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Abstract 

Level-crossings, i.e. intersections where railways and road meet in the same vertical level, constitute 

risk for the users of respective infrastructure system. The aim of this thesis is to examine possible 

regional differences between the infrastructural safety standard of level-crossings in Sweden. With the 

use of spatial analyses tools in a Geographical Information System, the differences between Swedish 

counties are outlined and mapped. By the use of a logistic regression model, the variables that increase 

the risk of an accident in a level-crossings are analysed. The results show that the variables concerning 

the level of protection, together with the location on a highway, show statistical significance of being 

associated with an increased accidental risk. The results of the regression model factors have been 

returned to the GIS in order to find the most hazardous level-crossings. Considering the train flows and 

amount of people living in the proximity of the crossings, the hotpots of hazards have been spatially 

identified. 38 level-crossings with passive or semi-active warning system meet the criteria and should 

be the targets for practitioners’ work towards an increased level of safety and reduced risk.  
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Terminology and definitions 

Level-crossing      Intersection of road and railway in the same vertical level.  

Grade-separated crossing  Intersection of road and railway in different vertical levels, such as tunnel 

          bridge.  

STH         Största tillåtna hastighet; maximum speed on a of railway track.    

VMD     Vardagsmedeldygn; traffic flow on railways – measured as average   

    number of trains per day.  

AADT        Annual Average Daily Traffic; traffic flow on roads.  

Active level-crossing Level-crossing equipped an active warning system/level of protection, i.e. 

boom gates and light/sound signals.  

Semi-active level-crossing Level-crossing equipped with a semi-active system/level of protection, 

i.e. light and/or sound signals. 

Passive level-crossings Level-crossing without an active or semi-active warning system/level of 

protection, with or without a static warning sign.  

Boom-gates      Barriers that are lowered when a train approaches the level-crossing.  

Line kilometer      Total length of railway tracks. 

Route kilometer      Length on railway route, i.e. double tracks counted as single tracks. 

Infrastructural safety The level of safety generated by the measures inherent in a piece of 

infrastructure, installed for reducing the risk of an accident, e.g. boom-

gates in a level-crossing.  
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1. Introduction 

Even though railway transport is regarded as relatively safe, there are some critical points that constitute 

risks to humans. This exposure to risk increases with increased traffic flows on the Swedish railways. 

During the last 20 years, the number of passenger trips on the Swedish railways has almost doubled 

(Transport Analysis, 2018a). With a growing concern of global warming, railway transport is getting 

more attention in the public discourse as an environmentally friendly way of transport. Railway transport 

does already stand for nearly one-sixth of the long-distance passenger travel around and between cities. 

Globally, rail networks carry 8 pct. of motorised passenger movements and 7 pct. of the freight transport 

but do only consume 2 pct. of the energy used in the transport sector (International Energy Agency, 

2019). Therefore, there are great opportunities of investing and expanding the railway system in the 

name of sustainable development. This has already been done by the Swedish government, which has 

put the railway network on the agenda with heavy investment in infrastructure in the upcoming years 

until 2029. In line with climate, employment, housing and regional development, more than 273 billion 

SEK will be invested in new infrastructure and large-scale projects, but also in the operation and 

maintenance of the railway system. The same goes for investments in the state-owned road network, in 

which more than 164 billion SEK are invested in e.g. measures that increase the traffic safety within the 

system (Swedish Government decision N2018/03462/TIF).  

The two basic transport network systems, i.e. the road network and railway network, are almost totally 

detached and constitute two separate systems. However, these networks or systems intersect in so-called 

level-crossings (Swedish: plankorsningar) which represent hazardous interfaces for both road users as 

well as railway users (see figure 1). 18 persons were killed and 29 were seriously injured in the Swedish 

railway system during 2017 (suicides and suicide attempts excluded). However, 4 out of these 18 

fatalities and 21 out of the 29 seriously injured occurred at the hazardous level-crossings (Transport 

Analysis, 2018b). Accidents at level-crossings therefore stand for a major part of the killed and injured 

in the railway system.  

 
Figure 1: A typical Swedish level-crossing, equipped with an active warning system (photo by author). 

 

During February 2019, Swedish television broadcasted a documentary about the safety flaws of the 

Swedish railway system. In the program, it was very apparent that the level-crossings represent critical 

points of safety which has resulted in several fatalities the recent years (Jönsson & Lundström, 2019). 

Even though the level-crossings stand for a minor part of those killed within the road network, they can 

still be perceived as blind spots of road safety. The level-crossings are primarily perilous for the road 

users, such as car drivers. The victims in a level-crossing accident are rarely the railway users.  

There exist a lot of level-crossings in Sweden. Out of approx. 6500 crossings, only less than a half of 

these are equipped with barriers and light signals. The majority of the level-crossings are completely 
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unequipped, where the car driver needs to completely rely on his or her vision when crossing (Swedish 

Transport Administration, 2019a).  

Five years in a row, the interest organization for Swedish motor-vehicle owners The Swedish Automobile 

Association (Motormännens Riksförbund) have surveyed a great share of the major roads of Swedish 

road network. The results show that the Sweden has a generally good road quality, but that there exists 

a substantial difference between northern and southern counties and considerably lower standard in the 

rural parts of the country. Lower road standard equals with lower safety for the road users (Swedish 

Automobile Association, 2019). Therefore, the inequality of road standard between the regions does 

also constitute an inequality of road safety.  

With an outset from inequality of road safety, this thesis deals with the regional differences of safety 

concerning the interfaces between the two transport network systems, i.e. level-crossings. In conformity 

with road standard and road safety, does it also exist differences in the infrastructural safety regarding 

level-crossings between regions in Sweden? Furthermore, what factors increase the risk of accidents at 

the level-crossings? Is it possible to use that knowledge to determine which of all the level-crossings 

that generates the greatest exposure to risk for the road users? To answer these diverse questions, the 

methodology of the thesis is based on two different methods. The thesis has a pervasive spatial 

perspective by examining whether there exist regional differences regarding the safety of interfaces 

where roads and railways intersect. This is analysed by use of a GIS (Geographical Information System). 

The factors affecting the risk of accidents at level-crossings have been measured by the application of a 

logistic regression analysis model. In this model, association between occurred accidents and variables 

that increase the risk of accidents have been identified. These insights have been returned to the GIS in 

order to make a spatial visualization of what level-crossings that constitute the greatest exposure of risk 

to people. 

The topic has both an academic as well as societal relevance. Even though there are examples of logistic 

regression analysis models used to estimate risks, this has not been done in the combination of a spatial 

analysis in the Swedish context. Furthermore, the extensive mapping on the differences in infrastructural 

safety has not been done in Sweden, let alone with using the results from a logistic regression to identify 

the most hazardous level-crossings geographically. Relating to the renaissance of railway transport, this 

has societal relevance through the possibilities to increase the safety of the two main transport systems.  

1.1 Aim and Research Questions 

The aim of this thesis is to examine the potential regional inequality of safety regarding level-crossings 

in Sweden and to analyse factors that affect accidents in level-crossings, in order to assess and project 

what level-crossings that pose the highest risk for road users. The intention is to identify the most 

hazardous level-crossings in Sweden which can serve as a ground for future planning and investments 

to improve traffic safety within both the road and the railway system. This has been conducted through 

a spatial analysis in GIS in which the regional differences in safety are mapped and outlined. Secondly, 

a logistic regression analysis has been conducted which has sought to explore associations between 

variables about e.g. traffic flows and level of protection, and their association with occurred accidents. 

The input and results from this regression analysis has then been transferred to the GIS in order to 

identify and determine the level-crossings that constitute the greatest exposure of risk to Swedish road 

users. 

The thesis is based upon three major research questions: 

• How does infrastructural safety at level-crossings differ between regions in Sweden?  

• What factors affect the risk of level-crossing accidents to occur?  

• What level-crossings constitute the greatest exposure of risk for road users?  
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1.2 Delimitations and Structure 

The scope of the thesis is Sweden. Regarding level-crossings, only crossings that are located on state-

owned railway, thus owned by the Swedish state, are included in the analysis. There are however two 

exceptions from this. The first exception consists of railways tracks in Stockholm county that are owned 

by the region, namely Roslagsbanan and Saltsjöbanan. The second one is Inlandsbanan, in the 

hinterland of northern Sweden. Although the tracks are owned by the state, the management of them is 

carried out by the company Inlandsbanan AB. This company is in turn owned by the 15 municipalities 

that the railway line crosses). This makes Inlandsbanan, which is a very long railway-line, unique 

compared to other state-owned tracks.  

Regarding accidents at level-crossings, only accidents between trains and motor vehicles has been 

included. Accidents involving pedestrians are excluded from the data. The included accidents have 

occurred sometime between 2003 and 2018 at level-crossings owned by one of the above-mentioned 

entities.  

In chapter two, the basics of level-crossings regarding risk and infrastructural safety are described. In 

chapter three, the institutional framework that regulates and shapes level-crossings are outlined, such as 

laws, planning procedures and guiding policies for stakeholders and planning practitioners. In the fourth 

chapter, earlier research on level-crossings are presented, as well as basic theoretical concepts. The fifth 

chapter deals with methodology and data. In chapter six, the empirical findings of the spatial analysis 

and logistic regressions are presented The concluding chapter seven synthesizes the thesis in terms of 

regional differences of safety, risk factors and railways.  
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2.  Level-crossings 

There are basically two ways in which railways and roads for motorized traffic intersect. The different 

infrastructural networks can intersect at different vertical levels, i.e. where the railway or the road 

crosses the other one by one, over or underpass. This could either be a bridge/viaduct above or beneath 

through a tunnel. This is called grade separated crossing (also intersection/junction).  

The other type of intersection is a level-crossing, which implies a junction where a railway line and a 

road intersect at the same vertical level. Level-crossings are not a rare infrastructural component. Only 

within the member-states of the European Union, it existed 108 196 level-crossings in 2014. This means 

that there are approx. 5 level-crossings per 10 kilometres of railway in the European Union (European 

Union Agency for Railways, 2017).  

At level-crossings, the road vehicle drivers have to give way for approaching trains. Due to the low 

friction between the train wheels and rails, trains have a very long braking distance. It is therefore 

impossible for trains to stop or slow down quickly. Railway and road traffic consist of flows in 

separate system, with the exception of level-crossings, where they share the same infrastructure. In 

these interfaces of the transport system, the railway traffic must have the priority (Sojka, 2016). 

There are also many level-crossings in Sweden, but the exact number is dependent on how one counts 

and what crossings to include in the calculation. As of February 2019, there were a total of 9006 level-

crossings in service in Sweden (see figure 2). Additionally, 159 level-crossings lacked data of their 

status of being in operation or closed (of which 31 are owned by the state and 20 owned by 

municipalities). A great share of the level-crossings is owned by private entities and not by the public 

or different tiers of the state (Swedish Transport Administration, 2019b). Private companies can have 

railway tracks located on their properties and thus also level-crossings. The railway is mainly part of the 

so-called industrial spur, i.e. the secondary tracks that are used for freight traffic to industrial areas and 

ports (Monell, 2006:18). There are also a lot of heritage railways in Sweden, that frequently are owned 

and operated by different non-profit organizations.  

 
Figure 2: Number and ownership of Swedish level-crossings in service (Data from Swedish Transport 

Administration, 2019b).  

2.1 Context of level-crossings and safety 

According to Monell (2006), accidents at level-crossing can have very serious consequences, not only 

for the involved road users, but also for the train and the eventual passengers onboard the train. An 

extreme scenario with extreme material and personal damages, would be a multiple-unit train (i.e. a train 

with the propulsion built-in without a locomotive) colliding with a heavy truck. Level-crossings should 

therefore be considered as the most critical safety risk for the railway traffic. Starčević et al. (2016) 

6573; 73%105; 1%

435; 5%

1890; 
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argue that level-crossings represent critical points of safety for both road and rail users. However, the 

general perception of the public is that accidents in level-crossings are mainly a problem for the railway 

sector. However, in most of the accidents, it is the behaviour of the road users that causes the accidents. 

Almost 90 pct. of the accidents in the European Union are caused by the inability of drivers to comply 

with traffic and safety regulations (Starčević et al., 2014).  

2.1.1 Level-crossings and the railway system 

Level-crossings accidents are just one hazard of the railway system. Within the European Union (EU-

28), the biggest share of fatalities consists of unauthorized persons that, for different reasons, trespass 

the tracks. During the years 2012-2016, 3229 persons were killed as consequences of this type of 

intrusion, which correspond to more than 60 pct. of the total fatalities. However, the second largest 

group of fatalities consist of accidents at level-crossings. Nearly 30 pct. of the fatalities in the European 

railway system are users of level-crossing (see figure 3). Fatalities in level-crossing accidents have 

although decreased from 372 fatalities in 2012, to 255 fatalities in 2016 (European Union Agency for 

Railways, 2017). This trend is to some extent also evident in Sweden.   

The definition of a fatality is that the person involved in the accident must have died within 30 days as 

an effect of the injuries received in the accident. A serious injury is on the other hand more broadly 

defined. The victim must have either spent at least 48 hours at a hospital for medical care, with the 

beginning of the treatment within 7 days from the accidents. The victim may also have received a 

fracture (excluding fractures on fingers, toes and the nose), immense bleeding, injuries on an internal 

organ or burns (Swedish Transport Agency, n.d.).  

 
Figure 3: Total fatalities in the European railway system (EU-28), 2012-2016 (European Union Agency 

for Railways, 2017). 

 

In a longer perspective, between 2003 and 2017, it has occurred 199 level-crossing accidents in Sweden. 

There has been a steady trend of a decreasing number of accidents since 2013. During 2016, the number 

of accidents was the lowest number since 2008, with an almost all-time low with just 7 accidents. This 

trend was however broken in 2017 when the number of accidents more than doubled to 16 (see figure 

4). The reason behind this sudden peak of accidents is however ambiguous.  

219

169

1498

3229

129

European railway fatalities 
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Figure 4: Number of level-crossing accidents in Sweden (Transport Analysis, 2015; 2018b). 

 

Level-crossing accidents have resulted in at least 91 fatalities and 83 seriously injured since 2003 (see 

figure 5 and 6). The number of fatalities in level-crossing accidents have generally counted for one 

third to one half of the total fatalities in the Swedish railway system.  

 

 
Figure 5: Proportion of level-crossing fatalities out of total fatalities in the railway system (Transport 

Analysis, 2015; 2018b). *No data during 2003 and 2004 on how many out of the total fatalities in the railway 

system that consisted of level-crossing. 

 

The number of fatalities and seriously injured in the Swedish railway system has been rather stable, with 

no big fluctuations. There are however exceptions from this trend of relative stability. In 2008, there 

was an all-time low in both occurred accidents and seriously injured (see figure 4, 5, 6). In 2010, there 

was a sudden increase in both fatalities and serious injuries. This can partly be explained by a derailment 

of a high-speed train in Kimstad in Östergötland county, which caused the death of one passenger and 

a total of 19 injuries (Swedish Accident Investigation Authority, 2012).  
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Figure 6: Proportion of level-crossing serious injuries out of total seriously injured in the railway system 

(Transport Analysis, 2015; 2018b). * No data during 2003 and 2004 on how many out of the total seriously 

injured in the railway system that consisted of level-crossing.  

2.1.2 Level-crossings and the road system 

Overall, more people are killed in the road system than the railway system. For example, 253 people 

were killed in accidents in the road system in Sweden during 2017. Moreover, 2275 people were 

seriously injured during the same year in road accidents (Transport Analysis, 2018b). Level-crossing 

accidents therefore stand for a minor share of the fatalities and seriously injured in the road system. 

While the level-crossing accidents stand for around 30 pct. of the fatalities in the railway system on a 

European scale, the corresponding number for the road system is only one pct. (European Union Agency 

for Railways, 2017). Safety in level-crossing might therefore be perceived as a minor problem for the 

road sector, but a huge problem for the railway sector (Starčević et al., 2016).  

2.2 Measures of safety and protection   

Both in an international perspective, as well in a Swedish, all level-crossings can be roughly divided 

into two categories in terms of their infrastructural safety. They can be divided based on the type of 

warning that is provided to the road user. Hence, a level-crossing can be either passive or active. A 

passive crossing has only passive warnings, such as warning signs that alert the road user of the presence 

of a level-crossing (Salmon et al. 2013). To cross a passive level-crossing safely is entirely up to the 

road user, who has to depend on his or her senses. In that way, the road users’ observation abilities play 

a key role for the safe crossing. The lack of these abilities therefore plays a key role in accidents, e.g. if 

the driver misconceives if there is a train approaching or not (Laapotti, 2016). Pictures of the different 

types of crossings can be found in section 3.3.  

