally attract offenders, stimulate criminal behavior or concentrate potential offenders
(Loukaitou-Sideris, 1999). Block and Block (1995) found, for instance, that a concentration of
bars and alcohol outlets close to transport nodes correlated with an increase in crime levels.
The presence of large infrastructures such as highways near public transportation stations
were also found to be related to increased crime rates (Loukaitou-Sideris et al., 2002).
Additionally, the presence of parks, schools, and youth centers in the vicinity of a bus stop
showed a positive relationship to crime (Newton and Bowers, 2007). Typical land uses related

to increased crime levels are, e.g., commercial and entertainment areas (Kinney et al., 2008).
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This thesis considers both internal design and the physical and social aspects of an

environment as well as surrounding land uses when analyzing safety levels at transport nodes.

1.4 The Study Area

The city of Stockholm is the capital of Sweden and home to 881,235 inhabitants (Stockholm
City, 2013). Stockholm was constructed for the most part on several small islands, covering
216 square meters (including water) and located next to its wide archipelago. The
infrastructure connecting the urban areas is very well developed, and there are green areas all
the way into the city center. The main mode of public transportation is the underground
system, which comprises 100 stations. These share three underground lines (green, red and
blue), which transport around 1,800,000 passengers daily. The main transport node is located
in the city center; all lines pass through this central station (T-Centralen) (Figure 1). The main
city core is the central business district. It is here that most offices, shopping districts and
entertainment activities are located. The suburbs of Stockholm vary in nature. Affluent
neighborhoods in the north and east are largely made of villa housing. Multiple family
housing and low-income groups dominate the south and northeast. Most high-income groups

reside in the city center or in low-density suburbs adjacent to the center.

Vallingby

kilometers
Scale: 1:120 000

Figure 1 - Map of Stockholm City. Highlighted in red: municipal border (study area); in black:

location of the city center and underground stations; in blue: underground lines.
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Stockholm is an interesting case study because of the significant seasonal variations, which
may play a crucial role in determining crime patterns. Winters in the city are dark and cold,
while summer days are light until late in the evening and warm. Activities change accordingly
with the seasons, as citizens gather outside in the green parks during the summer and spend
more time indoors during the winter. Moreover, a study of Stockholm will contribute new
data and results on a Scandinavian capital to existing literature that has hitherto mainly
focused on Northern American and British cities. Unlike cities in the United States and United
Kingdom, the city planning of Stockholm has largely followed the development of
infrastructures as a result of welfare policies from the 20™ century. Public transport has been
planned as an integrated part of neighborhoods and is fairly well spread out over the city. This

may provide new insights on urban crime distributions.

1.5 Data and Methods
Data

Multiple data sources have been used in this thesis in order to give the most comprehensive
overview of the case study (Table 3). Nevertheless, the main data sets rely on reports of crime
and disorder events, such as official reports to police or reports made by security personnel of

the transportation system.

The crime records include coordinates, address, description of the event, address of victim,
address of offender, year, day, starting time of event, ending time of event, type of crime,
crime code, and more. The database covered four years of recorded crime events, from
January 2006 to May 2009. This made it possible to analyze crime distributions and patterns
over a longer period of time and include space-time analyses. The data is not without
limitations. The records can be faulty due to the reporting or recording method. The victim is
not always able to provide exact time frames or locations of the offense when reporting.
Moreover, coordinates or addresses can be approximated and arbitrary when reports are being
filed.

A common problem with crime records is the positioning of the events, which may provide
less consistent results. Geocoding is required in order to analyze crime data from a spatial
perspective; moreover, geocoding is the base for space-time analysis. Crime records often

include wrongly recorded events, with differing coordinates, which are either filed wrongly or
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wrongly transformed. The police crime record database used for the purposes of this thesis
required cleaning, for instance. The records were geocoded using Geographic Information
System (GIS) software and then put on the map of Stockholm municipality using the local
Swedish Coordinate system (RT90). As the records had coordinates attached, the majority
could be geocoded automatically, while part of the records had to be geocoded manually. One
other problem with crime records is underreporting of crimes. A large percentage of all crime
events remain unreported to police or other organizations. This may be related to
unwillingness to report, lack of trust in law and police, fear of the offender or of retaliation,
lack of knowledge of the system, or of a victim not perceiving the crime as serious, among

many other reasons.

Socio-
Police Personnel  economic Fieldwork Passenger
Records Reports Data Observations Flows Data
Acrticle 1
Urban crime clusters O O
Acrticle 2
Underground station crime e) o)
levels O O O
Acrticle 3
Guardianship O @)
Article 4
Crime levels over space and o)
time O O
Acrticle 5
Crime prevention O @) O

Table 3 — Data used in the thesis (bullet size represents the importance of the data set in each article).

Moreover, crime data includes a certain vagueness of locations; for most offenses it is
difficult to pinpoint the exact location and time of the event. Nevertheless, even with very
precise data at hand, discussions can arise on the use of exact locations for crime events.
Some may argue that crimes with provided coordinates are neither to be taken as fully true
from an analytical point of view. As crime is a rather dynamic event process, uncertainty as to
exactly where the event took place or the fact that the event took place over a longer route is
common, rendering it difficult to state that a crime occurred at a particular spot. Particularly
when dealing with offenses such as vandalism and property crimes, the exact timing of the
incident can seldom be determined to the hour, let alone to the minute. As an example: the
victim of a housebreaking may tell police that it must have happened sometime between 8

a.m., when he left for work, and 4 p.m., when he arrived back home. Unless neighbors noticed
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the event, the time frame effectively encompasses half of a day, which leaves little possibility
for exact analysis. Another example concerns graffiti; guards patrolling places will only
notice the presence of new graffiti upon reaching the location in question. Here too, unless
someone had seen and noted the exact time of application (which is very rare), the time frame
for the incident will extend from the time of the last visit to the time of discovery.
Nevertheless, crime records do sometimes come with such (un)specific time frames for the
incidents. This challenges the analysis, as the retrieved event locations and times associated

with each event can be contested or imply inaccuracies.

The reports of events at underground stations are linked to the station names and the identified
coordinates for each station. Passengers and personnel from the public transportation
company report crimes and public disorder events to the central alarm center. As above, the
database covered the four-year period from 2006 to 2009.

The data on passenger flows (ridership) at the underground stations was acquired from the
Stockholm public transportation company (SL). The data was presented as being collected by

the hour during a time frame of one day for each station.

The socio-economic data was gathered from Statistical Sweden and is based on the smallest
administrative units (basomrade) in Sweden. The data set includes background data on
neighborhood and socio-economic statistics, such as population, gender, income, age, housing
types, education, unemployment, and ethnic background. The limitation of this type of data is
the level of detail. Whereas the crime event data comprises individual events by coordinates,

the socio-economic data is linked to the administrative units.

The fieldwork data was collected during visits to the underground stations in 2010. The
stations were inspected using a predefined checklist that was set up according to variables that
previous studies and theories have suggested as influencing levels of crime, particularly at
transport nodes. The variables in the physical as well as in the social environment, were
collected through observations by inspecting the design (e.g. corners and hiding places);
layout (e.g. overviews, surveillance and visibility opportunities); physical attributes of the
environment (e.g. illumination, CCTVs, elevators, stairs) and social attributes (e.g. guards,
land uses, activities, pleasantness, crowdedness). Some of the challenges in collecting and

analyzing the fieldwork data are discussed in detail in the articles.
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In spite of potential problems, data from different sources can provide a comprehensive basis
for in-depth analyses, particularly for crime analysis. Recent studies acknowledge the
potential of contemporary data and modern sources (e.g. Sampson, 2012). Technological
developments have made the analysis of crime data and its distribution a lot easier. Over the
past decades, for instance, GIS tools have become a basis for crime analysis in academia as
well as ‘working tools’ in the field. Police organizations routinely use GIS to analyze
“hotspots” as a basis for deploying their resources in order to deter crime efficiently (Sherman
and Weisburd, 1995; Braga et al., 2012). All in all, new technologies enable in-depth analyses

that reach to the core of crime distribution and patterns, a condition for safety interventions.
Methods

There are a variety of methods and techniques available for urban safety research. Some
studies focus on spatial patterns of crime (e.g. Almeida et al., 2003), and others on its
temporal patterns (Langstrom, 2002), or a combination of them, the so-called ‘spatio-
temporal’ patterns of crime (Nelson et al., 2001). Other methods were developed to assess the
relationship between crime and environment (Perkins et al., 1993), and victim and offender

relations (Block, 1981), just to name a few.

Crime records can reveal a great deal about crime distributions. As shown in article 1, crimes
are not evenly distributed over space, and possible clusters of crime can be detected when
large concentrations of incidents are present in a certain limited space. Concentrations of
crime in Stockholm have been identified in article 1 by using spatial scan statistics that
calculate hotspots of crime concentrations. Hotspot identification is argued to be the most
valuable and important technique in spatial crime analysis (Ratcliffe and McCullagh, 1999).
A hotspot is a concentration of crimes within a relatively small area where the number of
incidents is higher than expected as compared to the total study area (Canter, 2000). Most
studies have focused on spatial clusters of crime exclusively, but recently, with the
availability of new software and techniques, more studies have looked into space-time
patterns of crime. The novelty of using spatial scan statistics (here, particularly SaTScan) is
the ability to directly manage both spatial and temporal data for analysis based on background
data. In this thesis, population was used as background data. This results in calculations of
crime risk over space and time into which the underlying population can be taken into
account. Clusters are calculated according to risk and expected events as compared to the

actual number of events. Moreover, when analyzing different time frames, population changes
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(during the day and night) can thus be accounted for in the analysis. Other techniques, such as
Moran’s I, LISA or GetisOrd, are only able to analyze space-time clusters without accounting
for risks and underlying population, and thereby only look at the distribution of the events.
Article 1 shows some of the urban space-time clusters in Stockholm, while article 4 presents
crime variations and concentrations over space and time in the underground system in
Stockholm. Article 4 uses a manual selection of calculated time frames per station and type of

crime to analyze differences over time and space.

Data collection was done using observations, which is often part of the analysis of urban
crime, particularly when looking at the environments and places in which the crimes occur. In
most of the articles in this thesis, observations gathered during the fieldwork of the

underground stations’ environments serve as the main source for the analysis (Table 3).

Studies within the field of urban criminology commonly apply ecological analysis in order to
assess relationships between crime data and socio-economic and demographical data at
aggregated level, such as zones (Haining, 2003; Ackerman and Murray, 2004). In this thesis,
ecological analysis is an important framework for articles 1 and 2 by applying mapping
techniques (Table 4).

Space- Assessment of

Cluster GISand Time Statistical Policy
Detection Mapping Analysis  Modeling Alternatives

Article 1

Urban crime clusters O O O

Article 2

Underground station O O

crime levels

Article 3
Guardianship O

Article 4

Crime levels over O O e)

space and time

Article 5
Crime prevention O

Table 4 — Methods and techniques of the thesis (bullet size represents the importance of the techniques

in each article).

Most analysis of crime data includes regression analysis in order to identify the strength of
relations between crime and environmental aspects and explain the extent of variations

between the crime rates and each of the environmental variables (e.g. Krohn, 1976;
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Dzemydiene and Rudzkiene, 2002; Andresen, 2006). The results and analyses in the articles
of this thesis are based on the use of regression models (Table 4). For the underground
stations in Stockholm, a stepwise ordinary least square (OLS) regression model was applied.
Because relatively detailed data was available, it was possible to analyze relationships
between the environment at individual sections of the stations (platform, transition area,
lounge and exits) as well as the overall station confines in relation to the characteristics of the
surrounding areas and neighborhoods. OLS techniques were chosen to accommodate the
greatly varying conditions of the variables. The variables were checked so as not to violate the
OLS assumptions, but it was not known which errors might have been included. Therefore,
the OLS technique provided the most stable model for analysis of the relationship between the
independent and dependent variables. Article 3 employs a logistic regression technique
because the dependent variables are of a dichotomous type. Moreover, a logistic regression

technique is able to handle the mixture of different types of available variables in the

modeling.
Spatial Scale Temporal Scale
Acrticle 1 Local administrative unit & Days & Months
Urban crime clusters  municipality
Acrticle 2 Stations & local administrative unit Hours, Days, Weeks & Months
Underground station
crime levels
Article 3 Stations & station sections -
Guardianship
Article 4 Stations & surroundings Hours & Days

Crime levels over
space and time

Acrticle 5 Stations Hours & Days
Crime prevention

Table 5 — Spatial scale and time frames of the thesis.

This thesis provides a detailed analysis of urban crime distributions and possible interventions
by looking at different scales, both in space and time (Table 5). The methodology applied
includes techniques that cover a variety of scales. Urban crime clusters were assessed by
small unit of analysis, local administrative units, in relation to the citywide context in article
1, for instance. The clusters were identified over the period of one year, focusing on months
and precise dates of reoccurring hotspots. Following this analysis, the thesis narrows the scale
of focus to the underground stations and their surroundings. Crime levels in the underground
stations were analyzed by observing the stations’ environments, indoor, exterior and
immediate surroundings in relation to the socio-economic aspects of the surrounding context

(local administrative units) in article 2. Crime levels may show varying results at different
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time windows, and article 4 therefore assesses the crime levels at the underground stations by
looking at months and days of the week, up to variations over 24 hours. The variation of
crime levels over space and time is further analyzed by looking at selected temporal scales of
days and hours, thereby comparing the same temporal scale at different stations. Here, the
spatial scale is limited to the stations and their immediate surroundings, making a comparison
of more stable urban environments possible; the larger neighborhoods include more dynamic

processes and changing environments over time.

The spatial and temporal scales are important when implementing safety interventions. This
thesis focuses on crime prevention by suggesting different approaches related to space-time
patterns of crime levels at transport nodes. Article 5 focuses on determining whether some
specific actions are more effective than others on certain days and at particular times of the
day. Moreover, the thesis assesses if different types of stations, e.g. central versus peripheral,

require different types of actions in order to increase safety.

1.6 Summary of Articles
Article 1 — ‘Space-Time Clusters of Crime in Stockholm, Sweden’

The first article focuses on crime geography and space-time distributions of crime. The main
aim is to identify how crime events are distributed over space and time in Stockholm
municipality with the application of spatial cluster detecting and GIS for spatial analysis of
the data. GIS was used for mapping and visualizing crime distributions and patterns, while the
Kulldorff’s scan test was used for cluster detection. The Kulldorff’s scan test is able to detect
clusters of events in both space and time with the possibility to assess concentrations based on

an underlying population at risk.

The strong evidence and findings for a Scandinavian city provided here have hitherto been
lacking in literature. The article identifies several crime concentrations over days, weeks and
seasons. The results indicate that crime is concentrated in the city center, problem suburbs and
larger regional centers and around transport nodes. Results of crime rates show that property
crimes are most concentrated in the afternoons, while violent crimes are concentrated at night.
Likewise, previous studies showed that Stockholm city center is a hotspot of crime
(Wikstrom, 1991; Dolmén, 2002; Ceccato et al., 2002) regardless time of the day and type of

crime. However, weekends are more prone to crime, and seasonal variations indicate clear
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patterns corresponding to our scheduled activities. During the winter months in particular,
crimes are more concentrated around transport nodes; during the summer they are more
spread out over the municipality. Spatially, violent crimes concentrate in the city center and
around places of entertainment, and also occur in some of the suburbs. These suburbs cope
with social problems and are sensitive to crime due to certain underlying socio-economical
aspects. In these areas, a lack of social control leads to the suburbs’ indirect consent to
criminal activities. No steps are taken to curb the criminal actions of offenders residing there;
they may on the contrary even feel encouraged toward criminal behavior (Shaw and McKay,
1942).

As the first article suggests, crime clusters in Stockholm follow a pattern related to the city’s
central activities and suburban problems. It is of great importance to notice that crime does
not remain stable over time, showing instead different distributions at different times in
different places. Crime prevention and police intervention should therefore be focused on the
hotspots indicated for each different time span. As an example, there are certain specific
places at which crime concentration remains high regardless of the day or time: Véllingby
center; around Gullmarsplan (a large transition node); the city center; Rinkeby and Hjulsta
(for geographical indication see Figure 1). However, during evening hours, on weekends and
in the winter months, prevention and intervention actions should focus on the city center and

transport nodes.

Article 2 — ‘Security in Stockholm’s Underground Stations: The Importance of

Environmental Attributes and Context’

The second article focuses on the safety and design of transit environments. The primary
objective is to identify which aspects of the environment in transport nodes influence safety
levels by applying statistical modeling of crime rates based on police and security personnel
reports. GIS was used for mapping and spatial analysis. A comprehensive fieldwork forms the
ground of the modeling by providing a database of the stations’ environmental design aspects

acquired by observations.

The current international literature provided strength and value for interpretation of this
Scandinavian case study. This article acknowledges the different surrounding environments
and uses routine activity principles and urban criminological theories to show the diverse
influence of different environments. It was found that these surrounding environments consist

of diverse land use patterns which often facilitate several well-known crime attracting
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facilities, such as pubs, restaurants, alcohol outlets (Brantingham and Brantingham, 1995).
Nevertheless, crime rates varied between stations. The local environment at a station and its
relationship to its surroundings as well as the resident population define a large part of the
difference in crime levels at different stations. In general, the majority of registered offences
comprises events of public disorder (e.g. intoxicated people), followed by fights and
vandalism. Some stations report higher levels of violent crimes (fights and violence occur
often at Hjulsta and Vallingby, for instance), while others show higher levels of property
crimes (thefts are common at T-Centralen). At and around the underground stations theft is
most common in the afternoon, vandalism in the evening and violence at night. Although the
most events had been reported at the central station and larger stations of Stockholm, the risk
of crime (occurrence per thousand passengers per day) was found to be higher at peripheral
stations, end-stations, and stations located within hotspots of violence and property crime, as
indicated in article 1. These results suggest strong links to findings in the first article, the

influence of surroundings and social disorganization theory.

Figure 2 — Examples of (a) litter at an underground station and (b) dark, hidden places at underground

stations. Copyright: Author.

Upon further inspection, the environmental attributes at the stations could often explain half
of the variance in crime rates between stations. Variables associated with higher crime rates
are: low surveillance, in terms of few people being present; low visibility; many corners and
hiding places; poor illumination; the presence of litter; and social disturbance (Figure 2). By
taking the socio-economic characteristics of the neighborhood into account, it was found that

crime rates increase at more peripheral stations, in sparsely populated areas, in physically
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deteriorated neighborhoods, and in areas with more cash machines but fewer police stations in

the vicinity. However, the significance of these variables can vary by crime type.

The conclusions indicate that there is evidence for the link between environmental attributes
and crime levels at transport nodes, an effect of both the stations’ attributes and their
surroundings. Adding to that, specific stations see different patterns of crime and need a
particular intervention approach. No general crime prevention approach should be applied;
instead, particular stations should be specifically targeted at particular times, using a ‘whole
journey approach’ that also encompasses the surroundings.

Article 3 — ‘Assessing Guardianship Opportunities at Underground Stations’

The third article focuses on the environmental design of transit environments and the
opportunities for guardianship as a means for crime prevention. The main objective is to
determine whether guardianship opportunities are related to the physical and social
environment of a transport node by applying statistical modeling based on the fieldwork data

of the stations’ environmental design aspects, land use and socio-economic data.

Available literature is rich with evidence of how crime is influenced by guardianship.
However, little is known about how the social and physical environment affects guardianship
opportunities, particularly at transport nodes. Guardianship can relate to people’s capacity to
affect crime simply by the force of their presence, to exercise surveillance or to intervene if
something happens. Guardianship was originally defined as a crucial part of routine activity
theory, and it includes any person or object that is able to supervise or simply watch other
people or objects at any given point in time and at any place which may force offenders to
refrain from committing a crime (Felson and Cohen, 1980). In this article, guardianship

constitutes two dependent variables, indicated by visibility and surveillance.

Findings show that the environment does affect the opportunities for visibility and the
capacity to exercise surveillance. Results from the statistical modeling show that half of the
variation in guardianship opportunities at stations was explained by environmental factors in
general, such as the flow of passengers, the presence of security guards, good sightlines and
tools for surveillance (e.g., mirrors). However, these effects may vary by section of the
station. For instance, at platforms and transition areas, the presence of people is most
important in providing good opportunities for guardianship, while security guards seem more

effective in lounge areas. At platforms and exit areas, guardianship opportunities also improve
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with good sightlines and overviews, while tools for surveillance (like mirrors and CCTV
cameras) are more important in the less crowded transition areas. The results from this article
did not find a clear link between opportunities for guardianship at the stations and the
surrounding environment; this may relate to guardianship being a rather local action or to the

perception of different responsibilities that guardians have in different places.

The article suggests improved guardianship opportunities as a means of reducing crime and
disorder. It also proposes increasing safety in underground stations by providing the best
possible overviews and open sightlines, particularly on platforms, and by installing or
replacing tools that facilitate better opportunities for guardianship and providing spaces with
noticeable formal supervision, as well as making previously uncomfortable, unsupervised
areas attractive as waiting areas for passengers by providing informal guardianship

opportunities.
Article 4 — ‘Space-Time Dynamics of Crime in Transport Nodes’

The fourth article deals with safety in transit environments with a focus on activity patterns of
individuals and crime patterns. The main objective is to assess whether safety levels at
transport nodes correlate with people’s daily activity patterns by applying space-time analysis
and statistical modeling based on the police crime records and fieldwork data of the stations’

environmental design aspects.

Drawing on assumptions from time-geography, routine activity principles and defensible
space theory, the study investigates daily, weekly, and seasonal variations of crime at
underground stations in the Swedish capital, Stockholm. Findings corroborate the conclusions
from article 2 that crimes tend to occur more often in the evenings, nights, during holidays

and on weekends. There is also evidence of seasonal variations of crime.

This article shows that over time, different environmental attributes have a varying effect on
crime levels at different places. It indicates that crime patterns at stations shift over time,
following rhythmic cycles that characterize people’s movement through the city, during the
week, and even seasonally. Stockholm’s underground stations show a concentration of crime
during winter months, during which the system is used intensively due to the cold climate
outdoors. The crowdedness at stations in combination with a lack of social control can
provide opportunities for crime, and agitation can easily grow while waiting for the train,

thereby increasing risks for violence. In the winter, stations with social disturbance and signs
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of deterioration demonstrate high levels of crime, whereas in the summer, offenses are
concentrated in stations near shops that sell alcohol. During daily peak hours, stations with
hiding spots are often targeted by crime, as they facilitate the offender to stay undetected,
while during off-peak hours, more crowded stations attract offenders as there are more
suitable targets. During holidays, crowded stations and those with shops selling alcohol attract
more criminal activities, as opposed to normal weekdays, when offenders are motivated by
unusual things as social disturbance and litter in their choice of a site for crime. Furthermore,
different crime types are also affected by different attributes over time. During peak hours and
holidays, violent crimes increase in crowded environments with social disturbance.
Particularly, peak hours in conjunction with dark corners and the presence of cash machines
are associated with violence. Vandalism, on the other hand, is concentrated at the less

populated stations.

The article indicates that safety in underground stations is not only a function of the internal
physical environment, but also of the social interactions that take place at the stations.
Moreover, events at the station are a result of the type of surroundings within which these
transport nodes are embedded, both in relation to the type of neighborhood (e.g., deprived
area) and the station’s position in the city’s context, for instance, as a peripheral transport hub.
The article presents an assessment of crime in underground stations that uses aggregated data
to provide snapshots of a city’s overall risk over time and space. It shows a methodology for
assessing crime over time and space, particularly in areas of convergence such as
underground stations. Using hourly crime data and a real-time check-up of environmental
attributes in combination with hotspot analysis, provides in-depth results on where and when
crime levels change, as well as why. The article concludes by pointing out that the role of the
stations’ environment in crime causation varies over time, which is of the utmost importance

for safety interventions.
Article 5 — ‘Safety in Stockholm’s Underground Stations: An Agenda for Action’

The fifth article deals with policy implementations by looking at crime prevention and urban
planning. The main question of how underground stations can be made safer in the case of
Stockholm is approached by applying an assessment of policy alternatives for crime

prevention at transport nodes.

This article suggests a detailed agenda of interventions in order to create more safe transit

environments. The article provides suggestions for the police, local crime prevention councils,
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organizations dealing with safety issues, municipalities, county councils, transport

organizations, etc., to deal with crime problems at transport nodes.

Based on the findings, interventions should adopt a ‘whole journey approach’, focusing both
on the stations and their surroundings. This means that the intervention spans different areas,
involves several authorities and requires improved coordination between transportation
agencies and other authorities. Environmental design interventions can help eliminate some of
the stations’ crime attracting features. Nevertheless they should be complemented with
policing and neighborhood watch schemes, general information campaigns and increased

usage of security technology.

Figure 3 — Examples of (a) a light clean underground station and (b) CCTV installed at the entrance of
an underground station. Copyright: Author.

Suggested actions to improve safety at Stockholm’s underground stations include the
identification of those stations in need of intervention. Resources may be wasted if placed in
the wrong place at the wrong time. Interventions can take advantage of identified crime
hotspots, as presented in article 1, and priority listing of underground stations, as presented in
the following chapter. Secondly, it is important to locate and reduce features of the stations
that influence visibility negatively, and to improve opportunities for guardianship at the
underground station in question as well as surveillance of the surroundings. As is promoted in
the crime prevention through environmental design (CPTED) concept, the enhancement of
environmental features that deter crime opportunities can have a strong impact (Figure 3).
Features such as dark spaces, benches, many exits and escape routes attract offenders
(Loukaitou-Sideris et al., 2002; Piza and Kennedy, 2003) while features such as lights,
cameras, and signs discourage offenders (Loukaitou-Sideris et al., 2002; Harris, 1971; Webb
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and Laycock, 1992; Morgan and Smith, 2006). Thirdly, signs of deterioration and lack of
control should be eliminated and the general pleasantness of the stations improved to increase
feelings of security. Furthermore, intervention schemes should adapt local initiatives and
safety suggestions made by the local community and focus on the needs of individuals.
Lastly, the promotion of gender safety and equity principles must be more highly prioritized

so that all citizens will have equal access to public transportation.

1.7 Potential Impact of the Results

The articles included in this thesis concern different levels of safety, ranging from the
municipal level to sections of underground stations (Table 5). This also has various
implications for crime prevention. Certain prevention tools are suitable for both micro and
macro levels, while others specifically target the micro scale or offer macro solutions.
Moreover, the studies in this thesis have tackled different dynamics behind safety that also

relate to the scale levels.

First of all, this thesis presents useful results for the case of Stockholm City in particular.
When implementing results from crime analysis, one must always consider the context in
which events take place in order to provide a tailored and effective crime prevention agenda.
The analysis of violent crimes in Stockholm’s underground stations suggests focusing on the
evening/night hours and the city’s suburbs, while different spatial-temporal and social
contexts indicate that violent crime may concentrate in the city center and around midday.
Safety issues may differ from those in other cities, because there are different mechanisms
that might influence crime levels and solutions may therefore work differently than proposed.
Nevertheless, the results also provide a good base for other case studies. The improvement of
guardianship, as well as surveillance and visibility at stations and the importance of a station’s
immediate surroundings can be applied to different cases with adjusted details. Suggested
intervention techniques may provide good means for increasing safety in public transportation
in other cities. Yet, the timing of these interventions as suggested in this thesis may be subject

to variation.

Secondly, as shown in article 5, implementing effective crime prevention calls for the
coordination of different strategies and between different organizations. Increasing safety in

underground stations may not prove very effective if safety levels in the surroundings are still
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low, and this will be reflected in the use of public transportation. An integrated crime
prevention approach is required: taking into consideration the transport nodes as well as the
way to the stations and neighborhoods in which they are located. Prevention strategies can be
more focused on environmental design aspects within the transport nodes, while strategies in
the surrounding neighborhoods may emphasize social aspects. For instance, the results
presented in this thesis show that the physical environment (e.g. illumination, hiding corners,
open layout and security cameras) accounts for most of the variations in crime levels within
the stations. On the other hand, the results showed that variations in crime levels in the
surroundings are more related to urban functions and social issues in the neighborhood, such
as high housing mobility. Remedying the latter will require long-term commitment and
structural changes of the social environments in deprived and high-crime areas. Thus,
different strategies for increasing safety at and around transport nodes are required and each

must focus on different issues. The main strategies will be presented in the following.

Primarily, the results indicate interventions in station environments, thereby referring to
environmental design strategies. The environment in underground stations is perceived as
rather static and without much possibility for change, except when new stations are being
planned. Most underground stations have been in place for a long time and include certain
compulsory built features that can neither be removed nor rebuilt. Thus, there is a need for a
creative approach to crime prevention that takes basic crime prevention techniques into
account, adjusting them to the context of underground stations. For instance, the internal
layout and structure of stations will be difficult to change in terms of surveillance and
visibility possibilities. However, thinking creatively, walls can be made transparent without
damage to the construction’s structural integrity; foundations and pillars would remain, but
allow for visibility. High-standard, new technology materials can also provide the necessary
bearing strength, but also provide the see-through capacity. On the other hand, new
opportunities and great possibilities for implementing safer environments may arise with the
expansion of current transport systems. In Stockholm, new plans for the expansion of the
underground lines are currently underway; they will augment the underground system with
new stations and transport nodes. This provides an excellent opportunity to reap knowledge
from the existing situation and design and build the new nodes taking into account the

strategies mentioned here in order to provide users with safer transit environments.

The environment of a transport node also includes the surrounding areas and thereby links

crime prevention and the creation of safer environments to land use planning strategies.
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Taking into account types of land uses and activities in the vicinity of a transport node can
facilitate better planning for safer environments by excluding certain elements from the
proximity of a station, or alternatively, by increasing control of those places. Urban planning
in the neighborhood can help in creating defined safe routes to the transport nodes that are
well lit, with good visibility and possibly enjoy high presence of guardians. Such actions
contribute to a holistic approach and increase safety for users en route to and in the vicinity of

transit stations.

Several suggestions for improved safe transit environments also include technological and
security strategies. The use of real-time effective CCTV surveillance can be part of these. The
advances made in technology also present a myriad of options for implementing crime
prevention. By means of social media and mobile phone apps, people can very easily post
their comments and report things they see or consider unsafe or uncomfortable. Location and
time are thereby directly connected to the message. If used to create a database, this
information could be invaluable when addressing crime prevention strategies in a city,
because it would reveal precisely where citizens feel insecure or where they report crimes that
they otherwise would not report. For many people, submitting a report via apps and social
media is both faster and more accessible than going to the police and filing a report; often,

people are discouraged by the process and there is a risk that the event will not be reported.

Crime prevention cannot be successfully achieved overnight; it requires long-term effective
deployment of several coordinated tools and organizations. There are different policing
strategies that can help make transit environments safer. Policing can include the deployment
of guards and police, but a strategy might also include how they are employed and how crime
prevention is being carried out. For instance, policing may be performed on an active basis,
where offenders are only searched in the event of serious crimes. In this scenario, policing is
in fact too late, and it will not increase safety instantly. Additionally, the location for policing
is of major significance for the creation of safer transit environments. In these policing
strategies, prioritization is key. Tackling the biggest problems first will help increase overall
safety and possible displacement effects will be undermined while safety levels at other
locations are maintained. However, the biggest problems are not always the locations with the
highest incidence of crime. In the case of Stockholm, the results can be presented in a priority
list of actions, ranking the underground stations by high-crime station, crime type, problem,
and intervention strategy. This will make it easier for practitioners to take action and make

transit environments safer, as it will provide a clear program that indicates the most important
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areas of focus and the determined objectives. An example of prioritization might be the

stations’ vulnerability to different types of crimes (Figure 4).

Violence Property Vandalism Total crime
Medborgarplatsen T-Centralen Johannelund Sockenplan
Hagsatra Vallingby Bjorkhagen Johannelund
Sétra Medborgarplatsen Sockenplan Angbyplan
Hasselby Gard Skanstull Hammarbyhdjden Axelsberg
Frudngen Kérrtorp Axelsberg Bjorkhagen
Rinkeby Sockenplan Angbyplan Karrtorp
Ragsved Zinkensdamm Tallkrogen Medborgarplatsen
Karrtorp Satra Enskede Gard Satra
Axelsberg Hagséatra Akalla Akalla

Hjulsta Globen Stureby Hasselby Gard

Figure 4 - Top ten underground stations in Stockholm with highest rates by type of crime (stations in

bold appear in more than one crime type). Source: Ceccato et al., (2011).

By using the crime data obtained from the police authorities, crime events were related to the
underground stations, which show different patterns when looking at different types of crime.
First of all, property and violent crimes follow very different patterns and different stations
are affected by each. From this list it is clear that certain stations require more attention in
certain areas; for instance, Hasselby Gard and Rinkeby require violent crime prevention
strategies. Other stations, such as T-Centralen and Vallingby, require prevention strategies
more tailored to property crime reduction. Stations such as Johannelund and Bjorkhagen
require strategies to reduce vandalism. It can also be concluded that certain stations may be
especially vulnerable to a certain type of crime, while others see a mix of several crime types,
such as Medborgarplatsen and Hagsatra. Additionally, this information provides a basis for
effective and specialized crime prevention strategies that focus on the stations in relation to

their specific safety issues.

Timing is also crucial for policing strategies. Results reveal that half of all the underground
stations with the highest crime rates are also located within Stockholm’s hotspots for violent
and property crimes (Ceccato et al., 2011). As analyses in article 1 show, these hotspots also
change over time, thereby rendering intervention strategies for stations within the hotspots
dependent on the space-time concentrations (Figure 5). Determining methods to tackle the
right type of crime at the right station at the right time and using the correct intervention
technique should be part of the preparations for policing strategies.
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Violent crimes

Property crimes

Primary Cluster

Primary Cluster

20 — 26 December 14 — 20 Aug

T-Centralen T-Centralen

Gamla Stan Gamla Stan

Kungstradgarden Kungstradgarden

Ostermalmstorg Hétorget

Hotorget Radmansgatan

Secondary Clusters Secondary Clusters

16 Jan — Rinkeby 6 — 12 Feb — Hagsatra

1 Feb - Farsta 7 — 13 May — Telefonplan, Midsommarkransen
28 May — 2 Apr — Skérholmen 8 — 14 May - Villingby

4 —10 Aug — Vallingby 2 — 8 Oct — Johannelund, Hasselby Géard
29 Aug — Tensta, Hjulsta 4 — 10 Oct — Skérholmen

17 — 20 Oct — Stora Mossen, Alvik
7 — 13 Nov — Kista
23 Nov — Racksta, Vallingby

Figure 5 - Stations located in clusters of violent and property crimes, Stockholm, 2006-2008. Source:
Ceccato et al., (2011).