An active level-crossing has, beside the “passive” signs, also active warning systems, such as flashing 

lights, warning bells and in many cases also boom-gates, i.e. bars that are automatically lowered before 

a train reaches the crossing (Salmon et al. 2013). But even though the road users receive a warning of 

approaching trains, human factors still play a role as accident also occur at active level-crossings 

(Laapotti, 2016).  

Passive crossings are by no means rare. For example, it was not more than approx. 53 pct. of the level-

crossings in the European Union that were equipped with active safety systems/measures in 2014 

(European Union Agency for Railways, 2017). This means that there are still more than 50 000 passive 

crossings in the European Union. There are several ways of comparing the levels of protection or status 
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of level-crossings. One way is to calculate the average number of the respective type of crossing per 100 

km railway. The European average is 23 passive and 26 active crossings per 100 line-km. Sweden lies 

somewhat higher than this average with 37 passive and 31 level-crossings per 100 line-km (European 

Union Agency for Railways, 2017).  
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3. Institutional context 

In this section, the institutional setting of level-crossings is outlined and described. Relevant laws and 

conventions that affect how level-crossings are designed and protected are mentioned. Furthermore, the 

planning processes and formal frameworks that affect the construction, remodelling or closing of level-

crossings are also described, as well as the prevalent guiding visions regarding traffic safety in Sweden.  

3.1 Legal framework of level-crossings  

3.1.1 Swedish policy of road safety: The Vision Zero  

Sweden has one of the lowest numbers of road traffic fatalities in the world. In 2016, 270 people died 

within 30 days after a traffic accident in Sweden. This number is equivalent to 27 fatalities per one 

million inhabitants, which together with the corresponding numbers for United Kingdom and the 

Netherlands are the lowest of the entire European Union. For comparison, the worst country in terms of 

fatalities, is Bulgaria with 99 fatalities during 2017 (European Commission, 2019).   

The trend of decreasing fatalities has been rather steady in Sweden since the 1970s. Between 1971 and 

2010, the number of fatalities per 100 000 inhabitants decreased from 16 to 2.8. A strong and increasing 

awareness on (road) safety issues are important factors behind this steady decreasing trend (Belin, 2012). 

This development culminated in October 1997 when the Swedish Government adopted the so-called 

Vision Zero (Nollvisionen) as the underlying policy, goal and the general direction of the work for road 

traffic safety (Swedish Parliament, 1997). The Vision Zero states that the long-term goal of traffic safety 

is that no-one should be killed or seriously injured as a consequence of accidents in the road transport 

system and that the design and function of this system should be adapted to meet these requirements 

(Swedish Government Bill 1996/97:137).  

An important part of Vision Zero is that it presumes a new division of responsibility within the road 

traffic system. Several roles are needed in the strive towards zero fatalities. Firstly, the system designers 

are responsible to achieve the goal. The central government, agencies, NGO:s and private companies 

(e.g. car manufacturers) are all responsible to improve the design of the system into a safer one. They 

all bear the responsibility to do everything in their power to make the system as safe as possible. 

Secondly, the road users also bear a self-evident responsibility to comply with traffic regulations, which 

are seen as limits of road user behaviour with the purpose of protecting the road-user as well as the 

fellow road users (Tingvall, 1997). However, if the road users fail to obey the regulations, the system 

designers must design the road system in a way that prevents or counteracts people getting killed or 

seriously injured (Johansson, 2009). The main problem is not the occurrence of accidents themselves, 

but whether they result in fatalities or serious injuries. Vision Zero stresses the fact that the road transport 

system is an entity, in which different components such as roads, vehicles and road users must be made 

to interact with each other so that safety can be guaranteed. The explicit policy goal has therefore 

changed from reducing the total number of accidents, to eliminate the risk of chronic health impatient 

caused by a traffic accident (Johansson, 2009). 

In 2012, Swedish Transport Administration decided to apply parts of Vision Zero to the railway system. 

In line with the ambitions of road safety, a goal of reducing the number of fatalities in the railway system 

was set. By 2020, the number of fatalities should be reduced by half compared to 2010, when there were 

110 fatalities (including suicides). Since there are close to zero fatalities among train passengers, the 

efforts of increased safety are directed towards the critical points of safety within the railway system, 

namely trespassing on tracks by unauthorized persons and the level-crossings (Swedish Transport 

Administration, 2018c). The latter being the focus of this study. 
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3.1.2 Regulations regarding the design of level-crossings 

 

The Vienna Convention on Road Traffic 

The Vienna Convention on Road Traffic is an international treaty which came into force in 1977. It was 

created to facilitate international road traffic and improve road traffic safety by establishing uniform and 

standardized road traffic rules among the contracting states. The content in the convention was agreed 

upon during the United Nations Economic and Social Council’s one-month long Conference on Road 

Traffic in 1968. 78 states have ratified the convention so far (United Nations, 2019a). The convention 

includes an article about level-crossings, where it is stated that road-users should exercise extra care 

when approaching and traversing level-crossings. These road-users should drive at a moderate speed 

and are obligated obey any instructions in the form of a light or sound signals or lowered boom-gates. 

If the level-crossing is passive, the road-user must make sure that no train is approaching before crossing. 

It is also stated that it is forbidden to linger at the level-crossing. If the vehicle is stuck at the level-

crossing, the road-user must do everything that he or she can in order to warn the train driver (Article 

19, Convention on Road Traffic).  

 

The Vienna Convention on Road Signs and Signals  

During the above-mentioned conference on road traffic, another convention was produced, namely The 

Vienna Convention on Road Signs and Signals. This international treaty has a similar aim of facilitating 

international road traffic and increasing road safety by creating a standardized and uniform system of 

road signs, traffic lights and road markings (United Nations, 2019b). In Article 33 to 36 of the 

convention different regulations regarding level-crossings are stated. Article 33 specifies that the light 

signals should consist of red flashing light(s), but there are also some exemptions from this rule. For 

example, on non-busy earth-tracks/dirt roads and footpaths, only sound signals need to be installed. 

Furthermore, It is also stated that the lights should be put on both sides of the crossing. The option of 

putting up a stop-sign at level-crossing without boom-gates is stated and that the road users need to stop 

at the stop line accompanied to the sign. Article 34 states that no road-user is allowed behind the lowered 

boom-gates, i.e. at the crossing and that a sound signal does have the same meaning as boom-gates 

regarding the road-users’ obligation to not cross. Article 35 deals with the colouring of the boom-gates, 

which must be striped. There must be a stop sign at the passive crossings. Also, signs that warn the road-

users of approaching a level-crossings are provided. In the appendix to the convention, the actual signs 

are explicitly described and presented (Article 33-36, Convention on Road Signs and Signals).  

 

Swedish Ordinances on Road signs and Traffic 

Basically, the two Vienna conventions are implemented into Swedish legislation through the Ordinance 

on Road Signs (Vägmärkesförordningen 2007:90) and the Ordinance on Traffic (Trafikförordningen 

1998:1276). Regulations regarding the physical design of a level-crossing are stipulated in the 6th Ch. 

the Ordinance on Road Signs, which deals with safety devices in intersections of railways and tramways. 

For example, it is dictated that light and sound signals respectively exist in a level-crossing if deemed 

necessary with regard to traffic safety (4-5 §§). The obligations that the signals imply to stop the vehicle 

are regulated in 6 §. In 7 § of the ordinance, the function and meaning of the boom-gates are mentioned. 

In the Ordinance of Traffic, the obligation for a road user to give way for trains are stated (2nd Ch. 5 §), 

as well as the obligation to make sure that no train is approaching before crossing and that the speed 

should be adjusted (2nd Ch. 5-6 §§).  

 

  



14 

 

3.2 Level-crossings and planning 

3.2.1 Legal outset  

The legal framework and regulations that regulate the planning and construction of railways can be 

found in the Act on Construction of Railway (Lagen 1995:1649 om byggande av järnväg) and its 

associated ordinance (Förordning 2012:708 om byggande av järnväg). These regulations have rules 

about the prerequisites for e.g. expropriation of real estate and what measures that necessitate the 

drawing of a formal plan. It is the Swedish Transport Administration that has the planning authority for 

planning of railway Sweden (2nd 15 § Act on Construction of Railway).   

One crucial basis for planning and construction of railways is what legal framework and regulation to 

use, which also apply to the planning and construction of level-crossings. An important point of 

departure concerns real estate property. Land that is used for railway purposes is owned by the 

infrastructure owner and therefore real estate property of the state (Julstad, 2013). Railway land is thus 

not covered by servitudes as in the case with roads. Railway land is instead owned by the same entity as 

the railway. Railway land consists of land for the tracks/rails, railway embankments including side 

ditches, slopes and zones of maintenance and safety (Swedish Transport Administration, 2014). In order 

to construct new tracks/rails, additional pieces of land might be expropriated.  

In the 1st Ch. 2nd § of the Act on Construction of Railway:  
Construction of railway refers to construction of a new railway and to reconstruction of a railway.  

A measure on an existing railway should not be considered to be construction of railway if 

1. the measure only causes fractional more impact on the surroundings, and 

2. concerned property owners or holder special right in writing have permitted that land or other space are 

allowed to be claimed. 

 

Furthermore, in the same act, in the 2nd Ch. 1st § Act on Construction of Railway:  
1 § The one who intends to build a railway shall draw a railway plan.  

A railway plan does although not need to be drawn for tracks on industry or port property that shall be 

constructed solely on own property.  

A railway plan may be drawn to close a level-crossing, even if the measure is not construction of railway.  

 

These two paragraphs yield two different procedures regarding planning of level-crossings. This is 

further elaborated in the internal documents of the Swedish Transport Administration, which has the 

general responsibility for the management and planning of Swedish railway network. Reconstruction of 

railway refers to measures that have a spatial impact and aim to alter the railway system and its standard 

permanently. Reconstruction for temporary alterations is therefore not regarded as construction of 

railway. This also applies to mere maintenance measures that aim to maintain the standard and function 

of the system, e.g. change of rails or overhead lines. A minor and uncomplicated measure on an existing 

railway is not regarded as construction in the legal sense, given that the measure only has a fractional 

impact on the surroundings and that the concerned property owners have given written permission that 

land/real estate property can be claimed to fulfil the measure (Swedish Transport Administration, 2014). 

The bottom-line of this is that level-crossings can be altered without a formal planning procedure.  

3.2.2 How to decide what type of planning procedure 

The Swedish Transport Administration (2014:35) has identified five typical cases of railway planning 

procedures. The cases are defined by the answers of four questions regarding the proposed measure: 

1. Is it a minor and uncomplicated measure on an existing railway that only has fractional 

additional impact on the surroundings, and have the concerned property owners in writing 

given permission that land can be claimed? 

2. Does the measure result in a significant environmental impact? 

3. Are there alternative geographical localizations that accommodate the purpose and aims of the 

project? 

4. Does the government have to give permission for the measure? 
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Dependent on the answers to the questions, five different typical cases for the planning procedures are 

apparent (see table 1 and figure 7). 

Figure 7: Questions that determine what planning framework to be used (Swedish Transport 

Administration, 2014:35). 

Case no Answer Meaning 

1 Yes on Q1 
No on Q2+Q3+Q4 

Minor and uncomplicated measures on existing railway, fractional impact 
on surroundings, voluntary access to property 

2 No on all Q Not so significant environmental impact 
 

3 Yes on Q2 
No on Q1+Q3+Q4 

Significant environmental impact, no alternative localizations 

4 Yes on Q2+Q3 
No on Q1+Q4 

Significant environmental impact, alternative localizations 

5 No on Q1 
Yes Q2+Q3+Q4 

Authorization needed, significant environmental impact, alternative 
localizations 

 

Case number 1 does not imply a construction of a railway from a strict legal perspective. The 

consequence of this is that no railway plan is required. However, if it is decided that a formal planning 

processed should be conducted for the measure, a preliminary assessment of what planning process that 

is applicable by the four other cases is done. This is not fixed and can be modified and adapted during 

the procedure (Swedish Transport Administration, 2014).  

 

 

Figure 8: Cases of when a railway plan is required (Swedish Transport Administration, 2014:36). 

3.2.3 Planning level-crossings without formal planning procedure 

The point of departure of planning cases without formal planning procedures, i.e. that no railway plan 

must be drawn, is that the proposed measures must be of a minor character. A measure is uncomplicated 

if the trade-off between interests is straightforward and gives a predictable outcome. Another criterium 

is that the measure must not cause more than a fractional effect on the surroundings, compared to the 

already existing railway. Factors to be considered are the character and sensitivity of the surroundings, 

e.g. built or vulnerable environment. A final requirement is that the real estate property must not be 

claimed with coercion. Concerned property owners must give written consent (Swedish Transport 

Case 1: Minor and uncomplicated projects on existing railway, 
fractional impact on surroundings, voluntary access to property 

 

Plan? 
 

Yes 

No 
Railway plan required 

Case 2: Not so significant environmental impact, no alternative 
localizations  

  
Case 3: Significant environmental impact, no alternative 
localizations 

 
Case 4: Significant environmental impact, alternative 
localizations 

 
Case 5: Authorization by government, significant 
environmental impact, alternative localizations 
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Administration, 2014). All four requirements must be met in order to not require the drawing a railway 

plan. A typical example of such measure is an extension of a station’s platforms or upgrading a passive 

level-crossing to an active one.  

3.2.4 Planning level-crossings within formal planning procedures 

A formal planning procedure to construction of railway is strict and have several compulsory elements. 

The planning, construction and maintenance of the railway must be conducted with consideration to the 

interests to both individual and public interests, such as protection of the environment, nature 

preservation and cultural heritage (1st Ch. 3 § Act on Construction of Railway). Several stakeholders 

must be consulted in the planning process: the county administrative board (Länsstyrelsen), involved 

municipalities and affected individuals. The consultation process should commence as soon as possible 

and include matters regarding the localization, design and environmental effects of the railway (2nd Ch. 

2-3 §§ Act on Construction of Railway). The consultation process must consult concerned owners of 

properties that might be expropriated (2nd Ch. 5 § Act on Construction of Railway). The resulting plan 

must contain a map of the affected area, which should include a map with the localization, principal 

design and properties to expropriate (2nd Ch. 9 § Act on Construction of Railway).  

3.2.5 Level-crossings in the perspective of the infrastructure owner 

In Sweden, most of the railway infrastructure is owned by the state through the Swedish Transport 

Administration. There exists several internal policy documents that affect and govern the management 

of level-crossings and guide officials in their planning-related work with railway in general and level-

crossings in particular. Furthermore, there exist two over-arching goals of the Swedish transport policy. 

The first is the goal of functionality, which deals with the accessibility of the transport system. The 

second goal is the goal of consideration, which deals with the matters concerning safety, health and the 

environment (Swedish Transport Administration, 2019c). The level-crossing issue, with regard to the 

goal of accessibility, is concerned with that there must be an acceptable amount of ways to cross the 

railway. It is also concerned that the time losses, such as waiting times in front of a crossing, should be 

minimized. In terms of consideration to safety, environment and health, level-crossings pose a greater 

problem. Nobody should be killed or seriously injured in the transport system, and level-crossings are 

critical points of safety. Even though accident at level-crossings are relatively rare, but when an occur 

does occur, the consequences can be of catastrophic proportions and result in many casualties. The 

accidents must therefore be prevented. For this, the Swedish Transport Administration has decided upon 

internal policies of closing crossings whenever possible (Swedish Transport Administration , 2017).  

There are several ways of closing a level-crossing and they are usually done in combination with other 

activities and measures. According to the Swedish Transport Administration (2017), the most common 

methods of closing level-crossings are:  

(1) Changes in real estate property that result in abolished traffic on private roads.  

(2) The construction of a replacement road to another level-crossing.  

(3) The purchase of real estate property so that the road traffic cease and the level-crossing is obsolete.  

(4) The construction of a grade-separated crossing that replaces one or more existing level-crossings.  

(5) The construction of a grade-separated crossing for pedestrians and the redirection of road traffic 

to other level-crossings.  

An important aspect is that a closing of a level-crossing must not result in a greater risk than eliminated 

in the closed crossing. An example of this situation could be that pedestrians think that the remaining 

level-crossing is too remote and that they trespass in order to cross the tracks. Monell (2006:53) suggests 

that closing of level-crossings can result in barrier effects, especially in built-up areas. It is therefore 

important to consider the perspective of the pedestrians and their needs.   

There are also differences between state-owned and privately-owned roads. Regarding level-crossings 

on state-owned, public roads, the Swedish Transport Administration has the authority for the railway 

track and the road. These crossings can be closed relative easily, which is not the case for private roads. 