Increasing safety is also a long-term process and it involves social matters that may be
founded in neighborhood problems and socio-economic disadvantages. Education and
outreach strategies may prove effective on a local level by decreasing neighborhood
problems and increasing social cohesion. Passengers can also be informed about possible risks
of crime and as to how they themselves can contribute to a safer environment or help in the
case of an offense. Implementation of safer transport environments requires participation by
users, i.e. passengers and citizens, as they are using the system and spending part of their day
there. Public participation programs should be activated in order to encourage passengers to

become active in crime prevention, giving them security, responsibility and confidence.

1.8 Final Thoughts and Reflections

The included five articles have analyzed crime patterns in Stockholm and in the city’s
underground stations in order to provide results that can be useful for increasing safety in
underground stations. At least two of the articles have presented suggestions for crime
prevention. A holistic approach is crucial for increased safety levels and should include urban

accessibility and address geography and the stations’ environmental design. Opportunities for
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control and guardianship can be improved with the help of technological advancements and
educational and outreach programs. By looking at the dynamics of safety in the city of
Stockholm and its underground stations, a comprehensive understanding of crime patterns

was recovered.

The main method used in this thesis concerns quantitative data assessment. In addition to
crime records gathered from different organizations, fieldwork observations have supported
the analysis. GIS techniques and statistical analysis have been very helpful for the
identification of crime patterns both in space and time. The results of this thesis are unique in
that they represent a case not commonly studied, but moreover, show distinctive aspects of

public transport nodes — here, underground stations — that influence levels of safety.

One of the most important findings is that guardianship, in terms of surveillance and visibility
possibilities, plays an important role in defining safety levels within public transportation. In
addition, the identification of specific attributes within the station that are a factor in higher
levels of safety or lower levels of crime is an important contribution of this thesis. The aspects
of guardianship were further analyzed in the fifth article, which concludes with several
suggestions for improving guardianship opportunities and thereby also safety in underground
stations. Additionally, the findings presented in the fourth paper are significant for society, as
they show the variation in crime levels at underground stations, revealing place and time
variations in crime levels. Moreover, the fourth article showed that at different times, different
places are influenced by different environmental aspects. Passengers can now assess their own
safety in greater detail according to place and time, and the intervention techniques and crime
reduction strategies of municipalities or transport operators can be optimized using knowledge

of the aspects that influence crime levels and their dynamics over place and time.

Strategies for crime prevention are related to the level of implementation. Article 1 identified
clusters of crime at the neighborhood level, and crime prevention should also take the spatial
urban layout into account. Authorities involved in neighborhood crime prevention include the
municipality, police and local resident organizations. Prevention can be targeted directly at
the neighborhood clusters identified in the study at the specific times stated. Priority should be
given to property crime clusters from 3 p.m. to 7 p.m., with the most intensive prevention
measures made around 5 p.m., while between midnight and 4 a.m., prevention of violent
events should be prioritized. Police officers may be deployed at these hours in certain
neighborhoods. At the micro level, articles 3 and 5 show that major increases in safety can be
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achieved by targeting certain types of crime at specific times (e.g. property crimes during the
afternoons) in specific environments in underground stations by deploying more guards or
employing visible surveillance tools. The priority listing of stations according to crime type
(as shown before in Figure 4), risk of crime, or fear of crime, etc. can also help by providing
organizations that strive to improve safety in urban environments with tools for effective

implementation.

On the neighborhood level, urban planning can address crime prevention by considering land
use planning and functional areas in relation to land uses. As articles 2 and 4 show,
underground stations prove to concentrate crime in Stockholm. Public transport nodes can be
made safer if planning includes careful consideration of land use planning and public place
design; negative spillover effects can be minimized by consciously omitting crime-prone land
uses from the dynamic transport environments. For instance, prohibiting bars and places that
sell alcohol in close proximity to underground stations will facilitate safer transport nodes.
Furthermore, increasing the safety of public spaces around and on the way to transport nodes
requires urban planning to include the design of adequate illumination and layouts with
unobstructed views and clear sightlines that provide good possibilities for surveillance and
visibility from a distance and surrounding buildings. The exterior layout and design in the
vicinity of transport nodes are more mutable than the interior designs of stations, as discussed
in section seven, but can also have a significant impact on safety levels and perception of
safety for passengers. Generally, transport operators and municipal offices have the power to

implement safety programs for micro level interventions.

Crime prevention requires an increased recognition of the socio-economic mechanism behind
safety issues, which should be addressed by interaction and improvement of citizens’ local
situations. Social campaigns increasing cohesion in neighborhoods may have a positive
impact on overall safety levels and make public transport safer. This requires the involvement
of residents and active campaigning of organizations capable of reaching the local population.
Neighborhood-watch schemes and the involvement of local residents in surveillance may
increase safety. Interactive reporting, such as previously discussed with regard to social media

applications, may also increase safety levels and contribute to social cohesion.
Challenges

During the thesis work some limitations were encountered, such as in the quality of data.

Crime records included missing data and uncertainty with regard to both time and place. The
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data was checked carefully before and during analysis, but has not been entirely
unproblematic. Databases were each collapsed into one year, combining the four years, to
create a more robust and reliable dataset. For instance, hotspots identified with the collapsed
data indicate a steady and stable hotspot (over the course of four years) and a definite need for

intervention.

This thesis is based on crime, rates per thousand passengers or population. These
denominators may cause bias. Although it is common to apply crime rates based on a
population in criminology, rates require careful interpretation. An underground station may
show high crime rates due to a low passenger flow; for instance, a station with 250 crime
events and 5000 passengers daily will give a crime rate of 50, while a station with 15 events
and 250 passengers a day has a higher crime rate. Yet, it could be suggested that the first

station requires more attention and immediate action than the second one.

The fieldwork based on researchers’ observations of the environmental characteristics of the
stations also posed a number of challenges. Visiting each station was time-consuming, and
observational methods also depend on the observer’s subjective judgments during inspection.
The data, however, was mainly coded in yes and no answers, which encourages more
objective values. The observers spent enough time at each station to obtain an overall view, as

opposed to a fleeting impression.

The hotspot analyses required input decisions from the researcher. For instance, the maximum
size and time period for clusters was pre-defined, which impacts results. One method of
managing this variability was to try out different sizes and lengths in time and space and

select the results that displayed stability across several attempts.
Future Research

This thesis has provided an overview of safety dynamics at public transport nodes and will be
useful for practitioners working towards a safer transportation environments. However, many

questions remain unanswered.

With regard to crime distributions in Stockholm, for instance, the inclusion of more urban
aspects not available during the scope of this thesis would be of importance. This would
include physical barriers, official land uses, accessibility measures, urban functions, and
distance measures, and would thus relate the analysis to the urban fabric and city planning

principles. The objective would be an urban planning analysis of how architects can design
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the urban environment around the stations to create safer places. Additionally, an
investigation of which strategies are actually deployed in different places (and where) would
be highly relevant, as would be the investigation into whether high-crime neighborhoods are
being provided the attention they need or if most prevention efforts are concentrated in
relatively safe neighborhoods and stations. The distribution of crime prevention techniques
and strategies should be compared to the distribution of actual safety levels and ‘fear of

crime’.

The thesis assessed the underground stations by sections, e.g. platform and exits, but a deeper
analysis of where events are taking place would be of great interest; for example, determining
the dark corner of the platform in which most crimes are committed or which entrance is
safest. Analyzing the routes of offenders and victims can be an interesting topic to study in
relation to public transport nodes, and where people actually feel unsafe at transport nodes is

also highly relevant.

It may also be of importance to analyze the movements of guards, as well as if and how they
concentrate in certain stations. This will contribute to concretely improving guardianship, for
instance by increasing formal control at underground stations. As Browning and Jackson
(2013) suggest in their paper on active street segments and violent crimes, there is a threshold
to be discovered at which (social) activity starts to affect violent crime levels negatively. The
examination of the concentration of passengers in certain areas can prove that there may be
“hotspots of guardianship” at the stations. The concentration of guardianship should also be
analyzed with respect to the effect on ‘unguarded’ spots. Also, relating these ideas to time,

with space-time analysis, will improve the usefulness of the findings for crime prevention.

An analysis of social media and the reporting of safety, crime levels, crime events, and fear of
crime may provide interesting results. The evolution of technological and online platforms
make it possible to create large databases with comments, times, places, and maybe even
routes of the posters. Even just looking in distributed media (such as newspapers) can give a
hint of perception of safety in urban places (see e.g. Ceccato and Uittenbogaard, 2013).

The combined analysis of both space and time distributions of crime has become more
popular in recent years and has been incorporated into several software packages. The
enormous increase in interactive multimedia and social platforms augment the possible

sources from which researchers can extract data and connect it in both space and time. Today,
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mobile phones have integrated GPS location units that are directly linked to the user’s social

network. This can make it possible to analyze real-time patterns and track routes.

The new ways of using internet and social media also open up for new perspectives on
analysis through these resources. Social media works quickly and precisely. Comments are
uploaded within a second, and positions are often attached to the message. This can open up
for a whole new type of data source for analyzing how people move and experience crime.
Urban crime pattern analysis may see a whole different type of input in the near future that

can increase societal involvement and foster more effective crime intervention strategies.
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Abstract

The aim of the study is to detect geographical clustering of offences over time using Kulldorff’s scan test
(SaTScan version 9.01; Kulldorff, 2010) and police recorded data over Stockholm city, the capital of Sweden.
This technique has a rigorous inference theory for identifying statistically significant clusters. The space—time
scan statistics are used in a single retrospective analysis using data from Ist January 2006 to 31st December
2009. A four years’ dataset is collapsed into ‘one year’. All space-time dimensions of the data are kept except
‘year’. Clusters over the hours of the day, weekday and weekend and by seasons were tested. Total population
but also day-time and night-time populations were used as reference. Findings show clear distinct patterns of
concentration for violence (assault and threat) and property crimes (theft, robbery and burglary) over time and
space. Whilst property crimes tend to happen more often in the afternoons in the center and regional commercial
centers in the southern and western parts of Stockholm, violence takes place more often in the night, and is
heavily concentrated in large parts of the city center. Weekends are more targeted than weekdays for both
offences. Regardless of day of the week, the main urban core of the city contains the most likely cluster that
extends to commercial and socially disorganized areas in the west and south Stockholm. Whilst property crime
levels do not show significant differences over the seasons, violent crimes levels do (winter and summer). The
most likely clusters tend to be fairly constant in space over time. The article ends with implications of the results
for both research and practice.

Keywords: spatial concentration, space-time cluster, poisson discrete model, violent and property offences
1. Introduction

Quetelet (1842) in his seminal work suggested that the greatest number of crimes against a person is committed
during summer and the fewest during winter. Since then, researchers have found new empirical evidence on how
crime levels vary over time and space (for a review see Cohn, 1990; Cohn & Rotton, 2003; Ceccato 2005). Some
relate these temporal differences to the influence of weather on behavior (Anderson et al., 2000) whilst others
associate them to variations in people’s routine activity (Cohen & Felson, 1979). Routine activity theory
suggests that an individual’s activities and daily habits are rhythmic and consist of patterns that are constantly
repeated, moreover most crimes depend on the interrelation of space and time: the offenders’ motivation,
presence of suitable targets (victims) and absence of responsible guardians (Cohen & Felson, 1979). This is the
basis of the explanation of the mechanisms behind seasonal (summer—winter) and weekly (weekend—weekday)
variations of crime over time and space.

The advance of new technologies for data storage and analysis such as Geographical Information System (GIS)
has led to systems for visualising and analysing the growing amounts of geocoded data, including for crime.
Cluster techniques, such as Kulldorff’s scan test, can be used for detection of variations of crime over space and
time. As suggested by Ceccato (2008), “these techniques are making geographical analysis of crime data more
in-depth and interactive than they were in the past and therefore space can now be addressed more dynamically,
both in time and space. Spatial analysis of crime data often uses information on the unique location of individual
crimes (x, y co-ordinates) or aggregated data (combining individual point data into larger areal units, such as a
city’s statistical units)”. The use of Kulldorff’s scan test to detect hotspots of violent and property crimes in
Stockholm, Sweden, is assessed.
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The Kulldorff’s scan test has been chosen because it uses input data based on single events and is a software able
to detect statistically significant clusters of point data (such as crime records). The events are assumed to be
randomly distributed over space and time (Kulldorff, 2010). Kulldorff’s SaTScan has several modelling options
available for cluster detection; it is possible to search for only spatial, temporal or space-time clusters. The scan
test can be applied to both continuous and discrete data, where the latter data may be aggregated to local area
levels, instead of individual point data, and the center point of the polygon will be used as location reference
(Kulldorff, 2010). This aggregated method makes the analysis faster as fewer individual points need to be
‘scanned’, yet not less trustworthy if one is satisfied with using larger area data. The discrete models can be
based upon the underlying assumptions of either Poisson, Bernoulli, space-time permutation, multinomial,
ordinal, exponential, normal or spatial variation in temporal trends model distributions. The choice of model
relies on the input data, as for instance the Poisson model requires the existence of a concerned population at risk
while the Bernoulli model involves the use of both cases and controls data for the cluster analysis (Kulldorff,
2010). In order to detect clusters over space and time, the space—time scan statistic is defined by a cylindrical
window with a circular geographic base and with height corresponding to time. This cylindrical window is
moved in space and time, so that, for each possible geographical location and size, it also visits each possible
time period. An infinite number of overlapping cylinders of different size and shape are obtained, jointly
covering the entire study region, where each cylinder reflects a possible cluster. This procedure is used to ensure
data robustness (there is a higher power to pick clusters up with the collapsed data than one year dataset)
(Kulldorff, 2010).

The objective of this study is to assess geographical clustering of offences over time using a Poisson discrete
model and police recorded data over Stockholm city, Sweden. This will be achieved by detecting the
concentration for violent and property offences in three moments in time: hours of the day, weekend and
seasonally. For cluster detection during the day, two different reference populations are tested: day-time and
night-time population and results are compared.

The structure of the article is the following. First, we present the area of study and the data used in section 2. The
review of literature on space-time clusters followed by a set of hypotheses is presented in section 3. In section 4
the use of the methods is motivated. Section 5 puts forward the results while in section 6 findings are discussed.
Conclusions and implications for future research and practice are presented in section 7.

2. The Study Area and Data

The study area is the municipality of Stockholm. Stockholm, as the capital city of Sweden, constitutes an
interesting study area because the differences in seasonal weather variation are significant. Winters are cold and
dark while summers provide warm and long, light days. These variations may affect crime levels and
concentrations in space, which can potentially be picked up by space-time cluster techniques. Moreover,
analyzing spatial clusters in Stockholm will provide an insight of the distribution of crime in a typical
Scandinavian city, planned and built according to rather organized urban planning disciplines following the main
infrastructures (e.g. underground and roads). So far, most previous research on cluster of crime has focused on
cases in North America.

The data used is within the borders of the municipality, which covers an area of 216 km” and a total population
of 790 642 (2007). The city is divided into 408 small units of analysis (basomrade), with an average population
of 1937.85 and standard deviation of 1833.11. Crime data is extracted from official records of the Stockholm
Police over four years: 2006 to 2009. For the police crime data only the years from 2006 to 2009 were at our
disposal but the numbers are robust enough to work with and represent the most recent crime trends we can get
hold off. Of all the selected records 6.3 per cent was eliminated as those either lacked coordinates, dates, were
outside the study area or were registered before the recorded year. The records included all registered crimes of
which five categories were selected: assault, threat, theft, burglary and robbery. For this study, assault and threat
were combined as “violent crimes” and theft, burglary and robbery as “property crimes”. Violent crimes includes
all in- and outdoor violent related reports, of both attempts and completed crimes, e.g.: threat against duty officer,
violence against women, rape, murder, limiting rights of freedom, harassment, insult, abuse. Property crimes
covers thefts, burglaries and robberies from both persons and buildings, for instance: pick pocketing, theft of
vehicle, theft from home or shop, theft of purse or phone, burglary in apartment, burglary in garage, burglary
with break-in, robbery with weapon, robbery of shop, robbery of vehicle, robbery of person. The selected records
comprehend 349 492 cases. The four years were collapsed into one year in order to create a more robust dataset.
The records contained information on the offence, place (x, y coordinates) and time (by minute). Besides the
crime records, demographic data of Stockholm municipality was used to run the cluster detection for seasonal
variations. Total population for each small unit of analysis as well as night-time and day-time population was
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available. Night-time population shows a high correlation with total population whilst day-time population
reflects people’s movement patterns in the city. Table 1 indicates that more offences happen during weekends
than weekdays. This finding makes a case for us to check if there is any variation in crime levels in space, which
will be examined further in the paper.

Table 1. Average statistics of two types of crime in Stockholm, 2006-2009

Total Average a year Average an hour Average weekdays  Average weekends

4 years One day One hour Oneday One hour
Violent 75117  18779.25 1.84 43.51 1.81 61.99 2.58
Property 274375 68 593.75 6.98 18095  7.54 196.96  8.21

3. Space-time Clusters: Theory and Hypotheses

“Until recently, the role of space (and space-time) was not explicitly acknowledged in the methodology used in
crime geography studies, but it is central in a number of respects” (Anselin et al., 2000). An important reason is
that knowing where and when crime happens is fundamental for police intervention (Ratcliffe, 2010). Both
Ratcliffe (2010) and Anselin et al. (2000) emphasize the importance of spatial techniques to detect and analyze
space-time in crime data. More recently, Nakayo and Yano (2010) suggest the need to visualize both crime
patterns in space and time to get a grip on the movement of clusters over time and space instead of focusing on
all individual clusters. The study on crime clusters in Kyoto showed that the use of both kernel density based
analyses and space-time scan statistics analyses are complementary to each other. Johnson et al. (2007) used
Monte-Carlo simulations and Knox’s ratio results to identify space-time clusters of burglary. Their
cross-national findings showed that burglaries tend to be clustered in space but more important in time as well;
clusters decayed as time elapsed. Johnson and Bowers (2004) use Knox’s ratios but in combination with the
Mantel technique to identify burglary clusters in space and time. The result of a two step analysis, firstly for
spatial clustering of ‘close pairs’ and secondly space-time clustering, is that clusters of burglary appear more
stable in time and movement in space occurs only in the vicinity in different time periods. Kulldorff’s scan test
has successfully been applied in the literature for both cities in the North and South hemisphere. LeBeau’s study
(2000) used the Kulldorff’s scan test for a risk based assessment using space-time cluster of crime in the USA.
Ceccato (2005) focused on space-time clustering (Poisson discrete model) of homicides in Sao Paulo (Brazil)
and showed indications of a seasonal pattern which changes spatially according to months of the year. Other
studies focusing on seasonal patterns of crime also found that crime levels vary over the year, but often different
types of offences show different patterns (e.g. Anderson et al. 2000; Bromley & Nelson, 2002; Cohn, 1990;
Cohn & Rotton, 2003; Farell & Pease, 1994). Nonetheless, these studies do show varying results and are
inconclusive on seasonal effects (e.g., whether summers are more criminogenic than winters). Those studies
which are concerned with the geography of these clusters, often present indications that crime patterns follow
people’s routine activity, places where people converge (Cohen & Felson, 1979; Sherman et al., 1989;
Brangtingham & Brantingham, 1993) and/or neighborhoods that show signs of poor social control and social
disorganization (Shaw & MacKay, 1942).

Taken together, the existing literature on Kulldorff’s scan test is encouraging with regards the detection of
space-time cluster of crime. Moreover, the suggested link between activity patterns and crime hotspots is a
motivation to look closely at the behavior of crime over different periods of time and over space. For the purpose
of this study, the recent strand of research is used as a background to hypothesize that the Kulldorff’s scan tests
provide robust results for the case of Stockholm. The analysis makes use of four years’ crime data over
Stockholm city to test the following hypotheses:

1) Both violent and property crimes show daily, weekly and seasonal variations over time and space.

2) Crime opportunities tend to be concentrated where people converge (city center, commercial areas, and
central stations) but also in areas with signs of poor social control and social disorganization.

3) Hotspots of crime are sensitive to the population basis used in the test. Night-time population tends to
shrink hotspots where people live (periphery of the city) whilst day-time population affects the size of
hotspots in the opposite direction.

4. Method

Crime data sets were selected by using time windows representing peak and low hours of crime during the day.
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By inspecting histograms, the highest and lowest crime rates were extracted. For instance, for property crimes
the peak hour was 17:00, represented by the events happening from 17:00 to 18:00. This was done manually for
total crimes, property and violent crimes, by day and month. As the database included an aggregated set of four
years, each hour had enough events to be used in the analysis. Before cluster analysis, A-nova tests (with Scheffe
test) were used to test whether there was significant difference in crime rates over time.

The study was based on models assuming a Poisson distribution of the number of cases at each location, under
the null hypothesis that the expected number of cases in each area is proportional to the population in that area
(Kulldorff, 2010). As the Kulldorft’s scan test uses space-time statistics from the user’s input, input data was
created separately for each different run. In order to have an effective but comprehensive data input, all crime
records were linked to their respective small unit areas (basomrad), as defined in the Stockholm population
database, using GIS (population basis). This implied that the scans were not based on the exact coordinates of
each separate crime record but on the coordinates of the centroide of each polygon (reflecting population basis)
of the small unit areas. For cluster detection during the day, two different reference populations were tested:
day-time and night-time population. Originally, Stockholm municipality consists of 408 small unit areas, but a
few of these units have low population counts (less than 50 inhabitants). To improve the population basis for
running the scan tests, about 40 units were aggregated to the neighboring polygons using GIS; so that none
showed a population count lower than 50. The space-time scans were executed within different time frames
defined by the user. In this study, the maximum temporal cluster size window was set to seven days (if applicable)
so that the crime clusters were identified at a maximum length of a week. For spatial scan limits, two ranges
were used: one being maximum 50 per cent of the population at risk and the other a maximum of 10 per cent of
the population.

5. Identifying Space-time Clusters of Violent and Property Crime in Stockholm

This study explores when and where crime happens in Stockholm and therefore investigates three different
moments in time. The analysis is divided into three parts; crime during the day, between weekdays and weekends
and whether there are any seasonal variations. For all three moments the clustering of crime has been assessed
using the Kulldorff’s space-time cluster test based on a discrete Poisson model.

5.1 Clusters during the Day

=== Violent

Property

Figure 1. Percentage of violent and property crimes by hour of the day in Stockholm, 2006-2009
Source: Stockholm Police Database, 2006-2009.

During the day people are on the move and execute different patterns related to their destinations and activities.
This also relates to the opportunities for different kinds of offences. The two types of crime show two different
patterns over the day; property crimes happen more during day-times and violent crimes are more committed
during night-times. There is a peak for property crimes at 17:00 and at 02:00 for violent crimes (Figure 1).
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Figure 2. Clusters of violent crimes at a) 2am (peak frequency) and b) 6am (lowest frequency)

The spatial clusters appearing as hotspots during the night show a more concentrated violent pattern (Figure 2)
that shrinks when moving towards the lowest peak at 06:00. Property crimes (Figure 3) increase in terms of
clusters at the highest peak, 17:00, and creeps into more suburban areas where the population is lower during
day-time as people are at not at home but are engaged in work or leisure activities.

Significant spatial clusters (based on night time population)
Only property crime types, 06:00 - 07:00 o'clock

Significant spatial clusters (based on day time population)
Only property crime types, 17:00 - 18:00 o'clock
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Figure 3. Clusters of property crimes at a) 6am (lowest frequency) and b) Spm (peak frequency)

5.2 Clusters in the Week

The literature shows evidence of a significant difference in crime incidence between weekends and weekdays.
Peak periods for assaults and robberies were found to be in the early hours of the morning on weekends, that is,
between 00:01 and 03:00 on Saturdays and Sundays. Assault and robbery rates during these times were more
than twice the average rates in Sydney, Australia (Jochelson, 1997).

In Stockholm, A-nova tests show a significant difference for both crime types between weekdays and weekends.
Property crimes show significance at a 90 per cent level whereas violent crimes are significant at a 99 per cent
level (Scheffe test). Results show that weekends tend to be more prone to crime activities as a consequence of
the unstructured activities undertaken by people during the weekend, such as leisure. By selecting two data sets,
for both weekdays (Monday — Thursday) and weekends (Friday — Sunday), as input for the Kulldorff’s scan test,
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clustering was detected for both periods. Violent crime clusters shrink during the weekend and show a more
concentrated pattern for specific locations in the suburbs. The city center shifts in direction for weekends,
including the area in the east where more bars and clubs are located, contrary to the weekday’s cluster which is
more concentrated around the central station where most people meet while daily commuting from home to
work.

5.3 Seasonal Clusters

Research has been inconclusive on whether crime varies seasonally (Cheatwood, 1988; Landau & Fridman 1993;
Ceccato, 2005) but evidence tends to show that crime varies over time. In the Northern Hemisphere, Cheatwood
(1988) shows that there was no specific season for homicide but homicide levels where found to be significantly
higher during the months of December, July, and August. Landau and Fridman (1993) found that while homicide
does not vary significantly over the year, robbery does and would peak during the winter (November through
March). Assault and robbery incidents were more prevalent in the summer months in Sydney, Australia
(Jochelson, 1997) whilst Hipp et al. (2004) show that both violent and property crimes vary seasonally. They
indicate, for instance, that property crime rates are primarily driven by pleasant weather. Homicides show
seasonal variations also in Sao Paulo, Brazil, one of the largest cities of the Global South (Ceccato, 2005), with
peaks in the hot months of the year, when vacation and many social gatherings occur. Farell and Pease (1994),
show that in Merseyside (UK) domestic disputes are highest in summer while burglary and theft peak during the
winter. Do violent and property crimes also vary in Stockholm? To detect variations of crime over seasons, the
full four year dataset was broken down into four parts (Winter from December till February, Spring from March
to May, Summer ranged from June to August and Autumn includes September to November). The A-Nova test
showed that levels of violent crimes differ between winter and summer; there is a significant difference of over
five crimes a day (Table 2) but property crime does not vary significantly between seasons.

Table 2. Differences in violent crimes by season
Crime Levels Mean F-test Scheffe
Winter (1) 48.19 2.901* 1.3/3.1
Spring (2) 51.90
Summer (3) 53.54

Autumn (4)  51.98
* Significant at 90% level

Scans for both violence and property crimes were performed using the total population with 7 days as maximum
length in time of a cluster (referring to a week). The first test used the default spatial limit of the population (50
per cent), but the results were unsatisfactory. For instance, violent crimes showed at first a surprising pattern
where one secondary cluster covered half of the study area at only one point in time: the first of January, in the
winter. A common practice is to decrease the spatial limit to 10 per cent of population at risk. Figure 4 shows the
difference between summer and winter after adjusting for the spatial limit to 10 per cent of population at risk.

The city center is a stable hotspot for both crime types during different seasons, there is mixed land use, where
activities and people converge at the central station on their way to and from places. Stockholm’s city center is
rather compact and concentrates shops, offices and bars. There is however a variation in time, as violent crimes
in the inner city are concentrated during the winter months whereas, for property crimes, the city center comes
up as a hot spot during summer months. This finding is in line with previous studies showing the increase of
property crimes during the warmer months of the year (e.g. Jochelson, 1997).

Following the A-nova test, the space-time scan clusters show slightly different clusters for violence during the
winter and summer. Moreover, the city center cluster has clearly shrunk while moving into summer months,
when the violent crime clusters seem to be positioned more in the outer-suburbs of Stockholm (Figure 4). Areas
in the periphery of Stockholm municipality mainly concentrate housing areas with (regional) shopping centres
located at transportation hubs which present steady crime clusters over time and space.
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Figure 4. Violent crime clusters during a) summer and b) winter

6. Discussion of Results

The Kulldorff’s scan test proved to be a useful tool to identify space-time hotspots of crime. This set of
techniques was tested using Stockholm city as a case study and the models were built up to test clusters by hour,
weekly and seasonally. Findings confirm the first hypothesis that events of different crime types vary over time
and space. The change in levels of crime by hour provides a clear distinction between violent and property
crimes, which seem to be closely related with individuals’ routine activities (Cohen & Felson, 1979). Property
crimes take place when people are not at home (burglary) or when people are going from work to home (and vice
versa) in rush hour (theft), while violent crimes are committed in places with less social control; during the
evening and nights in public spaces or in domestic environments. Seasonal variations as studied by Jochelson,
(1997) and Ceccato (2005), amongst others, are also found in this study’s results. In Stockholm, most housing
areas are located outside the city center where one can find clusters of violence during the winter.

A more spread out pattern can be observed for summers as compared to winters but still clusters of crime tend to
happen around some common areas, such as inner city and in suburban areas. This finding corroborates the
second hypothesis prompting that crime opportunities are related to the place where people meet. Routine
activity theory suggests that these are places where people move around, converge, meet and perform activities.
These places can provide the optimal conditions for crime to happen, as offenders can easily access suitable
victims without being detected (Cohen & Felson, 1979). Findings also show evidence that corroborates social
disorganization theory. Most of the persistent clusters in the suburban areas are neighborhoods with long term
social economic problems, and expected low levels of social control.

In a more technical account, findings show the effect of the population base used for the scan test. The
Kulldorff’s space-time scans provide the undeniable result of a constant hotspot for violent and property crimes
in the city center regardless time or date or population base. However, for secondary clusters the night-time
population causes the size of hotspots to shrink where people live (in the periphery of the city) while, on the
other hand, day-time population increases the size of clusters in the periphery, as people head for work elsewhere
(for instance, to the city center) when the population base is then lower, increasing the calculated risk for crime
in those areas. These findings indicate that the selection of an adequate denominator such as population base is a
fundamental step in the process of detection of space-time clusters.

7. Conclusions

This article assessed the detection of geographical clustering of offences over time using Kulldorff’s scan test
and police recorded data of Stockholm municipality, Sweden. Results showed distinct patterns of concentration
for violence and property crimes over time and that the Kulldorff’s scan test was a useful tool to identify these
space-time hotspots of crime.

This study shares, however, limitations with other studies that deal with crime statistics geographically over time.
For instance, crime records depend on the willingness of the public to report crimes to the police and therefore
rarely cover all crime occurrences. The times attached to the records, defining the time spans of the events, can
be uncertain as victims often do not remember the exact times and events are often recorded from the last time
known up to the point the crime is administrated by police officials. For instance, theft is rather difficult to be
recorded by the minute or even hour. Theft may happen without one realizing it and is only discovered at a later
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point in time. The same can be applied for burglary where one is not aware of the exact timing. This study based
the daily analysis on hourly aggregated data, thereby avoiding as much as possible uncertainties in between
hours.

For future research, the exploration of other types of analysis looking at the relations between the clusters (for
examples, see details in Kulldorff (2010)) is suggested. Models with different parameters such as the maximum
length of days and population at risk for clusters could be tested. The exclusion of the city center (which now
tends to dominate the analysis) could also be an interesting strategy for future analysis. The detection of both hot
and cold spots is also an important feature to be tested not only for research but also for crime prevention
purposes. The Stockholm case indicates the role of population basis in cluster building - the appropriate
population basis is an important step on cluster analysis over time that cannot be overlooked when selecting the
dataset.

The results presented in this paper provide evidence for the clustering pattern of crime events in Stockholm -
information that can be of importance for crime prevention and improvement of urban safety. With this
information in hand, the police may act upon certain crime locations and align their prevention strategies over
time. The increased presence of police in these hotspots at particular times might be desirable to deter crime. For
instance, resources should be focused on evenings, holidays and weekends, and summer; with regards to space,
they should be directed to commercial centers and some specific peripheral neighborhoods. Residents in these
most targeted areas may want to engage in activities together with the police and crime prevention groups to
define long term strategies (e.g., through safety audits, increased social control at certain times) to improve
overall safety.
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Abstract The aim of this article is to report on the security conditions in underground stations
and surrounding areas in Stockholm, the capital of Sweden. The study is based on a compre-
hensive fieldwork combined with Geographical Information Systems techniques and regression
models. Findings show that a relatively small share of reported events is crime; acts of pub-
lic disorder are more common at the stations. Events tend to happen in the evenings — nights,
holidays and weekends — and, at least for theft, in the hotter months of the year. Although the
highest number of events is found in the central station, the so-called ‘end-stations’ show of-
ten higher rates than those located in the inner city. Results show that opportunities for crime
are dependent on stations’ environmental attributes, type of neighbourhood in which they are
located and city context. These findings lend weight to principles of traditional urban criminology
theory such as routine activity and social disorganisation. The article concludes with directions for

future research and suggestions for policy.
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Introduction

A sustainable city enables the fulfilment of the mobility needs of their citizens via accessible,
reliable and safe transportation systems. Security is one of many factors influencing the
mobility of individuals in an urban environment. If one assesses security by the levels of
crime events, how safe are the transport nodes, such as bus stops and underground stations?
Literature shows that security in transport nodes is not necessarily worse than in other parts
of the city in terms of crime incidents; on the contrary, studies show that at certain times one
can be safer on public transport than in the city overall (LaVigne, 1997; Loukaitou-Sideris
et al, 2002). However, several studies have shown that transport nodes facilitate the occur-
rence of crime and disorder in various ways (Sloan-Howitt and Kelling, 1990; Easteal and
Wilson, 1991; Clarke, 1997; LaVigne, 1997; Loukaitou-Sideris, 1999; Church et al, 2000;
Loukaitou-Sideris et al, 2001; Newton, 2004). Transport nodes are often called crime
generators and crime attractors (Brantingham and Brantingham, 1993, 1995) as they
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concentrate large flows of people and are social spaces, which make it easier for offenders
to commit crime. Some physical and social characteristics found in transport nodes may
draw the attention of people with high levels of criminal motivation. They can potentially
pull motivated offenders towards them. For instance, at certain times of the day, the crowds
at a station may encourage the offender to pickpocket. In this article, we are interested in
security conditions in transport nodes, particularly in underground stations.