To close crossings on these roads, a cadastral procedure by Lantmäteriet must be carried out. 
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When a zoning plan from a municipality is consulted and reviewed, the Swedish Transport 

Administration should strive for safe ways and passages for crossing exist along the railway. The point 

of departure is that no new level-crossings should be constructed and that existing ones should be closed 

whenever possible. A new level-crossing can however be justified if it results in the closing of several 

other (Swedish Transport Administration, 2017).  

In the internal regulations for the physical design of the road network, the Swedish Transport 

Administration states under what conditions level-crossings are allowed. In rural areas, level-crossings 

are allowed on one- or two-lane roads with a speed limit of 80 km/h. Level-crossings are not allowed 

on any new constructed stretches of railways with a maximum speed (STH) of at least 80 km/h. 

Regardless the speed limit, level-crossings are neither allowed on new constructed stretches with double 

tracks or on existing single tracks stretches that get expanded with additional tracks. New level-crossings 

are only accepted if they result in an increased total safety by the closing of other crossings and if it is 

not possible to construct grade-separated crossings (Swedish Transport Administration, 2015a:12).  

3.3 Infrastructural safety in Sweden 

The infrastructural safety, in terms of level of protection and safety measures, in Swedish level-crossings 

differ on a range from full and active protection with boom-gates to passive crossings with or without a 

static sign. In accordance with the Swedish Ordinance on Road signs, there are certain levels of 

protection for a level-crossing. There are a total of seven steps on such scale. The first step is the 

completely unprotected level-crossing. The first step of safety is the installation of a static warning sign, 

the so-called St. Andrews Cross. Level-crossings with these two levels of protection are passive level-

crossings. On an intermediate level, there are minor active systems in the form of warning bells and/or 

light signals. Protection that only uses one of these safety measures are not implemented anymore in the 

few examples of new constructions of level-crossings. Instead, both light and sound signals are used. 

Finally, there are fully active systems that beside light and sound signals, also used boom-gates that are 

lowered when a train is approaching. The boom-gates that either cover the whole road, or just one lane 

(Swedish Transport Administration, 2017). These combinations of safety measures yield three main 

levels of protection or safety: passive, semi-active and active (see figure 9). In figure 10, three levels of 

protections are presented. This rough division of safety levels or statuses will serve as the basis for the 

analysis.  

Figure 9: The level of protection in Swedish level-crossings (Swedish Transport Administration, 2017).  

 

 

 

 

 

 

 
Figure 10: Passive (to the left), semi-active (in the middle) and active (to the right) level-crossings (photos 

from Google Street View). 

Level  Basic protection Category  

0 Completely unprotected (with or without stop sign) PASSIVE 

1 Static warning sign (St. Andrew’s Cross) 

2 Sound signals (not used in new constructions) SEMI-
ACTIVE 3 Light signals (not used in new constructions) 

4 Light and sound signals 

5 Boom gates (half) ACTIVE 

6 Boom gates (full) 
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4. Earlier research and theoretical 

considerations 

In general, level-crossings have got quite a lot of attention within the academic community throughout 

the years. This is however not the case within the fields of human geography and urban and regional 

planning. Issues with level-crossings have instead been covered in many other disciplines, such as fields 

within engineering, mathematics and behavioural sciences. Level-crossings, perceived as critical points 

of safety, are thus covered in more general academic discussions on traffic safety, with a variety of 

approaches. Evans (2013) argues that there are two major categories of analytical work regarding the 

crossings. Researchers in one category deal with risk, safety and accidents on a general level. By 

studying accidents on an accumulated level, explanations for long-term trends of safety are sought. The 

researcher in the other category are concerned with the creation of models to estimate and calculate the 

risk at individual crossings, based on features such as traffic flows, speed limit, visibility and level of 

protection. There is however much literature concerned with the behaviour and human factors of the 

perspective of drivers at crossings.  

4.1 Level-crossings and the human factor 

Transport (and traffic) is inevitably a spatial activity due to its embeddedness in the dimensions of space 

and time (cf. Hägerstrand, 1970). Much of the research conducted about level-crossings therefore 

consists of case-studies with empirical material from specific regions. An early example of this is 

Wigglesworth (1978), who analysed human factors associated with level-crossing accidents by 

observing both active and passive crossings in Australia. He noticed that a majority of the road users 

did not even scout or look for trains in passive crossings and therefore revealed the problems of passive 

systems and their failure on enforcing safety. With that point of departure, Wigglesworth argued for a 

need of a general increase of safety, with the use of e.g. several visual warnings interacting the drivers’ 

fields of vision. Another early study was conducted by Åberg (1988) in which he observed approx. 2000 

drivers in semi-active level-crossings. He noticed that many drivers turned their heads to look for 

approaching trains, but there was also a substantial number of drivers that did not look at all, even though 

the visibility in the crossings was limited.  

Meeker et al. (1997) made another observational study in which they compared the driver behaviour in 

crossings with different levels of protection. They observed that instalment of boom-gates led to a 

decrease of drivers crossing the railway in connection with approaching trains shrunk with a third. 

However, they also observed that drivers tended to stop or slow down when approaching an active 

crossing significantly less than when approaching a semi-active one. The boom-gates seem to provide 

an impediment for drivers to try to cross the railway quickly in order not to have to wait. Thus, the 

boom-gates were associated with sometime hazardous behaviour among the drivers, which also can 

explain why accidents also occur in active level-crossings.   

A similar study focusing on the driver behaviour in Australia was done a few years ago by Tey et al. 

(2011). They used field-video recordings and simulations to evaluate driver behaviour in relation to 

active and passive level-crossings. The drivers responded very differently to the two types of crossings, 

both in the field video recordings as well as in the simulations. The drivers showed a general poor 

behaviour in the passive crossings with lot of risk-taking, such as speeding, compared to active ones. 

The authors could thus confirm the findings by Wigglesworth (1978) that drivers fail to execute a safe 

behaviour and comply with rules in passive crossings. Rudin-Brown et al. (2012) could also confirm 

this by another simulator-based study on the behaviour of drivers in level-crossings of different types. 

Beside studying the behaviour in passive crossing, they also compared the behaviour in crossing quipped 

with a standard flashing light signal, and standard traffic lights (with red, yellow and green light) in the 

other. Violations against traffic regulations were less likely in the two active crossings. A majority of 
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the participants stated that they prefer the default flashing light compared to regular traffic lights. The 

results indicate that traffic light would not improve safety over existing default light signals. Violations 

in the passive crossings did however prove the need of the further scrapping or upgrading of passive 

crossings.  

From the perspective of the drivers, Larue et al. (2018) studied the drivers’ perceptions of a safe 

passage/crossing and judgements regarding the speed of approaching trains at level-crossings. They 

found out that all the participants were able to detect the approaching trains from a very long distance, 

but there were big differences how the participants estimated the speed of the approaching trains. The 

conclusion that the authors could draw were that most participants would have entered the level-crossing 

when the lights would have been activated if the crossing would have an active level of protection. 

Underestimation of high-speed train could therefore have huge implications for the risk of a collision, 

since the drivers would enter the crossing with a reduced safety margin.  

4.2 Explaining long-term trends 

There is much literature that deals with the long-term trends of railway safety in level-crossings, also 

with regionally delimited empirical material as the basis. Starčević et al. (2014) point out that railway 

traffic is one the safest modes of transportation, but that 30 pct. on the accidents in the railway systems 

occur in level-crossings, while the corresponding number in the road traffic system is merely 1-2 pct.. 

This creates a paradox of a general perception of that it is the railway sector has the responsibility for 

implementing safety measures.  

Evans (2011) analysed fatal level-crossing accidents in the UK between 1946 and 2009. He points out 

that the number of fatal accidents fell with more than 60 pct. during the first half of the period and has 

been stabilised on just more than 10 fatal accident per year. At the same time, fatalities in level-crossing 

represent a bigger share of the total fatalities in the British railway system. Surprisingly enough, active 

crossings have a higher accident rate per crossing than passive crossings, but both types of crossings 

have stable numbers. Evans includes railway-controlled (manually operated) level-crossings in his 

analysis, which have a very low accident number. A reason why the accident rate has not decreased in 

the second half is that those manually operated crossings have been replaced with automatic systems.  

Mok & Savage (2005) have charted similar findings with experiences from the United States where both 

level-crossing accidents and fatalities have decreased heavily since the 1970s, even though the traffic 

volumes have increased in both the railway and road system. The authors argue that about two-fifth of 

the decrease is due reduced drunk driving and better emergency medical responses, which also have 

affected the overall safety of the road network. Level-crossing safety cannot be viewed in isolation from 

general improvements of traffic safety. Installation of boom-gates account for another fifth of the 

decrease. Among the other explanation for the rest of the decrease, the authors mention factors such as 

public education campaign on road safety, installation of lights on locomotives (for the sake of visibility) 

and the closure of crossings.  

Silla & Kallberg (2011) made a similar compilation based on the development trends of railway safety 

in Finland between 1959 and 2008. They show that the railway safety has improved considerably during 

the years with the number of fatalities reduced to one fifth. This general trend does also apply to road 

users killed in level-crossings. Removal of level-crossings, installation of boom-gates and construction 

of grade-separated crossings on traffic-dense roads, as well as improving the visibility by cutting 

vegetation have affected the fatalities a lot. Railway segments with a speed limit over 140 km/h have 

been prioritized for these alterations. In fact, level-crossings are not allowed on tracks segments with a 

speed exceeding 140 km/h. The changes and improvements of visibility have been important for safety 

in passive crossings in rural areas with low traffic volumes. The authors also point out that reduced 

speed limits (including the use of speed humps) can have great effect around passive level-crossing, by 

giving the drivers an increased reaction time to stop in necessary. They also point out that number of 

accidents were higher in active in active crossings until the 1990s, which likely could be explained by a 

considerably higher volume of traffic on the roads.  
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Rudin-Brown et al. (2014) examined accidents in passive level-crossings during a ten-year period in 

Canada. They also focused on the human factors and drivers’ behaviour in connection to these accidents 

and argued that unintentional driver noncompliance is more likely to be influenced by human factors 

than equipment or technical failures. In 15 pct. of the cases, the accidents occurred because the drivers 

simply did not stop their vehicles. The author identified nine human factors that influence a driver’s 

decision to stop at a crossing, which in turn affects the risk for an accident. One category of includes 

perceptual factors, i.e. factor that affect the driver’s ability to detect an approaching train. The other 

category, containing cognitive factors, i.e. factors that affect the driver’s decision-making or perception 

of the need to stop. The first category includes inadequate sightlines, train visibility and the ability to 

hear the train warning horn. The other category includes so-called Looked-But-Failed-To-See-errors, 

distraction or driver impairment, such as drunk driving.  

This is largely confirmed by Laapotti (2015), who compared all accidents at passive and active level-

crossings in Finland during 20-year period. Of the total amount of 142 accidents, most accidents took 

place at passive crossings. The author arrived at the conclusion that the passive crossings have become 

proportionally riskier than active crossings during the studied period. Confirming the findings in much 

of the research on human factors, Laapotti argues that it is indeed the human factors, such as poor 

observation and unnecessary risk taking, that are to blame for the lion’s share of accidents. However, he 

claims that the road/traffic environment, in terms of e.g. speed limits, has not helped to improve or 

remedy those factors and facilitating safe crossings. The most dangerous passive crossings should be 

improved in terms of safety or be closed. There should exist a minimum requirement that the factors 

that are related to the road/traffic environment facilitate safe passages.  

With local empirics, Starčević et al. (2016) present a current situation analysis of safety at level-

crossings in Croatia compared with other EU-countries. They accentuate that more than 95 pct. of the 

accidents occur due to the road users and their lack of compliance with the traffic safety regulations at 

the crossings. They therefore argue that there must be more emphasis on educating road users of the 

dangers associated with the crossings. This education aspect could e.g. be implemented in driving 

schools, national campaigns in media and big posters near level-crossings. They also accentuate the 

importance of a clear field of vision and the importance of maintaining vegetation near the crossings.  

4.3 Risk models 

In the other category identified by Evans (2013), concerned with the creation of models for estimating 

the risk at level-crossings, there is a rather long research tradition. One of the earliest works is made by 

Zalinger et al. (1977) who were one the first researchers to develop a model. They used characteristics 

for individual level-crossings, such as accident history, level of protection and traffic flows, to foresee 

the distribution of future accidents. A more model was developed by Oh et al. (2006) with the objective 

to examine the factors that are associated with level-crossing accidents. The researchers used several 

statistical models to find relationships between occurred accidents and features of the level-crossings. 

They found an association between increasing total road traffic volumes and daily train volumes with 

the frequency of occurred level-crossing accidents. They also identified an association of the proximity 

of a level-crossing to commercial areas and their risk of accidents.  

There have also been a few examples of the use of binary logistic regression to find associations between 

occurred accidents and different variables. For example, Bureika et al. (2017) analysed the safety level 

of the level-crossings in Lithuania by applying a logistic regression model to assess safety levels in 

crossings in the Lithuanian railway system. They based their model on several criteria, such as level of 

protection, traffics flows on rail and road, visibility, width of crossing and speed limit on the railway 

track. They used the model to rank the crossings in terms of their risk of accident and by doing so, 

identifying the most dangerous crossings in the country.  

Kahn et al. (2018) also conducted a logistic regression analysis and included variables on the 

characteristics, such as traffic flows and level of protection. However, they did also include the 

population within a radius of five miles around the crossings. The authors found that the several factors 

increase the risk of accidents, e.g. the traffic flow and speed limit on the railway, whether it is a single 



21 

 

or double track railway, and the number of lanes on the road. They also found out that population in the 

proximity increases the risk.  

Evans (2013) pointed out that the models usually do not show a proportionate relationship between road 

traffic volumes and accidents in active level-crossings. At first, accidents rise in proportion with 

increasing traffic volumes when the flow are at a low level. They however reach a maximum and fall 

off at higher flows. This can be explained by that when an approaching train has activated the crossing, 

the first car is likely to arrive before the train at the crossing. When it stops, it protects cars that arrive 

later to the crossing. The early car become a buffer or a shield for other cars. But in crossings with low 

traffic volumes, there is less probability of cars to start waiting in a queue, which means that the first 

vehicle that arrives at the crossing also has an increased risk of colliding with a train.  

4.4 Regional differences/spatial inequality 

The uneven distribution of road safety has been acknowledged by several scholars. According to 

Whitelegg (1987:162), a road traffic accident is “the product of an unwelcome interaction between two 

or more moving objects, or a fixed and a moving object. The movement itself, whether of pedestrians or 

motorists, will be a function of the land use system, residential patterns, population densities, street 

geometry, location of workplace, shopping precinct, health centre or other traffic generators.” 

He conceptualizes road traffic accidents as space-time events, occurring as an effect of circumstances 

and combinations of circumstances of e.g. population density and distribution, movement, people and 

spatial design. Spatial and temporal regularities can inform where accidents will occur. The probability 

of a road accident event varies a lot through space and time. Space has functioned as a filter of this risk. 

He points out that the study of road traffic accident involves important choices regarding research design 

to understand the relationships between human behaviour, perception, scale and spatial differences in 

the vulnerability to accidents (Whitelegg, 1987).  

Lasarre & Thomas (2005) have studied how these space-time events differ between regions, by 

analysing spatial patterns of road mortality in western Europe. They by compared data on fatal road 

accidents at a regional level based on population densities. By comparing 264 regions in 17 countries 

they could observe a north-south divergence between the regions regarding traffic safety and risks. 

However, they could also observe that within countries classified as safe on a national level, there existed 

differences between regions. This also worked the other way around with safe regions in generally 

unsafe countries. The authors also highlight the problems with administrative boundaries. With 

aggregated data at a regional level, local disparities and nuances of the data are lost. Furthermore, they 

also detected an association between population density and road accidents. They however dismissed it 

as a proxy for other unmeasurable factors, such as national/regional differences in behaviour and culture, 

e.g. the use of seatbelts, drunk-driving and speeding.  

In similarity, Noland & Quddus (2004) made a spatial analysis in GIS in which they used data on land-

use types, road characteristics and traffic fatalities for small areas. They observed that urbanized areas 

are more associated with fewer accidents and fatalities. They explain this observation with reduced 

speeds and congestion. At the same time, areas with employment density are associated with more 

accidents, which the authors explain with increased street activity. Deprived areas have a high number 

of traffic accidents, but not as much when just including motorized casualties.  

Clark & Cushing (2004) have also studied the role of population density on motor vehicle mortality in 

both urban and rural areas the US. Variation in mortality rates of traffic accidents were not affected by 

the population densities in urban areas. Rural traffic fatality rates were inversely related to state 

populations densities, while in urban regions, the populations had no relationship. In rural areas, 

mortality rate was proportional to vehicle miles travelled per capita. Urban mortality rates were higher 

in southern states. With vehicles miles travelled per capita in mind, state population density was 

concluded as a moderately strong predictor of rural but not urban mortality rates. They found an inverse 

relationship between traffic mortalities and state population densities, which they suggested 

explanations such as higher speed, drunk driving, no seat belts, unsafe roads and vehicles. They prove 
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evidence that an increased distance between people is a direct determinant for mortality from traffic 

accidents, even per vehicles miles per capita.  

There have been attempts to use logistic regression models to identify factors that predict probabilities 

of road traffic accidents, similar to the above-mentioned counterparts for level-crossing accidents. One 

of them has been developed by Ossenbruggen et al. (2001) that applied a logistic regression model with 

the of using the results to create assessment for their geographical area of Stanford county in New 

Hampshire, USA. The variables they included were land-use activity, roadside design (traffic 

environment), use of traffic control devices and the traffic exposure/volume. The results implied that 

village sites were observed as less risky than residential and shopping sites. The explanations found 

were that the village sites have a mixed land use and a combination of activities and pedestrian friendly, 

speed limits and promote walking. In residential and shopping sites, the land-use is characterized by 

mono-functionality.  

4.5 The concept of risk 

A central concept of this thesis is the one of risk. In general, risk can be understood as “[t]he real or 

perceived probability of an undesirable event occurring” (Castree et al., 2013:440). The concept of risk 

has several components implicitly interwoven in its meaning. Lowrance (1980) uses risk as a compound 

measure of the probability and magnitude, or rather as a description of the likelihood of an event and its 

consequences of the harmful effects. Similarly, Kaplan (1997:408) suggests that when a person asks 

about the risk, the person is in fact asking three questions: (1) What can happen?; (2) How likely is that 

to happen?; and (3) If it does happen, what are the consequences?  

Risk is therefore often understood as the combination of the probability that a specific incident will 

occur, but also the consequences of that hypothetical event (Bäckman, 2002:8). Together, these two 

factors constitute the risk, which can be expressed as:  

𝑟𝑖𝑠𝑘 = 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 

A concept that is related to risk is the concept of safety, which can be understood as the absence of risk. 

Since risk can take different values, safety can also be measured and take different levels. Thus, a 

decreased risk is equal to an increased safety (Bäckman, 2002:8). The discipline of analysing accidents 

and occurred consequences of risks, has one objective – to prevent accidents to happen and thus decrease 

the risk and increase the safety (Adams, 1998:10). Since risk is associated with the damages as 

consequence of the occurred event, there is an emphasis on quantification and measurement. Losses and 

damages can be measured in economic terms, loss of life or loss of productivity. These measures are 

needed for cost-benefit analyses and/or risk assessments. (Adams, 1998:8).  

One crucial part of risk is the notion of probability. Risk estimation has indeed its roots in mathematics 

and probability theory. With the help of numbers and the probability theory, people have been able to 

make decisions and forecast the future. With less superstition and tradition and more reliance on rational 

well-informed choices. The probability theory is a powerful instrument of organizing, interpreting and 

applying information (Bernstein, 1998:4).  

However, the understanding of probability can shift depending of the viewer. In the literature on risk 

and safety, there is a prevailing distinction between an objective, measurable risk under the laws of 

statistical theory, and a subjective risk as understood or perceived by nonexperts, i.e. risk as understood 

by lay-persons. The objective risk is scientifically informed by quantification of some sort. For them, 

accident statistics are conceived as objective measures or indices of risk. A typical measure could be 

accidents per capita per year (Adams, 1998:8ff).  

The are many types of risk and they come in different forms, as long there are uncertainty involved. 

Economic, physical and social risks are merely three broad categories with many subdivisions such as 

motoring, medical, political and so on (Adams, 1998:21). Similarly, Lowrance (1980:9f) distinguishes 

the risk concept in terms of what type of hazard that is involved, such as natural hazards. Another type 

is the so-called discrete small-scale accidents, which include common accidents in traffic, at work, in 

sports and so on. As well as they are frequent, they are also relatively easy to envision and understand. 
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The risk can be reduced if there is enough will to do so. But since the accidents are so frequent, the 

accidents have a numbing effect. Even though people are exposed to hazards, the magnitudes are 

underestimated.  

Bernstein (1998:1f) argues that it is the mastery of risk that defines the boundary between modern times 

and the past. Managing of risk is the notion that the future does not lie in the hands of any deities, but 

in the hands of people, capable of intervening in their fates. People are not passive before nature and 

can take prospective action. Before people found a way across this immaterial boundary, the future was 

just a mirror of the past or a domain for oracles and prophets that held monopoly of over future of events. 

The key in his line of argument is that the future has been put at service of the present. By understanding 

risk, measure it and quantify its hypothetical consequences, risk-taking was converted into one major 

catalyst of modern Western society. The ability to define what may happen in the future and to select 

among different alternatives is crucial for modern societies. This is risk-management and spans over 

many human activities. Everything from intervention for increased public health, avoiding war, creating 

insurance markets, wearing seatbelt etc.  

One concluding point of the risk concept refers to the notion of manufactured risk, which can be 

described as risks that are created by the progression of human development, especially by progression 

of science and technology. For these new risk environments of manufactured risks, history has very little 

experience. Often the risks are unknown and very hard to calculate in terms of probability. Manufactured 

risk pervades most dimensions of human life. Science and technology create new uncertainties in the 

progression, while other disappear over time (Giddens, 1999:4). To some extent, level-crossings are 

examples of manufactured risks. Railway traffic is a product of innovation and progression of 

technology. Moreover, railway traffic has in itself also has symbolized modernity, yet also created 

artificial risks for people through its expansion. Level-crossings are a relatively new phenomenon in 

human history. They have nonetheless become critical points of safety and infrastructural interfaces that 

constitute risks for humans, even though they are manufactured and results of technological change. 

Yet, the processes affecting where the crossings are located in space, are indeed a result of spatial 

distribution of people, economy and other effects of land-use systems (cf. Whitelegg, 1987). 
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5. Methodology, method and data 

The methodology of this study does rely on two different methods, whereas the aim of the study is to 

some extent threefold. Firstly, by examining whether there exist regional differences in terms of traffic 

safety where railways and roads meet, the geographical perspective of the thesis is very pervasive. This 

first part of the analysis has been conducted in a GIS. Secondly, the risk of level-crossing accidents has 

been calculated by a logistic regression analysis.  

The calculation of relationships between occurred accidents and a set of different variables, has 

identified what factors that affect the risk of accidents. This new knowledge has then been returned to 

the GIS in order to project the risk factors spatially and by that identify and visualize what level-

crossings that are the most hazardous and constitute the greatest risk to road users. This risk exposure is 

related to the population within a ten km radius from the crossings in question. By relating the most 

hazardous level-crossings, associated with the identified risk factors as an outcome from the results of 

the logistic regression, with the absolute number of people living in the proximity, the risk exposure to 

humans are specified. For the owner or manager of infrastructure, it should be needless to claim that 

these crossings need some sort of intervention to reduce risk exposure. Thereby, this thesis takes an 

intervening position and it is argued that the identified, hazardous level-crossings should be prioritized 

in a strive and work for increased safety in the railway and road system. With a normative stance on 

how safety should be distributed across space and between regions, one of the end goals of this thesis is 

to provide guidance for infrastructure owners and practitioners in their work in reducing risk and spatial 

inequality of safety. This relates to the traditional conception of spatial planning, as formulated by 

Friedmann (1998:248), that planning can be modelled as the relationship between knowledge and action. 

Knowledge is the key to successful spatial intervention in order to achieve a maximal utility and 

beneficial outcome for the largest number of people.  

Regarding ethics of the research conducted, some clarifications must be done. In the research conducted 

within the scope of this thesis, issues regarding privacy and anonymity have been of great importance. 

This is crucial since parts of the secondary data gathered contain information about level-crossing 

accidents which in many cases have resulted in fatalities or serious injuries of individuals. These 

accidents have most likely been tragedies for these involved individuals and their relatives. Therefore, 

the privacy has been deeply respected and no personal information has been revealed regarding these 

level-crossing accidents. Furthermore, works of other authors and scholars have been duly referenced 

throughout the writing of the thesis.  

In the following parts of this chapter, the methodological considerations and choices will be thoroughly 

described in a chronological order.  

5.1 The geographic approach 

As a thesis in urban and regional planning, this study has a very pronounced geographic or spatial 

perspective at its core. Even though a logistic regression analysis has been carried out, it is merely a 

means to further enrich the geographical perspective of the thesis. The thesis is interested in existing 

level-crossings, located somewhere in geography, constituting risk for humans. With this pervasive 

spatial interest and scope, the thesis has a clear geographic approach. Even though there are several, 

well-established research designs, there are few that accentuate the role of geography and spatiality. 

With the point of departure in GIS, there is one research design that really captures the role of geography: 

the geographic approach. It is however somewhat weakly defined and poorly established within the 

academic community but is very substantial for this thesis. 

 

The Geographic Approach was formulated in the late 00s by the ESRI, a major supplier of GIS-software. 

The approach can be seen as a strategy or overarching method on how to use GIS and integrate spatial 

information into how we understand and manage space through planning. The Geographic Approach 
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can therefore be conceptualized as a way of problem solving that generates geographical knowledge. 

This knowledge can then be applied into spatial planning, which to a large extent deals with how space 

is and should be managed. The approach can therefore integrate location-based analysis, which gives 

clearer understanding of complex spatial problems, and serve as a basis for decision-making (ESRI, 

2009). The main principle is that the approach makes it possible to create geographic knowledge by 

measuring the Earth and organizing and analyzing the data through models and relationships. The 

geographic knowledge can then be applied into how we plan, design and change the world (ESRI, 2007).  

5.1.1 Geographical Information Systems 

The heart of The Geographic Approach is GIS. A GIS can be described as computerized system with 

functions of collection, storage, processing, analysis and visualization of geographical data (Harrie & 

Eklundh, 2012:14). At one level, GIS is simply visualizing map data in whatever context. However, GIS 

can also be seen as geographic information science – a geographical method of its own. GIS technology 

has advanced to that extent that the focus is no longer on graphical representation of geographical data, 

but on integrating visualization with method in order to enrich analysis (Batty, 2003:410). In this thesis, 

ArcGIS Desktop 10.6 have been used.  

5.1.2 The five steps of The Geographic Approach 

The Geographic Approach can be perceived as the scientific method for GIS-users and consists of five 

steps in a defined work process: Ask, Acquire, Examine, Analyze, and Act (ESRI, 2009). 

 

Step 1: ask 

The first step of the approach is to tackle the problem from a geographical perspective. Thus, it is 

necessary to frame the question from a location-based stance. What is the problem that should be solved 

or analyzed and where it is located? (ESRI, 2009) In this thesis, the problems to be solved refers to 

regional differences in the safety infrastructure, the factors that increase the risk of accidents to occur in 

crossings and where the crossings with these factors are located in relation to population distribution.  

 

Step 2: acquire 

After the question is defined, the approach dictates that it is necessary to decide upon what data is needed 

to conduct an analysis. It is also important to examine whether such data does exist and can be obtained 

or generated. The type of data and the spatial scope of the research project guide the method of the data 

collection. It might be necessary to create or calculate such data yourself, while in other cases it can be 

secondary sources. Creating new data may simply mean calculating new values within GIS or obtaining 

new map layers (ESRI, 2009). In this thesis, all data is secondary and has been acquired through 

governmental agencies. With different data sources, often with a spatial component, the data has been 

merged, combined and thus generated new data.  

 

Step 3: examine 

In order to know for sure that the acquired data is appropriate, it is necessary to examine it. This applies 

to both visual inspections, as well as investigating how the data is organized and corresponds to other 

datasets. Since the data is dependent on the research questions, the data must be examined in the light 

of answering this or these questions (ESRI, 2009). The geographical data have in several cases had 

different projections. In order to have them functioning and displayed at the same map, several 

conversions between projections have been executed.  

 

Step 4: analyze 

The most important part of the approach is the analysis of the data. The acquired data must be processed 

and analyzed within the GIS, according to the chosen examination or analysis. It is important to 

understand the effects of parameters and algorithms, in order to understand and interpret the results 

(ESRI, 2009). The analyses carried out are explained below.  
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Step 5: act 

Another very important part of the approach, which is somewhat external to the geographic analysis as 

such, is the possibility to act upon the generated results. It is however very important to present the 

results in a suitable way. The results can e.g. be visualized through reports, maps and charts. The 

processed and presented data can then be used for decision-making and the creation of better policies 

(ESRI, 2009). As stated above, this is one of the goals of the thesis – to generate knowledge to act upon. 

In chapter 6 and 7, it is argued that the most hazardous level-crossings are identified and should be 

prioritized by the infrastructure owner to be modified for an enchanted level of safety. Hence, the thesis 

should be a basis for action and decision-making, something that goes beyond the thesis as such. In 

order for actors (i.e. the infrastructure owners) to understand how the results were produced and 

conclusion drawn, the thesis strives for a full disclosure of the methodological choices and steps (ESRI, 

2009). The aim is that it is possible for others to verify the findings of the thesis.  

5.1.3 Elements of spatial analysis 

The term spatial analysis is loosely defined. In some general sense, spatial analysis the mapping and 

statistical analysis of spatial properties and patterns. Its roots come from the rise of quantitative 

geography during the 1960s but have due to the development of GIS become a mainstream policy tool 

for making sense of spatial data (Castree et al. 2013). In a GIS, there are several types of analyses that 

can be executed. For the first part of the study, level-crossings, in terms of infrastructural safety, will be 

mapped and analysed from the following perspectives: 

- Geographical distribution of level-crossings with regard to regions 

- Level-crossings in relation to grade-separated crossings 

- Level-crossings with regard to major cities (buffer analysis) 

- Level-crossings with regard to distribution of population 

- Level-crossings with regard to length of railways 

5.2 Logistic regression analysis 

5.2.1 Basic features 

In order to analyse what factors that affect the risk of level-crossing accidents, the core of this thesis 

consists of a logistic regression analysis. Logistic regression analysis is a quantitative method for 

statistical analysis, which has been conducted to determine what factors that increase the probability or 

risk for a level-crossing accident to occur. The aspect that distinguishes logistic regression from other 

statistical analyses is that the dependent variable (y) is binary and thereby only can have two different 

values (David & Sutton, 2016:427). Theoretically, there are just two different values regarding 

accidents: an accident does either occur, or it does not occur. In the scope of this thesis, the dependent 

variable that is of interest, is therefore binary and can only take two different values (y=0 or y=1). This 

basic circumstance makes a logistic regression as a useful method for analysis.  

The purpose of the regression analysis is to measure and analyse the relationships and associations 

between the dependent variable (y) of an event to occur and different independent variables (x1, x2, x3…). 

By conducting the analysis and applying the model, it is possible to identify and determine what 

independent variables (x1, x2, x3…) that have an effect on the probability of an event to occur. Hence, 

the model makes it possible to calculate the probability for the event to occur (y) on basis of a series of 

independent variables. Hence, logistic regression models build upon probability and chance (Djurfeldt, 

2009:12f). The probability of an event to occur can also be perceived as the risk of the event. The 

probability of an event is a number between 0 and 1, where 0 is impossible and 1 is equal to the event 

occurring all the time. The probability is calculated:  

𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑛 𝑒𝑣𝑒𝑛𝑡 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑣𝑜𝑢𝑟𝑎𝑏𝑙𝑒 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑠
= 𝑃(𝐸) 

𝑛

𝑁
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In a logistic regression analysis, it is however not the probability per se that is studied. Instead, it is the 

odds of an event that are of interest, which is very similar to the odds (Barmark & Djurfeldt, 2009:127). 

The odds are defined as the probability of that the event will occur, divided by the probability that the 

event will not occur:  

𝑜𝑑𝑑𝑠 =  
𝑝

(1 − 𝑝)
 

 

However, in logistic regression it is neither the odds that are studied, by the natural logarithm of the 

odds or logarithmic odds, i.e. logit:  

𝑙𝑛 (
𝑝

1 − 𝑝
) 

 

The dependent variable is not the original binary variable (y=0 or y=1), but the natural logarithm (the 

logit) of the odds of an accident. It is the logit that has given name of the entire analysis model and 

constitutes the dependent variable (y). The logit is a scale that goes from negative eternity to positive 

eternity (-∞ < logit <∞) (Barmark & Djurfeldt, 2009:127).   

5.2.2 Outcomes 

For this thesis I conducted a logistic regression analysis in IBM SPSS Statistics, which yields several 

results and outcomes. The main outcomes are although, beside the α-constant, the β-coefficients for each 

of the included independent variables (x1, x2, x3…), which tell how much the logit changes when 

respective x-variable increase with one unit. A positive β-coefficient implies that there is a positive 

association between the dependent and independent variables. When x increases, so does also the 

odds/probability/risk of the event to occur. A negative β-coefficient implies that there is a negative 

association, i.e. when x increases, the odds/probability/risk decreases (Djurfeldt & Barmark, 2009:131). 