Different parts of an underground station are exposed differently to crime and disorder.
The design of these facilities and the internal and external environments of the stations may
influence the level of crime. According to Smith and Clarke (2000), the targets of crime also
vary and can include the system itself (vandalism, fare evasion), employees (assaults on
ticket collectors) and passengers (pickpocketing, assault). At the stations, crime is a product
of two dimensions: the environment of the transport node itself (for example, design of
platforms, CCTVs, dark corners, hiding places) and social interactions that take place in
these environments (for example, poor guardianship, crowdedness). Such vulnerability can
also be associated with the context in which transport nodes may be embedded. Previous
research indicated that the characteristics of the surrounding environment in which a
transport node is located (for example, type of neighbourhood) is important for security
at the station, but this effect is not well understood (for example, Loukaitou-Sideris et al,
2002).

In this article, we suggest that security in transport nodes is dependent on multi-scale
conditions that act at various levels in an urban environment. These conditions are deter-
mined by the environmental attributes of the station, the characteristics of the immediate
environment, the type of neighbourhood in which the station is located and the relative
position of both the station and the neighbourhood in the city. To test this conceptual model,
we use the underground stations of Stockholm city, Sweden. Stockholm’s underground
stations have been chosen for several reasons.

Most international literature on security in transport nodes is highly dominated by North
American and British evidence (however, see, for example, Alm and Lindberg, 2004;
Stangeby and Nossum, 2004). Stockholm is also an interesting case because, contrary to
North American or British cities, the capital of Sweden has been shaped to a large extent by
planning practices that were a result of welfare policies from the 1950s onwards. A typical
characteristic of this was the fairly spatial distribution of the stations over the city, always
followed by the construction of a new neighbourhood. Underground stations were planned
and located as an integrative part of these new settlements. These areas are often lively
places where people converge. There are reasons to believe that the stations’ proximity to
such a mixed land use makes the underground environment more criminogenic than its
surrounding areas.

The objective of the article is to assess security conditions in underground stations and
the surrounding areas where individuals’ trips take place. This will be achieved by identify-
ing the nature, levels and patterns of crime and disorder in the underground stations over
time and space. The analysis also involves (i) an evaluation of the relationship between
events of crime/disorder and environmental attributes of underground stations and
surrounding areas, and (ii) an assessment of the importance of neighbourhood context
(demography and socio-economic characteristics) on levels of crime in underground
stations and areas close by. Geographical Information Systems (GIS) techniques and regres-
sion models are used in this research in combination with data from different sources.
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In order to provide a comprehensive picture of what happens at the stations and in the
surrounding areas, three databases were used: Stockholm Public Transport’s calls for
service, Veolia’s personnel register and police-recorded data in an area within 100 m of the
underground stations.

The novelty of this study is to make use of GIS, spatial data analysis and regression
models to assess security conditions at underground stations with data from multiple
sources. The article advances the knowledge basis in this area also by adding evidence of
underground system of a Scandinavian city — a research area so far dominated by North
American and British examples. The article is based on a conceptual model that stems
from theories in urban criminology, situational crime prevention and crime prevention
by design.

The structure of the article is as follows. First, the vulnerability of stations to crime is
discussed, focusing on attributes of the station and its location in relation to the neighbour-
hood and overall city. Then, a conceptual model for assessing the stations’ vulnerability to
crime is suggested, followed by a set of hypotheses. We then discuss the nature, levels
and patterns of crime and disorder in the underground stations over time and space. The
results of modelling will show whether the environmental attributes of stations and their
surroundings affect crime and disorder levels at the station. Directions for future work and
the implications of the results for policy conclude the article.

Security at Transport Nodes: Theory and Hypotheses

Security in underground stations is dependent on multi-scale conditions that act at various
levels in an urban environment. These conditions are determined by the environmental
attributes of the station, the type of neighbourhood in which the station is located and the
relative position of both the station and the neighbourhood in the city (Figure 1). Different
types of crime occur in different places and vary over time (Jochelson, 1997; Cheatwood,
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Figure 1: Security in underground stations: A tentative conceptual framework.
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2008), which is also true for underground stations. Crime reflects people’s activities and
daily habits that are rhythmic and consist of patterns that are constantly repeated. Most
crimes depend on the interrelation of space and time: offenders’ motivation, suitable targets
and absence of responsible guardians, as suggested by routine activity theory (Cohen and
Felson, 1979). This convergence does not happen in a vacuum. The vast majority of crime
occurs within the offender’s awareness and activity space (Brantingham and Brantingham,
1995). An underground station can be the place where offender and victim awareness
spaces converge, a condition that may lead to crime.

The conceptual model relies on principles of traditional theories of urban criminology,
situational crime prevention and crime prevention by design. These theories underlie the
discussion in the next sections.

Security conditions at the station

The station’s design and layout affect its vulnerability to crime. Their design and layout
affects the potential offender’s likelihood of escaping without being detected (Clarke and
Felson, 1993). According to rational choice theory, potential offenders evaluate their own
risk before making a decision to commit a crime — and the environment plays an important
role in their decision. For instance, the study by Harris (1971) suggested that the physical
characteristics of stations — such as lighting, fencing, open design and security hardware —
reduce crime opportunities. Different studies have indicated evidence of the effectiveness of
street lighting as a crime prevention measure (Ramsey and Newton, 1991; Poyner and
Webb, 1993; Pease, 1999; Welsh and Farrington, 2007), although not always conclusively
(Barker et al, 1993). Nevertheless, if good illumination does not affect opportunities for
crime, it may at least impact on passengers’ perceived security. A case study in South Wales,
UK, showed that poor lighting at railway stations was the main security concern among
passengers (Cozens et al, 2003).

The location of escalators at the end of the platforms, ticket booths clearly visible at the
entrance lounges, and overpass walkways for overviews and separation of passenger flows
are factors affecting security at stations (Gaylord and Galliher, 1991; Myhre and Rosso,
1996; LaVigne, 1997). Loukaitou-Sideris et al (2002) suggested also the importance of the
external layout of stations to security. Elevated stations (compared with underpass ones)
suffer from poor visibility and are more often targeted by crime. They also indicated that
crime against persons more often happens on platforms, escalators and access stairways,
where the station design lacks good possibilities for surveillance.

Security relates directly or indirectly to the visibility of passengers, the possibilities of
being seen and seeing others, in other words natural surveillance: the ‘capacity of physical
design to provide surveillance opportunities for residents and their agents’ (Newman, 1972,
p- 78) — a central concept in defensible space theory (Newman, 1972). Cozens et al (2003)
found visibility to be the most crucial part of security at railways stations. In Los Angeles,
a study of Green Line light-rail stations (Loukaitou-Sideris et al, 2002) showed strong
links between crime rates and stations with dark, hiding places or with poor visibility of the
surroundings (the opposite was shown for stations with good visibility).

Poor visibility can also be translated into poor surveillance. For instance, the evidence of
the positive effect of Closed-Circuit Television Surveillance (CCTV) cameras on crime
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reduction has been shown in several studies, but its effectiveness may differ by offence type
and results are not always conclusive (Tilley, 1993; Brown, 1995; Short and Ditton, 1996;
Squires, 1998; Armitage, 2002; Welsh and Farrington, 2002). For instance, the installation
of cameras on the London Underground showed some positive effects on the reduction of
robberies and assaults (Webb and Laylock, 1992), as also CCTV usage on the Stockholm
subway seems to have led to fewer property crimes but with no effect on assaults
(Priks, 2009).

Formal and informal social control has an important role to play in determining crime
levels in transport nodes. Disorder and physical deterioration promote the notion that no one
is in control — a development that goes hand in hand with high levels of community social
disorganisation (Shaw and McKay, 1942; Kornhauser, 1978) and low collective efficacy
(Sampson et al, 1997; Sampson and Raudenbush, 1999). Chaiken et al (1974) showed, for
instance, that crime rates on New York’s subway were reduced when the number of police
increased at a certain time, with no sign of crime displacement in the rest hours. Brit (1989)
also showed evidence of the effect of guards in the station in the Dutch public transport
system. A number of studies also indicate the role of informal guardians at the station in
crime reduction (Reynald and Elffers, 2009). However, Felson (2006) suggests that the
existence of informal surveillance does not necessarily guarantee that surveillance is
occurring. Ceccato and Haining (2004) suggest that transport sites are often crowded but
lack ‘capable guardians’, persons who, sometimes just by their presence, discourage crime
from taking place.

Hypothesis 1: Crime and disorder rates at underground stations are affected by stations’
environmental attributes (station design and social interactions). Different
types of crime reflect different environmental conditions and may vary
over time (daily, weekly and seasonally).

The station in the neighbourhood

High levels of crime at a station or bus stop are often correlated with high levels of crime
in the surrounding neighbourhoods, sometimes triggered by the socio-composition of the
population or particular land uses. The relationship between neighbourhood conditions and
crime was assessed in the seminal work by Shaw and McKay (1942) in Chicago. They
argued that low economic status, ethnic heterogeneity and residential instability led to
community disorganisation. Social disorganisation theory links many forms of crime with
the presence of weak informal social controls, often present in high-crime areas, regardless
of where they are located. This lack of social organisation results, they argued, in a culture
of violence and high rates of delinquency. According to Morenoff e al (2001), not until the
1970s and 1980s was the theory of social disorganisation explicitly conceptualised by
Kornhauser (1978) and Bursik (1988) as ‘the inability of a community structure to realise
the common values of its residents and maintain effective social controls’. The literature
show many examples of how deprived areas have higher risks of crime, as do transport
nodes located in those areas (Pearlstein and Wachs, 1982; Hirschfield er al, 1995;
Loukaitou-Sideris, 1999; Loukaitou-Sideris et al, 2002; Ihlanfeldt, 2003; Newton et al,
2004). There are, however, exceptions as well; LaVigne (1997) shows, with the exception
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of assaults, that Washington’s subway crime rates by station did not covary with crime rates
for the census tracts where Metro stations are located. Variations are found between above
and below ground rates.

Incidents of vandalism plague transit systems (Loukaitou-Sideris et al, 2002) but not
only this type of offence. There are reasons to believe that stations with high levels of
physical damage and public disorder also attract other types of offences. The mechanisms
are not well known for underground stations; however, according to Wilson and Kelling’s
‘Broken Window’ Syndrome (Wilson and Kelling, 1982), unrepaired damage to property
encourages further vandalism and other types of crimes. Public disorder and vandalism also
promote the notion that no one is in control — a condition that goes hand in hand with high
levels of community social disorganisation (Shaw and McKay, 1942; Kornhauser, 1978)
and low collective efficacy (Sampson et al, 1997).

Pearlstein and Wachs’ (1982) study showed that most crimes occurred on routes passing
through typical high-crime areas in general, and all transit crimes were highly concentrated
in these parts of the city. Ihlanfeldt (2003) shows evidence from Atlanta, USA, that rail sta-
tions have a significant influence on the levels of crime in the neighbourhoods and vice
versa. Loukaitou-Sideris e al (2002) also produced similar findings in their study on station
crime in Los Angeles, USA. By comparing population densities, high and low income
levels, and ethnicity and gender and age distribution, they showed that crime rates at light-
rail stations are related to the socio-economic levels of their surrounding neighbourhood.
Table 1 summarises their findings.

The relationship between surrounding land uses and crime incidents tends to be significant
as certain environmental features either attract offenders (potentially good opportunities) or
influence criminal activities (as concentration of potential offenders and encouragement of
anti-social behaviour) (Loukaitou-Sideris, 1999). Kinney et al (2008) suggest that commercial
areas, shopping centres and entertainment locations, and multi-functional areas correlate with
high concentration of crime events. In Merseyside, UK, the damage of bus shelters was related
to the presence of youth, play parks, open spaces and schools with high truancy levels rather
than pubs or other alcohol-related premises (Newton and Bowers, 2007). The impact of bars
and liquor store on crime rates is not new but is not always straightforward. Block and Block
(1995) found, surprisingly, that areas with the highest concentration of bars and liquor store
were not necessarily the areas with the highest crime levels.

Hypothesis 2: The context in which stations are embedded has an impact on what
happens in the underground stations in terms of crime and disorder.

Table 1: Socio-demographic variables related to station crime

Variables associated with higher crime rates Variables associated with lower crime rates

High population density Owner-occupied homes

More persons per household High-income households

Younger population Neighbourhoods with majority white population
Population with less than high school education High numbers of population with college education

Source: Loukaitou-Sideris (2012).
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The station in the city context

Transport nodes are also influenced by their relative position in the city. Urban criminology
has shown plenty of evidence on how city centres are more criminogenic than other parts of
the city (Sherman et al, 1989; Wikstrom, 1991; Ceccato et al, 2002; Loukaitou-Sideris et al,
2002; Smith, 2003; Ceccato, 2009). Thus, it could be expected that stations located in
inner-city areas would tend to be more targeted by crime and disorder acts than those in the
outskirts.

As Kinney et al (2008) discuss in their study on Burnaby (Vancouver, Canada), the
greatest number of crime incidents are concentrated in and around commercial and
civic-institutional land uses: assault rates, for instance, are six times the rates in residential
areas. Policing operations along transportation routes in London and Liverpool, UK, showed
that increased patrolling on the routes and along the routes decreased crime levels even up
to 400 m from the route (Newton et al, 2004). A study on crime and bus stops in Newark
(USA) suggested that both the presence of bus stops and commercial centres were related
to higher levels of crime (Yu, 2009). The author points out that the presence of bus stops
resulted in higher numbers of crime for all types of offences. Although much was explained
by the geographical location of the bus stops in high-crime areas, the bus stops were
found to function as high crime attractors towards their surroundings creating even more
criminogenic places.

Hypothesis 3: The underground station’s relative position in the city determines its levels
of crime and disorder. As crime is often concentrated in city centres, it
would be expected that the more centrally located a station is, the more
criminogenic it is.

Study Area and Data Acquisition

Stockholm’s underground system is composed of 100 stations, of which 47 are underground
(most central) and 53 above ground. There are three lines: Red, Green and Blue
(Appendix A). In this study, we will report on crime and public disorder events in the whole
Stockholm underground system, but because of data limitation the modelling section
(‘Modelling public disorder and crime’) will use 82 per cent of the stations, those located in
Stockholm municipality.

Stockholm is part of an archipelago, and therefore water occupies a large part of the
urban landscape as the city is spread over a set of islands on the southeast coast of Sweden.
The islands are well connected by roads and an efficient public transportation system,
comprising buses, the Stockholm underground system, rail systems and commuting trains.
The main public transport junction is located in the Central Business District, in the central
area of the inner city. All underground lines pass through the Central Station, which is the
main railway station of the capital, making this area a place where many travellers and
workers pass daily. The central station is the only station connected to all three lines.
According to Stockholm Public Transport’s Annual Report (2006), on a normal weekday,
the flow of people travelling to and from the central station is around 215000 people.
The central square, and one of the main meeting points of the city, is a relatively high
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criminogenic area, where violence and drug-related offences tend to be concentrated
(Ceccato et al, 2002).

The environment of underground stations follows some common standards, but they are
far from being homogeneous, which potentially impacts on the stations’ vulnerability
to crime and disorder. In order to assess these differences, we conducted a systematic and
detailed ‘inspection’ of all underground stations in the Stockholm underground system
(including a photographic documentation), as well as a check on their surrounding areas, in
summer 2010." All underground stations were inspected on a weekday, between 10:00 and
16:00, avoiding atypical hours (rush hours and busy weekends). The inspection was based
on fieldwork observation of five parts of stations, as shown in Appendix B. The station
platform is constituted by the platform where the trains arrive and passengers wait, whereas
the transition area is the area between the platform and the gates/ticket window, which com-
monly includes stairs and elevators to the platform. The lounge is the area before the gates/
ticket booth to the exits or tunnels. The exits are areas before entering the lounge area either
directly from the street or via a tunnel. The surroundings included the immediate surround-
ings around each exit, the field of view from a station’s exits. Figures 2 and 3 illustrate the
environmental characteristics inspected in the fieldwork.

Data from the fieldwork inspection (checklists) were inputted in spreadsheets and
then imported to GIS together with data on land use, crime and demographic and
socio-economic data of the population. Stations and crimes were mapped as point data,

Figure 2: Environmental attributes of underground stations that promote security: (a) good overview of the
whole station, clear sightlines of platforms in Odenplan station; (b) stations’ external environment with clear
overview from the train (and from outside) in Ragsved; (¢) visible real-time train arrival display in lounge allows
passengers better plan their trips in Akalla.
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Figure 3: Environmental attributes of underground stations that do not promote security: (a) secluded entrance
to an elevator in Racksta station (on the left, ‘keep away from danger’ sign, entrance close to a motorway); (b) a
dark tunnel as entrance to the underground station in Danderyd sjukhus station (during the day); (¢) graffiti being
applied on a wall behind a corner in Slussen station between the platform and the transition area.

whereas the Stockholm demographics and socio-economic data were linked to small unit
statistics (Basomrdde). In order to assess the influence of the surroundings on crime
and disorder events at each station, a number of criminogenic land-use indicators were
manually mapped: the location of automated teller machines (ATMs), schools, police
offices and state alcohol selling outlets (Systembolaget) in Stockholm.

Crime and public disorder data were gathered from Stockholm Public Transport
(2006-2009), Veolia (2005-2008) in combination with 2008’s Police recorded statistics
obtained from the Stockholm Police Headquarters by x,y coordinates of all types of
offences by date. Although coordinates were available, it was not possible to know where
the event occurred (during the trip, at the station, wagon, other nearby premises). Instead of
using crude data of crime events by stations, rates per 1000 passengers were calculated
based on the passenger flow at each station.

The Nature and Levels of Crime over Time and Space

Public disorder is the most common type of event reported at stations (around 80 per cent of
all events). Typical examples of such a report are cases of drunken people at the station
or people found sleeping on a train, but also unjustified use of emergency brakes, fire
extinguishers or fire hoses. More serious offences, often violence, thefts and vandalism,
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constitute about 20 per cent of events. Most reports of violence are against passengers and
guards or other personnel. Threats against personnel are typical events, followed by threats
against passengers and drivers. For robbery, data at the station show that most reports are
made by passengers at the stations. The police robbery data also show a large number
reported at the stations, although the majority of all records is related to places such as shops
and supermarkets at the station. Theft can generally be divided in two types in underground
stations: theft from persons and of objects at the station. The latter includes theft of bikes
and cars, which is not uncommon around underground stations (parking lots or streets). The
actual time of offence for car-related crime is likely to be an estimate and is biased towards
the time of discovery (when the victim found out about the event). When recorded by the
police, the time of discovery is often used as a (inaccurate) proxy. Given the volume of car
crimes on public transport property, this factor could skew the mean times associated with
property crimes overall. Theft from persons is mainly covered by stolen goods from tran-
sients and passengers using the underground system. Vandalism is frequent at underground
stations. Acts of vandalism include graffiti on walls or floors, as well as damage to objects,
rarely inside the trains. This section will take a closer look at these different acts of crime
and disorder over time and space.

Figure 4(a) shows that regardless of the data source, records are stable over times of the
day. Most crimes in underground stations, particularly violent ones, happen in the evenings
and night (Figure 4). Although there are variations between data sources and crime types,
the common trend is that people tend to be victimised after 15:00, with peaks between 19:00
and 22:00 and the early hours of the morning. Note that the underground stations have
limited opening hours, and during weekdays most stations are closed between 03:00 and
05:00. Police crime data within 100 m of the stations show that theft is committed mainly
around late afternoon, whereas vandalism happens in the evenings and violence offences
are more reported in the night (Figure 4(b)). Holidays and weekends show higher reported
rates for all types of crimes and events of public disorder than weekdays. Conflicts often
reach a peak when people meet each other in their free time, at evenings, weekends and
holidays. This temporal pattern reflects people’s routine activity in the city (Cohen and
Felson, 1979), when people are on the move.

As many as 62 per cent of all offences in Stockholm municipality take place within
500 m radius of an underground station, which are spread over just 28 per cent of Stockholm
municipality’s entire area. The surrounding areas of the stations are not criminogenic just
because the stations are located there but because they are surrounded by mixed land uses
that are known crime attractors (for example, pubs, restaurants, offices, alcohol selling
stores, banks).

The central station might show a concentration of the highest number of events in
Stockholm municipality, but it does not keep its top position after events are standardised by
daily passenger flow. Instead of using crude data of events by stations, rates per 1000 passen-
gers were calculated for the three databases and crime types. Three patterns stand out:

1. The so-called ‘end-stations’ often show higher rates of events than stations located in the
inner city areas (exceptions are Medborgaplasten, Skanstull and T-centralen for thefts,
for instance). Hjulsta, Farsta Strand and Hagsétra show high rates regardless of crime
type. Some stations are ‘crime specialised’, showing more problems with violence,
whereas others show high theft or vandalism.
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Figure 4: (a) Distribution of crime and disorder by hour of the day and data source;

(Source: Stockholm Public Transport Database (2006-2009), Veolia (2005-2008) and Police Statistics (2008),
(b) distribution of theft, vandalism and violence offences by hour of the day.

(Source: Police Statistics (2008).

2. By comparing maps of hot spot areas with the locations of the underground stations,
we noticed that high crime rates in underground stations are often associated with
hot spots of crime in the surrounding neighbourhoods; however, this relationship
is context dependent — it happens either in the city centre or in the periphery of the
city. This is clearer for violence than for property offences. Using visual inspection,
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we see that as many as 60 per cent of the stations with top violence rates belong to
a ‘significant hot spot area’,? taking into account the distribution of violence both in
space and time. For thefts, 40 per cent of stations with highest rates are also part of
Stockholm’s ‘hot spots’ for property crimes. However, note that sometimes areas may
show high relative high rates but do not turn out to be a significant hot spot; thus, they
are not included in these percentages.

3. The more peripheral a station is, the greater violence rates it tends to have. However, for
property crimes, the picture is different. Stations located in more central areas tend to
show higher theft rates than stations located in the Stockholm periphery (Figure 5).

a Average Income (SEK) Viclence per 1.000 passengers
within 100 meters from station  at the station

05
) 300 000 I

B Violence

b Average Income (SEK) Theft per 1.000 passengers
within 100 meters from station at the station

05

W Theft

Figure 5:  (a) Violence and (b) theft rates at stations and surrounding income levels.
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Modelling Public Disorder and Crime

We now model the crime and public disorder rates in the underground stations using
environmental attributes of the stations and demographic, socio-economic, and land-use
covariates of the surrounding areas following the conceptual model shown in Figure 1. The
purpose is to explain the variation in station-specific rates for various types of offences.
The dependent variables in this study are rates for selected offences from data at the station
(from Stockholm Public Transport) and within 100 m of the stations (police-registered of-
fences). These 100-m buffer zones were created around the station objects and later used
to calculate the total police records assigned to each station. These rates took into account
the proportion of the population passing close to the station (daily population) using area
interpolation procedures in GIS. The modelling is tested using 82 per cent of the Stock-
holm underground system, that is, all stations covering the whole Stockholm municipality.
As Stockholm Public Transport and Veolia databases show events that happen at the
station and they tend to show similar results in the modelling, we are going to report here
only the results from the Stockholm Public Transport database. The results from the
station’s models are then compared with those based on offence rates created around 100 m
from each station.

The modelling strategy is composed of three steps. First, using Ordinary Least Square
regression (OLS),? we modelled offence rates at the station as a function of the environmen-
tal attributes of social interactions that happens at platform, lounge, transition area, exits/
entrances.* Significant variables were selected at 90 per cent level and higher. In Step 2,
crime and disorder rates were modelled for each crime type using only significant variables
from Step 1. The result was a model for the whole station, type of event and data source.
Then, in order to assess the effect of the surroundings, offences rates were modelled as a
function of stations’ attributes, neighbourhood context and station’s relative location in the
city in Step 2. Interaction effects were tested for a number of variables such as distance to
city centre, and income in combination with other station’s variables, but this strategy did
not produce meaningful results. Moreover, we performed modelling centre and peripheral
stations separately, but results turned out to be poor and limited by the number of stations/
variables. Figure 6 illustrates the modelling strategy. The objective of testing several model-
ling frameworks was to attempt to show a complementary picture of the criminogenic con-
ditions at these transport nodes generated from different modelling scales (at the station and
surroundings) and data sources (Stockholm Public Transport database and police records).

We expected that some environmental attributes would become more important to
explain crime and disorder rates in the winter than in the summer. As the seasonal variations
of light and temperature are notable in Scandinavia, models were tested using a new set of
variables during winter, such as illumination, overcrowding and littering in stations.

Results
Step 1

Social and physical environmental attributes of platforms, transition areas and lounges
turned out to be more important in explaining the variation in crime and disorder rates at
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Figure 6:  The modelling strategy.

the stations than those conditions found at exits/entrances. Across all parts of the stations,
variables indicating barriers to formal and informal social control were related to higher
rates of offences. According to the modelling results from Stockholm Public Transport
database, high rates of disorder and offences were found on platforms with low guardian-
ship (less crowded), often in stations with multiple platforms or transition areas with poor
illumination. In models based on the police records, platforms seem to be less exposed to
crime and disorder when CCTVs are present or visible. Lack of illumination in transition
areas is often related to high rates of crime and disorder in both sets of models (Stockholm
Public Transport data and police data). However, the role of CCTVs is not clear in transition
areas, as the variable either does not come out as significant or shows different signs in
different models. The presence of cafés in lounge areas tends to generate fewer offences
recorded in the Stockholm Public Transport database. However, shops in lounge areas of the
stations tend to promote crime, particularly for property offences. The effect of shops and
cafés completely disappears in models based on the police data in lounge areas. More
important to explain the variation of crime and disorder are indicators of informal social
control (lack of benches, few people around, CCTVs and their visibility). The conditions
found at exits of the stations and immediate surroundings have less impact on rates of crime
and disorder than platforms, lounges and transition areas (fewer variables were significant
and they showed contradictory signs depending on crime type).

Step 2

As suggested in Hypothesis 1, there are a number of environmental attributes of the
stations that fogether affect crime and public disorder rates. Note that in these models, only
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significant variables deriving from Step 1 were regressed against crime and disorder rates.
Results are discussed below and shown in detail in Table 2. Models based on Stockholm
Public Transport database show that overall crime, violence and vandalism tend to be lower
in transition areas with good illumination and platforms with many people around. These
results are also confirmed by previous evidence found by Harris (1971) and Welsh and
Farrington (2007). The number of platforms has the opposite effect. Rates of violence,
threat, theft and social disturbance are higher in stations with more platforms, which is an
indication that stations are larger, and more central underground stations. The pleasantness
of the stations, with fewer observed events of social disturbance (for example, loud speech/
kids fooling around) and littering tend to relate to fewer acts of violence, threats, robbery
and other minor criminal events.

Models based on police records confirm the importance of formal and informal social
control at stations (people around, existence of benches), but also show signs of the impor-
tance of other security dimensions. For instance, features that might hinder good visibility
and consequently affect surveillance (for example, the presence of physical barriers, sig-
nificant in half of the models) tend to be associated with higher rates of disorder and crime.
Hiding places and existence of corners are significant in models of both violent and prop-
erty crimes. Similar results were suggested by Gaylord and Galliher (1991), Myhre and
Rosso (1996), LaVigne (1997), Loukaitou-Sideris et al (2002) and Cozens et al (2003).
More often in models of the police data than in those based on Stockholm Public Trans-
port’s data, the number of CCTVs in the station and their visibility are linked to less crime
and disorder (significant in five out of eight models). Table 3 summarises the attributes at
the station related to crime and disorder from the two data sources.

The list presented in Table 3 reflects the frequency of the variables, which came out sig-
nificant in the following models: total crime, violence, theft, vandalism, robbery, burglary
and other types of events at the station. We tried to exclude from the table variables that
showed different signs for different types of offences. For instance, seating places or bench-
es seemed to reduce robbery but increase public disorder. The number of CCTVs also
showed unexpected signs for two offences. For violence and burglary, findings show that
having a visible CCTV camera at any part of the station is associated with greater rates
when using Stockholm Public Transport database. These results are, however, not con-
firmed by the model using police records, where the variable for the number of CCTVs
shows the expected sign for violence but unexpected for burglary. One of the reasons for
this mismatch is that cameras were installed in certain stations in the first place because they
were already known as ‘problematic’ (and may not yet have been effective enough to deter
burglary). Similar reasoning can be used about the existence of mirrors as a supporting
security device at stations. Contradicting signs for different offences is not new in the
literature (see, for example, Webb and Laylock, 1992; Priks, 2009).

Step 3

Variables reflecting the conditions at the stations explain around 30 per cent of the variation
of crime and disorder rates; this percentage varies by offence type and reaches its highest at
64 per cent for vandalism when variables indicating the conditions of the neighbourhood
and city context were added to the model (Table 2). The addition of these variables
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Table 2: Results of the regression analysis: Y=Log of offence rates at stations and surroundings

Database R? (per cent) At station R? (per cent)  Station and surroundings
Crime
Stockholm Public 31.0 Pcrow***(-), Tillu**(-) 51.9 Pcrow***(-), Tillu***(-),
Transport CityD*##(+), Cpolis***#(-)
Police 39.9 CCTV#*##( =), Tvis®#¥(+), 51.8 CityD***(+), CEXit**(+),
Teross™*#(+), CCTV###( =), Lseat**(-),
Eesup™*#(-), Tvis##(+), Tcross#*(+),
Esocd**(-) Eesup**(-), Esocd**(-),
Forg**(-)
Violence
Stockholm Public 26.5 Psecu®(+), Pnum*(+), 442 Psecu™*(+), Pnum***(+),
Transport Tnice**#(-) Pcrow™#(—), CAtm*##( +),
CCTV#***(+), Cit-
yD##%( +), Forg##(-)
Police 43.9 Pcorn®*#(+), Cetv¥*(-), 35.6 Pcorn®**( +), Cetv¥*#(-),
Lvis**(+), Lillu**(+), Lvis*(+), Lillu*(+),
Lsur###(-), Lseat*(-) Lsur#*##(—), Thid***(+),
Thid**(+), Tvis*(+), Tdetr**(+), Esur®***(+)
Tcross**(+),
Tdetr**(+), Esur***(+)
Robbery
Stockholm Public 324 Pundr#*#(-), Lsun*#*(+), 20.5 Pundr*##(-), Lsun®*(+),
Transport Lseat***(-), Lundr*(+), Lseat®*%(-)
Lsocd *#*(+),
Tlitt**(+)
Police 36.0 Tvis*®**(+), Thid**(+), 55.7 Ploun®*( =), Tvis***(+),
Tesup**(+), Thid***(+), Tesup***(+),
Telvs**#(+), Telvs*(+), Tcross**(+),
Eopen®*(+) Eopen®#¥#(+), CityD*##(+),
Popd*(+), Villa**(+)
Vandalism
Stockholm Public 54.6 CExit***(-), Proug*(+), 64.0 CExit***(-), Proug**(+),
Transport Pcrow***(-), Pcove***#( +), Ldetr*(+),
Tillu**(~), Tsur**(+) CityD###( ), Tillu**(-),
Pin-out™*(-)
Police 41.5 Cetv**#(—), Eesup***(-) 41.5 Cetv###( =), Besup***#(-)

*Significant at 10 % level; ** Significant at 5 % level and *** Significant at 1 % level.

(+) positive effect

(-) negative effect

Pcrow=Overall crowded at platform; 7il/lu=Transition areas are well illuminated; CityD=Distance from city centre;
CPolis=Number of police stations within 100m; CCTV=Number of CCTVs placed at station; Tvis=Visibility in
transition area; Tcross=Cross-sections/junctions/disruptions at transition areas; Eesup=Exits have escalator(s) going
up; Esocd= Presence of social disorder at exits; CExit=Number of exits; Lseat=Presence of seats/benches at lounges;
Forg=Percentage of population with foreign background in 2007 within 100 m; Psecu=Platform has CCTVs

placed visibly; Pnum=Number of platforms at stations; Tnice=Transition areas have a nice/pleasant atmosphere;
CAtm=Number of ATMs within 100 m; Pcorn=Presence of dark corners at platforms; Lvis=Visibility in lounges;
Lillu=Lounges are well illuminated; Lsur=Possibility of surveillance by others in lounges; Thid=Presence of

hiding places at transition areas; Tdetr=Transition areas have presence of physical deterioration; Esur=Possibility

of surveillance by others at exits; Pundr=Platform located underground; Lsun=Sunlight easily illuminates lounge;
Lundr=Lounges located underground; Lsocd=Presence of social disorder at lounges; Tlitz=Presence of any litter at
transition areas; Tesup=Transition areas have escalators going up; Telvs=Elevator smells/has lot of graffiti in transi-
tion areas; Eopen=EXxit layout is of open type without walls and roof; Ploun=Platform visibility towards lounge area;
PopD=Population density within 100 m; Villa=Housing is villas (owned housing); Tsur=Possibility of surveillance
by others at transition areas; Pcove=Platform covered by (rain) shield; Ldetr=Lounges have presence of physical de-
terioration; Pin-out=Net population(difference between population moving in and moving out from the area in 2007).
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Table 3: Attributes at the station related to crime and disorder

Variables associated with higher crime rates Variables associated with lower crime rates
Few people around at station Good illumination (transition area)

Objects hindering visibility/surveillance Less presence of social disturbance
Corners, hiding places CCTV cameras

Number of platforms Opverall station’s pleasantness, littering

Table 4: Attributes at the stations, neighbourhood surroundings and city context

Variables associated with higher crime rates Variables associated with lower crime rates
Few people around at station Good illumination/visibility

Corners, hiding places CCTVs cameras

Peripheral stations Fewer ATMs in the surroundings

Fewer police stations Lower population density

Fewer residents moving out Less presence of physical deterioration

improved the model’s goodness of fit but not for all offences. Nevertheless, some of the
variables reflecting the conditions at the stations hit strongly in Step 3, for instance presence
of hiding places/corners, good illumination/visibility and, to some extent, CCTVs.

Confirming findings from the section ‘The nature and levels of crime over time and
space’, stations far from the central area are more often targeted regardless of offence type
and model (the variable distance to city centre turned out significant in most of the models)
even after controlling for a number of other socio-demographic and economic characteris-
tics in the surrounding areas (Table 4). We cannot therefore corroborate our hypothesis
that stations located in inner city areas run a higher risk of all types of offences. Thefts and
property crime rates tend to be higher in a couple of inner city stations, but this pattern does
not hold for other types of offences.