Another result is the antilog of the β-coefficient, which is the change in the odds or odds ratio (OR). It 

should be interpreted as how much the odds for an event to occur changes when the value on the specific 

x-variable increases with one unit. An odd ratio more than 1 implies a positive association and a odds 

ration less than 1 implies a negative association (Barmark & Djurfeldt, 2009:131).  

The β-coefficients are tested with so called Wald test, which gives an estimation of the statistical 

significance of the variables (Barmark & Djurfeldt, 2009:131). Statistical significance is the likelihood 

that an association between variables is caused by something else than chance (Statistics How To, 2013). 

An estimation of the statistical significance is of uttermost importance to assess and determine if the 

independent variables can be used to explain the occurrence of the events be a risk factor.  

5.2.2 Implementation  

In the logistic regression model applied within this thesis, level-crossing accidents constitute the 

dependent variable (y). The independent variables (x1, x2, x3…) that have been tested in this model to 

assess the risk of accidents are presented in section 5.6. As mentioned above, logistic regression is 

characterized by a binary dependent variable. In this context it means that an accident either occurs 

(y=1) or it does not occur (y=0). The dependent variable can thus be coded as 1 (=accident occurs) or 0 

(accident does not occur).  

The independent variables are relatively diverse and consist of both quantitative and qualitative 

variables. The quantitative variables are continuous, i.e. scale-based, while the qualitative variables are 

nominal/categorial. This means that the qualitative variables can be classified into groups without any 

particular order. Furthermore, some of these categorial are dichotomous, i.e. they can be sorted into two 

groups.  

In the scope of this thesis, a datasheet consisting of 7748 cases have been used as data for the regression 

analysis. The basic equation for the regression is defined as the following: 
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𝑅𝑖𝑠𝑘 𝑜𝑓 𝐿𝐶𝑎 = 𝐶𝑜𝑢𝑛𝑡𝑦1−20 + 𝑆𝑡𝑎𝑡𝑢𝑠1−3 + 𝑇𝑟𝑎𝑖𝑛𝑠𝑝𝑒𝑟𝑑𝑎𝑦
+ 𝑅𝑜𝑎𝑑𝑡𝑟𝑎𝑓𝑓𝑖𝑐𝑝𝑒𝑟𝑑𝑎𝑦

+ 𝑆𝑝𝑒𝑒𝑑𝑙𝑖𝑚𝑖𝑡𝑟𝑜𝑎𝑑

+ 𝑆𝑝𝑒𝑒𝑑𝑙𝑖𝑚𝑖𝑡𝑟𝑎𝑖𝑙 + 𝐵𝑢𝑖𝑙𝑡𝑢𝑝𝑎𝑟𝑒𝑎 + 𝐷𝑜𝑢𝑏𝑙𝑒𝑡𝑟𝑎𝑐𝑘𝑠 + 𝑅𝑜𝑎𝑑𝑐𝑎𝑡 + 𝐸𝑥𝑡𝑒𝑛𝑑𝑒𝑑𝑠𝑖𝑔𝑛𝑎𝑙
+ 𝐴𝑙𝑐𝑜ℎ𝑜𝑙𝑠𝑎𝑙𝑒𝑠𝑙𝑖𝑡𝑒𝑟𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎 + 𝐷𝑟𝑢𝑛𝑘𝑑𝑟𝑖𝑣𝑖𝑛𝑔𝑟𝑒𝑝𝑜𝑟𝑡𝑠 

5.3 Using secondary data 

A common feature for all the parts of the study is that secondary data have been used to carry out the 

analyses. Secondary data is existing data that has been collected or generated by someone else than the 

researcher (David & Sutton, 2016:29). It is established that analysis of secondary data can be of great 

value within social research. It can both serve as the backcloth of the research that should be carried out, 

as well as constituting the main body and primary form of information and empirical material of the 

analysis in the research. Therefore, the use of secondary data is well-established within the social 

sciences (David & Sutton, 2016:234; White, 2003:74). Some projects simply need the secondary data 

as the core empirical material. Data from secondary sources can often be entered into statistical 

manipulations. It is not uncommon to study relationships between datasets or variables. Secondary data 

analysis can however take different shapes. For example, a secondary data-analysis can be an analysis 

of data that has been collected by other researchers as well as a meta-analysis of the work of a large 

number of other researchers. A secondary data analysis can be an analysis of data that has been collected 

by public institutions and agencies, which often are in the form of official statistics (Bryman, 2016:309). 

Another name of official statistics is so called aggregated data. This term implies data that has been 

collected by the institutions and agencies and been processed and published into tables (David & Sutton, 

2016:234). In other words, aggregated data is not raw data. 

The existence of aggregated secondary data and/or official statistics can be derived from how societies 

are managed and planned. Complex societies give rise to data needs, both for the sake of service 

provision as well as control over citizens. Government-generated data often covers multiple topics and 

is collected with varied purposes in mind, such as policymaking and planning (White, 2003:68). Public 

institutions keep records of their activities, which can be aggregated into statistics. Official statistics has 

several advantages. First and foremost, the secondary data contains a greater and wider sampling than 

would be possible if the researcher would collect the data by him- or herself. This is also something that 

saves a lot of work (David & Sutton, 2016:234). Official statistics and secondary data tend to be 

collected in ways that are more robust than those available to the individual researcher, which has to do 

with that public institutions want to maximize the utility of the data (White, 2003:69). However, it is 

important to point out that in some circumstances, the data is not even based on samples. Instead the 

cases included in the statistics are all possible cases and thus a complete picture is given through the 

data. Furthermore, it is possible to analyse the data cross-sectionally, i.e. combining different variables 

(Bryman, 2016:319). 

Among other advantages of secondary data is to use it as an unobtrusive method. Social researchers are 

often reliant on measures of social phenomena by methods that makes the objects of study prone to 

reactivity. When people know that they are a part of a study, a part of their replies of behaviour is 

probably influenced by their knowledge that they are being investigated. This is not the case of official 

statistics, which make it more of an unobtrusive method (Bryman, 2016:323). Another good thing, 

especially within geography and planning, is that official data tend to be spatially referenced. Since 

governments and state is divided on different geographical and functional scales, the official 

statistics/secondary data can be found tied to these functional units (White, 2003:69). Among the pitfalls 

of the secondary data is that the researcher needs to be aware that the data has been collected by someone 

else for other purposes. The data can be prone to simplifications and manipulations of political nature 

as well (White, 2003:69).  

5.4 Data sources 

This section describes the sources of the (secondary) data used in the analyses.  
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5.4.1 Basic cartographic material 

All base-map layers used for spatial analysis have been acquired from Lantmäteriet (the Swedish 

mapping, cadastral and land registration authority), through the geodata download function. The map 

type that has been used is GSD-General map (översiktskartan). It is a vector-based based map that 

covers the whole Sweden and is delimited by the territorial boundary in the sea and the national 

boundaries with Finland and Norway. The coordinate system of the map is SWEREF 99 TM 

(Lantmäteriet, 2019). In table 1, the included map layers from Lantmäteriet are presented.  

Table 1: Map layers from Lantmäteriet.  
Layer  Geometry type Default name Edited? 

Sea polygon  mh_riks.shp  

County  polygon an_riks.shp Grouped into three regions: Götaland, Svealand and Norrland 

Lake polygon ms_riks.shp All lakes except Vänern, Vättern, Mälaren, Sommen deleted.  

Built-up area polygon  mb_riks.shp  

Municipalities 
(boundaries) 

lines al_riks.shp  

Roads  lines vl_riks.shp Grouped into public (allmänna) and private roads (enskilda). 

5.4.2 Railways and roads 

The geographical data of the two transport systems in question has been acquired from the Swedish 

Transport Administration. Through the system Lastkajen, private companies and private persons can 

obtain official data on the Swedish railway system. The geodata on railway system derives from the 

database National Railway Database NJDB (Nationella Järnvägsdatabasen). The railway data 

(Sverige_jarnvag_shape_3) was downloaded as a package consisting of 83 layers with different 

components and information. According to the metadata, the layer-package was last updated 2019-02-

08. Its default coordinate system is set to SWEREF 99 TM. In table 2, the layers that have been included 

in the spatial analysis are presented.  

Table 2: Geodata on railways from The Swedish Transport Administration. 
Layer Geometry 

type  
Default name Remark 

Infrastructure manager 
(Infrastrukturförvaltare) 

Line …Infrastrukturforvaltare.shp All features deleted except those 
managed by Trafikverket, Inlandsbanan 
AB and Region Stockholm.  

Level-crossing 
(Plankorsning) 

Point …Plankorsning.shp All features deleted except those located 
on lines managed by the above-
mentioned principals. 

Grade-separated crossing 
(Planskild korsning) 

Point Planskild_korsning.shp All features deleted except those located 
on lines managed by the above-
mentioned principals. 

Station platform 
(Plattform) 

Line …Plattform.shp  

Maximum train speed 
(STH A/B/S-tåg) 

Line  All features deleted except those located 
on the above-mentioned lines. 

The Swedish Transport 
Administration’s railway 
(Trafikverkets 
spåranläggning) 

Line ..Trafikverkets_sparanlagg.shp All features deleted except Stomjärnväg, 
e.g. tracks with no traffic.  

Train flow (trains per day) 
(Tågflöde (VMD)) 

Line …Tagflode_xVMDx.shp VMD 

 

The geodata on grade-separated crossings on Roslagsbanan, which is owned by Region Stockholm, were 

acquired through the geodata service portal provided by Municipality of Stockholm.1 In the file NVDB 

                                                      
1 Accessible through https://dataportalen.stockholm.se/dataportalen/ [2019-04-22] 

https://dataportalen.stockholm.se/dataportalen/
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– Bro och tunnel, all grade-separated crossing in the entire county were available. The grade-separated 

crossings were extracted from the file by a basic GIS-operation and then converted to points.2  

In order to obtain numbers on daily traffic flows on the road that intersects the railways in level-

crossings, some geodata have been acquired from the National Road database NVDB (Nationella 

vägdatabasen) (see table 3). The geodata for this transport system is packaged as a geodatabase-file, 

also with a default SWEREF 99 TM coordinate system.  

 

Table 3: Geodata on roads from The Swedish Transport Administration.  
Layer Geometry 

type  
Default name Remark 

Vägdata Geodatabase  …Vägdata~\Öppna data.gdb  

 

Since the geodatabase-file consists of 3 668 487 features, with approx. 130 columns, it requires a lot of 

computation power to process and handle the data. It was however only one data column that was of 

interest in this file, namely road traffic per day (AADT). Since most road lines do not have a level-

crossing, a basic GIS-operation was conducted. By selecting roads by location (source layer = Vägdata) 

based on their proximity to level-crossings (target-layer: level-crossings), it was possible to select the 

road lines that are intersected by a level-crossing point.3 By this operation, the number of road lines 

were reduced to 44 788. The attributes regarding traffic flows were then spatially joined with the level-

crossing point layer, so that as many as possible level-crossings were assigned with an average value on 

how many motor vehicles pass the specific crossing each day.  

5.4.4 Level-crossings 

The data on level-crossings in this thesis has two origins, which one is the point-layer mentioned above. 

Although, a far more important source is the register of all level-crossings in Sweden, which is regularly 

updated and can be obtained from the website of the Swedish Transport Administration (2019b).4 

Regarding this thesis, the original datasheet was last updated 2019-02-18. In table 4, the data columns 

that were kept for the analysis are outlined.  

Table 4: Saved content in level-crossing register. 
ID Mode of operation 

Administrative region (Trafikverket) Geographical coordinates (SWEREF 99 TM) 

County Road traffic (AADT) 

Municipality Speed limit road 

Road net type Speed limit rail (STH) 

Road type Infrastructure manager 

Level of protection   

5.4.5 Population 

Data on the spatial distribution of the Swedish population has been retrieved from the governmental 

agency Statistics Sweden (SCB). They provide a grid over the whole of Sweden. In this grid, each cell 

corresponds to one square km and contain data on how many registered residents there are living in the 

cell. This map layer has been used to estimate an accumulated risk exposure based on the number of 

people living in within a 10 km radius from a level-crossing.  

                                                      
2 Select by location: source layer = NVDB – Bro och tunnel. Target layer: Roslagsbanan. Spatial selection 

method for target layer feature(s): intersect the source layer feature. Feature to points.  
3 Spatial selection method for target layer feature(s): are within a distance of the source layer feature (50 

meter).  
4 Accessible through https://www.trafikverket.se/tjanster/system-och-verktyg/forvaltning-och-underhall/PLK-

webb/lista-med-alla-plankorsningar/  

https://www.trafikverket.se/tjanster/system-och-verktyg/forvaltning-och-underhall/PLK-webb/lista-med-alla-plankorsningar/
https://www.trafikverket.se/tjanster/system-och-verktyg/forvaltning-och-underhall/PLK-webb/lista-med-alla-plankorsningar/
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5.4.6 Data on accidents (Strada)  

Data regarding accidents have been acquired through the Swedish register for traffic accidents - Strada 

(Swedish Traffic Accident Data Acquisition). The register is managed by the Swedish Transport Agency 

and includes data on accidents that have occurred in the Swedish road system. Events are reported into 

the system by the police and/or hospitals. This yields a comprehensive picture of occurred accidents – 

both in terms of medical injuries as well as circumstances from the accident scene. The purpose of Strada 

is to aggregate data regarding traffic accidents to support the proactive work for traffic safety and thus 

preventing future traffic accidents to occur. With the help of the information in Strada, it is possible for 

e.g. public agencies and municipalities to achieve a better work in these matters. The purpose and 

importance of Strada have been even more accentuated by the introduction of the policy goal Vision 

Zero (Swedish Transport Agency, 2019). Through the Strada register, data on each accident involving 

a train and another vehicle have been obtained, including geographic coordinates.  

5.5 Dataset and delimitations  

The core idea of the dataset used in the analyses is that existing level-crossing, when possible, have been 

assigned with occurred accidents through a basic visualization in GIS. The occurred level-crossing 

accidents have been cross-referenced with the location of existing level-crossings. Level-crossings that 

share the same location as an occurred accident have been assigned with a value that indicates that the 

specific level-crossing is a level-crossing where one or more accidents have occurred.  

5.5.1 Railway tracks 

The data sample used within the spatial analyses and logistic regression analysis consists of a total of 

7748 cases. Each case represents one of the level-crossings that fall within the delimitations of the thesis. 

The absolute majority of the cases, a total of 5337 level-crossings, represent level-crossings that are in 

service, or at least were by February 18th, 2019. The remaining 2411 cases represent level-crossings that 

are not in service anymore.  

Originally, in the level-crossing register, provided by the Swedish Transport Administration, there was 

a total number 12 067 level-crossings. This number does however include level-crossings owned by 

private companies, municipalities and non-profit organizations. Thus, level-crossings located on 

industrial properties, ports and heritage railways have been deleted. The point of departure for what 

cases to include in the analysis is that a level-crossing must be owned and/or managed by one of the 

following: 

- The Swedish state through the Swedish Transport Administration 

- The municipality-owned company Inlandsbanan AB  

- The Region Stockholm 

Furthermore, the level-crossing must be located on a railway track. Tramways, such as light rails in 

Stockholm county, are not included. Thus, the only regionally owned railways that are included in the 

analysis, are the railway-lines Roslagsbanan and Saltsjöbanan in Stockholm county (see figure 11). 

These two railway-lines are included because they have a high number of passengers, are located in a 

densely populated area and stand for a considerable amount of the level-crossings in Stockholm county.  

Inlandsbanan is an approx. 1100 km long railway line in the deep hinterland of the northern half of 

Sweden. In order to prevent a closure of the railway, the management of the railway was transferred 

from the state to the new company Inlandsbanan AB. This company is in turn owned by municipalities 

in which the railway stretches through. Today, the railway has both passenger and freight traffic 

(Skogforsk, 2016). Considering the remarkable length of the line, and the substantial number of level-

crossings, Inlandsbanan cannot be ignored in an analysis of railway safety. Therefore, it is included in 

analysis, even though it is not strictly managed by the state.  

Regarding the state-owned railway, there are a total of approx. 16 500 track-km railway in Sweden. A 

little over 14 100 line-km (i.e. track-km) are managed by the Swedish state (Swedish Transport 

Administration, 2016). The majority of the infrastructure, 9062 line-km, consists of single tracks, while 
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4220 line-km constitute double tracks. The total route length of the double tracks is therefore approx. 

half of the line-length, i.e. 2028 route-km.  

 

 
Figure 11: Included railway-tracks with enlargement over Stockholm metropolitan region. 

5.5.1 Level-crossings 

With an outset in the specified railway tracks above, the level-crossings that are included in the data 

sample meet the following criteria: 

- Located on: 

- … tracks managed by the Swedish Transport Administration, Region Stockholm or 

Inlandsbanan AB.  

- … tracks in service with regular traffic (stomjärnväg). 

- … streets with motor traffic permitted. 

- Not located on: 

- … tracks classified as miscellaneous tracks (övrig järnväg), production track 

(produktionsspår) or education (järnvägskolan utbildningsverksamhet).  
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- … on tracks classified as miscellaneous tracks (övrig järnväg), production track 

(produktionsspår) or education (järnvägskolan utbildningsverksamhet).  

- … tramway track or light railway tracks. 

- … railway-stations or intersecting a station-platform line feature in GIS 

- … within railyards.  

- … inside railway-tunnels such as Citybanan in Stockholm or Citytunneln in Malmö. 

- … on streets and roads with only pedestrian traffic permitted. 

- Furthermore, level-crossings without an explicit status of being in service or closed or an 

explicit status of level of protection have been excluded as well.  

- Level-crossing that have not been possible to refer to an existing railway track have also been 

excluded.  

5.5.2 Accidents 

Data on occurred level-crossing accidents have been requested from the Strada register. The total 

number of accidents included in the dataset is 161 accidental cases. The data request from the register 

were based on the requirements or conditions: 

- Traffic incident involving a train and a motor vehicle, occurred in the time period from 2003 to 

2018.  

The original data sample supplied by the Swedish Transport Agency consisted of 275 accident cases. 

From that raw file, refinements were done based on the following criteria:  

- Only accidents a train on one hand and a motor vehicle on the other hand are included. Accidents 

with involving bikes and pedestrians are excluded. 

- Only accidents in level-crossings are included. Collisions between trains and motor vehicles on 

other places along the railway are excluded.  

- Only accidents in the public road network are included. Accidents in ports, industrial areas or 

rail yards are excluded. This is to exclude accidents that rather should be defined as workplace 

accidents than traffic accidents in the public road network with private road users. 

- Accidents on other tracks than on the one specified section 5.5.1 are excluded, such as accidents 

on heritage railways, industrial railways or tramways.  

With these conditions, there are 168 accident cases in the dataset. Each of the accidents have then been 

spatially referred to an existing level-crossing in the level-crossing register by the use of GIS. It is 

noteworthy to point out that 7 of the accidents have occurred in the same level-crossing as another 

accident. These accidents have been excluded from the dataset since each case of level-crossing can 

only be assigned with one accident. It is either a level-crossing with an accident or without. The quantity 

of accidents in each level-crossing does not matter.  

It was in the first instance not possible to assign certain level-crossing accidents to existing level-

crossings. However, for each one of these, a new point feature representing the case with the level-

crossing and its associated accidents, have been created in GIS, based on its geographical coordinates. 

In most of these cases, media coverage of the level-crossing accidents has been used to determine the 

variables, whilst in some cases the attributes from the neighbouring level-crossing have been used. The 

features for each accident case are outlined in table 5. 

Table 5: Features of accident cases. 
Attributes in Strada register file 

Municipality 

County 

If applicable: road or street where the accident occurred. 

Geographical coordinates  

Status of streetlights 

Time of day 

Involved vehicles 
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5.6 Variables and hypotheses 

In the logistic regression analysis conducted within the scope of this thesis, a series of independent 

variables have been included. As mentioned above, the aim of the analysis has been to determine and 

measure the association between the independent variables and an increased risk of level-crossing 

accidents to occur. In this section, all included variable will be presented. When applicable, a rough 

hypothesis concerning the association between the variable and the risk of level-crossing accident are 

formulated, as well as the data source. 

5.6.1 The dependent variable 

The dependent variable in the regression analysis is whether an accident has occurred or not in the 

specific level-crossing. One or more occurred accidents yield the number (accident = 1) for the entire 

case that each level-crossing constitute. This binary dependent variable is the very rationale of 

conducting the logistic regression. Which of the following variables increases the risk of an accident to 

occur, i.e. affecting the odds of a level-crossing to obtain the value (accident = 1).  

5.6.2 The independent variables 

Based on earlier research and available data, the following variables were included in the logistic 

regression analysis.  

County 

The variable on counties is nominal and consists of 20 categories. The data comes from its geographical 

location. Hypothesis: there is an increased risk for accidents in peripheral counties than in core-counties 

such as Stockholm, Västra Götaland, Skåne and Östergötland. 

Status 

The status variable refers to the level of protection. The variable is also nominal and consists of three 

categories based on the three levels of protection in a level-crossing: passive, semi-active and active. 

The data source is the level-crossing register together with the railway data from the Swedish Transport 

Administration. Hypothesis: a strong association between a passive and semi-active level-protection and 

an increased accident risk.  

Road traffic 

Road traffic is a scale variable with values on how many motor vehicles that cross the level-crossing on 

an average day (24h). The numbers on traffic flows are the calculated on the accumulated traffic flow 

for a year divided by 365. That gives a daily average (Swedish Transport Administration, 2013). The 

data comes from the National Road database NVDB in first-hand, and from the level-crossing register 

in second-hand. Hypothesis: a positive association between increased traffic volumes and increased risk 

for accidents.  

Traffic flow on railway 

Traffic flows on railway also constitute a scale variable. The number is indeed also based on traffic per 

day. In the same way, the traffic flows are based on trains on an average day (VMD). For the state-

managed railway network, the data source is the National Rail Database NJDB. For Inlandsbanan, data 

on traffic flow for each segment of the railway has been retrieved from Skogforsk (2016). For data on 

the railways owned and managed by Region Stockholm, the data on daily traffic has been acquired from 

current timetables for each railway line. For all three types of railway, the hypothesis is the same: 

positive association between an increasing number of trains per day and increased accident risk.  

Speed limit road 

The speed limit on the roads intersecting the railways in the level-crossing is another continuous variable 

based on a scale. The limits are assigned from National Road database NVDB. The hypothesis is based 

on the assumption that a higher speed equals a longer reaction time. Since the road users need more time 

to react and stop their vehicles, the hypothesis is that there is a positive association between increasing 

speed limit and risk for accident.  
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Speed limit rail  

It is regulated how fast a train is allowed to travel on each rail segment, which is expressed as a maximum 

speed (STH). According to Monell (2006:50), the speed affects primarily the conseqences of an accident, 

but does also increase the probability by making it harder for the road user to detect an approaching train 

in due time. The potential train speed is also an important scale variable, which also derives from 

National Rail Database NJDB. Based on the assumption that a faster train gives less time for the road 

user to detect and react to the approaching train, the hypothesis is that there is a positive a positive 

association between a higher potential train speed and an increased risk of accident. 

Double tracks 

Whether a railway consists of more than one track is a nominal variable with dichotomous 

categories/values. If there are more than one track in the level-crossing, this variable is coded as 1. The 

data comes from the general map from Lantmäteriet which surprisingly included data on railways with 

double tracks. This data has undergone basic GIS-operations5 and been merged with the level-crossing 

point layer. Since the road users need to scout for approaching trains from two directions, the hypothesis 

is that double tracks increase the risk for accidents. When an approaching train has passed the crossing, 

the road user might think it is safe to pass, while in fact another train is approaching from the other 

direction (Monell 2006:51).  

Built-up area 

Another dichotomous nominal variable is whether the level-crossing is located in a built-up area. This 

information derives from a GIS-operation6 of selecting all level-crossing points that intersect the source 

layer of polygons of built-up areas. Those intersecting the polygon has been coded with as 1, while the 

level-crossings in “rural” areas have been coded as 0. No hypothesis has been formulated for this 

variable.  

Road category 

The National Road database NVDB includes a classification of the road types within the Swedish road 

network. Road category is therefore a nominal variable consisting of six categorial values. Europaväg 

refers to a road within the International E-road network that often have freeway standard. Gata refers 

to a street within built-up areas. Gata som även är länsväg/riksväg refers to highways within built-up-

areas. Länsväg/riksväg refers to national highways. Ägoväg refers to private roads that are located on 

properties. Övriga vägar (enskild) are roads that are owned and managed by someone else than the state 

or municipalities. No hypothesis has been formulated.  

Extended sound signals 

Some level-crossings have an extended period of time when the bells sounding. The hypothesis is that 

with a longer warning time before the approaching time reaches the crossing, there is a decreased risk 

of accidents.  

Alcohol sales per capita 

For the sake of referring the road safety to external factor outside the infrastructure as such, data on 

alcohol in each county is included. The Swedish alcohol monopole chain Systembolaget reports on how 

much alcohol that has been sold each quarter in each county. The values of this scale variable are 

presented based on county. The data in the logistic regression analysis refers to the total amount of litres 

of pure alcohol per capita, sold during 2018, in each county (Systembolaget, 2019). The hypothesis is 

that there is a positive association between increased alcohol sales and accident risk.  

Reports on drunk driving incidents 

In analogy with the alcohol sales per capita, the actual number of reported incidents of drunk driving is 

also interesting. This scale variable does also consist of data on county-level. The data are obtained from 

The Swedish National Council for Crime Prevention (2019). The data covers the number of reported 

crimes of drunk driving in each county. Since the statistical regions have been changed since 2015, the 

                                                      
5 Select by attributes (double track), Join data → Join data from another layer based on spatial location 

(double tracks with level-crossings).  
6 Select attributes by location → Target layer: level-crossing; Source layer: built-up area polygon (Spatial 

selection method for target layer feature(s): intersect the source layer feature.  
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included data is from 2014. The hypothesis is, like the one concerning alcohol sales, that there is a 

positive association between a high number of reported crimes and an increased risk.  

5.7 Population and risk assessment  

As a final and concluding part of the thesis, the identified risks for level-crossing accidents have been 

returned to the GIS for a final spatial analysis. The level-crossings that meet the criteria of being 

hazardous or risky crossings are identified through basic GIS-operations, in which the attributes that are 

associated with increased risk are selected and geographically projected. This part of the analysis has 

however included population as a component of risk. The more people that are nationally registered as 

living in the proximity of the crossing increases the risk in terms of exposure. It is not bold to argue that 

the more people that are exposed to the danger or risk itself, the more serious the hazard becomes and 

thus the risk gets riskier. Calka et al. (2016) argue that population density is a key variable for estimating 

how many people that are exposed to risk. Information on the spatial distribution is of critical importance 

in supporting decision-making in risk assessment. This is applicable on many types of risks, both natural 

hazards, as well as risks connected to human activities, such as technological accidents. The extra 

dimension of spatial distribution of people, have therefore been included, through the use of population 

data from Statistics Sweden. Each crossing has been given a value on how many people that live within 

a radius of 10 km. The more people, together with the associated risk factors, the greater risk and 

exposure to risk.  
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6 Empirical findings 

With the empirical data, consisting of level-crossings in Sweden, it is possible to examine these 

crossings from a spatial perspective. In this results chapter, the empirical findings are presented. Firstly, 

the regional differences of the infrastructural safety of the level-crossings are mapped with regards to 

five different aspects. In the second section, the results from the logistic regression are outlined. Finally, 

in the next chapter, the risk variables identified in the regression analysis are spatially projected by 

identifying the crossings that constitute hotspots of risk in terms of their risk exposure to population.   

6.1 A spatial perspective on infrastructural safety  

The number of level-crossings that are included in this study consists of a total of 5331 crossings in 

service. Approx. only 40 pct. of the crossings have the highest level of protection with both boom-gates 

and supplemental light and sound signals. Passive crossings, with- or without any warning signs, stand 

for more than 50 pct. The semi-active crossings, i.e. those with light and/or sound signals, stand for a 

small minority. If one defines a safe level-crossing as required to be equipped with boom-gates, and 

unsafe crossing as those without, the full picture is not very positive. The passive and semi-active 

crossings stand for approx. 60 pct. of the total crossings in Sweden. It is therefore possible to deem a 

majority of the crossings as unsafe (see figure 12).  

 
Figure 12: Proportion of each safety class/level of protection in level-crossings in service.  

 

How is it possible to map infrastructural safety in general, and the differences in particular? In this 

section, five attempts to achieve this very thing are shown. There are several ways of conceiving the 

regional differences of safety. Henceforth, level-crossings, in terms of their infrastructural safety, are 

mapped in relation to the following aspects:   

- Regions 

- Grade-separated crossings 

- Major cities  

- Population distribution  

- Length of railways 

 

Active; 2121; 
40%

Semi-active; 
361; 7%

Passive; 2849; 
53%

Level of protection in level-crossings

Active Semi-active Passive
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6.1.1 Geographical distribution of level-crossings with regard to regions 

The three different categories of level-crossings can be found on railway tracks across the entire country. 

However, the absolute number and the relative share of each level of protection differ a lot between 

counties and between areas within each county (see figure 13). Some counties have an extreme 

percentage of passive crossings, while other counties, such as counties in the south, are the opposite.  

Figure 13: Proportion between level of protection in each county.   

 

In this section, the geographical distribution of the crossings and their respective level of protection are 

presented. For reasons of clarity, the overall findings are presented based on the three regions of Sweden: 

Götaland, Svealand and Norrland. 

 

Götaland  

The pattern of inter and intra-regional differences between the level of protection is very evident in the 

region of Götaland, which consists of the eight southernmost counties. There are a total number of 2235 

of crossings in service. Of these, only 898 crossings have an active level of protection. 178 are semi-
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active and 1159 are passive. This means that approx. 60 pct. of the crossings in the region lack boom-

gates. The geographical distribution of the level-crossings in Götaland is presented in figure 14.  

 
Figure 14: Geographical distribution of level-crossings in Götaland, classified according to level 

of protection.  

 

The most southward counties within Götaland: Skåne, Blekinge and Kronoberg have a relative high 

share of active crossings. The complete opposite can be said about the western county Halland and the 

eastern counties of Östergötland and Kalmar. In these counties, less than 30 pct. of the level-crossings 

have an active level (see figure 15). It is noteworthy that three railway-lines have a considerably low 

number of level-crossings in general, and passive ones in particular. These three are major railway-lines, 

that consist mainly of double-tracks, that connect the three largest cities Stockholm, Gothenburg and 

Malmö. The Västkustbanan (West Coast Track) that stretches from the city of Lund in the south, to 

Gothenburg on the west coast, has only a few level-crossings, despite its length. This also applies to the 

centrally located Södra stambanan (Southern Main Line) that leaps from Malmö/Lund to Stockholm. 

Level-crossings are non-existing, even though a few, both active and passive can be found on the line. 

This characteristic can also be used to describe a notable part of Västra stambanan (Western Main Line) 

between Gothenburg and Stockholm. Although most of the track is free from level-crossings, there is a 

cluster of them near Gothenburg.  
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Figure 15: Distribution and proportion of level-crossings in the region of Götaland. 

 

Svealand 

The region of Svealand, which consists of the seven middle-most counties, has somewhat another 

structure than Götaland. In total, Svealand has 1385 level-crossings, of which 646 have a fully active 

level of protection. 77 crossings are semi-active, while 662 are passive. The active crossings correspond 

to approx. 46 pct. of the total number of crossings in the region. Thus, approx. 54 pct. can be deemed as 

unsafe. The geographical distribution of the crossings is presented in figure 16. Each type of level-

crossing is more equally distributed in Svealand. There are many tracks where level-crossings are absent, 

especially near to Stockholm. On the contrary, there are some hotspots of passive crossings in the more 

peripheral areas in the north-east, in the county of Dalarna. Along the primary rail-lines, such as 

Svealandsbanan (Svealand Track) and Ostkustbanan (East Coast Track), and the Södra/Västra 

stambanan (West/South Main Line), there exist just a few level-crossings, of which less than 10 are 

passive. The same can describe Mälarbanan (Mälaren Track).  

 
Figure 16: Geographical distribution of level-crossings in Svealand, classified according to level of 

protection.  
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Overall, the counties in Svealand have a more equal share of each level-crossing category. With the 

exception of two counties, Värmland and Dalarna, that have more than 50 pct. passive crossings. With 

more than 60 pct., Västmanland has the highest proportion of active crossings, directly followed by the 

core counties of the capital Stockholm and its neighbouring Södermanland county (see figure 17).  

 

 

Figure 17: Distribution and proportion of level-crossings in the region of Svealand. 