For total crime and disorder, the goodness of fit of the models is very similar for both
Stockholm Public Transport database and police databases. The significant variables are,
however, different as the first data set reflects only what happens at the station, whereas
the second database covers incidents over 100m from the stations. Guardianship and
illumination explain 30 per cent of the variation of the crime rates from the Stockholm
Public Transport database; it goes up to 52 per cent when other variables (number of police
stations within 100 m, distance to city centre) and city context are added to the model. The
importance of formal control (police station close to the station) has shown a strong effect
on crime and disorder as suggested by previous research (Chaiken et al, 1974; Brit, 1989),
which surprisingly disappears in the model based on the police data.

For violence, R? nearly doubles when surrounding variables were added to the model for
the Stockholm Public Transport database. For violent rates based on the model from police
data, despite poorer goodness of fit, the model shows that more crime and disorder are found
where there are more dark corners at platform, more hiding places at transition areas, fewer
CCTVs, transition areas with signs of deterioration and poor surveillance in lounge and exit
area. For robbery, the situation is inverse; rates based on police data perform much better
than the ones from Stockholm Public Transport database. Surrounding variables such as
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open entrances, distance to city centre, population density and presence of villas are all
related to high rates of robberies from police data.

The model based on the Stockholm Public Transport database shows that vandalism rates
tend to be related to fewer number of exits (an indication of centrality but also the size of
the station), lounge with signs of physical deterioration (‘crime attracts crime’), platform
covered by rain shield, poor illuminated transition areas and neighbourhoods with people
moving out. Not surprisingly, whereas the previous model explained 64 per cent of
vandalism rates, the police data explained only 40 per cent, half by variable numbers
of CCTVs.

Surprisingly, some of the variables depicting the surrounding areas turned out to be
non-significant or to have an unexpected sign. For example, no effect was found for the
location of schools or for alcohol-selling premises in the surrounding area or for neighbour-
hood instability, as suggested in previous literature (for example, Block and Block, 1995;
Loukaitou-Sideris et al, 2002). In this study, alcohol-selling premises do not include
restaurants and pubs, only state alcohol outlets (Systembolag), which may explain our
results. Only ATMs show an increasing effect on violence.

We expected that some environmental attributes would become more important to explain
crime and disorder rates in the winter than in the summer. As the seasonal variations of
light and temperature are notable in Scandinavia, models were tested using a new set of three
variables during the winter. Results, however, show that illumination, overcrowding and lit-
tering in the winter were not important to explain the variation of station’s crime and disorder
rates as they may have been in the summer (as the results were in general poorer compared
with summer, they are not reported in Table 2). Often, the snow, gravel and dirt in public
environments change the tolerance level for litter and garbage on the floor in the dark months
of the year, something that would not pass unnoticed in the summer. This may also suggest
that the threshold for what is good and poor illumination changes over time, affecting an
offender’s perception of opportunity and consequently the decision to commit a crime.

Conclusions and Recommendations

Underground stations are criminogenic places, but certain stations are more often targeted
by acts of crime and disorder than others. In this study, we set out to understand why the
vulnerability to crime varies over space and time, using the Stockholm underground system
as a case study. We first discussed the nature, levels and patterns of crime and disorder in
these transport nodes over time and space. We then assessed the importance of environmen-
tal attributes of underground stations and surroundings to explain the variation in rates of
crime and disorder of these environments.

Findings show that a relatively large share of reported events, regardless of data source,
is composed of events of public disorder (unlawful activities or anti-social behaviour).
Typical examples are cases of drunken people on platforms or unjustified use of fire
hoses or fire extinguishers. The majority of recorded crimes at the station are fights, van-
dalism and threats, followed by reports of other types of violence. Property crimes are
more often recorded by police official statistics than by databases of Stockholm Public
Transport and Veolia. As suggested in Hypothesis 1, there are clear temporal and spatial
variations of both crime and events of public disorder. They tend to happen more often in
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the evenings/nights, during holidays and weekends and, at least for thefts in the hot
months of the year.

Stations and their surrounding areas are criminogenic places: 62 per cent of police-
reported offences take place up to 500 m radius from an underground station (which is only
a third of the municipality’s area). This environment is highly criminogenic because it is
composed of mixed land use (for example, pubs, restaurants, transport nodes) and because
nearly one-third of the stations are located in the inner city areas of Stockholm, where crime
rates tend to be greater than in surrounding areas.

The central station concentrate the highest number of events in Stockholm but it does not
keep its top position after events are standardised by daily passenger flow (the only
exception is for theft). This finding gives legitimacy to standardisation of crime events by
passenger flow — a procedure that has not yet been tested in the current literature. The
Stockholm underground system shows that a map of crime counts by station reveals a
monocentric geography around the city centre, whereas a map of rates of offences by station
(standardised by passengers) shows an entirely different geography: more dispersed and
peripheral. This finding has a major impact for policy intervention as we may be ‘chasing
ghosts’® if passenger flows are not taken into account. However, although rates are better
indicators than counts, they are not problem free. A couple of stations show relatively high
rates because the flow of passengers is low (for example, Skdrmabrink station) or the
opposite; they show low rate because of large passenger flow (for example, Tekniska hog-
skolan station). These cases constitute not more than five cases out of a hundred stations and
are not peripheral, which would therefore not affect the conclusions drawn in this article.
We take the view that if a station has a poor flow of people (in relation to the number of
events), this can per se be regarded a criminogenic factor that makes the station more
vulnerable to crime (because of lack of guardianship) than others.

The variable ‘distance to city centre’ is significant in nearly all models and indicates
that when passenger flow is taken into account, ‘end-stations’ show higher rates of events
(crime and public disorder) than stations located in the inner city areas (exceptions are
Medborgaplatsen, Skanstull and T-centralen for thefts, for instance). The ‘end stations’ such
as Hjulsta, Farsta Strand and Hagsétra show high rates regardless of crime type. Some
of these peripheral stations are located in places that, although planned as part of the
neighbourhood, do not easily allow guardianship and natural surveillance from outside.
They are usually close to a motorway or are, to some extent, cut off from surrounding land
uses by forests, lanes, far from people’s movements, which potentially could be the ‘eyes on
the stations’.® Alternatively, if they are closely connected with the rest of the neighbour-
hood, they tend to be part of criminogenic environments, such as a shopping area with
mixed land uses. These regional centres have an underground station as a landmark, readily
identifiable places that serve as external reference points and concentrate external
temporary population in one place. These dynamics produce routine activities that are more
criminogenic than elsewhere.

Population density and housing mobility also show an effect on crime and disorder rates
at the stations but unexpectedly not demographic and socio-economic characteristics of
the population close to the stations. The significance of these variables lends weight to the
suggested hypotheses derived from social disorganisation theory.

This study corroborates the hypothesis that a combination of social and physical attributes
at a station, together with surrounding and city context, affects crime at the station.
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The attributes that affect crime and disorder may vary by offence type and data source.
However, some attributes at the station constantly appear to be important to explain events
at the station and surroundings, such as the presence of corners and hiding places, and poor
illumination, particularly in transition areas. Although there was strong evidence in the lit-
erature about the impact of stations’ exits/entrances on crime events, our models do not
corroborate such results; only the number of entrances seems to have some effect on crime
and disorder. In the case of Stockholm, social and physical characteristics of platforms and
lounges tend to be more important in the models than exits. These findings flag for evidence
in favour of theories that claim a link between environment features and crime causation,
such as defensible space, rational choice and routine activity theories. Data permitting,
future research should link crime rates by different sections of stations (platform, transition
areas, lounges and exits) to their specific physical and social characteristics.

Findings of this study have policy implications at least for local and regional planning
authorities. The most important message from the study is that security in underground
stations is a function not only of the local conditions, but also the surroundings in which
these transport nodes are located. This means that security in underground stations should
be tackled by authorities that aim to safeguard passengers’ security, having a ‘whole jour-
ney approach’. The effort cannot be put in practice without cooperation from those respon-
sible for security for the wagons, for station premises and for the surrounding environs
where people walk to and from transport nodes. Surveys show that most passengers feel
safe in the wagon and at the station’s environments, but their perceived security levels
decrease as they walk to/from the stations (Stockholm Transport Survey, 2009). Actions
should also be based on all stations of the underground system, which means that security
interventions will be dependent to some extent on how well municipalities in Stockholm
County can cooperate to make surrounding areas safer. Although they may not have the
power to make structural changes that affect the long-term socio-economic context of
these stations (for example, population density, housing mobility, police patrol in the
neighbourhood), this analysis offers a number of indications of how some specific envi-
ronmental aspects (design and land use of stations) may be reconsidered to better promote
security at underground stations. Findings support improvements in visibility and surveil-
lance opportunities (avoiding corners, hiding places, few people around, illumination) but
also suggest control of broken-windows indicators (littering, social disturbance, overall
station’s pleasantness) at stations.

There is also a need for specific targeting of particular stations and at certain ‘time win-
dows’. For instance, for violence, the time window for intervention should be between 22:00
and 02:00, for property crimes the whole afternoon from mid-day to 19:00, and for vandal-
ism between 19:00 and 22:00. Peripheral stations are more often targeted by crime and
disorder than central stations (except for thefts). Security interventions must be defined as a
function of crime type. For vandalism, for instance, particular graffiti, it can be helpful in
investing vandal-resistant materials but also providing alternatives, such as places for legal
graffiti elsewhere in the city. Finally, previous research shows that poor accessibility at
underground premises makes the travel of women and less mobile individuals less comfort-
able and consequently less safe. More research is needed to identify stations in Stockholm
that are more problematic from this point of view. More elevators for easy access of the
underground station while having to carry objects, strollers or young children should be
investigated.
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We believe that the results from this study can contribute to the current research on
relationships between crime and disorder events in transport nodes by providing empirical
evidence from underground stations in a Scandinavian capital. The analysis also combines
different data sources, often complementary, to provide a comprehensive picture of what hap-
pens at stations and in surrounding areas. The study makes use of events per passenger flow,
instead of counts only. However, the study shares limitations with other analyses of this type,
namely reliance on data of events reported either by personnel or by the victim, which implies
different issues regarding data quality. Data recorded by personnel tend to reflect particular
targeted actions that may bias the ‘real’ distribution of events at the stations (more events of a
certain type to the detriment of others). This includes particular programmes against activities
that take place at the station, which are perceived as disturbing for passengers, resulting in the
end, in more records. For instance, more than half of all records of acts of public disorder are
composed of people using station premises to sleep or showing signs of drunkenness — a cat-
egory that has increased over time, perhaps indicating that the tolerance for these events in
public spaces is now lower than it was in the past. On the other hand, acts of public disorder
rarely reach police statistics as victims tend to report an event to the police only when they
themselves feel victimised, which rarely includes vandalism and disorder. Another limitation
is that the modelling section is based on data for underground stations within the boundaries
of Stockholm city only (82 per cent of all stations). This does not affect results for the Green
line, but potentially impacts on the ends of the Red and Blue lines. With the whole transport
underground system, one of the main challenges of future studies is to better understand why
end stations are more targeted by crime and disorder than other stations, particularly for vio-
lence. Future analysis should also take into account how other aspects of the city’s geography
and the presence of different geographical barriers, such as a lake, a river or a park, are also
influential in defining regional patterns of offences. These regional criminogenic conditions
indirectly affect the security conditions at an underground station for example, providing hid-
ing places, as well escaping opportunities for motivated offenders at the stations.

This study links environmental features of each part of the stations (platform, transition
areas, lounge and exit) to their overall rates. Data permitting, future analysis should con-
sider linking the place of the event to each particular section of the station. One way to
produce the data is by having access to the so-called ‘free-text’ (unavailable for this study),
with details of each event. As it is now, it is not always possible to attach the exact place of
the event at the station to specific internal features of these settings. It is equally important
to separate out car-related crimes from other property offences, as these are likely to be
dictated by whether or not stations have parking facilities. Moreover, the modelling strategy
adopted here has proven to produce meaningful results, but future attempts to model crime
and disorder rates could instead test the use of composites or indexes to reflect more
general conditions at the stations and in surrounding areas. Instead of using the individual
variables broken down by sections of the stations, aggregated variables could be tested
as overall indicators for, for instance, good/poor visibility or formal and informal social
control. Another, perhaps more appropriate strategy is multi-level modelling. This would
better capture the nested nature of the conceptual model with stations nested in neighbour-
hoods, which in their turn are nested within larger socio-demographic areas.

When interpreting these findings, we must bear in mind that the analysis is based on
offences data only. Our findings lend weight to principles of traditional urban criminol-
ogy theory such as routine activity and social disorganisation, but also on the impact of
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environmental features on our behaviour. Future studies should consider how different
types of people passing the stations (by crime propensity and by risk of being victimised)
become affected by these environments. Situational Action Theory can help further the
analysis of the role of the social environment in crime causation (Wikstrom et al, 2010, p.
56). More specific descriptions of these environmental attributes, particularly their temporal
circumstances for both offenders and victims, will most likely identify which stations prove
even more criminogenic for certain types of people. Environmental attributes of stations and
surroundings can also be linked to passengers’ levels of fear, during the trip, at transition
nodes and on the way to/from them. The link between stations’ surroundings and fear of
crime must be better understood. We see this study as only an initial step to identifying what
makes underground stations vulnerable to crime and disorder.
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Notes

—_

In November 2010, stations were revisited on the evening/weekend to get a better idea of specific features, such

as illumination.

2 Hot spots maps were produced using Kulldorff’s scan test (SaTScan version 9.01; Kulldorff, 2010) and police-
recorded data across Stockholm city. This technique has a rigorous inference theory for identifying statistically
significant clusters (Kulldorff, 1997). The space—time scan statistics were used in a single retrospective analysis
using data from 1 January 2006 to 31 December 2009. A 4-year data set was collapsed into ‘one year’. All space
and time dimensions of the data are kept (by day and location) except ‘year’.

3 Statistical Package for the Social Sciences, Version 17.0 (2010), but virtually any other statistical package can be
used for this purpose.

4 We employed Pearson’s correlation for all independent variables in the five sets of covariates before Step 1
to identify variables that potentially contribute with similar information to the models. The histograms of the
dependent variables showed skilled distribution. Thus, rates of crime and disorder were transformed into their
natural logarithms.

5 This term was first suggested in urban criminology by Ratcliffe and McCullagh (2001), referring to mismatch

between crime hot spots and police perception of high-crime areas.

6 Paraphrasing the known ‘Eyes on the street’ by Jane Jacobs (1961) in the book The Death and Life of Great
American Cities, in which she suggested that people witnessing what happens in the streets reduces crime.
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ABSTRACT Research has provided plenty of evidence of how crime is influenced by
guardianship — people’s capacity to affect crime. The aim of this article is to examine whether
these opportunities for guardianship are in turn affected by the social and physical environments
at underground stations. Stockholm, the capital of Sweden is used as a case study. Guardianship
here constitutes two dependent variables, indicated by visibility and surveillance. The analysis
combines data from fieldwork with secondary land use and socio-economic data as independent
variables in a set of logistic regression models. After controlling for endogeneity, findings show
that guardianship opportunities are affected by the flow of passengers, presence of security
guards, good sightlines and tools for surveillance, e.g., mirrors. Nonetheless, the impact varies
by different sections of the station. The article concludes by presenting how guardianship

opportunities can be promoted as a means of reducing crime and disorder at transport nodes.

Key words: safety, transport nodes, social control, surveillance, GIS, Stockholm.

1. Introduction

The international literature is rich with examples of how guardianship affects crime and
safety (Hollis-Peel et al, 2011, provide an extensive review; see also e.g., Painter and
Tilley, 1999, on surveillance in public space; Reynald, 2011b, on property crime in
neighbourhoods; and Pennell et al, 1985, on types of guardianship). In transport nodes,
such as bus stops or underground stations, the potential of exercising guardianship has
also shown to impact crime and perceived safety (e.g. Cozens et al, 2003; Loukaitou-

Sideris, 1999; Loukaitou-Sideris et al, 2002; Smith and Clarke, 2000; Block and Davis,



1996). In Stockholm, Ceccato et al (2013) showed that possibilities for surveillance and
visibility, in other words, opportunities for guardianship, explain a large portion of the
variation in crime rates. Whilst their study showed how the environment relates to
opportunities for crime at underground stations, it did not show how opportunities for
guardianship are affected by the station’s environment. Thus, there are still a number of
questions about the role of the environment in promoting opportunities for

guardianship.

Guardianship was originally defined as a crucial part of routine activity theory (Cohen
and Felson, 1979) and includes any person or object that is able to supervise or simply
watch other people or objects at any given point in time and at any place which may
force offenders to refrain from committing a crime (Felson and Cohen, 1980). From a
victimization perspective, guardianship may create a ‘layer of protection’ for
individuals and targets in which a particular setting may form that would not occur

otherwise, possibly deflecting the offender.

The objective of this article is to assess the opportunities for guardianship as provided
by the characteristics of the environment at underground stations. In this study,
overviews (layout), blocked sightlines (obstacles), out-of-sight places (corners),
surveillance tools (CCTV cameras), illumination and potential guardians (security
guards, passengers) are assessed by their potential to promote guardianship, that is, to
make it easier for individuals to watch, supervise and intervene if anything happens.
This study contributes to the current field of research by advancing the knowledge of
crime prevention and the importance of guardianship at public transportation nodes. The

study uses the Stockholm underground system as case study as it constitutes an



interesting addition to current research, most of which is based on cities in North

America and the United Kingdom.

The article has the following structure. A description is provided of the background
theories informing the study, after which the aim and hypotheses are presented. Then,
the case study and data are described, followed by the methodology and the results of
the analyses. The article rounds off with a discussion of the results, and the conclusions

and suggestions on the topic of guardianship opportunities at transport nodes.

2. Theory on guardianship

This section reviews earlier studies on the concept of guardianship in public places, the
environment at public transport nodes and the relationship between crime occurrence

and urban design.
2.1 Guardians and guardianship

The concept of guardianship has been around for some time, yet possibly under
different denominations. Social disorganization theory, for instance, calls it “social
control” (Shaw and McKay, 1942); routine activity theory suggests “suitable guardians”
as a key component for safety (Cohen and Felson, 1979); Jacobs (1961) worded it as
“eyes on the street”; and there are certainly other references to be found in the literature.
Whilst these concepts are not completely equivalent to the term “guardianship”, in that
they may all serve different aims and explanations, they all, nevertheless like
guardianship, link to a similar, more general topic: control. Social disorganization

theory advocates that decreases in crime levels can be achieved by means of local social



ties, which link to creating guidance and acceptance for informal rules within
communities, which then control the acts of crime internally (Shaw and McKay, 1942).
Routine activity theory regards opportunities for crime as being defined by the amount
of control which is exercised over a place, stating that crime decreases if more formal
(as well as informal) control is exercised by guardians (Cohen and Felson, 1979).
Another example of control is Jacob’s “eyes on the street”; the informal watchmen keep
an eye on what is happening and act as guardians of the place with a “controlling view”

and responsibility that may result in lower crime levels (Jacobs, 1961).

The concept of guardianship has since then been refined and made operational so as to
be more easily integrated into crime prevention schemes (e.g. Clarke, 1995). Recent
theories of guardianship include ‘“handlers” (looking over the offender), “place
managers” (controlling the place) and “supervisors” (looking over the target) (Eck,
1994; Reynald, 2011a; Hollis-Peel et al, 2011). Guardianship can take many forms and
can be performed by different types of persons or facilitated by objects. Guardians are
those persons that can execute the role of guardianship (Reynald, 2011a). Even when an
individual does not intend to play a guarding role, such a role can be performed without
intention, for instance, through the mere presence of that person (Hollis-Peel et al,
2011). Further, guardianship may also be the capacity and the willingness to monitor
(Reynald, 2011a), including knowledge of and familiarity with the environment, and
issues of responsibility in relation to that environment. Persons may feel more willing to
intervene if they feel responsible for the space, when they are familiar with the place
and/or person, and if the environment makes intervention easy. Moreover, their
willingness also depends on self-risk assessments and confidence: in order to intervene

after detection of criminal behaviour, one’s own safety risks have to be considered low,



which depends on training, the seriousness of the crime, physical abilities, etc.

(Reynald, 2011a).

This article does not intend to address either the capacity of guardians or levels of
guardianship; it rather focuses on the environment’s role in promoting guardianship.
Reynald (2011a) points out the importance of (natural) surveillance being part of
defensible space principles in residential areas which provides possibilities to see what
Is happening outside. Visibility is closely related to this as it defines the extent to which
a guardian can survey a place (Reynald, 2011a). On the other hand, visibility also
defines the extent to which the guardian is visible. If visibility is poor, the offender will
not notice the guardian and be discouraged from committing the crime (Reynald,
2011a). Moreover, if surveillance opportunities are good, this may increase the possible

guardian’s feeling of responsibility and willingness to act (Reynald, 2011a).

In the literature on guardianship and urban crime, the focus has mainly been on levels of
active guardianship and guardianship opportunities within residential areas. Recent
research in the Netherlands has assessed the capabilities and the role of residents in
guarding against property crimes (Reynald, 2011b). In the study, Reynald (2011b)
found that property crime decreases in street segments where the intensity of possible,
active guardianship is higher. The intensity of guardianship in residential areas was
influenced by the area’s physical attributes of the street environment, particularly
accessibility and surveillance possibilities, its socio-economic status, and its location
(Reynald and Elffers, 2009). There remains however a need to extend the understanding

of guardianship in other settings, such as at transportation nodes.

2.2 Guardianship at transportation nodes



Few studies have looked into guardianship possibilities in public spaces, such as
underground stations. The safety of a public place is usually seen to by security guards
and police. However, the major difference between public spaces and (semi) private
places (like neighbourhoods) is that people generally feel less committed to guard a
public place (Hollis-Peel et al, 2011; Hope, 1999). There is a difference in the role of
different actors exercising guardianship in a public place (Eck, 1994). Handlers, place
managers and supervisors control different levels of the environment (from the place to
the individual) by different types of control (from active to passive control) (Eck, 1994).
Active formal control may thus be viewed as having the primary responsibility for the
place; yet, other actors play an equally important role in supervising a place. The
general public can play a larger role in securing a public place even when official
security guards are not around. At transportation nodes, the dynamics of different actors
are strongly related to their actions and responsibilities towards crime prevention,
however these roles and responsibilities are often ill-defined in the areas (public spaces)
surrounding transport nodes (Ceccato, 2013). Compared to residential areas, public
transport nodes may be located in a complex mixture of land uses which may affect

guardianship opportunities (Reynald and Elffers, 2009; Reynald, 2011a).

Transport nodes present dynamic places that concentrate a variety of different people,
some potential victims, others motivated offenders, whilst others may act as guardians —
passengers, shop owners, employees, drivers, tourists, residents, guards, etc. There is a
mix of handlers, managers, supervisors, and passers-by, creating a large potential for

guardianship by formal and informal means (Figure 1).
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Figure 1 — Forms of potential guardianship at underground stations by key actors.

Moreover, transport nodes are often places with a complex layout over several levels,
with tunnels, or with multiple entrances, affecting the possibility of guardianship.
Opportunities for guardianship are conveyed through the environment and the
opportunities that it provides (Reynald and Elffers, 2009). As in Newman’s (1972)
defensible space theory, places can be planned, adjusted, and improved in such a way as
to optimize control and decrease opportunities for crime. Newman (1972) suggested
that visibility can be enhanced to create direct and indirect social control, and that open
layouts provide opportunities for the control and surveillance of a place. Underground
stations often have varying layouts providing different opportunities for guardianship.
These opportunities can be poor when the layout of a station includes many corners,

blocking walls, and obstacles.

Potential guardians rely on the environmental state to provide them with good
opportunities for guardianship. One aspect of guardianship, visibility, is strongly related

to the physical environment, while the other aspect of guardianship, surveillance,



depends both on the physical environment and the social environment. Both may be

perceived differently by different types of guardians.

Visibility

This study approaches ‘visibility” as the possibilities a person has for observing other
others, others’ belongings and objects elsewhere. The environment may determine the
possibilities for visibility in the way that sightlines, overviews, transparent screens, etc.,
will increase the opportunities for someone to be able to detect and notice other persons
in the vicinity (Figure 2a). However, if many objects are in the way and block the view,
e.g. many pillars, the possibilities for visibility may decrease drastically because it will

be more difficult for a person to notice other persons or objects (Figure 2b).

Visibility possibilities may also relate to the use of certain security tools. For instance,
well-placed mirrors can increase visibility by providing the possibility to see what is
around the corner. However, the effectiveness of such tools can be compromised by for
instance, the presence of many people in a section of the station. In a crowded place
visibility may be poor; one may not be able to distinguish between different people at

the same time despite of available security tools.



Visibility = Paul sees others Surveillance = Others see Paul Visibility = Paul sees others Surveillance = Others see Paul

A B

Figure 2 — (a) The environment promotes surveillance and visibility opportunities; (b)

The environment restricts possibilities for surveillance and visibility.
Surveillance

‘Surveillance’, on the other hand, relates to the possibilities for others to observe a
person, object, or place. Surveillance possibilities may increase when a section is free of
obstacles or pillars and provides a good overview because that makes a person visible
(Figure 2a). On the other hand, if corners exist and the section consists of several levels,
others will be less likely to notice a person and/or detect abnormal behaviour (Figure

2b).

Surveillance can be increased in areas with by installing tools for guardianship such as
CCTV cameras. CCTV may be able to see a person when other persons in the same
place cannot. While crowdedness can provide good possibilities for surveillance as
many possible guardians are present, it may also lower the opportunity for surveillance

via CCTV as it may decrease the overview.

3. Hypotheses of the study

10



The analysis of this article is based on a conceptual model based on the understanding
that safe underground stations (low crime) present good guardianship opportunities, and
vice versa, which consist of one’s capacity to exercise informal and formal control,
which in turn is influenced by the environment. This study examines the opportunities

for guardianship and the environment at transportation nodes as follows:

Hypothesis 1 — The potential for guardianship is affected by different environmental
attributes at underground stations. Stations that exhibit poor layout (e.g. closed spaces,
poor sightlines/overviews) and crime-prone features (e.g. hiding places, dark corners)

provide fewer possibilities for surveillance and visibility.

Hypothesis 2 — Environmental attributes affect guardianship opportunities differently in
different places. For instance, corners may have a strong impact on guardianship
opportunities in exit areas while not at platforms. On the other hand, crowdedness may

be an important factor at platforms while not in exit areas.

Hypotheses 3 — Guardianship opportunities are a function of the conditions in which the
stations are embedded. The environment of surrounding neighbourhoods plays a role in
determining guardianship opportunities at stations: neighbourhoods with high
population density, a busy square, housing, walking and bike lanes, can positively affect
the potential for guardianship. Aboveground stations are potentially much more exposed
to surrounding surveillance opportunities than belowground stations, thereby presenting

better guardianship opportunities.

4. The case study
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The study area is composed of underground stations in Stockholm municipality. The
municipality has a population of around 900,000 inhabitants (Stockholm Stad, 2013).
The city consists of several islands with an integrated public transport system, including
underground, trams, commuter trains and busses, which provide inhabitants with

effective city-wide communication reaching to adjacent municipalities.

City Centre

Vallingby

kilometers
Scale: 1:120 000

Figure 3 — The study area and underground system with stations.

The underground system (Figure 3) has 100 stations distributed over three lines (green,
red and blue) that in total transport around 1.2 million passengers per day. The main
node in the system is Central Station (T-Centralen), which receives around 236,000
passengers daily and is located in the Central Business District (Stockholm Public

Transportation SL, 2012). Due to the lack of background data from surrounding
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municipalities, the study area is composed of the underground stations within

Stockholm’s boundary (Figure 3), which covers 82 % of all stations.

4.1 Data

During the fieldwork performed in 2010, all the underground stations were visited by
two researchers in order to ‘inspect’ the stations’ environments. The time spent at each
station varied between 40 minutes and one hour. The first fieldwork round was executed
during the summer; stations were visited between 10am and 4pm in order to avoid rush
hours and get a ‘clean’ observation of a ‘normal’ day. Scaled-down revisits during the
winter in the afternoon/evenings (4pm to midnight) showed the impact of the colder and
darker season on the environment. During the visits, a list of possible environmental
attributes, such as corners, cameras, illumination, etc., was checked for (based on
previous studies, literature and theories), and afterwards these results were combined
into a comprehensive database covering the environmental attributes, socio-economic

aspects, and crime and disorder levels at all stations.

The environmental attributes were inventoried using “yes/no” or “high/medium/low”
scales, providing a measure of the (level of) presence of each attribute (Table 1).
Variables reflecting the immediate surroundings of the underground stations were
assessed within a radius of about 25 meters from the exits of the stations, representing
the field of view. These variables cover the land use of, activities occurring in, and the
layout of the surrounding space, and were inventoried during fieldwork visits. For a
more detailed description of the fieldwork, checklists, and database, see Ceccato et al

(2013).
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(Pax)

Attribute (abr) Control  Scale Description of variable
model
Surveillance (Sur) - h/m/l  The possibility to be seen by others. High, with a
clean view and everybody would be able see the
g o observer. Low, when few to nobody would be able
23 to see the observer.
[
§ S Visibility (Vis) - h/m/l The possibility to see others. High, when observer
was able see everybody. Low, when the observer
was able to only notice a few people or nobody.
Crowdedness yes h/m/l  Section was crowded or not, basically up to 10
(crow) people was assessed as low, high was 30+ people.
Illumination (illu) no y/n Section well enough illuminated so that the whole
place was lighted up.
Dark corners (corn) no y/n Dark corners present in the section
Hiding spots (hide) no y/n Hiding spots present in the section
Object blocking the no y/n Objects were obstructing a clean view of the section
view (blok)
Overview (view) no y/n Section provided a clear, good overview
Security guards yes y/n Security guards present at the section
(quar)
8 CCTV visible yes y/n CCTV cameras positioned in a way they were easily
_'c-é (secu) visible and recognizable in the section.
©
2 Mirrors (mirr) yes y/n Mirrors located in the section
[
§ Open layout (open) no y/n Section had an open layout with easy view to all
L sides
[«
2 Shop/Café yes y/n A shop located in the section (mainly in the lounge
(shop/café) and exit/entrance areas)
Windows (wind) yes y/n See-through windows located in the section
Underground yes y/n Section located subterranean
(under)
Long walking yes y/n A long way to walk between sections
distance (walk)
Levels (Ivl) yes y/n Section consisted of several levels
Number of CCTVs yes count  Number of CCTVs in place at the station, SL data
(CCTVno)
Passenger flow yes count  Number of passengers going in and out of the station

per day, SL data

Table 1 — Environmental attributes inspected at stations



5. Method

Logistic regression models were used for the analysis (Appendix A). Surveillance and
visibility were set as the dependent variables (guardianship) while environmental
attributes were the independent variables (Table 1): overview, open area, dark corners,
blocking objects, hiding places, windows, subterranean location, crowdedness, presence
of guards, illumination, presence of CCTV cameras, mirrors, shops, cafes, passenger
flows, consisting of several floors/levels, long walking distance from the entrance to the
lounge area, and surrounding residential area, public square, biking and walking paths,

and taxi stands (Appendix A).

The two dependent variables were assessed through researchers’ observations of the
visibility and surveillance possibilities at the station (Table 1). This type of assessment
opens up for causal loops between the dependent and independent variables
(endogeneity). In order to control for this potential problem, a ‘control model’ was
tested (Appendix B). This control model uses the same structure and steps as the
original model illustrated in Figure 5, but excludes potential endogenous variables
which relate to the layout of the sections (illumination, corners, hiding places, overview,

open layout and obstructions).

This analysis is based on a model with continuous and ordinal data (Table 1 and
Appendix A), suggesting the use of logistic regression, which, unlike OLS regression,
can handle variables of different natures (Burns and Burns, 2009). The dependent
variables were assessed as a three-level rating scale during the fieldwork. Although
argued to be ordinal by some, rating scales can also be approximated as intervals

(Norman, 2010). An interval approximation makes it possible to classify them as binary,
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which is required for dependent variables in logistic regression. The reclassification of
both ‘surveillance’ and ‘visibility’ variables was based on the mean, where 0 (below
mean) and 1 (above mean) represent low/poor and high/good opportunities for
guardianship, respectively. A low level of opportunity means a poor possibility to see or

be seen by others, and a high level opportunity provides a good chance to be seen or see

others (Figure 4).

veillance/

VISI ility at B aéeerg staton; (b)

Figure 4 — (a) poor posibiliﬁés for sur

good possibilities for surveillance/visibility at Hasselby Strand station.

The modelling follows several steps as shown in Figure 5. First, each section of the
station was assessed separately (see ‘Model 1’ in Figure 5): platform, transition, lounge,
exits/entrances. For each section, the dependent variables (‘Sur’ and ‘Vis’) are
associated with the attributes of that section only, e.g. ‘PSur’ and ‘PVis’ are associated
with the attributes of the platform (P) (Appendix A). The significant attributes from
each individual section provided the basis to analyse the total station (see ‘Model 1’
Step 2 in Figure 5). For the total station, ‘guardianship opportunities’ are defined using
the average of all the individual sections of a station (e.g. sum of surveillance in each
section / 4 = avg. surveillance); here also using the mean for the total station to classify

the binary dependent variables: ‘average surveillance’ and ‘average visibility’.
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Independent variables were not averaged because then it would only be possible to draw

general conclusions for the whole station.

The second set of models assesses the impact of the immediate surroundings and
characteristics of the neighbourhood on guardianship (Appendix A). The final step
(‘Step 4’ in Figure 5) includes the significant attributes of Model 1 (‘Step 2’ in Figure
5) and significant attributes of the neighbourhood (‘Step 3’ in Figure 5). The
surrounding environmental attributes may be particularly important for open stations,
which can be viewed and “controlled” from outside. Because the Stockholm system
includes stations located aboveground and subterranean, a selective model using only
stations with aboveground platforms was tested in order to assess the potential

difference between stations above and below ground.

Before running the models, all independent variables were checked for correlations.
One of each highly correlated variable pairs (Pearson value > 0.6) was eliminated
beforehand. For instance, the stations’ ‘open layout’ is correlated with the ‘view from
outside’ (0.733). The dependent variables were also subject to a correlation analysis but

did not show any statistically significant (Pearson value > 0.6) correlation.
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Model 1 Dependent Independent |~ Results
Guardianship Physical | —St 1 1
opportunities Environment : ep :
(Table 1) : |
1 1
1 =
Platform : /| | Total Station
g 1
Surveillance — Aurib ites " Significant t Av. Surveillance| Dependent
s i I Guardianshi
Visibility Platform : attributes Av. Visibility opport,u nitie,.f
Transition i |
+ > 1
—— Surveillance — Attributes 1| Significant || Sanhcant Independent
Visibility Transition W attibutes || gn Physical
: . Attributes Environment
Lounge ! !
Surveillance Attributes - Sigr;tn_gictant T T e
Visibility Lounge ! Qe 1 | Significant Result |
' '| attributes Step 2 !
> 1
Exits ! : o ________p__;
—— Surveillance —{ Attributes [ significant
AT i 1 i
Visibility Exits B attributes
Model 2 Dependent Independent I~ Result ™ 1
Guardianship Physical I Step 3 1
opportunities Environment 1 ep :
! /i
= 1 = :
Surroundings ! i Station and Neighborhood | ;. .- jent
': Av.Surveillance | Attributes ——F Significant \_[ Av. S‘.'"'.V?'."ance Guardianship
Av. V|SIbI|Ity Surrounding. Ll attributes Av. VISIbIIIty opportunities
| Significant —L;',‘:;s;;dem
Attributes Environment
I Armea— AT R N e T 1
1| Significant Result 1
'\ atributes Step4 !

Figure 5 — Stepwise regression modelling; presenting results for separate parts of the
stations (Step 1), total station (Step 2), stations surroundings (Step 3) and overall

assessment (Step 4).

6. Results

Findings show that around 50 percent of the variation in guardianship opportunities (as
indicated by Nagelkerke R-square ‘NR? in the models) is explained by aspects related
to the stations’ overviews and sightlines (Table 2). The most significant attributes in
Table 2, Model 1, illustrate that opportunities for guardianship improve as surveillance
opportunities improve, e.g. in open lounge areas, transition areas and exits with few

corners. A good overview of the exit areas also provides better opportunities for
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guardianship. A less-crowded platform and fewer hiding corners in the lounge area
increase guardianship opportunities because, as expected, visibility is better.
Unexpectedly, stations that have many CCTV cameras installed exhibit a negative

relationship to environments that provide good opportunities for guardianship.

Since there was a suspicion that some covariates, e.g. overview and layout, ‘were
contained’ within the dependent variables (visibility and surveillance), a few variables
were excluded from the models (Appendix B) but the new results were similar to the
original models’ results. When controlling for endogeneity (Appendix B), the ‘number
of CCTV cameras’ is no longer significant. It can therefore be said that the potential
effect of endogenous variables has little influence on the results for individual aspects in
this case but the possible endogenous variables do contribute to explaining the overall
variances for both surveillance and visibility (Table 2). For instance, surveillance
possibilities at platforms are positively affected by an open layout (‘view’), but an open
layout does not contribute to explaining visibility possibilities at platforms (Table 2).
The presence of an open layout may not affect visibility, as even if one can see others it

does not mean that others can see you directly.

Guardianship Model 1

Platform Transition Lounge Exits Total Station
Surveillance | NR*=47,4 | NR*=59,5 NR? = 46,0 NR*=68,0 | NR*=56,9n=16
+View*** -lllumination* | -ViewPlatform** | -Corners** | -TCorners*
-Crowded** | -Corners* +Open* +View*** +LOpen*
+PassFlow* | -Hidings* +View* -ECorners***
+View** -Underground* +EView**
+Mirrors** -CCTV* -CCTV*
+Crowded**
Visibility NR?=658 | NR*=53,1 NR? = 31,7 NR?=61,2 | NR*=57,1n=11
-Corners** -Hidings*** -Corners** | -PCrowded*
-Blocking* +Guards** +Open** -Lhide**
-Crowded** +View** +ESecuVis*
+PassFlow* +SecuVis**
+Crowded™*
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+PassFlow*

Guardianship Model 2

Total Station Surroundings | Station &
(Model 1) Neighborhood

Surveillance | NR® =56,9 NR?=15,8 NR? = 46,3 n=5
-TCorners* -TCorners**
+LOpen* +LOpen*
-ECorners*** -ECorners***
+EView** +EView**
-CCTV*

Visibility NR*=57,1 NR? = 40,6 NR?=51,1 n=5
-PCrowded* +Bike* -PCrowded*
-Lhide** +PassFlow** | -LHidings**
+ESecuVis* +ESecuVis***

Significance: * 10% level (.05), ** %5 level (.01), *** 1% level (.005)
Table 2 — Results of the logistic regression model; guardianship opportunities = influence of
environmental design aspects. (Note: NR*=Nagelkerke R-square, +, - = resp. positive, negative

relationship between dependent and independent variables).
6.1 Guardianship in different sections of the stations

The environmental attributes of platform, transition, and lounge areas are the most
important in explaining the variance in guardianship opportunities. At the platforms,
where passengers await the arrival of their train, opportunities for guardianship can
provide possibilities to detect suspicious activities and protect people subject to possible
offences. Guardianship opportunities relate to variables that explain the visibility at the
platform: the possibility to engage in surveillance, and the presence of guardians. The
opportunities for guardianship significantly increase when surveillance opportunities
increase, through the presence of good overviews of the platform (Table 2). More dark
corners and objects blocking the view decrease guardianship opportunities.

Guardianship opportunities decrease when the platforms are more crowded, which may
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also have a negative influence on possible overviews and the ability to detect suspicious
activities. On the other hand, better guardianship opportunities are partly explained by
larger passenger flows, which may provide more possible guardians and ‘eyes on the

platform’.

In the transition areas, may constitute stairs, escalators, elevators, several corners, and
dark, invisible spaces. Here, guardianship opportunities are related to the availability of
sightlines and views as well as the use of surveillance tools such as CCTV.
Guardianship opportunities are strongly related to attributes explaining variances in
surveillance possibilities (Table 2), e.g. opportunities for guardianship increase with
better overviews of the transition area, as well as with the presence of mirrors and more

people.

In the lounge area, passengers are often waiting to continue to the platform a few
minutes before the train arrives; here guardianship opportunities are also explained by
variables representing the vulnerability of the passengers. The results (Table 2) show
that a connection to other parts of the station is important for guardianship
opportunities. Opportunities for guardianship improve with better possibilities for
surveillance, such as those provided by an open layout and good overview, and lounge
areas that are not located underground. Surprisingly, the presence of CCTV is
negatively related to guardianship possibilities. This may have to do with the fact that
more CCTV cameras can be found at larger stations, often accommodating a more
complex layout and with several lounge areas. Furthermore, guardianship opportunities
are suggested to be higher in lounge areas where the view to the platform is poorer; this
may prove that a clearly delineated space increases awareness of the lounge area which

increases opportunities for exercising guardianship in this section. Strongly influencing
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opportunities for guardianship are also the presence of hiding spots in the lounge area:
more hiding places reduce the opportunities. Also, the presence of formal guards in the
lounge area contributes positively to the opportunities for guardianship, the guards

themselves being a guardian and able to notice and act upon suspicious activities.

The exits and entrances of stations are places where passengers just pass by, and do not
usually stop. Here guardianship opportunities relate to the flows of people and possible
guardians present, but also the opportunities for guardianship in the surroundings. Table
2 shows that guardianship opportunities in the exit areas increase as the overview of the
place increases. Areas with few corners and a good overview and open layout strongly

increase the possibilities for guardianship.

6.2 Guardianship and the environment surrounding underground stations

The findings show that the attributes of surrounding environment of the station,
including the presence of a busy square, biking and walking paths, residential
surroundings, and taxi stands, seem to only decrease the significant effect of the
stations’ environment on guardianship opportunities. First, only the presence of bike
paths near a station and passenger flows showed an effect on the possibility of
guardianship (Table 2). Secondly, the stations located above ground did not show
increased relationships between the surrounding environmental aspects and
guardianship opportunities at the stations (Table 3). This could corroborate the thought
that neighbourhood aspects mainly highlight the levels of guardianship in the
neighbourhood, rather than helping in providing opportunities for guardianship at a

transport node (Reynald, 2011a).
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Guardianship Model 2 (aboveground)

Total Station Surroundings  Station &

(Model 1) Neighborhood
Surveillance  NR”=56,9 NR?=27,8 NR? = 24,7 n=4
-TCorners* -ECorners*
+LOpen*
-ECorners***
+EView**
-CCTV*
Visibility NR?=57,1 NR? = 46,6 NR? = 36,5 n=5
-PCrowded* +Bike* -LHidings*
-Lhide** +ESecuVis*
+ESecuVis*

Significance: * 10% level (.05), ** %5 level (.01), *** 1% level (.005)

Table 3— Results of the logistic regression model using only stations with platforms
aboveground: Guardianship opportunities = influence of environmental design aspects. (Note:
NR*=Nagelkerke R-square, +, - = resp. positive, negative relationship between dependent and

independent variables).

7. Conclusions and looking ahead

This study’s objective was to analyse if aspects of the environment can affect
guardianship opportunities in underground stations, an under-researched area. Findings
show that the environment does affect the opportunities for visibility and the capacity to
exercise surveillance. The results from the modelling show that half of the variation in
guardianship opportunities at stations was explained by environmental factors in
general. Moreover, they confirm the second hypothesis that different aspects played a
role in different places, such as the presence of people at platforms and transition areas,
security guards in the lounge area, good sightlines and overviews at the platform and
exit areas, and tools for surveillance (like mirrors and CCTV cameras) in the less

crowded transition and exit areas.
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Contrary to what was stated in the third hypothesis, the importance of the station’s
surrounding environment did not contribute as expected in explaining guardianship
opportunities at underground stations. This may suggest that guardianship is a rather
local action in micro-scale environments. It may also relate to the different
responsibilities guardians perceive to have in different places, e.g., security guards
inside versus outside stations. A point for further investigation can be to focus on the
nature of guardianship, at the station and in the neighbourhood, and potential

relationships between them.

What are the implications of these findings?

Firstly, the environment of transport nodes should provide as good overviews/open
sightlines as possible, in particularly at platforms. Sightlines can be improved by
having see-through structures and low-height objects. Objects hindering the view should
be kept to a minimum. Corners should be rethought in terms of overall impact on
visibility and surveillance. The possibilities for visibility, in particular, need to be
improved at underground stations in areas which are desolated or less crowded, such as

transition and lounge areas, in order to create better opportunities for guardianship.

Secondly, tools that help create better opportunities for guardianship (e.g., mirrors)
should be better planned and, when necessary, tested and (re)located to locales that
directly facilitate surveillance and visibility. These tools provide additional abilities
besides human sight and presence and can be extra helpful for guardians to control

larger, complex places, sometimes with several floors, such as transport nodes.

Finally, in order to increase opportunities for guardianship, individuals need to be in

place, either consciously (security guards, safety hosts, place managers) or
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circumstantially (passengers, passers-by). At underground stations, it is positive when
more people are around as they may provide informal control (although in other
sections, overcrowded areas may decrease guardianship opportunities as the advantage
of overview is diminished by the crowd). Providing spaces that are noticeably formally
watched or supervised (via cameras or guards) and increasing the pleasantness of the
section may attract passengers to wait in areas which were previously uncomfortable,

desolated and unsupervised.

These findings suggest the need for a more thorough investigation of the role of the
environment on people’s movement at transport nodes. An analysis of the movement of
passengers at the stations can provide an idea for the best possible routes of guardians,

where they should be present.

One has to keep in mind that altering the environment, if at all possible, is not easy,
particularly in well-consolidated, central areas. Nevertheless, opportunities for
guardianship can be improved by enhancing the current state of the environment, as it

has been suggested here.

A limitation of this study has been the nature of the fieldwork data. As with any
observational technique, subjective judgment may lead to differences of opinion by the
observers (the data was collected by two researchers). Another drawback was that
visibility could be subject to the researcher’s subjective assessment of the available
view. Surveillance was more difficult to assess as the researcher cannot stand in the
shoes of both the other and the possible target. Moreover, there was no standard
definition from the literature on how one can assess guardianship and opportunities for

guardianship in transit environments (and guidelines from previous research on
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neighbourhoods are not suitable for the environment of underground stations). Better
definitions and observational procedures should be developed to distinguish between
opportunities of surveillance and visibility. In terms of analysis, possible causal
relationships between environmental variables are difficult to disentangle. Although, as
the ‘control model’ showed, at least for the whole station, the results are strengthened
via showing that the same variables continue to influence the opportunities for
guardianship even when endogenous variables are taken out. Despite these limitations,
this study makes a contribution to the field of research devoted to guardianship
opportunities at transport nodes, drawing conclusions from the Stockholm underground

system.
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Appendix A

Modelling setup

Table 1 - Dependent variables in the models

Guardianship variables per section

Model 1 (Figure 5)

Model 2 (Figure 5)

Surveillance

Visibility

Surveillance

Visibility

PSur, TSur, LSur, ESur

PVis, TVis, LVis, EVis

AvSur

AvVis

P=PLATFORM, T=TRANSITION, L=LOUNGE, E=EXIT AREA, Av=AVERAGE
(sum of mean of sections/4)

Notes: Sur=Surveillance possibilities (0/1); Vis=Visibility possibilities (0/1)

Table 2 - Independent variables in the models

Environmental variables per section

Model 1 (Figure 5)

Model 2
(Figure 5)

Platform Transition Lounge Exit/Entrance Surroundings
Pillu, Pcorn, | Tillu, Tcorn, | Lillu, Lcorn, | Eillu, Ecorn, | Smeet, Sresi,
Phide, Pblok, | Thide, TIvl, | Lhide, Lopen, | Ehide, Ewalk, | Sbike, Speds,
Pview, Punder, | Tview, Lwind, Lsecu, | Eopen, Eview, | Staxi, Sguar,
Psecu, Pmirr, | Tsecu, Lmirr, Lshop, | Esecu, Eguar, | Sopen, Pax,
Pguar, Pcrow, | Tmirr, Lcafe, Lguar, | Ecrow, Pax, | CCTVno
Pax, CCTVno Tguar, Lcrow, Pax, | CCTVno

Tcrow, Pax,
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CCTVno CCTVno

P=PLATFORM, T=TRANSITION, L=LOUNGE, E=EXIT AREA,
S=SURROUNDINGS

Notes: illu=Sufficient/effective illumination (y/n); corn=Presence of dark corners (y/n);
hide=Presence of hiding places (y/n); blok=Many objects blocking the view (y/n);
view=Clear overview (y/n); under;= Subterranean section (y/n); secu=CCTVs easily
recognizable/visible (y/n); mirr=Presence of mirrors (y/n); guar=Presence of guards in
section (y/n); crow=0verall crowdedness in section (h/m/l); Pax=Daily passenger flow
at station (#); CCTVno=Number of CCTVs placed at station (#); Ivl=Section consisting
of several levels (y/n) open=0Open lay-put of the place (y/n); wind=Presence of open
windows (y/n); shop=Presence of shops (y/n); cafe=Presence of café; walk=Long
distance from entrance/exit to lounge (y/n); meet=Immediate surroundings is a meeting
place (e.g. square); resi=Immediate surroundings is residential; bike=Bike lanes present
(y/n); peds=Pedestrian pathways present (y/n); taxi=Taxi pick-up/parking place present
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Appendix B

Control modelling setup, controlling for possible endogeneity.

Independent environmental variables per section

Model 2

Model 1 (Figure 5) (Figure 5)
Platform Transition Lounge Exit/Entrance Surroundings
Punder,  Psecu, | TIvl, Tsecu, | Lwind, Lsecu, | Ewalk, Esecu, | Smeet, Sresi,
Pmirr, Pguar, | Tmirr, Lmirr, Lshop, | Eguar, Ecrow, Pax, | Sbike, Speds,
Pcrow, Pax, | Tguar, Lcafe, Lguar, | CCTVno Staxi, Sguar,

CCTVno Tcrow, Pax, | Lcrow, Pax, Pax,
CCTVno CCTVno CCTVno

P=PLATFORM, T=TRANSITION, L=LOUNGE, E=EXIT AREA,

S=SURROUNDINGS

Notes: under=Subterranean section (y/n); secu=CCTVs easily recognizable/visible
(y/n); mirr=Presence of mirrors (y/n); guar=Presence of guards in section (y/n);
crow=0verall crowdedness in section (h/m/l); Pax=Daily passenger flow at station (#);
CCTVno=Number of CCTVs placed at station (#); wind=Presence of open windows
(y/n); shop=Presence of shops (y/n); cafe=Presence of café; walk=Long distance from
entrance/exit to lounge (y/n); meet=Immediate surroundings is a meeting place (e.g.
square); resi=Immediate surroundings is residential; bike=Bike lanes present (y/n);
peds=Pedestrian pathways present (y/n); taxi=Taxi pick-up/parking place present
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Space—Time Dynamics of Crime in Transport Nodes

Vania Ceccato and Adriaan Cornelis Uittenbogaard
CEFIN-School of Architecture and the Built Environment, Royal Institute of Technology, Stockholm, Sweden

This article assesses space—time variations of crime rates in underground stations. Drawing on assumptions from
time geography, routine activity principles, and defensible space theory, the study investigates daily, weekly, and
seasonal variations of crime at underground stations in the Swedish capital, Stockholm. Data from extensive field
work at the stations was combined with crime records and passenger flow to test whether stations’ environmental
attributes affect crime at different times. Geographical information systems, spatial statistic techniques, and
modeling underpin the methodology used in the study. Findings show that crimes tend to happen more often in
the evening, at night, on holidays, and on weekends. There is also evidence of seasonal variations of crime. In
the winter, stations with social disturbance and signs of deterioration show high levels of crime, whereas in the
summer, offenses are concentrated in stations nearby alcohol selling outlets. Stations with hiding spots are often
targeted for crime during daily peak hours, whereas during holidays, crowded stations and those with alcohol
selling outlets attract more criminal activities. Results suggest that the role of the stations’ environment on crime
causation varies over time—an important fact for safety interventions. Key Words: cluster analysis, GIS, offenses,
space—time dynamics.
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Este articulo sopesa las variaciones del espacio-tiempo en las tasas de criminalidad de las estaciones subterrdneas.
A partir de supuestos de la geografia del tiempo, principios de actividad rutinaria y teorfa del espacio defensable,
el estudio investiga las variaciones diarias, semanales y estacionales del crimen en las estaciones subterrdneas de
Estocolmo, la capital sueca. Los datos obtenidos mediante amplio trabajo de campo en estas estaciones fueron
combinados con registros criminales y flujo de pasajeros para probar si los atributos ambientales de las estaciones
afectaban al crimen en tiempos diferentes. La metodologia utilizada en el estudio incluy6 cosas tan importantes
como sistemas de informacién geogrifica, técnicas estadisticas espaciales y modelacién. Los descubrimientos del
estudio muestran que los crimenes tienden a ocurrir con més frecuencia en la tarde, en horas de la noche, durante
festivales populares y los fines de semana. Hay también evidencia sobre las variaciones estacionales del crimen.
En invierno, las estaciones que presentan perturbaciones sociales y signos de deterioro muestran altos niveles de
criminalidad, en tanto que en verano los hechos delictuosos se concentran en estaciones cercanas a sitios donde
se expenden bebidas embriagantes. Las estaciones en donde existen escondrijos a menudo son blanco de acciones
criminales durante las horas pico, en tanto que durante los dias festivos las estaciones congestionadas y las que
tienen sitios para vender licores atraen mayor actividad criminal. Los resultados sugieren que el papel del entorno
de las estaciones en términos de causalidad criminal varia con el tiempo—hecho muy importante en cuestiones
de seguridad. Palabras clave: andlisis de aglomeraciones, SIG, delitos, dindmica del espacio-tiempo.

To occur is to take place. In other words, to exist is to eating patterns of offenders affect the metabolism of crime.
have being within both space and time. ... We must study these rhythms of live if we wish to
— Peuquet (2000, 5) understand crime.

The daily life of a city provides the targets for crime
and removes them. The sleeping, walking, working, and

—Felson (2006, 6-7)
Annals of the Association of American Geographers, 104(1) 2014, pp. 131-150 © 2014 by Association of American Geographers
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s early as 1968, in the children’s book What
A Do People Do All Day, Richard Scarry (1968)

showed a lively picture of a city: a dynamic and
pulsing environment where people’s movement pat-
terns were determined by the activities they performed
in different places. As in our cities of today, people were
portrayed as active beings, talking to each other, driv-
ing, taking buses, or crossing dangerous streets. Scarry’s
classic book lacked, however, a time-space frame for
what happened in the city. Scarry can hardly be blamed.
Forty years on, researchers and planners are still strug-
gling to answer questions of how and when people move
around in space and how this information can be used to
improve our quality of life. Despite the theoretical ad-
vancements of time geography (H#gerstrand 1970; see,
e.g., Lenntorp 1976; Thrift 1977; Kwan 1998; Kwan
and Lee 2003; Miller 2004), lack of data and adequate
methods were and still are an important barrier to our
capacity to track individuals and use the information to
improve people’s quality of life (Ceccato 2013).

If we take urban safety, for instance, the capacity of
researchers and planners to predict victimization over
time and space has so far been limited by ecological
methods using aggregated data of low space—time res-
olution, such as census based data tracked by year. By
making use of time geographic principles, we disregard
the need for data with high space—time resolution (e.g.,
individual data by day). We submit that this is fea-
sible because individuals’ movement patterns (1) fol-
low dynamic but regular rhythmic patterns (Song et al.
2010) and (2) are limited by a number of constraints
in space and time (Hi#gerstrand 1970). The regularity
means that one can extrapolate patterns over space and
time. Thus, the risk for crime is dependent on people’s
movement patterns that are rhythmic: rush and off-peak
hours, weekdays and weekends, and winter and sum-
mer (Loukaitou-Sideris, Liggett, and Iseki 2002; Smith
and Cornish 2006; Ceccato, Uittenbogaard, and Bamzar
2013). Equally important are the constraints that char-
acterize individuals’ movements and help to frame cities
as places of convergence and dispersion.

Typical areas of convergence are, for example, trans-
port nodes, such as bus and train stations. Transport
nodes play an important role when planning safe en-
vironments because they have an absolute location in
space; they are linked to human activities that are regu-
lated by a thythmic schedule of buses or trains. It is thus
suggested here that they also have the capacity to reflect
the dynamicity of the city as a whole. Stations are often
called crime generators and crime attractors (Branting-
ham and Brantingham 1993, 1995). Transport nodes

concentrate large flows of people, which make it
easier for offenders to commit crime. Some physical
and social characteristics found in stations might draw
the attention of people with high levels of criminal mo-
tivation. They can potentially pull motivated offenders
toward them. Not all stations are equally safe, however,
and even within a station, certain environments are
more vulnerable to crime than others (e.g., Loukaitou-
Sideris, Liggett, and Iseki 2002; Ceccato, Uittenbo-
gaard, and Bamzar 2013). Thus, the effect of the sta-
tions’ environmental features (physical and social) on
crime varies over time and space as a result of their
internal characteristics but also their contexts.

This article suggests a methodology for assessing
crime over time and space in areas of convergence,
namely, at underground stations. The theoretical frame-
work enables us to assess crime at underground stations
in relation to daily, weekly, and seasonal variations of
passenger flows. Focusing on crime in transport nodes
provides us with snapshots of a city’s overall risk over
time and space using aggregated data by station. This
study builds on the study by Ceccato, Uittenbogaard,
and Bamzar (2013) by adding the space—time dimension
of crime and making a direct contribution to the grow-
ing literature on the criminological conditions in trans-
port nodes, responding to calls by Loukaitou-Sideris,
Liggett, and Iseki (2002), Cozens et al. (2003), and
Newton (2004), among many others.

The Stockholm underground system is used as the
study area. Stockholm is well supplied by its one hun-
dred stations, connected to buses and commuter trains.
Stockholm is also peculiar because it is a Scandinavian
city; the short days of its cold, dark winter limit life out-
doors but allow for days full of activities in the spring
and summer. Stockholm is also an interesting case study
because, contrary to North American or British cities
on which most studies are based, the capital of Sweden
has been shaped, to a large extent, by planning practices
that were a result of welfare policies. A typical charac-
teristic of this planning is, for instance, the fairly spatial
distribution of public transportation over the city, with
rather uniform points of population convergence, often
linked to areas of mixed land use (e.g., residential and
commercial areas).

Data from extensive fieldwork at the stations in 2010
were combined with crime records and passenger flow
(from Stockholm Public Transport for 2006-2009) to
test whether stations’ environmental attributes affect
crime at different times. Geographical information sys-
tems (GIS), spatial data analysis, and modeling under-
pin the methodology used in the study. Space—time



Downloaded by [Kungliga Tekniska Hogskola] at 05:26 24 January 2014

Space-Time Dynamics of Crime in Transport Nodes 133

differences are simultaneously scrutinized by looking at
variations over time for the whole underground system
as well as the three different lines separately. Later the
focus shifts to the environmental attributes that might
contribute to increased crime levels at stations during
the different moments in time.

Theory and Hypotheses

The urban fabric works as a guiding template for
individuals’ movements.! Transportation systems, as
part of the urban fabric, reduce the time required for
activities by compressing “lives into relatively small
spaces” (Miller 2005, 381) and dispersing passengers
through the network and reuniting them in areas of con-
vergence. Transport nodes concentrate large flows of
people in one place, making it easier for offenders to
commit crime. For example, at certain times of the day,
the crowds at a station might encourage the offender to
pickpocket.

Time Geography and Crime in Transport Nodes

Higerstrand (1970) was one of the first scholars to
state that neither time nor space can be left out when
one refers to human activities and movements (see also
Hawley 1950, 1973). Time geography shows the in-
volvement of people in their actions to be basically
controlled by the limited resources of time and space
(Thrift 1977). Any type of human activity is limited by
amount of time available each day. Time is both a nec-
essary condition and a constraint for any activity. Com-
mitting a crime is just an example of these activities.
Constraints are relevant for understanding the nature
of transport nodes as places with varied levels of crime,
which is dependent on hourly, daily, weekly, and sea-
sonal movement patterns of individuals. Higerstrand
used the space—time path to demonstrate how human
spatial activity is affected by spatial or temporal con-
straints. He identified three categories of constraints for
human movement: capability, coupling, and authority.

The first category is capability constraint, which is
perhaps the most basic one and refers to individuals’ lim-
itation of only being in one place at any time; in other
words, individuals are unable to be in two underground
stations at the same time. Individuals are exposed to a
single place at a time, but as they move, they will be
exposed to each place’s characteristics as time passes
by. Researchers have shown that the risk of being a
victim of crime is not evenly distributed (Wikstrom

1991; Bromley and Nelson 2002; Loukaitou-Sideris,

Liggett, and Iseki 2002; Andresen 2006; Ceccato and
Oberwittler 2008) neither in space nor in time (Sher-
man, Gartin, and Buerger 1989; Ceccato 2005; Weis-
burd, Morris, and Groff 2009). At a transport node,
such as an underground station, crime is a product of
two dimensions: the environment of the transport node
(e.g., design of platforms, closed-circuit television cam-
eras [CCTVs], dark corners, and hiding places) and
social interactions that take place in these environ-
ments (e.g., poor guardianship, crowdedness, and dis-
turbances). Knowing where and when the risks are (or
are perceived to be) in the city affects the way peo-
ple move around and plan daily activities (Ross 1993;
Loukaitou-Sideris 2006; Foster and Giles-Corti 2008;
Jackson and Gray 2010).

Despite their freedom of movement, however, indi-
viduals are constrained by the means with which they
move around. They might be limited by their “aware-
ness of space” (Brantingham and Brantingham 1984,
365). If public transportation is the alternative, indi-
viduals need to be at a certain time at the platform
to catch the nine o’clock train. Individuals’ space—time
paths must be temporarily linked up with other individ-
uals (e.g., both the passengers and the train conductor
must be on time) to accomplish that particular activity
(e.g., catch the train). Such a compulsory convergence
was denominated by Hégerstrand as a coupling constraint
and the overlap of paths in space—time was called bun-
dled by Hégerstrand. In safety terms, some couplings are
desirable (e.g., meeting a friend) and others are not (e.g.,
meeting an offender). Crime happens only when a mo-
tivated offender and potential victim or target coexist
for a given length of time and space (also virtual space).
Routine activity theory suggests that for crime to occur
there must be three elements in place in both space
and time: the presence of a motivated offender, a suit-
able target, and an absence of capable guardians (Co-
hen and Felson 1979; Felson 1994; Felson and Clarke
1998).

Urban environments are composed of public,
semiprivate, and private places, varying from free to
limited access. Higerstrand was also concerned with
the selective access to places, which he included in his
authority constraint. This constraint sets limits of access
to individuals to certain spatial domains (e.g., carriages
or buses tailored for women only) or time domains (e.g.,
cheap fares that encourage retired individuals to avoid
rush hours at stations, consequently limiting access of
this group to off-peak hours). From an urban criminol-
ogy perspective, this constraint is relevant to interpret
variation of levels of targeted group victimization (e.g.,
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harassment and assault of females at evening hours) but
also sudden low or high concentration of crimes (e.g., at
the stations after midnight, when the stations are clos-
ing down). Authority constraint interacts with monthly
variations of human activities that are regulated by sea-
sons and weather. Due to extreme weather in Scandi-
navia, some places are completely shut in the winter,
and others open only in the summer vacation season.
Quetelet (1842) suggested that the greatest number of
crimes against people is committed during summer and
the fewest during winter. Researchers have found ev-
idence on how crime levels vary over time and space
either as a result of psychological response to weather
stressors or an imposed calendar of activities (for a re-
view, see Cohn 1990; Anderson et al. 2000; Bromley
and Nelson 2002; Cohn and Rotton 2003; in the tropics
see Ceccato 2005).

Not all transport nodes are exposed to crime in the
same way. This is because social interactions, including
those that result in victimization, are dependent on
multiscale conditions that act at various levels in an
urban environment. These conditions are determined
by the environmental attributes of the transport node
(e.g., a station), the type of neighborhood in which
the station is located, and the relative position of both
the station and the neighborhood in the city (Ceccato,
Uittenbogaard, and Bamzar 2013). In the next section,
we discuss these factors in more detail.

The Role of Environment on Crime
in Transport Nodes

A transport system is a multifaceted arena, with
a complex interaction of settings (buses, trains, and
trams), facilities (stops, stations, and interchanges), and
users (staff and passengers). The design of these facil-
ities and the internal and external environments can
all influence the level of crime (or perceived safety) ex-
perienced on the system (Newton 2004). According to
Smith and Clarke (2000), the targets of crime also vary
and could include the system itself (vandalism, fare eva-
sion), employees (assaults on ticket collectors), and pas-
sengers (pickpocketing, assault). Some of these trans-
port nodes are self-contained entities (e.g., underground
stations) and others are part of a system (e.g., bus stops
in a road) but, in both cases, they are often regarded as
crime generators or crime attractors (Brantingham and
Brantingham 1993, 1995). The increased opportunity
for offenders to commit the crime in transport nodes is
related to the easy access to transport nodes, the unfa-
miliarity of the passengers in these public places, and

their poor willingness to exercise guardianship in areas
of convergence, such as in stations (Piza and Kennedy
2003; Ceccato and Haining 2004). The rational choice
theory postulates that the potential offender evaluates
his or her own risk before making a decision to commit a
crime (Becker 1968; Clarke and Cornish 1985; Cornish
and Clarke 1986; Clarke and Felson 1993). Thus, an un-
derground station as a premise with its all auxiliary fea-
tures can provide a proper environment for crime. The
presence of hiding places, dark corners, insufficient illu-
mination, and lack of formal and informal social control
might contribute to an offender’s decision to commit an
offense.

During the past half-century, researchers have con-
firmed the influence of a city’s design and layout on
the vulnerability to crime (e.g., Jacobs 1961; Newman
1972; Stark 1987; Fagan and Freeman 1999). This is
also true for transport nodes. Their design and lay-
out affect the potential offender’s likelihood of escap-
ing without being detected (Clarke and Felson 1993).
Some station designs make it difficult for outsiders to
see what is happening because of obstructed visibility, as
hidden corners and darkness (Loukaitou-Sideris 2012).
Lighting, fencing, specific security hardware, and open
design that allow opportunities for surveillance can dis-
courage crime (Harris 1971). On the other hand, if set
within dense urban environments, with good visibility
from their surroundings, stations could provide natu-
ral surveillance opportunities (Felson et al. 1990). The
literature also indicates that location of escalators at
the end of the platforms, ticket booths clearly visible at
the entrance lounges, overpass walkways for overviews,
and separation of passenger flows are factors affecting
safety at stations (Gaylord and Galliher 1991; Myhre
and Rosso 1996; LaVigne 1997).

The environment of stations is important because it
directly or indirectly affects visibility, the possibility to
be seen and to see others; in other words, the natural
surveillance of the location. Jacobs (1961) coined the
term eyes on street, stressing that the design has a role
to play in defining opportunities for surveillance and
therefore for crime occurrence. A decade later, New-
man (1972) developed a theory based on the interac-
tion between the individuals and their environment,
which he referred to as defensible space. A fundamental
concept of this theory is that of natural surveillance:
the “capacity of physical design to provide surveillance
opportunities for residents and their agents” (Newman
1972, 78). Cozens et al. (2003) found visibility to be
the most crucial part of safety at railway stations. Evi-
dence from the United States and Sweden shows strong
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links between crime rates and stations with dark, hid-
den places or with poor visibility from the surround-
ings (Loukaitou-Sideris, Liggett, and Iseki 2002; Cec-
cato, Uittenbogaard, and Bamzar 2013)—all elements
that are important for natural surveillance. Researchers
might argue that the defensible space theory is generally
in line (or integrated) with the main principles of rou-
tine activity theory. Poorly lighted space reduces the
probability of being caught after committing a crime.
This is accounted for in the element of place (poor
vs. good management of place) in the routine activity
theory.