 

Norrland 

Norrland, the northern region of Sweden, covers more than half of the surface of the country. In total, 

there are 1711 level-crossings, owned and/or managed by the Swedish state or Inlandsbanan AB. The 

number of active crossing is 577, which is just one third. Semi-active crossings (a total of 106) and 

passive crossings (a total of 1028) thus stand for approx. 66 pct. Along Inlandsbanan, the majority of 

the level-crossings are passive. This is a stark contrast to the railway tracks next to the east coast, where 

the share of active crossings is much higher. Along Botniabanan (Botnia Track), there are almost no 

level-crossings at all, with the exemption a few passive ones (see figure 18).  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Dalarna county

Stockholm county

Södermanland county

Uppsala county

Värmland county

Västmanland county

Örebro county

Distribution and proportion of level-crossings in the counties of Svealand

Active Semi-active Passive



42 

 

 
Figure 18: Geographical distribution of level-crossings in Norrland, classified according to level of 

protection.  

 

Gävleborg has the highest share of active crossings, with just around 25 pct. passive ones. As evident, 

the other counties have at least 50 pct. passive crossings, with almost 75 pct. in counties of Jämtland 

and Västerbotten (see figure 19). Inlandsbanan stretches through all the counties. The bad proportions 

in four of the counties can therefore be addressed to the general high share of passive crossings along 

Inlandsbanan.  
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Figure 19: Distribution and proportion of level-crossings in the region of Norrland. 

6.1.2 Level-crossings in relation to grade-separated crossings 

According to the data provided by the Swedish Transport Administration, there exist 4640 grade-

separated crossings in Sweden (with 111 additional crossings on Roslagsbanan). The absolute majority 

of them, 4510 crossings, is located on the state-managed rail-network. 31 on the crossings located 

outside the state-owned railway system in service, are located along the Inlandsbanan (see figure 20).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 20: Geographical distribution of grade-separated crossings.  
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As evident in figure 20, grade-separated crossings exist all over the country. With a visual examination 

of the geographical distribution, it is hard to distinguish any regional differences, except for the obvious 

lack of grade-separated crossings along Inlandsbanan. However, 1004 of the crossings are designed for 

the specific use by pedestrians. Therefore, the number of grade-separated crossings that are used for the 

same purpose as the included level-crossings, i.e. for motorized traffic, is 3506. Including Roslagsbanan, 

the number is 3617 grade-separated crossings.  

The proportion or ratio between grade-separated crossings and level-crossings in each county is 

presented in figure 21. In this figure, some regional differences are very evident. In the counties of for 

example Dalarna, Jämtland, Västerbotten and Kalmar, the percentage of grade-separated crossings are 

below 20 pct. At the other side of the spectrum, the counties of Stockholm and Uppsala have more than 

70 pct. grade-separated crossings. Furthermore, the adjacent county of Södermanland has 69 pct. grade-

separated crossings. With their proximity to the capital, these three counties can indeed be perceived as 

a core region of Sweden.  

 

 
Figure 21: Total and relative number of grade-separated crossings (excl. crossings for pedestrians) 

compared to total and relative number of level-crossings in each county.   
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These patterns can be examined even more. By conceptualizing level-crossings as above: active 

crossings as safe and semi-active/passive crossing as unsafe, the regional differences look slightly 

different. With these definitions or classifications, Blekinge county should be deemed as the safest 

county in Sweden (see figure 22). Blekinge is tightly followed by Kronoberg county. The central 

counties of Stockholm, Södermanland and Uppsala still have a very high percentage of safe crossings. 

From this view, even the third biggest metropolitan area, Skåne county has a very high safety with more 

than 85 pct. safe crossings. This does also apply to Västmanland county, which has a score of a just a 

little more than 80 pct.  

 

 
Figure 22: Total and relative number of safe (grade-separated crossings and active level-crossings) 

compared to the total and relative number of unsafe crossings (semi-active and passive level-crossings) in 

each county.  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Blekinge county

Dalarna county

Gävleborg county

Halland county

Jämtland county

Jönköping county

Kalmar county

Kronoberg county

Norrbotten county

Skåne county

Stockholm county

Södermanland county

Uppsala county

Värmland county

Västerbotten county

Västernorrland county

Västmanland county

Västra Götaland county

Örebro county

Östergötland county

Safe vs. unsafe crossings

Grade-separated crossings Active level-crossings Semi-active/passive level-crossings



46 

 

On the other hand, some counties score really bad in terms of safe crossings. Once again, the peripheral 

counties of Västerbotten and Jämtland have almost 70 pct. unsafe crossings, which constitute a stark 

contrast to the above-mentioned core counties. The other counties, such as Östergötland, Västra 

Götaland and Norrbotten have more balanced proportion between safe and unsafe crossings in the 

interfaces of railways and roads.   

6.3.3 Level-crossings with regard to major cities 

Another way of analysing the regional discrepancies of infrastructural safety is to examine the level-

crossings with regard to major cities in Sweden. By examining how many level-crossings that are located 

in proximity to each of the major cities, the geographical distribution with regard to urban areas are 

mapped. Are the level-crossings and the grade-separated crossings generally located in a proximity of 

these urban areas? To capture this aspect, a buffer analysis has been conducted. The points around which 

the buffer zones have been created, with radiuses of 50-km, are constituted by the cities that have a 

population of at least 50 000 inhabitants and a railway (see figure 23).  

 

  
Figure 23: Major cities with 50-km buffer zones (N.B.: although there are large municipalities within 

Stockholm metropolitan area, Stockholm is defined as one major city).   
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Level-crossings can either fall within the buffer zone of each of the major cities. A compilation of the 

results for each of the counties are presented in figure 24. It is evident that some counties completely 

lack level-crossings inside buffer-zones. This can either be explained by that they do not have any major 

city inside their own or in their neighbouring counties. It can also be the case that there are no level-

crossings inside the buffer-zones. This is apparently the case of Norrbotten, Jämtland, Halland, Dalarna 

and Blekinge. On the opposite, the majority of crossings in certain counties are located inside the buffer-

zones, e.g. in the case of Östergötland, Uppsala, Södermanland and Stockholm. These counties have 

several major cities which more or less cover the entire surface of each county.  

 

 
Figure 24: The number of level-crossings inside or outside buffer-zones in each county.  

 

It is perhaps more fruitful to examine the proportion of the total number of level-crossings that are 

located in the proximity of major cities. As evident in table 6, the number of crossings of each category, 

that fall within the buffer-zones, are presented. How many pct. out of the total number of crossings 

within each category, are also presented. Almost half of the active, and more than half of the grade-

separated, are located within 50 km from a major city.   

 

Table 6: Total number and percentage of each type of crossing within buffer-zones.  
Cities with min. 50 000 inhab. 

 No. of LC inside 
buffer-zones 

Pct. of 
total LC 

Active 927 44 % 

Semi-active 85 23 % 

Passive 694 24 % 

Grade-separated 1989 55 % 

 

To further examine the proximity to major cities, an additional buffer-analysis has been conducted. In 

this one, only the cities with a population of at least 100 000 have been included, i.e. Stockholm, 

Gothenburg, Malmö, Uppsala, Linköping, Västerås and Örebro. It is still a substantial amount of 
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crossing, not at least of the active level-crossings, but especially the grade-separated crossings, that are 

located near the largest cities. The total population of these cities are approx. 2.85 million, which 

correspond to approx. 28 pct. of the total population. In table 7, the number and proportion of crossings 

in the proximity to the largest cities are presented.  

 

Table 7: Total number and percentage of each type of crossing within buffer-zones. 
Cities with min. 100 000 inhab. 

 No. of LC inside 
buffer-zones 

Pct. of 
total LC 

Active 435 20% 

Semi-active 45 12% 

Passive 392 14% 

Grade-separated 1433 40% 

 

The geographical distribution of the level-crossings, in relation to the two types of buffer-zones, are 

presented in figure 25. As evident, there is an emphasis with safer crossings in the proximity to large 

cities, and a majority of the unsafe crossings in more rural areas.  

 

 
Figure 25: Spatial results from the two buffer-analyses. 
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6.1.4 Level-crossings with regard to distribution of population 

Another way of examining the possible regional discrepancies is to compare the number of level-

crossings with the number of inhabitants in each county. By doing this, it is possible to assess the risk 

levels proportionally. For the geographical distribution to be just, the proportions of each category of 

level-crossing should be more or less proportional to the share of population in each county. In table 8, 

the population, both relative and absolute, of each county are outlined. Furthermore, respective county’s 

percentage out of the total amount of safe and unsafe crossings are also presented. Counties that have a 

higher proportion of active crossings are marked with green, while counties with a bigger proportion of 

unsafe crossings are marked with red.  

 

Table 8: Absolute and relative population and share of safe and unsafe crossings (SCB, 2018).  
County Inhab. (Q4 2018) Pct. of pop.  Pct. of active LC Pct. of unsafe** LC 

Blekinge county 159 684 1,561% 2,782% 0,187% 

Dalarna county 287 191 2,807% 8,439% 8,972% 

Gävleborg county 286 547 2,801% 7,779% 2,212% 

Halland county 329 352 3,219% 1,980% 4,891% 

Jämtland county 130 280 1,273% 5,469% 12,492% 

Jönköping county 360 825 3,527% 5,233% 6,698% 

Kalmar county 244 670 2,392% 3,630% 6,231% 

Kronoberg county 199 886 1,954% 1,697% 0,436% 

Norrbotten county 250 497 2,449% 4,196% 5,639% 

Skåne county 1 362 164 13,315% 10,420% 2,399% 

Stockholm county 2 344 124 22,914% 2,782% 1,402% 

Södermanland county 294 695 2,881% 2,640% 1,495% 

Uppsala county 376 354 3,679% 1,697% 1,246% 

Värmland county 281 482 2,751% 6,318% 5,171% 

Västerbotten county 270 154 2,641% 3,395% 8,567% 

Västernorrland county 245 453 2,399% 6,365% 6,417% 

Västmanland county 273 929 2,678% 3,583% 1,402% 

Västra Götaland county 1 709 814 16,713% 14,851% 17,414% 

Örebro county 302 252 2,955% 4,998% 3,333% 

Östergötland county 461 583 4,512% 1,744% 3,396% 

TOTAL 10 230 185* 

*Including Gotland county (59 249 inhab.); **Passive and semi-active 
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The same trends are presented geographically in figure 26. A general trend is that counties with less 

inhabitants have a relative higher proportion of the risky level-crossings.  

Figure 26: Comparison between share of population, active and semi-active/passive level-crossings. 

6.4.5 Level-crossings with regard to length of railways 

Another way of examining the possible regional discrepancies in safety is to examine the proportion of 

level-crossings and grade-separated crossings based on the total length of railway tracks in each county. 

In table 9, the number of safe and unsafe are calculated for each county. The number of crossings of 

each type per km railway yields a ratio. The higher ratio, the bigger proportion of safe crossings per 

each km railway. For example, there are 18 safe crossings per each unsafe crossing in Blekinge. In other 

counties, unsafe crossings are more common, as for example Västerbotten and Jämtland. That yields 

number less than 1. The counties with more safe crossings per km are shown in green, while counties 

with the opposite characteristic are shown in red.  

 

Table 9: Railway length, number of crossings per km railway and the ratio for each county. 
County Railway route 

length* in km 
Safe crossings 
per km 

Unsafe crossings 
per km 

Ratio 

Blekinge county 168,90 0,65 0,04 18,17 

Dalarna county 708,43 0,40 0,41 0,99 

Gävleborg county 820,58 0,36 0,09 4,17 

Halland county 402,47 0,71 0,39 1,82 

Jämtland county 879,86 0,21 0,46 0,47 

Jönköping county 726,34 0,48 0,30 1,62 

Kalmar county 388,96 0,35 0,51 0,68 

Kronoberg county 256,35 0,52 0,05 9,50 

Norrbotten county 1308,58 0,14 0,14 0,99 

Skåne county 1086,85 0,46 0,07 6,56 

Stockholm county** 818,33 0,63 0,05 11,44 

Södermanland county 513,15 0,58 0,09 6,19 

Uppsala county 384,31 0,60 0,10 5,80 
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Värmland county 517,91 0,58 0,32 1,81 

Västerbotten county 922,17 0,15 0,30 0,49 

Västernorrland county 897,95 0,30 0,23 1,32 

Västmanland county 420,23 0,46 0,11 4,29 

Västra Götaland county 1539,50 0,55 0,36 1,51 

Örebro county 656,65 0,41 0,16 2,53 

Östergötland county 494,80 0,43 0,22 1,95 

*Double tracks counted as single tracks 

**Double tracks on Roslagsbanan not subtracted 

 

In figure 27, the ratios of crossing categories between regions are visualized. As evident, in e.g. in the 

counties located in the hinterland of Northern Sweden, there is less than 1 safe crossing per every unsafe 

crossing. This is a stark contrast to e.g. Stockholm county and Skåne county, where it can be between 4 

to 18 safe crossings per each unsafe counterpart.   
 

 
Figure 27: The ratio between safe and unsafe crossings.   
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6.2 Identifying risk factors: Logistic regression 

analysis 

As previously mentioned, the purpose of the logistic regression analysis within the scope of this thesis 

is to determine if there are any factors that affect the probability or risk for an accident to occur in a 

level-crossing. One of the distinguishing features of a logistic regression analysis is that the dependent 

variable, in this case if an accident occurs or does not occur, is binary and can only fetch two values 

(Djurfeldt & Barmark, 2009). The data sample consists of 7748 level-crossings, both in operation and 

closed. 162 of these level-crossings have been the accident site for a collision between a train and a 

motor vehicle. The variables included in the analysis are described in section 5.6.  

The risk of an accident in a level-crossings can be defined as: 

 

𝑟𝑖𝑠𝑘 𝑜𝑓 𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡 = 𝐿𝐶𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡 ÷ 𝐿𝐶𝑡𝑜𝑡 =  162 ÷ 7748 =  0,02090862 ≈ 0,02 % 

 

The basic probability of an accident is therefore 0,02 %.  

6.2.1 Logistic regression model summary 

The first part of the results and output from the regression analysis is a summary (see table 10). In this 

table, the number of cases included in the analysis are presented and if any cases are missing and thus 

excluded (Djurfeldt & Barmark, 2009:135). Apparently, 13 cases were missing in the analysis. These 

13 crossings were all closed crossings for which it has not been possible to determine any level of 

protection when they were in service. Thus, 7735 cases remained in the analysis and a total of 0,2 pct. 

were left out due to their missing status.   

 

Table 10: Case Processing Summary 

Unweighted Casesa N Percent 

Selected Cases Included in Analysis 7735 99,8 

Missing Cases 13 ,2 

Total 7748 100,0 
Unselected Cases 0 ,0 
Total 7748 100,0 

 

The next step is a classification table (see table 11) which demonstrates the predicted classification of 

each case. The prediction is based on the distribution of the dependent variable. Since the probability 

for an accident is only 0,02 %, all the level-crossings with accidents will be predicted as crossings 

without accidents. It is more probable that a level-crossing will not be the site for a traffic accident than 

having an accident (cf. Djurfeldt & Barmark, 2009:135).  

 

Table 11: Classification table 

 

Observed 

Predicted 

Accident Percentage 
Correct 0 1 

Step 0 Accident 0 7586 0 100,0 

1 149 0 ,0 

Overall Percentage   98,1 

 

In table 12, another model is presented with only one constant and no independent variables. The model 

does almost predict the occurrence of accidents based on the observed frequency of accidents among 

the cases in the dataset (cf. Djurfeldt & Barmark, 2009:136). In this table it is shown that -3,930 is the 

β-coefficient or the logarithm of the odds of an accident to occur. The odds are the antilog of the same 

value, 0,020, which can be found in the column to the right in table.  
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Table 12 also shows the result of the so-called Wald test. Wald test is a statistical test that determines if 

the variables in the model are significant. The test tells whether the variables add something to the 

logistic regression model (Statistics How To, 2016).   

Table 12: Variables in the Equation  

 B S.E. Wald df Sig. Exp(B) 

Step 0 Constant -3,930 ,083 2257,090 1 ,000 ,020 

 

In table 13, the results of a test if the whole assemblage of independent variables can give a better 

explanation for the occurred accidents than each variable individually. The results are positive, which 

indicates that the model of independent variables gives a better explanation together.  
 

Table 13: Omnibus Tests of Model Coefficients.  

 Chi-square df Sig. 

Step 1 Step 174,348 36 ,000 

Block 174,348 36 ,000 

Model 174,348 36 ,000 

6.2.2 Results of regression analysis 

The likelihood for the entire regression model is presented in table 14. The value of Nagelkerke’s R2 is 

presented, which is measure on how statistically useful the model is to explain and predict the probability 

of the event to occur. It shows the proportion of variance in the dependent variable associated with the 

independent variables. A higher R 2 (with a maximum of 1) indicates that more of the variation can be 

explained by the model (IBM Knowledge Center, n.d.). The value from Nagelkerke’s R2 shows that 12,9 

pct. of the total information can be transferred back to the independent variables included in the model. 