Despite the fact that there are places that allow good
surveillance, individuals might not be willing to (or
cannot) exercise social control or guardianship over
the area (Reynald 2011). Social disorganization theory
has long suggested that disorganized communities have
a negative impact on the effectiveness of social con-
trol (Shaw and McKay 1942), which could affect crime
levels. Deriving from neighborhood clues of disorder,
Wilson and Kelling (1982) suggested that unrepaired
damage to property encourages further vandalism and
other, more serious types of crimes, the so-called bro-
ken window syndrome. The presence of incivilities,
signified by deteriorating building stock and public
environments, with concentration of graffiti and lit-
ter, is also likely to have an impact on neighbor-
hood crime (Wilson and Kelling 1982; Skogan 1990;
Perkins et al. 1993). In relation to transport nodes,
Loukaitou-Sideris, Liggett, and Iseki (2002) showed
that crime rates at light-rail stations were related to
the socioeconomic levels of their surrounding neigh-
borhood when comparing population densities, high
and low income levels, ethnicity, gender, and age dis-
tribution. Furthermore, specifically particular land uses
(e.g., schools, bars, liquor stores, pawn shops, and aban-
doned buildings) have been found to attract more crime
in their vicinity (Byrne 1986; Greenberg 1986; Ro-
neck and Maier 1991; Block and Block 1995, 2000).
Equally important for crime levels and geography is
the relative position of the station and the neighbor-
hood in the city (Loukaitou-Sideris 1999). City centers
are often high-crime areas; thus, it would be ex-
pected that the more centrally located a station is,
the more criminogenic it will be. The city’s ge-
ography and the presence of different geographical
barriers, such as a lake, a river, or a park, are also in-
fluential in defining regional patterns of mobility and,
consequently, offenses, because they affect space—time
frames of escape, for instance. Different types of
crime will occur in different environmental conditions

and might vary over time (e.g., rush hours tend to
concentrate pickpocketing, whereas late hours attract
more vandalism).

The Conceptual Framework

The conceptual model relies on principles of time-
geography and urban criminology and defensible space
theories (Figure 1). These theories underlie the method-
ology adopted in the study and the discussion of the
results in the following sections of the article.

Space-time geography principles help us to under-
stand the relations between rhythmic variations of hu-
man activities, including crime, over time and in space.
During certain time and space windows, people disperse
or converge through the transportation system follow-
ing constraints of movement as suggested by Higer-
strand (1970). For crime to happen in a transport node,
a synchronization of elements in time and space must
occur: a motivated offender who identifies a potential
victim, based on his or her assessment of “right” time
and “right” place. Routine activity principles recognize
the fact that people move around in fairly determined
patterns along specified trajectories and thereby induce
crime levels at certain time periods and places. Re-
search is increasingly focusing on the importance of
space—time dynamics of crime (Ratcliffe 2006; Uit-
tenbogaard and Ceccato 2012) and particularly the
movement of offenders (Bichler, Christie-Merrall, and
Sechrest 2011; Ceccato and Wikstrom 2012; Rey et al.
forthcoming).

Hypothesis 1 is that crime in underground stations re-
flects thythmic variations of human activities (hourly,
daily, weekly, and seasonally). For instance, the cou-
pling constraint makes transport nodes typical areas
of convergence. Rush hours would be more targeted
for crime than nonpeak hours. The same applies for
evening hours over weekends or summer versus winter.

Underground stations are criminogenic places, but
certain stations are targeted for acts of crime and disor-
der more often than others (Ceccato, Uittenbogaard,
and Bamzar 2013, 18) and their vulnerability may
change over time.

Hypothesis 2 is that the specific vulnerability to
crime of a transport node varies over time and space. A
transport node’s environmental features are perceived
as risky by offenders when active guardians are around,
during the day, and during the summer. On the con-
trary, stations with hidden corners and low visibility at
night or during winter tend to be crime targets more
often.
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A city portrays human activities that follow
particular rhythmic patterns of dispersion
and convergence over time and space.
Transport nodes are areas of convergence.

For crime to happen in a transport node, a
synchronisation of elements in time and space
must occur: a motivated offender who
identifies a potential victim, based on his
assessment of ‘right” time and ‘right’ place.

The specific vulnerability to crime of a
transport node varies over time and space.
Its physical and social environment, its
surroundings and its relative position in the
city help ‘explain’ why a transport node is
more criminogenic than others.

Figure 1. The conceptual framework: Mobility and crime at underground stations. (Color figure available online.)

The Stockholm Case Study

Stockholm is a dynamic place. Figure 2 illustrates two
snapshots in time (night and day) of the population of
Stockholm by zones. Two million people live in Stock-
holm County, half of them in the city of Stockholm.
There are three underground lines with more than one
hundred stations (see Appendix A), 5,000 taxicabs, and
2,000 buses. Around 230,000 people travel with com-
muter trains to get to their destination in the Stock-
holm area and more than 1.8 million passengers travel
every day in the city’s undergrounds. All of these num-
bers provide a rough idea of people’s movements, of-
ten canalized by private and public transportation. The
study area includes the Stockholm underground net-
work, constituted by three lines (green, red, and blue).
The underground system is part of Stockholm’s main

transportation modes and besides covering Stockholm
municipality (82 percent of all stations), it reaches out
to surrounding municipalities and suburbs. The study
area is limited to the Stockholm municipality.

In criminogenic terms, the seasonal change in the
length of day and night is worth noting in Stockholm.
In midwinter, darkness and cold prevail (around six
hours of light, with mean temperature in February of
—3°C). In midsummer, however, daylight takes over,
promoting long days in June and July (around eighteen
hours, with average daytime temperatures of 20-22°C).

Temporal patterns of crime show city-wide differ-
ences in geography. Uittenbogaard and Ceccato (2012),
using police data and Kulldorff’s method (which is a
spatial scan statistic; Kulldorff 2010), suggested that
Stockholm’s summer violence concentrations of crime
were more spread out toward the outer suburbs and
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Figure 2. Night and daytime popula-
tion in Stockholm municipality.
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greenery areas, whereas during the winter, violence was
concentrated in the inner city and around underground
stations. The city center, however, was a stable clus-
ter for both violence and property crimes regardless of
season, as there are always people converging in that
area. This is not a surprise, as the literature in the
United States shows that 3 percent of addresses pro-
duce 50 percent of reported crimes. These places are so
crime prone that they are labeled hotspots of crime (Sher-
man, Gartin, and Buerger 1989; Andresen and Linning
2012).

Around 60 percent of all crime events in Stockholm
municipality were found to happen within 500 m of un-
derground stations (accounting for only 28 percent of
Stockholm’s land cover). Although the surroundings of
the stations are often commercial centers of mixed land
use, previous research has shown that the stations’ en-
vironments are more important to explain crime levels
than their surroundings (Ceccato, Uittenbogaard, and

Bamzar 2013).

Night time population

Max =4.639 inhab./unit
Mean =945 inhab./unit
St. Deviation =897 inhab./unit

Day time population

Max =11.733 inhab./unit
Mean =1.245 inhab./unit
St. Deviation =1.475 inhab./unit

Data and Method

The data used are from the Stockholm Public Trans-
port (SL) database, which consists of crime events
reported to the central alarm service covering from
2006 to 2009. These records are categorized accord-
ing to year, date, time of day (by minute), station, line,
crime code, crime type, and description. Over the three
years, 62,265 events were reported. Eighty percent of
all events registered at the stations related to cases of
drunken people at the station or people found sleeping
on a train, as well as unjustified use of emergency brakes,
fire extinguishers, or fire hoses. Crimes, often acts of vi-
olence, thefts, and vandalism, constitute about 20 per-
cent of events. Most reports of violence are against pas-
sengers (fights) and guards or other personnel. Threats
against personnel are the most typical events, followed
by threats against passengers and drivers. Vandalism
includes graffiti on walls or floors, as well as damage
to objects, although rarely inside the trains. Theft can
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generally be divided into two types in underground sta-
tions: theft or robbery from persons and of objects at
the station. The latter includes theft of bikes and cars,
which is not uncommon around underground stations
(parking lots or streets). Note that the underground sta-
tions have limited opening hours; during weekdays most
stations are closed between 3 a.m. and 5 a.m., resulting
in missing data.

The fieldwork database consists of observations gath-
ered during an extensive inspection of the environment
of all underground stations and their immediate sur-
roundings in summer 2010 and winter 2010-2011. This
“inspection” was at first conducted during daytime, be-
tween 10 a.m. and 4 p.m., to avoid rush hours and the
darker hours of the day to get a picture of the stations at
“normal operation times.” The researchers spent around
one hour at each station. The fieldwork was repeated,
in a scaled-down version, in the winter to check for
specific differences during the darker hours of the day
(during winter times from 2 p.m. until midnight) and
how winter climates changed the characteristics of the
stations.

Theories of urban criminology and situational crime
prevention were the basis for selecting the features to be
checked. From previous studies on transport and crime,
results show that various environmental features, in-
dicators of social control, and socioeconomic variables
affect levels of crime at stations (see previous litera-
ture review). Examples include checking for visibility
at platforms (suggested by, e.g., Cozens et al. 2003), nat-
ural surveillance (from, e.g., situational crime preven-
tion and rational choice theory), presence of CCTVs
(e.g., Webb and Laycock 1992), and mixed land use in
the surrounding areas (e.g., Loukaitou-Sideris, Liggett,
and Iseki 2002). The attributes were assessed during the
fieldwork by using a yes—no scale (e.g., presence of dark
corners, well illuminated, open layout, disturbance) or
a high-medium—low scale (e.g., crowdedness, visibil-
ity, littering). This assessment is, of course, prone to
subjectivity, but a comparison of both the researchers’
results showed that the variance was minimal. As an
example, visibility and surveillance were each checked
using a high-medium-low scale by assessing the situ-
ation and perception of space from an expert point of
view, having in mind suggestions from previous studies.
The possibility of surveillance at the place was defined
as “how well others can see you,” thereby taking into
consideration a multitude of aspects such as direct view,
number of people (guardianship), view from outside to-
ward the place, mirror placement, illumination of the
place, and objects disturbing the sight line. This allowed

for a comprehensive and uniform assessment of surveil-
lance. Visibility was, on the other hand, defined as the
opposite, “how well can you see others.” It does not
imply that these two features are the same, as you might
be able to notice someone else, while this other person
might not be aware or have a direct view of what is hap-
pening to you. More on this is explained in Ceccato,
Uittenbogaard, and Bamzar (2013).

The station’s platform is constituted by the platform
where the trains arrive and passengers wait, and the
transition area is the area between the platform and
the gates and ticket window, which commonly includes
stairs and elevators to the platform. The lounge is the
area before the gates and ticket booth to the exits or tun-
nels. The exits are areas prior to entering the lounge area
either directly from the street or via a tunnel. The sur-
roundings included the immediate surroundings around
each exit, the field of view from a station’s exits.

The underground stations were divided into sections:
platform, transition area, lounge area, and exits (for de-
tails, see Ceccato, Uittenbogaard, and Bamzar 2013).
These environmental attributes describe the layout of
the stations (e.g., design, lighting, lack of visibility, pres-
ence of littering, property damage) and features that
characterize potential guardianship and the overall at-
mosphere. As the seasonal variations of light and tem-
perature are notable in Scandinavia, models were tested
using a set of new variables during winter: illumina-
tion, overcrowding, social disturbance, and littering in
stations.

The database with all stations, their attributes, and
crime rates was gathered in GIS. GIS was used also to
count land use attributes around the stations (e.g., num-
ber of cash machines within at specific buffer distances)
and produce the input data for the cluster analyses us-
ing police recorded data. Crime data from Stockholm
police were extracted from 2006 to 2009. These years
were collapsed into one year to create a more robust data
set (keeping the information on hour, day, and month).
The records contained information on the offense, place
(x, y coordinates), and time (by minute). Note that
the police data cover a 100-m area around the sta-
tions (which often covers the station area and includes
both entrances), whereas the SL database only covers
events that happened at the stations. These two inde-
pendent data sources, although not free of problems,
are expected to complement each other in showing
what happens at the stations over time. Administra-
tive (basomrdde) and demographic and social economic
data were obtained from Stockholm municipality and
also added to the basic map of Stockholm using GIS.
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To check for crime variations over time, analysis
of variance (ANOVA) tests with Scheffe’s test were
used. Tests looked for significant differences in events
between peak and off-peak hours of the day, weekdays,
weekends, and holidays, as well as between seasons,
which are discussed in detail in the next section.

Ordinary least squares models were used, having nat-
ural log of crime rates (for selected time frames) as the
dependent variable and stations’ attributes as covari-
ates (see Ceccato, Uittenbogaard, and Bamzar [2013],
for details). These time frames were based on peak hours
and off-peak hours (based on rates of crime by passen-
ger flow), which vary by crime types. Because different
crimes take place during different time windows, these
slices of time vary. For example, for total crime, peak
hours are from 6:00 p.m. to 10:00 p.m. and off-peak
hours are from 6:00 a.m. to 10:00 a.m. For violence,
peak hours are from 10:00 p.m. to 2:00 a.m. and off-peak
hours are from 5:00 a.m. to 9:00 a.m. Vandalism peak
hours are from 7:00 p.m. to 11:00 p.m. and
off-peak hours are between 6:00 a.m. and 10:00 a.m.

The rates for weekdays and holidays were based on
the number of events by 1,000 passengers, where week-
days are from Monday to Thursday. Holiday rates were
based on bank holidays from the Swedish calendar in
2006 to 2009. For the weekly variations, the ANOVA
test showed that the only significant difference was be-
tween weekdays (Monday-Thursday) and holidays. A
trial was carried out using the sole highest peak hour.
As an example here, at the peak hour for violent crimes
(counts and rates) at 1 a.m., the model showed sim-
ilar results to the one combining several peak hours.
The main attributes explaining most of the variation in
crime rates were the presence of cash machines, social
disturbance, and littering or physical deterioration. Sea-
sonal crime rates were based on the number of reports
for each season by passenger flow; for instance, Decem-
ber to February was regarded as winter, whereas June
to August was summer. Data for the winter variables
that indicated the quality of illumination, overcrowd-
ing, and littering in stations were collected in the winter
months, replacing those from the summer.

The modeling strategy consisted of three steps.
First, correlations between independent variables were
checked and highly correlated variables (R > 0, 6) were
excluded. Although this cutoff is arbitrary, this thresh-
old helped in eliminating variables that were likely to
contribute in the same way to the model. This prese-
lection was a necessary step given the relatively large
number of variables. Then, for each section of the sta-
tions (platform, transition area, lounge area, and exits),

crime rates were regressed for the time frames (peak vs.
off-peak, weekdays vs. holidays, and winter vs. sum-
mer). The significant variables from this stage were
input in models for the whole station by each time
frame.

Results
Temporal Patterns of Crime at the Station

Most of the reported events in the Stockholm un-
derground network happen in the late afternoon and
evening, more precisely between 4:00 p.m. and mid-
night. This peaks between 8:00 p.m. and 9:00 p.m.
(Figure 3), which is when people are either getting
back home (4:00 p.m.—7:00 p.m.) or performing un-
structured activities after work, such as leisure (after
6:00 p.m.).? This pattern reflects the moments when
people are on the move, when the risk of victimiza-
tion is greatest because, as hypothesized earlier, it is
when there is a greater chance of potential victims be-
ing in the same place as motivated offenders. People’s
bundling of space—time paths in specific periods affects
the crime peaks at rush hours, when individuals are ei-
ther on their way to or home from work. The effect
of movement constraints also plays a role in defining
crime by hour: Stations’ opening hours restrict access
to the stations and therefore their crime levels over the
day. Unexpectedly, not all peaks of passengers at the
station lead to crime. Thieves do not start to act be-
fore 11:00 a.m., with a peak at 4:00 p.m. Rush hours
in the morning are not as criminogenic as those in the
afternoon.
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Figure 3. Distribution of crime and disorder by hour of the day and
data source.
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Most crimes at underground stations that take place
in late evening and at night are violent ones. Vandalism
takes place more often during late evenings and thefts
in the afternoon and early evening hours. If we take the
example of events of violence (Figure 4A), a similar
pattern over the day by hour in underground lines but
with different gradients (first the green line, then the
red and blue lines) is identified. The green line has more
stations than the other lines, which affects the counts
of crime in a number of ways: First, some of the green
line stations are open longer than the rest of the under-
ground system, which also affect the line’s criminogenic
conditions. Second, the green line is also embedded in
a couple of high-crime neighborhoods. The crime rates
on passenger flow vary according to different surround-
ings and geographical location in the city, presented by
each different line. Moreover, particular stations on the
same line can show a different crime pattern according
to time and location (Figure 4B).

The difference between crime rates is also associated
with the flow of passengers using the underground sys-
tem (capability and coupling constraints), the stations’
opening hours (authority constraint), and an expected
time lag for recording each event. More interestingly, it
can also be suggested that there are less people around
during later hours, with fewer capable guardians present,
and thus crime happens more easily. In addition, fewer
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Figure 4. (A) Counts and rates of vio-
lence per hour of the day at all stations.
(B) Counts and rates of violence per
hour of the day in selected stations on
the green line. (Color figure available
online.)
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travel companions are present and people are less per-
sonally secure, creating opportunities for crime (Cohen
and Felson 1979). As some evening activities might not
be performed on a daily basis, individuals’ unfamiliar-
ity with the station or lack of awareness of the area
(Brantingham and Brantingham 1984) makes them po-
tentially more vulnerable and a more likely target of
crime.

Holidays show the highest crime rates, followed by
weekends and weekdays. Fluctuations in passenger flows
and routine patterns also affect crime activities, which
increase when more people are on the move and de-
velop unstructured activities. As expected, ANOVAs
results show that the difference is statistically signifi-
cant when it comes to differences between weekdays
(Monday-Thursday) and holidays. A significant differ-
ence in levels of crime between weekdays and weekends
was not found at the stations, however (Table 1).

Crime at stations varies seasonally (Table 2), but
data sources show different patterns of concentration.
Whereas police statistics show differences between win-
ter and summer in favor of the warmer season, corrob-
orating Quetelet’s (1842) early results, the Stockholm
Public Transportation data indicate that the greatest
number of crimes against people was committed in
the winter. Low temperatures forces passengers to wait
indoors for trains at the stations, creating situations
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Table 1. Differences in crime: Weekends, weekdays, and

holidays
Crime Crime
events  average/day F test Scheffe
Weekend (1) 29,259 61.69 2,560.828* 1-3
Weekday (2) 27,823 48.28 2-3
Holiday (3) 5,152 132.10 3-1/3-2

Note: Data are from Stockholm Public Transportation database
(2006-2009). Note that Scheffe 1-3 means that crime on the weekends
(1) and on holidays (3) is statistically different from each other.
*Significant at 99% level.

more prone to violence than in the summer. Darker
and snowy days in the winter make citizens more likely
to take public transportation instead of cars. Alterna-
tively, another reason for this mismatch between the
police and the SL database is that police data cover
a 100-m area around the stations (which often covers
the station area and includes both entrances), whereas
the other database only covers events that happened at
the stations.

The effect of time variations depend on crime type.
For instance, as compared to winter and autumn, bet-
ter opportunities for thefts appear in the spring when

Table 2. Differences in crime by season

Crime
Crime levels
events mean  F test Scheffe

All crime types SL

Winter (4) 17,145 2.55 2,560.828* 4-1/4-2/4-3

Spring (1) 15,787 1-2/1-3/1-4

Summer (2) 13,503 2-1/2-3/2-4

Autumn (3) 15,830 3-1/3-2/3-4
Violent crime types SL

Winter (4) 1,592 2.65 176.570% 4-1/4-2/4-3

Spring (1) 1,210 1-2/1-3/1-4

Summer (2) 1,054 2-1/2-3/2-4

Autumn (3) 1,583 3-1/3-2/3-4
Property crime types SL

Winter (4) 79 243 24.207* 4-1/4-2/4-3

Spring (1) 99 1-3/1-4

Summer (2) 61 2-4

Autumn (3) 76 3-1/3-4
Vandalism crime types SL

Winter (4) 1,100 2.53 167.238* 4-1/4-2/4-3

Spring (1) 1,072 1-2/1-3/1-4

Summer (2) 932 2-1/2-3/2-4

Autumn (3) 1,130 3-1/3-2/3-4

Note: Data are from Stockholm Public Transportation database
(2006-2009). Note that Scheffe 4-1 means that crime in the winter (4)
and in the spring (1) is statistically different from each other.

*Significant at 99% level.

people start going out more often. For vandalism, rates
rise during the colder months of the year, as even for
the offender it is more comfortable to damage or spray
graffiti at the station than outdoors. Regardless of which
season shows the highest concentration, the literature
relates differences of crime to the influence of weather
on human behavior (e.g., Anderson et al. 2000) and
to changes in people’s routine activities over the year

(e.g., Ceccato 2005).

Modeling Space-Time Variations of Crime
at Underground Stations

Stations are not the same and, as previously sug-
gested, their environments are bound to affect crime
opportunities differently at different times of the day,
week, and year. This section assesses whether differ-
ent environmental features at the stations affect crime
rates over time. Table 3 shows the results for total
crime (for full details about violence and vandalism, see
Appendix B).

Crime tends to happen during peak hours in periph-
eral larger stations (with many CCTVs), with hiding
spots at the lounge area, the presence of drunk people
but with not many people around. For off-peak hours,
overcrowding in transition areas of the station affects
crime: A higher number of people at stations tends to
be associated with greater levels of crime. Regardless of
time of day, presence of CCTV explains the variation in
crime, suggesting that crime tends to be concentrated in
bigger stations where more cameras are installed. Mod-
els of weekly variations of crime are associated with
the following variables, operating for both holidays and
weekdays: station being located centrally, having a cash
machine installed, and visible security cameras. Holiday
crime rate variations (Model C3) are also significantly
influenced by crowded stations, the presence of physi-
cal deterioration, and an open layout of the lounge area.
Weekday levels of crime see a strong influence of the
presence of systembolaget (state alcohol selling outlets),
littering, and the presence of drunken people (Model
C4). During winter, crime at the stations is related to
crowded stations that show signs of physical deterio-
ration and those that are gathering places for drunks
(Model C5). During the warmer months of the year,
the proximity of outlets selling alcohol near the station
is an important indicator of high crime rates.

There are variations by crime type (see Appendix B
for results for violence and vandalism). Stations with
cash machines, hidden corners, littering, and distur-
bances tend to have more violence during peak hours
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Table 3. Ordinary least squares regression results of crime rates at underground stations (Log): Day variation, weekly

variation, and seasonal variation models

Winter (C5)

Peak hours (C1) Off peak (C2) Holidays (C3) Weekdays (C4)

December—February

Spring (C6)
March-May

Total crime

Coefficient tvalues Coefficient tvalues Coefficient tvalues Coefficient t values Coefficient t values Coefficient t values

Distance city 0.070 2.827 0.067 2.135 0.109 4.697 — — 0.053
No. CCTV 0.013 4.048 0.012 3.345 0.031 9.892 0.029 11.839 0.033
P_Crowded -0.233 -2.614 — — — — — — —
P_VendingMach  -0.126  -1.034 — — — — — — —
P_Seats 0.310 0.947 — — — — — — —
P_Disturbance 0.348 1.025 — — — — — — —
T_Sunlight 0.191 1.460 — — — — — — —
T_Hiding 0.255 1.971 — — — — — — —
T_Crowded — — 0.252 2.719 0.302 2.809 0.177 1.976 —
T _EscalatorU -0.007 -0.052 — — — — — — —
T Niceness -0.114 -1.343 — — — — — — —
T View — — -0.223  -1.441 -0.073 -0.620 — — —
T_ElevatorSmell — — -0.092 -0.922 — — —
T _Litter 0.009 0.017 0.312 0.656 — — 1.011 3.045 —
T_Drunken — — -0.842 -1.754 — — — — —
E_Hiding -0.329 -2.563 -0.187 -1.067 — — -0.319 -2.779 —
E_EscalatorU -0.451 -2.983 0469 -2.232 — — — — —
E_EscalatorD 0.313 1.660 0.373 1.522 — — — — —
E_Drunken 0.589 1.900 0.515 1.106 0.589 1.874 0.635 2.262 0.780
E_Visibilty -0.118 -1.218 -0.133  -0.967 — — — — —
E_OpenSpace 0.029 0.227 -0.145 -0.859 — — — — —
E_RoughMaterial 0.169 0.746 0.282 1.029 — — — — —
No. ATM — — — — 0.347 4.903 0.299 4.733 0.369
Systembolaget — — — — 0.344 2.016 0.453 3.062 0.341
P_Blocking — — — — -0.073  -0.497 — — —
P_Walledoff — — — — 0.036 0.270 — — —
L_OpenSpace — — — — 0.246 1.898 — — —
L_VendingMach — — — — 0.559 1.011 — — —
L_Crowded — — — — -0.044 0422 — — —
E_Longwalk — — — — -0.654  —4.458 — — -0.446
E_Deterioration — — — — 0.360 2.625 0.196 1.688 0.324
E_Crowded — — — — 0.031 0.287 0.053 0.608 —
E_Sunlight — — — — 0.188 1.558 — — —
T_Guards — — — — — — — — —
L_Crowded — — — — — — — — —
L_Hiding — — — — — — — — 0.098
W_Crowded — — — — — — — — 0.139
W _Disorder — — — — — — — — 0.036
R? 0.535 0.404 0.815 0.816 0.802
Input variables n=18 n=14 n=16 n=9 n=10

2.398
11.976

0.031 9.858
0.145 1.413
-0.372 -3.022
0.156 0.994
0.262 3.7133
0.482 2.989
-0.257  -1.908
-0.113  -0.940
0.238 1.893
0.051 0.499
0.186 1.656
0.266 1.061
0.043 0.445
0.811
n=13

Note: P = platform; L = lounge; T = transition area; E = exit area; W = winter (variable’s conditions in the winter); No. ATM = presence of ATM inside
the station; Blocking = many structures (objects) blocking view; No. CCTV = number of CCTVs placed at a station; Distance City = distance from city
center; Crowded = overall crowded at the station: low (0 — 5), med (6 — 10), high (114); Deterioration = any other physical deterioration at the place;
Disturbance = presence of social disturbance (loud speech, kids fooling around); Drunken = presence of drunk or homeless; ElevatorSmell = elevator smells
or has lot of graffiti; EscalatorD = escalator(s) going down; EscalatorU = escalator(s) going up; Guards = presence of private guards; Hiding = hiding places;
Litter = presence of any litter; Niceness = the place has nice, pleasant atmosphere; OpenSpace = layout is open without walls and roof; RoughMaterial = area
(partly) built of rough material; Seats = presence of seats or benches; Disorder = presence of social disorder; Sunlight = sunlight easily illuminates the covered
places; Systembolaget = number of alcohol selling premises within 100 m; VendingMach = vending machines; View = clear view from outside; Visibility =

everything is visible at the place; Longwalk = long walking distance; Walledoff = walls between two areas.
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(Model V1), whereas during off-peak hours, fights hap-
pen in larger peripheral stations, indicated by number of
platforms and distance to the city center (Model V2).
Regardless of the time of day, vandalism takes place
in stations with few passengers around but during peak
hours (Model D1). The significant variables are the
presence of a cafe, light platforms, fewer entrances, and
stations farther from the center of the city. During off-
peak hours, vandalism is often associated with increased
visibility (Model D2), which may indicate that these are
modern, more peripheral, above ground stations.

Two thirds of the variation in violence rates at
stations is explained by the stations’ locations, their
environmental features, and characteristics of the sur-
rounding areas. Models of the variations of violent
crimes on holidays (Model V3) show that variables such
as peripheral stations with a high population density
within 500 m of stations, stations with cash machines,
crowded stations, and the presence of social disorder
are significant. For weekdays, however, the model shows
that CCTVs and high visibility at platforms do not deter
violence, perhaps because a station’s layout has many
hiding spots (Model V4). Surprisingly, vandalism dur-
ing the holidays is not related to the location of schools
(Model D3), but it is often related to large crowded sta-
tions with cash machines, location on the outskirts of
the city, and the presence of drunken people. On week-
days, large and open peripheral stations (with CCTVs
and cafes) are more targeted by vandalism.

In the winter, when violence is highest, violent acts
take place in those open stations with many hidden
corners and littering (Model V5). During the spring,
crime rates are related to stations with outlets selling
alcohol nearby but, unexpectedly, with few hiding spots
(Model V6). Regardless of the season, violence often
happens in bigger stations that have cash machines.
During the winter, vandalism happens in stations with
corners at platforms, seating opportunities (benches),
and social disturbances (Model D5), whereas in the
spring, the stations most affected by vandalism are open
stations and those with escalators (Model D6).

Discussion of Modeling Results

The effect of stations’ physical and social environ-
ments on crime varies over time. For example, crime is
concentrated in peripheral stations with fewer people
around during peak hours (when individuals are inten-
sively moving around and perhaps because offenders run
a lower risk of being caught at those transport nodes)
but, during off-peak hours, the crime dynamics change.

For the offender to couple up with a passenger’s routine
paths, he or she has to seek targets in busy stations dur-
ing off-peak hours where more targets are present and,
as suggested by rational choice theory (Becker 1968),
where the risk of being caught might be low. Despite
the fact that people are at stations, they might not be
willing to (or might be unable to) exercise social con-
trol over the area because they are on the move. In
certain areas, the stations belong to a socially disorga-
nized neighborhood (Shaw and McKay 1942), where
the effectiveness of social control is low. Couplings of
activities at the station (Hégerstrand 1970), particularly
in the colder months of the year, promote opportunities
for crime (Cohen and Felson 1979) that would not hap-
pen otherwise. The cold also makes people want to wait
inside the stations at the platform or entrance for the
train to arrive. Frictions could arise easily in a crowded
station. In the city, during the cold months, drunken
people seek warmer places with easy access, often us-
ing the entrances to underground stations. Our findings
show that the increased presence of litter and drunken
people spending time at stations are often associated
with increased recorded levels of offense. Safety at the
stations is therefore an expression of the conditions in
the neighborhoods in which they are located. Seasonal
variations are closely related to individuals’ activities,
and promotion of crime opportunities during summer
activities (e.g., leisure, party, drinking outside) is a cat-
alyst for crime to happen, particularly violent crimes.

The international literature has indicated that cer-
tain land uses (e.g., schools, restaurants) attract crime
(Byrne 1986; Greenberg 1986; Roneck and Maier 1991;
Block and Block 1995, 2000). In Stockholm’s under-
ground stations, mixed results have been found. Dis-
tance to schools had no effect on crime or, as in the
case of vandalism, a negative one. If the station is close
to a state outlet that sells alcohol, however, crime is
higher during weekdays, holidays, and spring. Previ-
ous literature has indicated the effect of inner-city ar-
eas on crime levels at the underground stations (e.g.,
Loukaitou-Sideris 1999; Loukaitou-Sideris, Liggett, and
Iseki 2002). In Stockholm, however, particularly dur-
ing holidays and the winter season, when more violence
takes place, large stations on the outskirts of the city (in
some cases, end stations) are also vulnerable to fights
and other acts of violence as those located in the inner-
city areas.

There are, however, common patterns regardless of
the environment of these transport nodes. Daily crime
patterns are mostly a result of an individual’s daily ac-
tivities and crime opportunities at different parts of the
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underground system and at certain sections of the sta-
tions. As proposed by Hégerstrand (1970), most people
are bound to follow particular patterns of movement
during the week with fixed schedules. Crime might hap-
pen because these patterns are confined in time and
space, offenders have a very specific target time span,
and people are concentrated in a small space. An un-
derground station is a perfect example of a small space
that forms part of a daily routine for many and where
an offender can be sure to find a suitable victim during
peak hours. It is here that the space—time paths of peo-
ple line up together (Hégerstrand 1970). Weekly crime
variations are mainly a result of individuals’ patterns of
structured and unstructured activities, such as work and
leisure. Variations of crimes during weekdays, week-
ends, and holidays reflect changes in people’s routine
activity. Besides these times, crime during weekdays is
affected by abnormal or out-of-schedule activities. Al-
cohol consumption seems to play a role in defining
crime during holidays, in contrast to normal weekdays
when it is rather unusual things such as social distur-
bance and litter that motivate offenders to choose that
place for crime.

Seasonal crime variations are dependent on pre-
viously mentioned factors but also on constraints of
weather imposed on the individual’s movement pat-
terns, with more use of public transportation and
crowded stations with poor guardianship, as our re-
sults presented for winter conditions. Peripheral large
stations (with CCTVs, cash machines, and state out-
lets selling alcohol) with signs of physical deterioration
and the presence of drunken people are often the more
problematic stations that concentrate all sorts of crime.
As previously indicated by Wilson and Kelling (1982),
places that show signs of low social control, where lit-
ter is left on the floor and not taken care of, attract
offenders, who see the opportunity and take advantage
of the uncontrolled circumstances. In the same line
of thought, our findings indicate that fights happen as
the individuals are caught or pushed to dark corners
of the station where no one has any view of what re-
ally is going on. These results corroborate the evidence
that dark corners and hiding places decrease the poten-
tial for surveillance, as suggested by Loukaitou-Sideris,
Liggett, and Iseki (2002) and Ceccato, Uittenbogaard,
and Bamzar (2013).

Conclusions and Looking Ahead

The city’s urban fabric guides individuals’ movement
patterns, as one is bound to follow the layout of routes

on the transportation system toward the destination.
Coupling constraints make transport nodes typical areas
of convergence at certain time windows, where social
interactions intensify and where crime might take place.
By making full use of the detailed crime data available,
this study shows shifts in crime patterns over time at
the stations, following rhythmic cycles that characterize
people’s movement through the city, over the week, and
even seasonally.

As previously suggested, for crime to occur there must
be three elements in place in both space and time: the
presence of a motivated offender, a suitable target, and
absence of capable guardians (Cohen and Felson 1979;
Felson 1994; Felson and Clarke 1998). The dynamics
of crime at peak hours and off-peak hours are not the
same, however, as they are associated with particular
conditions at the stations (e.g., opportunities for crime
and social control) but also with the individual char-
acteristics of passengers who pass by. This obligatory
temporary encounter between motivated offenders and
a potential victim is a condition for crime to occur but
it does not always explain why and when it happens
(and often it does not). One way to interpret this is
to assume that the urban environment does not affect
individuals equally; its impact might interact with in-
dividuals’ characteristics and settings to which the in-
dividual might be exposed over time (Wikstrom 2005).
Although this reasoning was initially applied to explain
individuals’ decisions to offend, it is suggested here that
this principle can be applied to understand why cer-
tain places and times are chosen by offenders to offend.
In other words, the specific vulnerability to crime of a
transport node varies over time and space, according
to the way settings and their environmental contexts
affect individuals passing by.

Indicators of the physical environment of the sta-
tions (e.g., presence of CCTV, hiding spots, physical
obstacles) together with those that characterize their
social environment (e.g., events of social disturbance
at platforms, crowded transition areas) were significant
to explain the variation of crime rates. These findings
indicate that (1) safety at the underground stations is
not only a function of the internal physical environ-
ment, but also of the social interactions that take place
at the stations; (2) events at the station are a result
of the type of surroundings wherein these transport
nodes are embedded, in relation to both the type of
neighborhood (e.g., deprived area) and the place the
station has in the city contexts, for instance, as a pe-
ripheral transport hub; (3) an assessment of crime in
underground stations provides us with snapshots of a
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city’s overall risk over time and space using aggregated
data.

The study provided the possibility to capture snap-
shots of movement in slices of time of a pulsing city.
The methodology, as presented in this study, allows
the assessment of crime at underground stations over
time, which is an indicator of passenger flows and the
city’s overall risk using aggregated data. One of the
advantages of this methodology is that it does not re-
quire individual-based data to produce an indication of
risk for crime as in most current studies on space—time
crime, based on offenders’ movement patterns (Bich-
ler, Christie-Merrall, and Sechrest 2011; Ceccato and
Wikstrom 2012; Rey et al. forthcoming). Moreover, in-
stead of crime counts only (which often overestimate
the levels of crime in large stations), this study shows
the importance of using number of events per passenger
flow. The analysis also combines different data sources,
often complementary, to provide a comprehensive pic-
ture of what happens at the transport nodes. The article
does, however, share limitations with other analyses of
this type, for instance, on the reliance on data of events
reported by personnel or by victims at the stations,
which implies different issues regarding data quality.
Another limitation is that the fieldwork in the winter
covered a selection only of variables that were thought
to be vulnerable to seasonal variations (illumination,
overcrowding, and littering). An extensive inspection
of the physical and social environmental features of the
stations should be performed for a complete and compa-
rable seasonal analysis. Moreover, the modeling strategy
adopted here has proven to produce meaningful results.
Another, perhaps more appropriate, strategy, however,
is multilevel modeling, which potentially has the ca-
pacity to capture the nested nature of the parts of the
stations as well as the station in winter context.

The method also has practical implications. As sug-
gested by Hirschfield, Brown, and Bowers (1995), the
discovery of spatiotemporal patterns of regularities is
the first step in the definition of more finely targeted
resources to tackle unsafe places and formulate preven-
tive strategies, as done in this study. For planning safety,
this development potentially affects how safety services
are guided by the level of detailed data on individuals
in time and space and the level of interactivity they
could share with agencies and data holders using ag-
gregated data by station. In the near future, however,
better grounds to assess the risk of crime can help indi-
viduals to make dynamic decisions as they move, as well
as helping police enforcement to be in the right place at
right time. This means that geographical information

captured by opportunistic sensors (e.g., mobile phones)
can be used to gather data on individuals’ behaviors,
their risks, and their safety perceptions in real time
across city environments. Although individuals’ daily
mobility seems to be characterized by a deep-rooted
regularity, explicit predictions on user whereabouts can
be explored by using data-mining algorithms and geo-
graphical information to improve urban safety. The
challenges in using detailed geographical information-
related techniques as support for research and planning
in urban safety are not merely linked to the data, theory,
or tools themselves but to the way in which all of these
are used in practice. For instance, the location and mo-
bility information requires privacy-enhancing solutions
that are not yet in place, which is perhaps one of the
main challenges for future research on urban safety.
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Notes

1. For an extensive discussion of the concept of urban fabric,
see Ceccato (2012).

2. Note that although both the police-recorded data and SL
data show similar temporal recording patterns, they differ
by crime type and different parts of the transportation
network. For more details see Ceccato, Uittenbogaard,

and Bamzar (2013).
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Appendix A: The Stockholm Underground System
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Abstract The objective of this article is to propose an agenda for interventions to prevent or
reduce crime and disorder at underground stations in Stockholm, the capital of Sweden. The
article first reports the nature, the levels, and the patterns of crime and disorder across time
and space. Different types of crime are analyzed and specific conclusions are drawn for each
type of crime which relate to the suggested interventions presented in this article. Findings
lend weight to principles of situational crime prevention to improve security in transport
nodes, with overlaps with routine activity and social disorganization theories. Intervention
measures comprehend suggestions on both environmental design related changes and more
complex social aspects regarding the reduction of crime at transport nodes. Suggestions for
interventions at Stockholm’s underground stations, as presented here, constitute an illustra-
tion of what can be achieved with situational crime prevention principles; however, they
may not be regarded as a “one-size-fits-all” solution to the demands and challenges of safety
in transport nodes elsewhere.

Keywords Crime prevention - Offences - Safety - Subway - Transport nodes

Introduction

Crimes cannot be properly explained, nor effectively prevented, without a deep understand-
ing of the environments in which they occur. Nowhere is this more apparent than in urban
public transport (Smith and Clarke 2000, p. 169). Transport nodes, such as underground
stations, are often characterized as being crime generators and crime attractors (Brantingham
and Brantingham 1995). Because transport nodes concentrate heavy flows of people, they
may attract offenders searching for suitable targets and locations to commit planned crimes.
A crowded station may be an attractive place for theft owing to the opportunities present.
Transport nodes are also social spaces, dynamic environments that (unintentionally) generate
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crime situations (e.g., settings where arguments can turn into acts of violence). The dynamic
situations at transport nodes also attract offenders and generate opportunities for crime less
visible than in other public places. For instance, offenders may be attracted to specific stations
because they offer known hiding places. Nevertheless, studies have also shown that some
stations may be safer in comparison to other public spaces (e.g., LaVigne 1997). Good planning
should involve crime prevention measures that can make underground stations safe for both
passengers and personnel by taking into account their nature as crime generators and attractors.

The objective of this article is twofold. First, the goal is to present examples of the nature, the
levels, and the patterns of crime and disorder at underground stations, taking into consideration
variations across time and space. The work reported here draws on an earlier study by Ceccato
et al. (2013), which showed that some stations are more exposed to crime and disorder than
others. As discussed in the literature review in the theory section of this paper, the geographical
distribution of crime events is related to the environmental attributes of these transport nodes
and their geographical context. Then, the article makes suggestions for improving the safety
through crime prevention. These suggestions are derived from situational crime prevention,
social disorganization theory, rational choice theory, and routine activity principles, as well as
from previous studies on transport nodes in the United Kingdom, the United States, and
elsewhere (see literature review). Although safety conditions at stations are dependent on
multiscale factors (involving the station, neighborhood, and city levels), our focus is mainly
on the different environmental features at stations.

Stockholm is an interesting case because it contributes to the international literature on
safety and public transport that is dominated by North American and British evidence (but
see, e.g., Alm and Lindberg 2000, 2004; Stangeby and Nossum 2004). Moreover, contrary
to North American or British cities, the capital of Sweden has been shaped to a large extent
by infrastructure planning practices that were a result of the implementation of welfare
policies from the 1950s onward. These areas are often lively places where people converge.
For this reason, the criminogenic characteristics of these areas may be increased.

The structure of the article is as follows. Relevant literature is discussed in the theory
section, followed by the case study of Stockholm. The methodology and results from the
empirical analysis are presented in the Method section. The findings and suggestions for
action to improve safety conditions at underground stations are presented in the final
sections of the article.

Preventing Crime in Transport Nodes: Theory

Transport nodes are places of convergence. They are places that people pass through during
their daily routines. They are a point of convergence for many different people who are en
route to different destinations and planned activities. An underground station can also
represent a place where offender and victim paths converge and, for this reason, where
crime may occur. The vast majority of crime occurs within an offender’s awareness and
activity space (Brantingham and Brantingham 1995). Crime reflects individuals’ activities
and daily habits, which are rhythmic and consist of patterns that are constantly repeated.
Crime opportunities for offenders are created from this repetition of routines and knowledge
of daily patterns (Cohen and Felson 1979). Routine activity theory suggests that for crime to
happen, there is a need to exist a suitable target, a motivated offender, and the absence of a
capable guardian in the same place at the same time. Crime prevention can involve dealing
with these preconditions so as to reduce crime opportunities for each of these three aspects.
As suggested in crime pattern theory, these preconditions can be dealt with by identifying
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crime patterns and tracking offenders’ movements and behaviors so as to define the
most probable areas for crime events, as well as by analyzing offenders’ understanding
of spatial environments and crime opportunities (Brantingham and Brantingham 1981).
Bernasco and Block (2011) showed that the location of offenders’ anchor points is
particularly important in defining these patterns and, in fact, relate to higher crime
levels.

In short, “crime prevention entails any action designed to reduce the actual level of crime
and/or the perceived fear of crime” (Lab 2007, p. 24). This type of action, referred to as
situational crime prevention (SCP) (Clarke 1995), is grounded in one of the oldest crime
prevention approaches—the blocking of crime opportunities. The basics of SCP methods are
rooted in opportunities for crime by taking a place-based approach that influences an
offender’s decision about committing a crime in a specific place (Sherman et al. 1998).
The focus of SCP is on suggesting specific, offense-related altering of the management and
design of the local environment so as to decrease crime opportunities (Clarke 1997).
According to SCP, crime opportunities can be altered by following 25 prevention
techniques (Cornish and Clarke 2003). These techniques are based on decreasing
opportunities (as outlined in routine activity theory), increasing risks for offenders
(as presented in rational choice theory), and managing crime patterns and predicted
movements of offenders (as suggested by crime pattern theory) (Brantingham and
Brantingham 1981). The techniques used in SCP stem from five intervention possibilities
(Cornish and Clarke 2003):

1. Increase the degree of effort for offenders; this includes target hardening, control of
accessibility, specific screening of entrances and exits, deflecting of offenders, and
security checks for tools and weapons.

2. Increase the risks of crime, which includes extending guardianship, enhancing natural
surveillance opportunities, reducing anonymity, utilizing place managers, and strength-
ening formal surveillance measures.

3. Reduce the rewards for committing a crime, which includes concealing targets, remov-
ing targets, marking property, disrupting markets, and denying benefits.

4. Reduce provocations, such as stress and frustration factors, possible disputes, emotional
arousal, negative peer influence, and harmful forms of imitation.

5. Remove excuses for crime by establishing clear rules, displaying clear signage and
instructions, alerting the conscience of faults, making rule compliance easy, and controlling
drugs and alcohol.

It is submitted here that these five intervention possibilities can be used to minimize
opportunities for criminal acts at underground stations. The design and layout of a station
affect its vulnerability to crime. For example, the design and layout affect a potential
offender’s likelihood of escaping without being detected (Clarke and Felson 1993).
According to rational choice theory, potential offenders evaluate their own risk before
making a decision to commit a crime (Clarke and Felson 1993). In this evaluation, the
environment plays an important role. Thus, one strategy is to reduce the opportunity for
crime by increasing the risk of being caught and decreasing the rewards of committing
crime. Both are embedded in Clarke’s (1997) SCP approach.

Increased visibility and natural surveillance are key elements of successful crime pre-
vention. Cozens et al. (2003) found visibility to be the most crucial aspect of security at
railway stations. A study of Green Line light-rail stations in Los Angeles (Loukaitou-Sideris
et al. 2002) showed strong links between crime rates and stations with dark/hiding places or
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with poor visibility of the surroundings (the opposite was shown for stations with good
visibility). Surveillance can involve, for instance, the installation of closed-circuit
television (CCTV) cameras, which from research has shown to have some positive
effects on the reduction of robberies and assaults in the London Underground (Webb
and Laycock 1992) but produced inconclusive results in the Stockholm subway system
(Priks 2009; Ceccato et al. 2013). One topic of discussion is whether the placement of
CCTV cameras is not merely a follow-up product in places with known high crime
levels. Analyzing the relationship between the use of CCTV and its effect on crime
levels is a challenge because it is difficult to know if the cameras are monitored live
and controlled, which implies real-time viewing, or computer directed and only used for
playback purposes.

Safety relates directly or indirectly to the visibility of passengers—that is, the possibilities
of being seen and seeing others (in other words, natural surveillance). Natural surveillance
can be defined as the “capacity of physical design to provide surveillance opportunities for
residents and their agents” (Newman 1972, p. 78), a central concept in defensible space
theory (Newman 1992). Crime prevention through environmental design (CPTED) follows
Newman’s (1992) basic principles and involves a number of environmental strategies that
not only deter offences but also allow individuals to feel in control of their environment. An
open layout provides more opportunities for surveillance and control of a place. Orienting
housing blocks with windows facing the street creates indirect social control. The creation of
softer boundaries between public and private spaces so as to make users of both spaces more
responsible for events happening outside their own private space also enhances indirect
social control (Newman 1992).

Formal and informal social control play important roles in determining crime levels in
transport nodes. Low social control may lead to disorder and physical deterioration. The
mechanisms are not well known for underground stations but, according to the broken
windows theory put forward by Wilson and Kelling (1982), unrepaired damage to property
encourages further vandalism and other types of crimes. A study on the New York subway
system showed that the enforcement of quick removal of graffiti also reduced other types of
crime such as vandalism and theft (Weisel 2004). This development goes hand in hand with
high levels of community social disorganization (Shaw and McKay 1942; Kornhauser 1978)
and low collective efficacy (Sampson et al. 1997; Sampson and Raudenbush 1999), which
may act as triggers for offenders to commit crimes.

Transport nodes are also influenced by their relative position in a city. Kinney et al.
(2008) found that the greatest number of crime incidents is concentrated in and around
commercial and civic/institutional land uses; for instance, assault rates in these areas are six
times greater than those in residential areas. Research has also revealed that higher rates of
violent offenses exist in areas with particular land uses, with high residential and commercial
land-use patterns and busy roads being associated with increased crime rates (Stucky and
Ottensmann 2009). By contrast, research has shown that a link exists between industrial
zoning and decreased violent crime levels. Moreover, in areas with high levels of socioeco-
nomic disadvantage, residential land use had a stronger effect on crime rates than other
factors. A relationship seems to exist between the socioeconomic composition of a neigh-
borhood and land-use patterns and their influence on crime levels (Stucky and Ottensmann
2009). Research has also revealed higher robbery levels in neighborhoods (and adjacent
areas) accommodating land uses that attract offenders, such as bars and illegal activities
(drugs and gambling), where offenders are often around, and that are easily accessible to
offenders by, for instance, public transportation (Bernasco and Block 2011). High levels of
crime at a station are often correlated with high levels of crime in the surrounding
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neighborhoods, which are sometimes triggered by the socioeconomic composition of the
population or particular land uses (Pearlstein and Wachs 1982; Hirschfield et al. 1995;
Loukaitou-Sideris 1999; Loukaitou-Sideris et al. 2002; Thlanfeldt 2003; Newton et al. 2004);
however, there are exceptions to this rule (e.g., LaVigne 1997). The location of a transport
node can be an access point and an attractor for offenders, thereby raising crime levels in the
surrounding areas. In particular, transport nodes located in neighborhoods with specific land
uses also have higher crime rates in the surrounding areas (Robinson and Giliano 2012).
Research has found that in Boston USA, crime incidents concentrate around transit stations
in a relatively small area. When the land surrounding public transit stations is used to
accommodate event areas (arenas), parking areas, liquor establishments, and residential
and green areas, higher levels of different types of crime are found (Robinson and Giliano
2012).

Past and recent strands of Western research on crime geography and crime prevention
are used as the basis for this study. It is expected that stations with environments that
provide poor conditions for formal and informal social control will tend to be exposed to
more crime and disorder than other stations. Moreover, crime follows human routine
activities; therefore, significant variations are bound to exist at different times (of the
day, week, and year) and stations. The context in which a station is located also plays a
role in determining the levels of crime and disorder at the station (Ceccato et al. 2013). It is
suggested that for crime prevention to be successful, it has to include a set of interventions
that takes into account the surroundings and environmental conditions of the stations and
the city context.

The Case of Stockholm’s Underground Stations

Stockholm’s underground system is composed of 100 stations, of which 47 are underground
(mostly central) and 53 aboveground. There are three lines: Green, Red, and Blue (Appendix 1).
The main public transport junction is in the central business district (CBD), which is located in
the central area of the inner city. All underground lines pass through Central Station, which is
the main railway station of the capital. Thus, many travelers and workers pass through this
station daily. Central Station is the only station that is connected to all three lines.

To obtain a comprehensive picture of what happens at the stations and in the surrounding
areas, three databases were used: Stockholm Public Transport’s calls for service, Veolia’s
personnel register, and police-recorded crime data. The first is based on a reporting database
of calls to the central alarm center of Stockholm Public Transport (SL), with most calls being
made by passengers and passersby. The Veolia database is based on reports collected from
staff (drivers, cleaners, guards, ticket issuers, etc.) working at the (former) contracted
organization (Veolia) responsible for running the underground system. The police database
is based on records from official police statistics of reported events in an area within 100 m
of the underground stations. The uniqueness of using these three data sources is that they
provide a view on crime and disorder events from different perspectives (official police
reports, as well as personnel and passenger observations). Moreover, the police do not have a
complete database of all events that occur (i.e., some events may not be reported to police),
nor are all police-recorded events observed and reported by staff and passengers. Therefore,
examining all three databases provides a more complete overview of events rather than
relying on one database only. Furthermore, the databases represent the different areas
analyzed in this paper: SL and Veolia capture events at the stations, whereas the police
records are more likely to capture events at the stations and in the surrounding areas (based
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on 100-m radius buffers). The police mainly patrol outside the stations and are called in to help
in more serious cases or to apprehend individuals who violate the law. Because the databases
capture information from similar geographical areas, they are used as complementary
sources—rather than as competing sources.

Public disorder is the most common type of event reported at stations, comprising about
80 % of all events. Public disorder at stations includes events that are reported as unlawful
activities or anti-social behavior. Some typical examples of such reports are cases of
drunkenness and sleeping on trains as well as unjustified use of emergency brakes, fire
extinguishers, and fire hoses. Other examples of “irritating behavior” are public urination,
littering, begging, drug use, and loitering. The other 20 % of all reported events at
underground stations are more serious offenses, often involving violence (including
threats), thefts, and vandalism. Most of these serious offenses at underground stations
are fights (about 40 %), followed by vandalism and threats, and reports of other types
of violence. Most reports of violence are against passengers and guards or other
personnel. Threats against personnel are typical events, followed by threats against
passengers and drivers. Property crimes at stations are more often recorded by official
police statistics than by the databases of SL and Veolia. According to the SL and
Veolia data on robbery, most reports are events of robbery of passengers at stations.
The police robbery data also show a large number of reports at stations; however, the
majority of all records is related to places such as shops and supermarkets located in
stations. Theft at underground stations can generally be divided into two types: theft
from individuals and of objects at stations. The latter includes theft of bikes and cars,
which is not uncommon in the parking lots and streets around underground stations.
Theft from individuals mainly involves the stealing of goods from transients and
passengers using the underground system. According to the police database, these
types of thefts primarily occur at crowded stations. Although police records do not
show high numbers, they do record burglary and shoplifting at stations for shops. In
this paper, robbery, burglary, and theft are aggregated into the same category of
property crimes; otherwise, the number of cases would be too small to assess them
individually. However, it would be desirable to work with separate categories for each
of these crimes because they require different approaches for intervention. Vandalism
is recorded in both databases; the records show events of vandalism, often graffiti and
criminal damage to public property, to both stations and trains. The records of
vandalism can be discussed in terms of the reliability of the reported time windows
for the act as most occurrences are likely discovered at the end of a working day
when personnel conduct checks or trains terminate their runs at maintenance areas.
However, according to the databases, reports of vandalism on carriages are much less
common. For the most part, the reported crimes are related to the stations themselves.
Indeed, as with most types of crime, it is hard to define the exact time of the
occurrences unless one receives the reports firsthand. Nevertheless, it is the visibility
of vandalism, not the event itself, which has the strongest impact on offenders and
other types of crime in terms of acting as a provocation and catalyst (see broken
windows theory, Wilson and Kelling 1982).

Previous research analyzing the Stockholm underground system reported clear temporal
and spatial variations in both crime and events of public disorder (Ceccato et al. 2013).
Events tend to happen more often in the evenings/nights, during holidays and on weekends,
and, at least for violence, in the cold months of the year. Specific types of crimes also show
different patterns: property crimes peak during the afternoon (12:00 noon to 5:00 p.m.),
vandalism occurs most often between 7:00 p.m. and 10:00 p.m., and events involving
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violence typically happen at night (11:00 p.m. to 3:00 a.m.). Public disorder events generally
occur during the afternoon, with increased numbers from 3:00 p.m. to 12:00 midnight.
Geographically, the distribution of crime differs according to the type of crime, with
suburban stations having higher rates of violence and more central stations having higher
rates of property crime (see Ceccato et al. 2013).

Method

Instead of using crude data of events by station from the databases of the police and the
transport authorities, rates per 1000 passengers for the three databases and crime types were
calculated: robbery, burglary, theft, graffiti, threat, violence, public disorder, and others.
Central Station shows the highest number of events in Stockholm; however, after events are
standardized by daily passenger flow, Central Station shows a medium-high rate in com-
parison to other stations. The number of events alone does not present an appropriate
distribution because more events will obviously occur in places where more people are
around and crime opportunities are higher. Therefore, in order to focus on identifying
environmental features of influence on crime levels, standardization by number of passen-
gers is needed. In this case, the so-called “end stations” often have higher rates of events
(crime and public disorder) than stations located in the inner city areas, with a few
exceptions. These end stations have higher numbers of events related mainly to public
disorder; which, according to previous theory, may have in turn an effect on other types of
crime. When trains complete their scheduled runs, the end stations often represent the final
stop for drunken people on their way home or for disputes that started between passengers
while traveling on the train. On a more technical note, it could be expected that passenger
flows at end stations are relatively lower than at central stations. Crime and disorder events
still occur at end stations, with the rate of event per passenger becoming relatively higher at
those stations because of the low passengers flow.

The focus of the present study is on the underground station, which includes platforms,
transition areas, lounge areas, and exits. The police crime rates are based on a representation
of the station’s area that is within a radius of 100 m (roughly representing the size of the
station from exit to exit). The “immediate surroundings” are based upon the field of view of
about 25 m from each exit. The “surrounding neighborhood” is within a 100 m radius of the
station.

The environments of underground stations share some common features (e.g., illu-
mination, gates, real-time train arrival timetables, platform/lounge structures). However,
these places are far from homogenous, which potentially affects the stations’ vulnera-
bility to crime. To assess these differences, two researchers conducted a systematic and
detailed inspection of all underground stations in the Stockholm underground system as
well as a check of their surrounding areas over the course of 2 months, spending at
least 1 hour at each station. This inspection was at first conducted during daytime
hours, between 10:00 a.m. and 4:00 p.m., to avoid rush hour and the darker hours of
the day so as to obtain a picture of the stations at “normal operation times.” A scaled-
down version of the fieldwork was repeated in the winter to check for specific
differences during the darker hours of the day (from 2:00 p.m. to 12:00 midnight in
winter) and to determine whether winter climate conditions changed the characteristics
of the stations’ environments.

The features examined by the researchers were selected based on current theories of
urban criminology and SCP. The results of previous studies on transport crime have
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demonstrated that a number of environmental features, indicators of social control, and
socioeconomic variables can influence levels of crime at stations (Table 1). Some examples
include the examination of visibility at platforms, as suggested by Cozens et al. (2003);
natural surveillance, as highlighted in SCP and rational choice theory; the presence of
CCTYV, as demonstrated by Webb and Laycock (1992); and mixed land use in surrounding
areas, as measured by Loukaitou-Sideris et al. (2002). The attributes were assessed during
the fieldwork with a yes/no scale (e.g., presence of dark corners, well illuminated, open
layout, social disturbance) or a high/medium/low scale (e.g., crowdedness, visibility,
littering). This assessment is, of course, prone to subjectivity; however, a comparison of
the results of both researchers showed that the variance was minimal. For example, visibility
and surveillance were each checked with a high/medium/low scale by assessing the situation
and perception of space from a professional point of view, keeping in mind suggestions from
previous studies. The possibility of surveillance at the place was defined as “how well others
can see you,” thereby taking into consideration a multitude of aspects such as direct view,
number of people (guardianship), view from outside toward the place, mirror placement,
illumination of the place, and objects disturbing direct view. This definition allowed for a
comprehensive and uniform assessment of surveillance. By contrast, visibility was defined

Table 1 Attributes inspected during the fieldwork: a selection

Attributes Theory

Visibility at the place Newman 1992; Cozens et al. 2003

Newman 1992

Cornish and Clarke 2003

Clarke and Felson 1993

Cornish and Clarke 2003; Cozens et al. 2003

Cohen and Felson 1979

Surveillance opportunity
Objects blocking the view
Hiding corners

Well illuminated

Presence of guards

Crowded place Newman 1992
Visibility of CCTVs Cornish and Clarke 2003
Deterioration Wilson and Kelling 1982

Presence of café Cornish and Clarke 2003; Newman 1992
Surroundings
Number of ATMs

Number of state alcohol-selling outlets

Brantingham and Brantingham 1995

Brantingham and Brantingham 1995; Kinney et al. 2008
Kinney et al. 2008; Robinson and Giliano 2012

Kinney et al. 2008

Brantingham and Brantingham 1995

Cornish and Clarke 2003; Newman 1992

Kinney et al. 2008

Newman, 1992

Shaw and McKay 1942; Wilson and Kelling 1982

Residential area
Commercial area
Presence of bars

Presence of guards
Presence of bus stops
Presence of walking paths

Presence of social disorder

Average income of area
(100-m radius)

Population density
(100-m radius)

Shaw and McKay 1942; Kornhauser 1978;
Bursik and Grasmick 1993

Shaw and McKay 1942; Kornhauser 1978;
Bursik and Grasmick 1993

Some features are used in all sections of the station, whereas others are more specific to a particular area (see

Ceccato et al. 2013 for details)
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as “how well you can see others.” Although the definitions for surveillance and visibility are
similar, they are not the same. For example, you may be able to notice someone else, but this
other person may not be aware or have a direct view of what is happening to you (for
additional examples, see Ceccato et al. 2013).

A station’s platform consists of the area where the trains arrive and passengers wait, and a
transition area is the area between the platform and the gates/ticket window, which com-
monly includes stairs and elevators to the platform. The lounge is the area before the
gates/ticket booth and extends to the exits or tunnels. The exits are entrance areas before
the lounge area; they lead directly to a street or via a tunnel to a street. The surroundings
include the immediate surroundings around each exit—that is, the field of view from a
station’s exits. Data from the fieldwork inspection (checklists) were gathered in spreadsheets
and then imported to a Geographic Information System (GIS) together with land-use data,
crime data, and demographic and socioeconomic data of the population. Stations and crimes
were mapped as point data, whereas the Stockholm demographics and socioeconomic data
were linked to small unit statistics (Basomrdde) (Appendix 2). To assess the influence of
surroundings on crime and disorder events at each station, a number of criminogenic land-
use indicators were added to the analysis—the location of automated teller machines
(ATMs), schools, police offices, and state alcohol-selling outlets (Systembolagety—in
Stockholm.

Bivariate correlation was performed to check for correlation between variables so as to
reduce multicollinearity. Regression modeling ordinary least squares (OLS) was tested using
82 % of the Stockholm underground system (i.e., all stations covering the entire municipality
of Stockholm) since crime and socio-economic data was available for the municipality only.
OLS regression was used to assess how the environment of the stations and surrounding
areas (independent variables) affected crime rates (dependent variables). Crime rates (crimes
per 1000 passengers) underwent a natural logarithm transformation so as to fit the linear
regression modeling assumptions (see Poole and O’Farrell 1971). By using a three-stage
procedure, the models first identified variables that significantly (10 % significance level')
influenced crime levels at each part of a station (platform, transition, lounge, exits). These
results were put together into the model for the whole station, from which the significant
variables were combined with variables related to the surroundings. This procedure made it
possible to assess the effect of all variables on crime levels, from small-scale environments at
the station to the influence of the surroundings (for details, see Ceccato et al. 2013).

Results from the Analysis

In this subsection, some of the most important findings are discussed as a basis for developing
suggestions on how to improve safety conditions at underground stations. Table 2 summarizes
the results of the modeling for events involving crime and disorder, violence, property crime,
and vandalism. However, different types of crime appear to be more specifically related to
certain attributes. For violent crimes, the presence of corners was more significant in explaining
variations in violence rates, whereas for vandalism, smaller, open layouts and the presence of
rough materials were more significant.

Differences in the environment of underground stations has an impact on the stations’
vulnerability to crime and disorder. Evidence shows that features that indicate barriers to

! A significance level of 10 % is a common practice in criminology and used here to eliminate the variables
that did not contribute to the model.
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Table 2 Station features, neigh-

borhood surroundings, and city Variables associated with higher ~ Variables associated with lower
context crime rates crime rates
More corners, hiding places More people around the station
Peripheral stations Good illumination (visibility)

More ATMs in the surroundings More CCTV cameras

Presence of physical deterioration ~ More police stations
Source: Ceccato et al. 2013,

49 Higher population density Lower housing instability
p.

formal and informal social control, such as fewer people in the station, objects hindering
visibility/surveillance, the presence of out-of-sight corners, and hiding places, are related to
higher rates of offenses. Good illumination and a minimal presence of factors that relate to
physical and social disturbances are often related to lower rates of crime and events. The context
of'the stations is also important to the stations’ vulnerability; however, the environmental design
of the stations remains the most important in explaining crime levels at the stations. The
surroundings of some stations help explain some of the variation in addition to the stations’
features. Stations with higher rates of crime and disorder are often located in more peripheral
neighborhoods (here defined as suburban neighborhoods outside the central congestion tax
zone, corresponding to distances of over 5 km from the CBD) as well as in those neighborhoods
with higher housing instability, higher population density, and fewer police stations. However,
these significant variables and the influence of surrounding environments may vary by the type
of crime (Table 3). For crimes involving violence, the model shows mainly an effect of the
stations’ characteristics—that is, more crime and disorder are found where there are more dark
corners in the platform area, more hiding places in transition areas, fewer CCTV cameras in
place, transition areas with signs of deterioration, and poor informal surveillance in lounge and
exit areas. For property crimes, the situation is the opposite; crime levels are better explained by
models that include the surrounding environment. The rates based on police data, which also
include events occurring in the immediate vicinity of the stations, perform much better than the
ones from the database of SL (station-only events). Variables associated with station surround-
ings (e.g., open entrances, distance to city center, population density, and presence of villa
housing) are all related to high rates of property crimes, according to police data.

Surprisingly, some of the variables depicting the surrounding areas turned out to be non-
significant or to have an unexpected sign. For example, no effect was found for the presence
of schools, nor for the presence of alcohol-selling premises in the surrounding area, as
suggested in previous literature (e.g., Block and Block 1995; Loukaitou-Sideris et al. 2002).
However, alcohol-selling premises in the present study included only state alcohol-selling
outlets, not restaurants and pubs, which may explain the results. Only ATMs showed an
effect related to increased violence. The presence of car parks near underground stations also
did not show any effect on property crime rates; this finding is unexpected because car parks
have a larger number of potential targets for property crime. (For a more extensive discus-
sion of these results, see Ceccato et al. 2013).

Crime and Disorder Prevention at Underground Stations: An Agenda for Action

Because underground stations are an important aspect of everyday life, they should be safe
and comfortable for all. Good planning can make daily trips safe for both passengers and
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personnel. Simply being aware of crime and disorder at these stations is not enough. The
environment and context in which these events occur must be considered, and actions
towards improving these environments must be taken. For these actions to be carried out,
planners and practitioners should be aware of their role and the challenges involved when
working with specific safety issues. They should strive to implement practices that are
inclusive and fair (the focus should be on different target groups, and cooperation should be
fostered between different actors responsible for different areas and services) and, as much
as possible, to work on participatory frameworks. If well thought out, safety interventions
and urban planning actions can serve to engage local communities, empower participants,
and help facilitate public participation in the production of a safe and liveable built
environment.

Suggestions on how to improve safety in transport nodes should not be considered a one-
size-fits-all solution for the whole transport system or for other underground systems
elsewhere. Identifying types of stations (i.e., “typologies”) that are more vulnerable to crime
(or are perceived as such), as well as considering the contexts in which they are embedded
(neighborhood and city contexts), is crucial. Certain stations (e.g., end stations) require more
specific surveillance actions against public disorder, whereas some stations require actions to
improve environmental design (such as stations with high rates of violent crimes and
property crimes). Other stations with high vandalism rates need to focus on establishing
and maintaining an image of “in control” surrounding environment (as suggested by broken
windows theory). Nevertheless, one station can be part of more than one typology, and
one action can be included in several typologies. For example, a station can be included
in programs for both surveillance actions and an “in control” environment, as suggested
here.

Although transport agencies and other authorities responsible for public environments
may not have the power to make structural changes that affect the long-term socioeco-
nomic context of stations (e.g., population density, housing mobility, police patrol
programs in neighborhoods), this study offers a number of indications of how environ-
mental attributes (design and land use of stations) may be reconsidered so as to enhance
the promotion of safety at underground stations. There are a number of strategies that
can be developed to maximize the positive—and to minimize the negative—physical
characteristics of particular settings, thereby contributing to greater safety for passengers.
These interventions link environmental attributes to current criminological theory
(Table 3).

These suggestions are not organized according to priority but rather are linked to the
attributes in the third column of Table 3. In the following subsections suggestions for
interventions that may help reduce and/or deter acts of vandalism, violence, property
crime, and public disorder at underground are discussed in detail. A number of
interventions apply to more than one type of crime; these are actions with a broader
effect on crime prevention and may provide a different approach to a similar problem
according to the type of crime.

Vandalism

Acts of vandalism occur frequently at Stockholm’s underground stations (Fig. 1). Vandalism
often involves graffiti and criminal damage to public property, both to stations and more
rarely inside trains. Damage to trains and stations includes shattered windows, etching, wall
graffiti, and other physical damage like damaged benches or burned furniture. It can also
involve damage to public transportation properties, including vehicles, shops, and other
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Fig. 1 Littering in carriages and transition areas on the weekend; graffiti is one of the most common types of
vandalism at underground stations in Stockholm

structures. More than half of these events are related to underground stations themselves,
followed by schools and parked private cars near the stations. As mentioned in the case
study section, vandalism happens most often in the evenings, specifically between 7:00 p.m.
and 10:00 p.m.

The case study in Stockholm indicates that poor illumination at public transport
nodes is linked to higher rates of vandalism. Better illumination and see-through
walls/windows make offenders feel more exposed, which, according to rational choice
theory (Clarke and Felson 1993), negatively affects their decision to vandalize public
property. Presented as one of the tools in SCP—that is, as something that enhances
natural surveillance opportunities (Cornish and Clarke 2003)—better illumination
would increase the risk of being seen while applying graffiti or damaging objects in
these dark places. The increase in natural surveillance possibilities may also improve
the potential for action by guardians and, according to routine activity principles
(Cohen and Felson 1979), restrict the opportunities for offenders to commit crimes.
In addition, SCP suggests strengthening formal surveillance (Cornish and Clarke
2003), this will make the risk of detection higher and should, therefore, affect
offenders’ behavior (Smith and Cornish 2006). Formal surveillance includes an in-
crease in the presence of guards and police officers at stations vulnerable to vandalism
at times when vandalism events are most likely to occur (between 7:00 p.m. and
10:00 p.m.).

Transition areas by themselves are vulnerable places for visibility is often low and
bare walls/windows are ubiquitous and, thus, attractive for the application of graffiti.
Visibility and surveillance in a place are key elements in crime prevention (Newman
1992). Improved opportunities for visibility need to be implemented in transition
areas. An investment in design that allows good visibility from outside is desirable,
for instance, improved lighting, sightlines and see-through walls/windows. Formal
surveillance by CCTV is related to lower levels of recorded vandalism at stations
(Ceccato et al. 2013). Smaller stations (with higher vandalism rates) often have fewer
cameras installed, and stations with high vandalism rates show less of a CCTV
presence. A careful audit should provide information as to where new CCTV cameras
should be installed. Because visible CCTV cameras would both reassure passengers
and deter potential offenders by increasing the potential risk, their installation should
be encouraged in appropriate locations.

More vandalism occurs at stations in which the platform areas are covered by a rain shield
and walls consist of rough materials. Rain shields do provide a target for the application of
graffiti or other types of damage, and rough materials simply mean that the “work” is harder
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to remove and, thus, will be visible longer. As suggested by Smith and Cornish (2006), the
application of smooth coatings and the use of specific materials, which make it possible to
remove graffiti easily, may result in the “art” being visible for only a short period of time in
stations. In this situation, the reward of a longer period of time in which the graffiti is
displayed (what graffiti artists aim for) (Cornish and Clarke 2003) is reduced, which makes it
less attractive to do at all and may discourage offenders from applying graffiti. Other studies
suggest that smooth materials are often preferred by graffiti artists because they are easily
workable objects for quickly tagging a place with a marker; however, the application of
proper coatings allows the removal process to be quicker and less costly (Weisel 2004).
Quick removal in turn slows the rate of general deterioration and has indirect effects on other
types of crime. One example of how the quick removal of graffiti results in a reduction in
vandalism is the New York subway system, where any graffiti is removed within 24 h
(Geason and Wilson 1990). Rain shields should not be removed from stations because
they protect passengers and serve their comfort; however, they could be made of
damage-resistant material or glass with resistant coating. Another suggestion is the use
of plants and thorny bushes in front of walls. By planting vegetation, walls will be
less accessible and less attractive to graffiti sprayers. Vegetation also increases the
pleasantness of a place, which in turn affects the overall atmosphere and people’s
moods (Morgan and Smith 2006a).

The deterioration of station environments should be addressed as quickly as possible
because it may communicate poor social control at a station and incite offenders (Cornish
and Clarke 2003). In accordance with the well-known broken windows theory (Wilson and
Kelling 1982), places that are already trashed and littered may influence people to do the
same. Preventive actions should be carried out on weekends when stations are plagued by
acts of vandalism and littering. So far, SL has already implemented a rapid removal scheme
for graffiti and vandalism, which should be intensively continued so as to discourage
offenders and let them know that their “work™ is not tolerated there and will not be on
display long. The Stockholm County Council also keeps a detailed digital record of all
reported vandalism in the Stockholm region (Brottsforebyggande radet - BRA 2008). With
this record system, graffiti and vandalism can be tracked, resulting in a reduction in the
anonymity of graffiti artists, an increase in the risk of detection, and a decrease in rewards
(Cornish and Clarke 2003).

Installing signs that clearly state the regulations and penalties in certain spots in stations
may make individuals think twice about their actions. These signs should explain that
vandalism and graffiti are forbidden at underground stations and that, when caught, one
might be fined or have other legal actions follow. The rules for general use of the under-
ground, as well as information about prohibited acts and criminal activities, should be made
known to underground users. This displayed information will negate the excuses offenders
may find to vandalize a place (Cornish and Clarke 2003).

One alternative way to decrease vandalism may be to provide legal graffiti sites.
However, offenders perceive the display of their illegal graffiti in public places as the main
reward. Therefore, this alternative action does require coordination with the previous action
involving the rapid removal of graffiti and repair to areas of deterioration at other public
places. These actions are needed to keep the rewards low and the effort high for illegal public
graffiti, resulting in a more satisfying use of legal graffiti sites. For graffiti to become an
accepted form of artistic expression requires the free use of walls or buildings for legal
graffiti spraying. At present, Stockholm County has a zero tolerance policy toward graffiti.
The only exception is “the legal graffiti wall” (Den Lagliga Graffiti Viggen) located in the
town of Marsta in the municipality of Sigtuna, where graffiti artists can apply graffiti to a
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limited area/wall. The wall is popular, especially between March and November when young
people queue for the right to paint on the wall. This area has maintenance rules for the
environment near the wall so that it can be used by all (for more information, visit
http://www.sigtuna.se). Some cities allow graffiti in certain areas (e.g., on the outskirts) but
impose limits, such as defining zones that have to be graffiti-free.

In their list of possibilities for SCP, Cornish and Clarke (2003) also proposed alerting the
conscience of acts of crime and public disorder, such as vandalism. Campaigns highlighting the
responsibility of each individual in contributing to the pleasantness of public spaces should be
implemented in schools, libraries, and youth leisure centers, as well as through daily media
sources, with a focus on discouraging vandalism and littering. Campaigns of this type, however,
require careful planning and a long-term commitment. According to Smith and Cornish (2006),
there is a risk of using inappropriate language in these campaigns that may challenge young
people to carry out acts of vandalism. The key ingredient for success in such campaigns, they
suggested, is to rely on the involvement of multi-actor actions: the school, the municipality,
police, other authorities, nongovernmental organizations, and individual citizens.

Violence

Most violent crimes are directed at passengers and are more often reported at stations than on
trains. This finding may be an artefact of the recording method used by authorities, which
often link events to stations. Violence involving assault (misshandel) is the most common
event recorded by Stockholm police (70 % of violent acts at underground stations); only a
few records are classified as “serious assault.” To a lesser extent, there are reports of violence
against guards and ticket controllers. As suggested in interviews conducted during fieldwork
for this study, ticket controllers at the gates have been insulted, yelled at, and verbally
accosted more often recently than they were a couple of years ago. This may be related to the
fact that the installation of new electronic gates has made fare dodging more difficult.
Violent crime rates, standardized by passenger flow, are highest at stations along the Blue
Line and at bigger stations and end stations of the Green Line and the Red Line. This finding
may be related to their location in disadvantaged areas and dynamic activity spaces, such as
regional centers. As presented in the case study section, violence is most common at night
(see also Ceccato et al. 2013). Actions should thus be focused within the time window of
11:00 p.m. and 3:00 a.m.

Stations targeted by acts of violence are usually those with more than one platform and
numerous hiding places. In accordance with the defensible space theory (Newman 1992) and
SCP (Cornish and Clarke 2003), dark corners at platforms and hiding spots in transition
areas need to be checked and, if possible, eliminated. Interventions can include improving
sightlines, installing mirrors, and illuminating corners so as to minimize the number of
hiding places. Better illumination should provide passengers with better visibility of their
environment while waiting for their train to arrive. Transit areas devoid of people are places
where passengers are the most fearful; therefore, priority should be given to installing better
lighting and improving safety measures in desolated areas (Loukaitou-Sideris et al. 2009).
Other measures include the installation of emergency buttons, intercoms, and help points
staffed by station employees at targeted stations, which can decrease the time needed to
respond to offenses and possibly prevent crimes.

Our findings from Stockholm indicate that natural surveillance, particularly in lounge and
exit areas, decreases the possibilities for offenders to stay unnoticed while preparing for an
assault and awaiting their next victim. With the creation or improvement of sightlines, passen-
gers can see from afar what awaits them. This action increases the risks for the offender, one of
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the main tools in SCP (Cornish and Clarke 2003). Moreover, other passengers or passersby are
more likely to notice an offense, and may respond by calling for help or, if unable to make a call,
approaching the scene so as to help out immediately. Removing objects that block the view is
one aspect of this action. For optimum natural surveillance, lounges and exits should not be
covered or sectioned by concrete or brick walls. They should instead provide an open space
with glass windows so that the view from the outside is good. Waiting areas at stations should
be transparent shelters; the transparency of the shelters improves the natural surveillance in
these waiting places. Equally important is the engagement of shopkeepers and locals living in
areas surrounding the stations because doing so may increase the number of “eyes on the
station,” to paraphrase Jacobs (1961).

Our results also showed that increasing formal surveillance—for example, by installing
CCTV and having security officers, guards, and police patrolling stations—improved safety.
This finding is in line with increasing the risks of crime (Cornish and Clarke 2003) and
improving the guardianship role as described in routine activity theory (Cohen and Felson
1979). The implementation of formal surveillance patrols means that immediate action can be
taken when a crime occurs and that victims are not left without help when something happens.
The presence of guards and ticket controllers makes it difficult for fare dodgers to board a train
without valid tickets. Violence may erupt when fare dodgers come face-to-face with ticket
controllers. The installation of electronic gates may make it more difficult for a motivated
offender to enter a station’s platforms without a valid ticket and, thus, serve to protect ticket
controllers. Yet, the results of our Stockholm analysis did not show any effect of electronic gates
on crime rates compared with older gates at stations (of which a certain amount are still left to
date). Nevertheless, in addition to CCTV cameras, the presence of guards and ticket controllers
increases natural surveillance opportunities by diminishing anonymity as well as creating a
feeling for passengers of always being over watched.

The degree of illumination at underground stations during winter should be investigated
and revised. This is particularly important in Scandinavian countries, where daylight may be
limited in early mornings and late afternoons (Fig. 2). Improved illumination will aid in
enhancing surveillance possibilities and visibility (Newman 1992), thereby increasing risks
for offenders (Cornish and Clarke 2003). The conditions of waiting areas are also important.
Improved illumination provides better visibility and conditions for surveillance during the
dark days of winter. The overall safety and comfort of passengers can be improved with the
provision of more comfortable waiting areas; this action in turn makes crowded indoor
places seem more welcoming.

Another way in which to help deter violence at stations and in carriages is to
provide personnel with clearly defined roles and adequate training. In Stockholm,

Fig. 2 Aurtificial illumination plays an important role in the perception of places on short winter days with
limited exposure to natural light in Scandinavian countries
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ticket issuers are not encouraged to intervene in cases of violence because it is the
responsibility of security or police to act. In recent years, SL has improved safety
for its employees by placing CCTV cameras in the ticket booths at the gates. When
we were conducting fieldwork for the present study, we learned from the personnel
themselves that the installation of these cameras has substantially decreased harass-
ment and conflicts at the gates. A ticket issuer at a station also remarked during
our fieldwork that the emergency courses provided by the transportation agency,
which are designed to teach employees how to react and what procedures to follow
when harassment and violent events occur, do not always work (personal commu-
nication 2010).

The location of ATMs in the areas surrounding underground stations should be
reconsidered in Stockholm. According to previous findings, the presence of ATMs in
the immediate surroundings of a station increases the chances of violent encounters
(Ceccato et al. 2013). Offenders searching for easy targets to rob are often attracted to
areas with ATMs because they can easily identify who has withdrawn cash from the
ATMs; for this reason, stress levels and the possibility of violent disputes may rise in
these areas (Smith and Cornish 2006, p. 97). Installing ATMs inside stations, close to
ticket booths, may increase visibility of the palace and indirect surveillance from
passengers and ticket issuers. Removing evidence of deterioration will make the
atmosphere more pleasant and is especially important for reducing rates of violent
crimes in transition areas. According to the broken windows theory, eliminating signs
of deterioration will reduce not only the influence on violence and other types of
crime (Wilson and Kelling 1982) but also provocations.

Property Crimes

Property crimes are theft, robbery, and burglary. Shoplifting accounts for one-fifth of
crimes in the theft category. Robbery includes the robbery of passengers at stations.
There are also cases of serious robbery involving the use of weapons; these cases are
often associated with the theft of items like cell phones, motorbikes, and clothes. A
violent robbery is also classified as an event of violence in the databases if the crime
involves serious violent behavior and personal damage; thus, it is recorded as both a
robbery and a violent crime. Burglary includes break-ins of shops, cars, and surrounding
buildings. Property crimes in the Stockholm underground occur most frequently at
stations with larger passenger flows and at those situated in denser and more affluent
areas. Intervention measures should be concentrated within the time window when
property crimes occur most often—that is, from 12:00 noon to 5:00 p.m. (see case
study section).

Strengthening formal surveillance is fundamental to preventing property crimes.
Thieves may be less likely to commit theft, robbery, or burglary when they know
they are being watched, guards are visible, and cameras are in place. One way to
make it more difficult for offenders is to remove hiding spots in transition areas and
platforms. The removal of hiding spots will also provide passengers with a more
secure feeling. Another way involves installing seats and benches, thus allowing
passengers to sit down and easily observe their environment and what is happening
around them. This “natural surveillance from a bench” may also increase the effort
required to commit theft because potential offenders are probably being watched.
Moreover, the increased presence of guards or police elevates the risks of possible
arrest, which helps dissuade offenders from committing theft.
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Piza and Kennedy (2003) suggested that the accessibility of entrances and exits of subway
stations, on the one hand, and the unfamiliarity of passengers with underground stations, on the
other hand, tend to increase the opportunity for offenders to commit crime. One way to deal
with these vulnerabilities is the separation of flows. Separating passenger flows may make
situations less chaotic and less crowded, thus decreasing possibilities for theft. In this type of
environment, passengers will be more relaxed and focused on their surroundings, and fewer
targets will be available for theft. When an offender behaves differently—for example, by
walking in the wrong direction—in this type of environment, passengers are more likely to
notice this “strange sight.” Moreover, the installation of electronic gates in underground stations
means that a motivated offender needs to pay to enter the premises, which in turn increases the
costs/effort for committing theft (Cornish and Clarke 2003).

Furthermore, providing real-time information about train arrivals means that passengers do
not need to wait unnecessarily in “dangerous” areas, thus diminishing the chances of theft or
robbery; in Stockholm, all stations have this feature available. While waiting for a train,
passengers should try to stand in well-lit, highly visible places near other people. The provision
of'real-time information about train arrivals also controls for unneeded loitering on platforms. In
general, passengers should keep to well-lit, busy areas around, on the way to/from, and at
underground stations. While at a station, passengers should be encouraged to “look alert and act
confidently.” On busy trains, passengers should keep their belongings nearby and secured.
Carrying out these preventive measures may increase the sense of unease that offenders may
have about committing crime and in turn decrease their motivation to do so.

As Morgan and Smith (2006b) suggested, providing passengers with useful information
about the risks of crime at highly targeted stations makes these stations less attractive to
offenders to commit crimes and increases the feeling of safety among passengers. For
passengers who wish to park their cars close to underground stations, they should try to
park in approved car parks and places that offer opportunities for surveillance. Passengers
should avoid deserted places. They should also not leave any items, such as clothes,
electronics, and loose change, inside the vehicle which could encourage a break-in. If they
have a bike, they should always lock it. When leaving the bike for a period of time, they
should try to lock it to something secure (Johnson et al. 2008). People should not leave items
such as helmets and other possessions with the bike.

Public Disorder

Public disorder at stations includes events that are classified as unlawful activities or
irritating behavior rather than crimes per se. Implementing interventions for public disorder
is complex because these actions may not be crimes per se; they are types of behavior that
make passengers feel uncomfortable or offended. Nevertheless, there are actions available to
control public disorder. These actions should be carried out within the specified time
window from 3:00 p.m. to 12:00 midnight at larger stations, particularly at central stations
and stations where several transport links (buses, trains) come together as well as end
stations. Larger central stations require increased formal surveillance because people fre-
quent there during weekend nights when heading to or from a night out. The presence of
extra security elevates the risk of being sanctioned for disorder, as one of the SCP techniques
suggests (Cornish and Clarke 2003). When trains complete their scheduled runs, the end
stations are often the final stop for passengers who have become intoxicated and/or fallen
asleep. Increased attention at these stations is required for dealing with such passengers.
Providing proper care is important because drunkenness can complicate matters, leading to
irritation, arguments, and, in some cases, violence. Moreover, implementing formal direct

@ Springer



A. Uittenbogaard, V. Ceccato

actions, interventions, and mediation of offenders creates a safer atmosphere and reduces
provocations (Cornish and Clarke 2003). Reducing the existing potential for acts of disorder
and disturbance, which affects public disorder at stations (Table 3), may also lead to a
decrease in the levels of disorder as an indirect effect. In the following paragraphs, we put
forward some suggestions for reducing actual levels of public disorder.

Clearly posting the rules for underground stations and/or on trips is also important. For
instance, rules of what is acceptable in terms of food consumption and drinking in carriages and
at stations should also be made known. Regarding alcohol consumption, SL has a zero tolerance
policy. Security guards have the authority to confiscate any alcohol being consumed at
underground stations. The placement of trash bins in convenient and noticeable locations and
the posting of signs encouraging passengers to put trash in trash bins should help prevent
littering. Other actions, such as giving seating priority to senior citizens and to pregnant women,
discouraging the habit of putting shoes on seats, and enforcing no-smoking bans, should be
advertised more often and clearly.

Allowing performers and buskers to work legally on the premises of underground
stations and providing them with designated areas inside stations will create a more
comfortable and pleasant atmosphere. The passengers will be put at ease with the
knowledge that the performers are legally authorized to work there (i.e., the passen-
gers know that they will not be harassed or accosted by the performers). The presence
of the performers may also provide natural surveillance. The performers can be
provided with instructions on what to do when crime or disorder events occur, thus
making quick intervention possible.

A common problem in elevators and exit areas at underground stations is urination.
Although not an offense, it affects passengers’ sense of safety and well-being. Posting
signs of where to find public toilets in underground stations and surrounding areas
seems to be more effective than signs prohibiting urination in public places. The
installation of free-of-charge toilets, which are accessible to passengers only, at stations
along the transport system should decrease urination in elevators and at entrances to
underground stations. Although urination may be mainly an act of drunken people,
stricter legal actions and higher fines when a person is caught urinating may help in
decreasing the problem.

Implementing safety interventions requires cooperation between transportation and secu-
rity authorities of the City of Stockholm and nongovernmental organizations. By working
together, they can tackle issues that are rooted in structural and long-term socioeconomic and
land-use problems. A holistic approach involving safety through cooperation must be
adopted. In this framework, actions that promote safety must be inclusive because safety
is a human right that should be experienced by all. In Stockholm, about half of all reports
from underground stations are linked to drinkers/sleeping drinkers. Both the police and
partner agencies should continue working together to offer support and amenities to street
drinkers.

Although not a new phenomenon, homeless people make use of many public spaces,
including transport nodes and surrounding areas. Of the total estimated homeless population
population (2892 people) in Stockholm, young people comprise 17 %, and this particular group
seems to be increasing (Stockholm stad 2010). The homeless youth population in Stockholm
mainly comprises males who have some sort of psychiatric disorder and/or addiction problems
(Stockholm stad 2010).

Station personnel, station guards, and police officers should work in partnership with
homeless shelters and social care services in Stockholm to provide better possibilities for the
homeless. Outreach teams should further encourage the homeless to take advantage of the
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help and support offered by nongovernmental organizations, such as Stadsmissionen, and
from governmental organizations in cooperation with social care services in Stockholm
Municipality. Through cooperation, these authorities should endeavor to achieve long-term
goals involving better integration of land uses in the areas surrounding underground stations
that may become detached from neighborhoods and attract unwanted activities.

Conclusions and Looking Ahead

Underground stations are criminogenic places, but certain stations experience more crime and
disorder than others. Previous research has shown that the vulnerability of underground stations
to crime varies across space and time as well as type of crime (Ceccato et al. 2013). The present
study suggests several actions to improve the safety of stations at specific times for types of
crime that occur the most. The study is based on comprehensive fieldwork combined with
secondary data sources, regression models, and a GIS. Events tend to happen in the evenings —
nights, holidays, and weekends — and, at least for theft, in the hotter months of the year (Ceccato
et al. 2013). Results from the modeling show that opportunities for crime are dependent on
stations’ environmental attributes, type of neighborhood in which they are located, and city
context, thus demonstrating the need for a comprehensive, all-inclusive approach. Although
these different scales all affect crime levels at underground stations, the environmental features
at the stations explain most of the variations in crime types. Features that indicate barriers to
formal and informal social control (such as low numbers of people in the station, objects
hindering visibility/surveillance, corners, and hiding places) are related to higher rates of
offenses. Good illumination and a reduced presence of physical and social disturbance are
often related to lower rates of crime and disorder events. As previous studies have demonstrated
(e.g., Bernasco and Block 2011; Robinson and Giliano 2012), the context of the stations is also
important to the stations’ vulnerability. Stations located in more peripheral neighborhoods with
higher housing instability and population density and fewer police stations are often targeted to
a greater extent by crime and disorder than other stations. However, the significant variables
may vary by crime type. Property crimes tend to be concentrated in more central stations as well
as stations at the end of the lines. Our results lend support to the principles of traditional urban
criminology theory such as routine activity and social disorganization in transport nodes, which
define the meeting of a motivated offender and a suitable target in the absence of a guardian
(routine activity) and the influence of social provocations and backgrounds (social disorgani-
zation) as a basis for criminal behavior. These findings also indicate the potential use of SCP
principles in improving safety in these transport nodes with the adoption of techniques that
increase risks and effort for the offender, reduce rewards and provocations, and remove excuses
for crime (Cornish and Clarke 2003).

The most important message from this study is that safety at underground stations is a
function not only of the local conditions at stations but also the surroundings in which these
transport nodes are located. Previous studies had already shown links between higher crime
rates in underground stations and specific environmental attributes (Table 3). Thus, authorities
should adopt a “whole journey approach” to ensuring the safety of passengers in underground
stations. This type of approach was presented by the Department of Transport in the United
Kingdom in one of its studies on passenger safety. A whole route approach (i.e., from door to
door) was established as a basic requirement for ensuring safe travel when dealing with issues of
crime (Department of Environment, Transport and the Regions [DETR] 1999). Authorities’
adoption of a whole journey approach may lead to a decrease in crime displacement as the
intervention actions have to take into account not only the station but also the surrounding areas.

@ Springer



A. Uittenbogaard, V. Ceccato

Thus, implementing prevention measures at stations also involves carrying out prevention
measures in the surrounding areas.

Actions should also be based on all stations included in the underground system (i.e., they
should not be restricted to the City of Stockholm). Hence, the success of implementing
safety interventions will depend to some extent on how well municipalities in Stockholm
County cooperate with each other and make surrounding areas safer. This requires better
coordination between transport agencies and other institutions responsible for safety in
public environments (e.g., the municipality, police districts) not only within the City of
Stockholm but also with other municipalities in the region.

Based on her research on the transportation system in Los Angeles, Loukaitou-
Sideris (2012, p. 106) suggested that actors should “adopt a multipronged approach to
safety” and that the right mix of strategies should depend on the particularity of each
setting, the passengers’ expressed needs, and available resources. Environmental
design interventions should be complemented by policing and neighborhood watch
efforts, the use of security technology on transportation premises, the dissemination of
information, and the launch of media campaigns. For example, the problems of
begging and sleeping at underground stations in Stockholm require actions that are
a result of cooperation between social care services in the City of Stockholm and
other nongovernmental organizations that specialize in searching for homes (e.g.,
Stadsmissionen) and providing alternatives for shelter, particularly in winter. Another
example is the problem of vandalism at underground stations, particularly littering.
Actions could be supported by no-littering campaigns driven by schools; this no-
littering message could be reinforced in public places, such as libraries and shopping
malls, which are often connected to transport nodes in Stockholm.

Are criminologists, urban planners, and practitioners able to ensure a safe journey for all? If
s0, how can it be done? What can be learned from the international experience and, particularly,
from the situation in Stockholm presented here? In the following paragraphs, a number of
actions aimed at improving safety conditions at underground stations in Stockholm is sug-
gested. These actions range from easy-to-implement solutions that have a direct effect to long-
term structural changes in the area so as to decrease crime levels. The actions that can be
implemented quickly and easily mostly involve changes to the environmental design of
stations, direct surveillance improvements, and ways to control tidy public spaces.

Adjust Small-Scale Environmental Attributes Priority should be given to the attributes that
most substantially influence crime levels (see Table 3). To decrease vandalism, the focus
should be on improved surveillance through the installation of CCTV cameras, strengthened
formal surveillance at smaller stations, and increased visibility at covered platforms. Efforts
to curb violence should concentrate on improving surveillance possibilities and management
of land uses in the areas surrounding underground stations through improved illumination;
detection and adjustment of dark spots and corners in stations will also improve surveillance.
Improving the location and accessibility of cash machines (e.g., installing ATMs in stations
instead of in areas surrounding stations) may help reduce crime. In addition, understanding
the surrounding social environment can help in identifying local issues that need to be
addressed in the long term. In the beginning, efforts to decrease property crime rates should
involve enhancing visibility and informal surveillance. Public disorder prevention strategies
should focus on prioritizing issues in the areas surrounding stations and improving
visibility at the stations themselves. There is also a need to improve platform sightlines
and overviews and the ability to create sightlines onto separate platforms from elsewhere
and outside the stations.
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Improve Visibility and Natural Surveillance at Underground Stations and Surrounding
Areas Tt is important to identify the features of underground stations that negatively
influence visibility and surveillance. Measures should then be taken to eliminate these
features or to diminish their negative effects. These features include hiding places,
dark corners, and poor illumination, particularly in transition areas, lounges, and
platforms. Equally important is the presence of people in the stations and in the surround-
ing areas. Empty streets and desolate public spaces generate opportunities for criminal acts to go
unnoticed. Experiences in the United Kingdom and the United States have demonstrated that
adequate lighting of streets, parks, bus shelters, and stations can decrease the risk of assaults and
the perception of danger (see, e.g., Atkins et al. 1991; Farrington and Welsh 2002; Loukaitou-
Sideris et al. 2002). The design orientation of buildings with windows facing the street can
increase natural surveillance by neighbors. One design aspect that can improve opportunities
for surveillanceis the construction of storefronts that face the sidewalk (Loukaitou-Sideris 1999,
2000).

Eliminate Signs that “Nobody is in Control” and Enhance Pleasantness in Underground
Stations Our findings show that physical deterioration is often associated with high rates of
crime at stations, which may indicate that the area lacks social control. The elevators of some
central stations reek of urine and vomit after weekends and holidays. Creating better signs
explaining where to find public toilets at stations or in surrounding areas should be a must in
Stockholm underground stations. Incidents of vandalism in transport systems can be reduced
through the use of graffiti- and vandal-resistant materials. Equally important is to provide alternatives
to public places that can be used for graffiti. Previous research has shown that good maintenance and
cleanliness of the public environment at station areas convey reassurance to transport users. City
agencies should keep walls, sidewalks, and bus shelters free of graffiti and litter; this action
demonstrates that residents are in control of neighborhood public settings and transport nodes.

Long term actions that are carried out in response to the influence of social structures and
the surrounding environment on crime levels at stations need to be more societally rooted.
Initially, it is important to identify those stations and neighborhoods that are in need of the
quickest interventions, thereby setting up a typology of stations. Dealing with these types of
situations requires more than a one-time effort; it requires a commitment by authorities to
work continually on solving problems as they arise. Furthermore, when making decisions
about underground stations, authorities need to take into consideration how these decisions
will affect the safety and quality of living of all groups of society, including those citizens
who are the most vulnerable (e.g., the elderly and the disabled).

Identify Underground Stations in Need of Intervention Some transportation settings are less
safe than others (or, at least, perceived as such), and crime tends to be concentrated in these
places. Although end stations are more vulnerable to crime than others, our results show that
this pattern may vary by crime type and time (day/week/year). For example, thefts tend to be
more concentrated in the hot months of the year, whereas acts of violence occur more often
in winter. Targeted interventions should focus on the worst first — that is, the locations with
the highest incidence of crime or risk of crime. Detailed monitoring of incident reports —
along with regular safety audits by personnel, transport agencies, or other municipal
agencies — could provide insight into which stations are most in need of intervention and
prevention measures. Checking the social environment can help in identifying local prob-
lems that need to be dealt with in the longer term. This can be partly achieved through
the establishment of neighborhood activity programs, particularly those directed at
youth.
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Adapt Safety Initiatives to Particular Needs of Communities and Groups of Individuals Different
groups have different needs and run different risks of falling victim to crime while on
the move. Interventions should be tailored to the needs of particular subgroups, as well
as to the characteristics of neighborhoods and their various transportation settings. It is
also important to evaluate whether proposed interventions are reaching the populations
who seem to be more susceptible to being victimized or threatened, or may have fewer
transport options, such as senior citizens, females, and individuals with disabilities.
These populations may include not only passengers at underground stations but also
station personnel (e.g., ticket booth workers, guards). Previous research has shown that
poor accessibility on the premises of underground stations makes travel for women and
for individuals with mobility issues less comfortable and, consequently, less safe
(Loukaitou-Sideris et al. 2009). The possibility of adding more elevators for easy access
to underground stations—particularly for individuals carrying heavy objects or pushing
strollers or traveling with young children—should be investigated in Stockholm. It is a
common sight to see parents carrying strollers and/or children while riding escalators;
this type of practice poses a danger not only to themselves but also to other passengers,
while at the same time it may be the cause of irritation for others. Providing separate spaces for
vulnerable groups with mobility disabilities, in particular while waiting for trains, may provide
an extra hurdle for offenders.

Based on the analysis of Stockholm’s underground stations, several suggestions for safety
improvements were put forward. These specific suggestions are thought to be efficient in
this particular case for the following reasons:

First, these suggestions are particularly relevant for Stockholm because they are based on
empirical results from the Stockholm network itself. Thus, suggestions may not be suitable
for other underground network elsewhere. In Stockholm, visibility and surveillance oppor-
tunities are of high importance. Since Stockholm is a Scandinavian city, passengers expe-
rience extreme differences in weather conditions across the seasons, both in terms of
temperature (cold versus warm) and length of daylight (long versus short), which are bound
to have an effect on people’s routine activity and crime opportunities. Therefore, improving
illumination, as suggested here, could potentially have a substantial impact on safety level,
particularly during dark, cold winters.

Second, the importance of formal social control may be of particular relevance for the
Stockholm case. Guards are already employed at Stockholm’s underground stations but not
in large numbers. The current presence of safety hosts (trygghetsvirdar) and security
personnel at underground stations suggests a willingness by authorities to improve surveil-
lance and safety for passengers. The fieldwork showed, during short interviews, that
passengers approved and appreciated their presence.

Third, suggestions for well-being in public transportation are generally welcomed by
passengers and personnel, which increase the chances of successful interventions.
Swedish society generally has a high degree of trust in authorities, thus, information
provided by authority personnel is taken seriously and followed up. For example, a
large campaign driven by SL was launched in 2012 as a way to thank passengers for
their help and to the well being of other passengers while traveling (see http://sl.se/sv/
Om-SL/Nyheter/700-tusen-tack/).

Fourth, cooperation between authorities is rooted in the Swedish social welfare system,
which is built on policies driven by agencies and local and regional authorities. For the time
being, a framework for cooperation does exist. However, the questions that needs to be
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answered is how to make it run more effectively to improve the conditions of underground
stations and promote a safe public transportation for all.

Further Research

The interpretation of findings should take into consideration that the analysis and sugges-
tions are based on offense data only. Future studies should investigate links between crime
and disorder levels and perceived safety so that interventions can also take into account
people’s perception of the environment at underground stations. In the present study, aspects
of visibility and surveillance proved to be important for explaining crime levels. Future
research should investigate how these features relate to possibilities of guardianship and to
improvements in the capability of guardians at underground stations based on routine
activity theory. There is a need to investigate the nature of guardianship when several
“guardians” are in place (e.g., passengers, safety hosts, personnel, security guards, and
police) and how the possibilities for guardianship are affected by the environment at
transport nodes. In addition, the suggested listing of typologies to identify stations that are
more vulnerable to crime requires a further elaboration of how to define types of stations in
accordance with particular criteria. These criteria can be based on the type of crime or on
environmental attributes of importance for those particular stations. Regarding the use of
data, a more detailed examination of crime reports is recommended. For example, property
crimes could be disaggregated into specific offenses (theft, robbery, burglary) as a way in
which to establish specific crime prevention measures for each of these offenses. Despite this
limitation, the article contributes to the knowledge base in this area by providing information
about the underground system of a Scandinavian city, a research area dominated thus far by
North American and British examples.
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Appendix 1
The Stockholm Underground System

Stockholm is part of an archipelago. The islands are well connected by roads and an efficient
public transportation system, comprising buses, the Stockholm underground system, rail
systems, and commuter trains. The Stockholm underground system is composed of three
lines: Green, Blue, and Red. The Green Line has 49 stations (39 of these are aboveground);
it is used by 451,000 passengers per workday, and it is the biggest line in terms of the
numbers of passengers and stations. The Red Line, which includes 36 stations (15 of these
are aboveground), transports 394,000 passengers per workday. The Blue Line consists of 20
stations (only 1 station aboveground) and transports 171,000 passengers per workday. The
trains are operated from 0500 h to 0100 h. All lines have trains running every 10 min during
daytime hours. It is limited to every 15 min during the early morning and the late evening,
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and every 30 min during the night. During peak hours, additional trains operate every 5 to
6 min in suburb stations, with 2 to 3 min between trains in the central parts of the network
(Stockholm Public Transport Annual Report 2006). The underground system is owned by
the Stockholm County Council through Stockholm Public Transport (SL), which has

contracted operators.
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Appendix 2
Table 4 Characteristics of the databases of crime and perceived safety
Databases Veolia SL Police City of Fieldwork
Stockholm
Time *2005-2008 March 2006 to 2008 police- * 2008 socio- * 2010 summer
aggregated February 2009 recorded data economic and winter
data by detailed database by crime type and land- (selected
station by time and and time use data variables)
* 2005 detailed ~ Station
database on
hour and date
by station
Space Stockholm » Stockholm » Stockholm City  + Data per « Stockholm
underground underground X,y coordinates small unit area underground
network network and buffers (Basomrdde) stations

(at stations) (at stations)
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