The variables explain about 13 pct. of the total variation in accidents. 

 

Table 14: Model Summary  

Step -2 Log likelihood 
Cox & Snell R 

Square Nagelkerke R Square 

1 1297,733a ,022 ,129 

a. Estimation terminated at iteration number 20 because maximum 
iterations has been reached. Final solution cannot be found. 

 

 

The whole regression model does not help to explain what level-crossings that are most likely to have 

an accident occurring in them. The model demonstrates some variables that have an effect on the risk of 

an accident to occur. In table 15, the importance of each variable is shown, with their respective β-

coefficient, statistical significance and ExB-values.  
 

Table 15: Variables in the Equation  

 B S.E. Wald df Sig. Exp(B) 

Step 1a County   20,434 19 ,369 (n.s.)  

Blekinge -18,033 4876,560 ,000 1 ,997 (n.s.) ,000 

Dalarna -,337 ,623 ,292 1 ,589 (n.s.) ,714 

Gävleborg -1,114 ,687 2,629 1 ,105 (n.s.) ,328 

Halland  -,364 ,621 ,345 1 ,557 (n.s.) ,695 

Jämtland -3,836 2,012 3,636 1 ,057 (n.s.) ,022 

Jönköping ,152 ,633 ,058 1 ,810 (n.s.) 1,165 

Kalmar  -,782 ,623 1,575 1 ,210 (n.s.) ,458 

Kronoberg  -,838 1,152 ,529 1 ,467(n.s.) ,433 

Norrbotten  -2,725 1,162 5,498 1 ,019 (*) ,066 

Skåne ,546 ,809 ,456 1 ,499 (n.s.) 1,727 

Stockholm ,406 1,272 ,102 1 ,750 (n.s.) 1,501 

Södermanland -,762 ,875 ,760 1 ,383 (n.s.) ,467 

Uppsala -1,093 1,096 ,995 1 ,319 (n.s.) ,335 

Värmland -3,327 1,770 3,534 1 ,060 (n.s.) ,036 

Västerbotten -1,477 ,827 3,189 1 ,074 (n.s.) ,228 
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Västernorrland  -1,051 ,792 1,758 1 ,185 (n.s.) ,350 

Västmanland -,925 ,748 1,529 1 ,216 (n.s.) ,397 

Västra Götaland ,076 ,860 ,008 1 ,930 (n.s.) 1,079 

Örebro  -,511 ,633 ,650 1 ,420 (n.s.) ,600 

Status   9,160 2 ,010 (**)  

Status(1) Passive ,577 ,256 5,065 1 ,024 (*)  1,780 

Status(2) Semi-active  ,860 ,310 7,698 1 ,006 (**) 2,364 

Trains per day (VMD) ,004 ,002 3,555 1 ,059 (n.s.) 1,004 

Road traffic per day (AADT) ,000 ,000 2,951 1 ,086 (n.s.) 1,000 

Speed limit on road -,007 ,008 ,759 1 ,384 (n.s.)  ,993 

Speed limit rail (STH) ,004 ,003 1,768 1 ,184 (n.s.) 1,004 

Built-up area  ,230 ,244 ,893 1 ,345 (n.s.) 1,259 

Double tracks ,878 ,576 2,323 1 ,127 (n.s.) 2,407 

Road category   44,842 6 ,000  

Road_category(1) E-road ,389 ,447 ,760 1 ,383 (n.s.) 1,476 

Road_category(2) Street 1,544 1,083 2,036 1 ,154 (n.s.) 4,685 

Road_category(3) Highways in 
built-up areas 

,568 ,391 2,117 1 ,146 (n.s.) 1,766 

Road_category(4) Highways 1,421 ,476 8,913 1 ,003 (**) 4,140 

Road_category(5) Private road on 
property 

,468 ,265 3,124 1 ,077 (n.s.) 1,596 

Road_category(6) Private road -1,468 ,268 30,047 1 ,000 ,230 

Extended signal  ,734 ,623 1,387 1 ,239 (n.s.) 2,083 

Alcohol sales (liter per capita) ,235 ,373 ,397 1 ,528 (n.s.) 1,265 

Drunk driving reports ,000 ,000 ,160 1 ,690 (n.s.) 1,000 

Constant -6,230 2,007 9,638 1 ,002 (*) ,002 

 

Most of the independent variables have no statistical significance and can thus be discarded of being 

associated with the dependent variable. Most of the variables do not affect the risk of an accident to 

occure. There are however a few exceptions from this overarching trend. The following variables show 

statistical significance and can be used for the final GIS-operation of finding the crossings that constitute 

the greatest risk and hazard:  

- Status(1) (= passive level-crossings) 

- Status(2) (= semi-active level-crossings) 

- Road category(4) (= highway) 

 

Quite surprisingly, the is a minor statistical significance of the variable of Norrbotten (county=9). There 

is a negative association between the risk for an accident and if a level-crossing is located in Norrbotten, 

which is evident through the negative β-value or an ExB-value smaller than 1. It has a very high value 

and affects.  

The only scale variable that has some sort of effect is train per day. Even though it is not statistically 

significant per se, there is some sort of association with the risk of accident in a level-crossing. The β-

value is positive. With the value of 0,004, it implies that the risk of an accident increases with 0.4 pct. 

with each train on the track.  

Status of the level of protection seem to have relatively high association on the risk. Especially if the 

level-crossing is semi-active. If a level-crossing is semi-active, there is 8.6 pct. higher risk that an 

accident occurs compared with if the level-crossing have boom-gates and have an active status. The 

same number for a passive level-crossing is 5.77 pct. risk increase. A possible explanation why semi-

active crossings affect the risk might that these are located in relatively densely populated areas 

compared to passive crossings and thus have more traffic exposed to risks.  

The road category seems also to have an association with the risk of accidents. If a level-crossings is 

located on the road category highway (Road_category=4), the risk for accident increases a lot. Overall, 

the result of the logistic regression analysis is that all hypotheses as defined in section 5.6.2, except the 

one formulated on level of protection/status, cannot be confirmed or falsified. This is due to the lack of 

statistical significance.  
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7 Synthesis: risks and regions  

In terms of the Swedish infrastructural safety of the interfaces of roads and railways, there are indeed 

differences between the geographical units in the form of counties. Some of these counties are more or 

less consistent regarding the scores of the infrastructural safety, regardless of what aspects examined. 

Regardless which perspective or type of spatial analysis applied, some of the regions seem to have a 

deficit of the infrastructural safety of level-crossings. These counties are primarily the counties of 

Jämtland, Västerbotten and Norrbotten, with Kalmar and Dalarna right after. On the other side of the 

spectrum, the counties of Stockholm, Uppsala, Södermanland are also consistent by having a general, 

very high level on the infrastructural safety.  

With an international outlook, the general risk could be so much worse. One of the strongest features of 

Sweden is apparently the very high level on road safety. The general work towards safety since the 

1970s in general, and the implementation of Vision Zero in particular, have obviously had great effects 

on the overall road safety with many lives saved. Vision Zero has indeed shown the way forward 

regarding road safety. It should therefore benefit the safety of the railway system by implementing it as 

the guiding vision for this infrastructure network too. However, this does not diminish the trend of spatial 

inequality and regional deficits of safety.  

When examining the regional differences of the infrastructural safety, the concept of risk must be in 

focus. Considering the numerous vehicles on Swedish roads and trains on railways, the actual collisions 

between the modes of transports are quite rare. Even though there are obvious spatial differences of the 

number of these collisions, the overall safety has improved during the years. From the perspective of 

the road network, the level-crossings accidents stand for a very small share of the total number of road 

traffic accidents. From the perspective of the railway, the level-crossing constitutes much greater risk. 

With the understanding of the concept of risk as the product of probability and consequence, level-

crossings cannot be ignored as a major problem in Swedish transport policy. Of course, depending on 

the speed of the vehicles when impacting, there are no margins to consider. The point of departure must 

be that a collision between a train and a motor vehicle equals fatality. The probability may be low, but 

the consequences, if an event occurs, are catastrophic for the individual road user and his or her relatives. 

Even though the consequences are not comparable to a nuclear meltdown or an airplane crash, the risk 

must be perceived from the eyes of the users of the respective mode of infrastructure. Under bad 

circumstances, it is not only the road users that are exposed to danger. It is just the limits of one’s 

imagination that can envisage different catastrophic scenarios. Imagine if a tanker filled with gasoline 

get stuck at a level-crossing with an approaching commuter train approaching – that would be a scenario 

with the greatest hazard to the train passengers as well. By that, the risk of level-crossings is constituted 

of a low probability, but are compensated by severe consequences, which equals a high risk – a risk that 

practitioners must strive to decrease.  

Even though, there are several owners and managers of level-crossing infrastructure, the legislation and 

institutional planning framework are not that straight-forward. In the cases where both the railway 

stretch and road are owned by the state, the possibility for upgrading the level of protection or closing 

the crossing, all incitements should exist. Having just one manager of infrastructure should result in 

some benefits regarding coordination and a comprehensive view of the infrastructures networks. This 

decreases the number of stakeholders and simplifies the governance structures. However, considering 

the number of passive crossings on private roads, the context for planning is complex. With the need of 

conducting cadastral procedures by Lantmäteriet, the strive of increasing the safety is complicated. 

Furthermore, with limited resources, it is reasonable that some crossings never will get an increased 

level of protection.  

Another point is that the expansion of double-tracks and the operation of high-speed trains have resulted 

an increased safety for the road users. With the internal policies from the Swedish Transport 

Administration, any new constructions with a speed of at least 80 km/h and upgrading to double-tracks, 

must not consist any level-crossings on the stretches. Even though the new or upgraded tracks are not 

located in a core-region per se, but rather connects major cities in other areas, they nonetheless result in 
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increased safety and reduced risk. This is due to the policies of closing the level-crossings and/or 

upgrading the level of protection. This can be seen along all the major tracks, such as Västra and Södra 

Stambanan, Botniabanan and Västkustbanan. Additional trains with higher maximum speeds, might 

therefore have positive effect on the overall infrastructural safety in the railway system.  

Another plausible explanation of the safety deficit in the counties in hinterland of Northern Sweden, is 

the existence of Inlandsbanan. Even though it is state-owned, its formal status is quite unique with the 

management outsourced to the municipality-owned company. This might have created a special 

governance situation where the stakeholders have not been able to invest in upgrades of level of 

protection in the crossings. With the large number of passive crossings along this railway, the spatial 

inequality of safety gets reproduced. If this thesis would have ignored Inlandsbanan and excluded the 

level-crossings along this track, the infrastructural safety across space would be more equal. That would 

although been wrong due to several reasons. Since the track stretches far and, depending of season, quite 

a number of trains traffic the track, the risk exposure to people is evident and hard to ignore.  

However, as long there are level-crossings in the railway system, especially passive and semi-active 

ones, there will always be a risk. The risk of collisions between trains and road vehicles will exist as 

long their respective infrastructural system are exposed to each other in the interfaces of level-crossings. 

Thus, without the conversion of all these infrastructural interfaces into grade-separated crossings, which 

itself has the highest inherent infrastructural safety, the risk of accidents will continue to exist. As 

evident in previous research, the human factor plays a very important role for the accidents to occur. 

The human factor will always exist, but it is possible to decrease the importance of it and create a more 

forgiving traffic system, just as the Vision Zero envisages.  

In the end, by directing the resources where they make the greatest difference, the total risk exposure to 

people can be decreased. In the following section, the specific crossings for practitioners to focus on are 

presented as the conclusion of this study. Risks generated and exposed to people by the existence of 

level-crossings are indeed manufactured risks, caused by the technological progression. For these risks, 

there are at least tangible measures and solutions to manufacture these risks away.  

7.1 Variables of risk and hotspots of hazard 

Through the logistic regression analysis, just a few variables seem to have an association with the risk 

of a level-crossing accident to occur. This is somewhat a contrast to the previous findings by other 

researchers (Zalinger et al.,1977), who found an association between traffic volumes and occurred 

accidents. This association was also found through the logistic regression model by Kahn et (2018). The 

findings of my logistic regression model cannot confirm the previous findings, but due to the lack of 

statistical significance, they cannot falsify them either.  

However, the identified variables with statistical significance in my model can be perceived as risk 

factors for level-crossing accidents. The risk of accidents increases if the (1) level-crossing has a level 

of protection that is passive, or even worse, semi-active and (2) is located on a highway. There are only 

three passive level-crossings in the dataset that are located on highways. On the other hand, there are a 

total of 100 semi-active level-crossings located on highway. With the point of departure to the results 

of the logistic regression analysis, these 100 semi-active crossings are the hotspots of hazards. In figure 

7.1, the level-crossings associated with most risk are presented. 

In figure 28 and 29, all the level-crossings that meet the criteria, as formulated by the regression analysis 

are presented. In figure 30 and 31, the 38 most dangerous of the crossings are evident, as defined above. 

These are Sweden’s most dangerous level-crossing according to the logistic regression analysis. These 

should be the focus of the effort towards increasing the safety and reducing the risks. By intervening at 

these semi-active crossings, the general risk would be decreased, as well as the spatial equality between 

regions.  
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Figure 28 (to the left): Geographical distribution of hazardous level-crossings 

Figure 29 (to the right): Hazardous level-crossings in Sweden, sorted per county (no level-crossings in 

Gävleborg, Kronoberg, Stockholm, Södermanland, Värmland, Västmanland and Örebro). 

 

 

Seven of the counties do not have any of the most hazardous level-crossing, and another three counties 

just have one or two. However, there are up to 15 of these crossings in the counties of Jämtland, Västra 

Götaland, Västerbotten and Västernorrland. Thus, the deficits of safety seem to prevail. Some of these 

crossing have a very limited flow of trains. There must be a threshold of a number or trains per day that 

makes a crossing more hazardous in terms of being the scene of an accident. Due to the lack of statistical 

significance, the result of the logistic regression does not help for this. Since the train traffic the 

identified crossings vary from 0 to 197 crossings per day, a threshold of a double-digit number is 

proposed. When a level-crossing has at least 10 trains per day, the risk has increased, and the crossing 

should be an object of interest for intervention. Furthermore, a threshold of 400 people living in a ten 

km radius of the crossing makes another suitable threshold. A list of the identified level-crossings can 

be found in the appendix.  
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Figure 30: (to the left): Geographical distribution of the most hazardous level-crossings (threshold of at least 10 

trains per day and 400 people living within 10 km). 

Figure 31 (to the right): The most hazardous level-crossings in Sweden, sorted per county. 

 

7.2 Limitations 

There are some weaknesses with this study. By just focusing on infrastructural characteristics such as 

speed limits and traffic flows on the respective mode of infrastructure, a major risk factor has been 

ignored. Since the level-crossings are located “out there” in space, factors regarding topography should 

be of value. The human factor has proven to be important for accidents to occur. Therefore, all factors 

affecting how a road user perceives the traffic environment should have been included. All the level-

crossings should have been a part of an inventory, in which they should have been observed in terms of 

the physical configurations. This is especially important to observe the visibility at each crossing. This 

should be the primary factor affecting the road user’s ability to detect and avoid an approaching train. 

Due to limited time and resources, this has not been possible.  

With only three variables showing association with an increased risk of accidents, the dataset has proven 

to be of limited value. It is obviously hard to find relationships between accidents and features of 

infrastructure. Thus, much of the explanations behind level-crossing accident are not a characteristic of 

the infrastructure itself, but a combination of conditions where the human factor is impossible to ignore.  

7.3 Conclusion 

In terms of infrastructural safety, there are great differences between Swedish counties. This is an 

apparent trend regardless of what aspect examined or perspective applied. The rural counties of 

Jämtland, Västerbotten and Norrbotten seem to have consistent deficit of infrastructural safety compared 

the core-counties of Stockholm, Södermanland and Uppsala. The absolute and relative amount of both 

active level-crossings and grade-separated crossings are higher in the more populated areas, as well in 

the proximity of major cities. The big share of unsafe crossings in the hinterland of Northern Sweden 

can most likely be referred as an outcome of complicated governance structures of Inlandsbanan and the 
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need of complicated procedures within real estate law. Furthermore, the results of the logistic regression 

show that most of the included variables lack statistical significance. However, the regression model 

indicates that there is an association of statistical significance between a semi-active or passive level of 

protection and an increased risk of level-crossing accidents. This is especially the case regarding semi-

active crossings. The model also shows an association between the road category of highways and the 

risk of accidents. With these results, the hotpots of hazard, i.e. passive and semi-active level-crossings 

located on highways have been spatially visualized, with regard to train traffic flows and population in 

proximity of the crossings. Located in e.g. the counties of Östergötland, Jämtland and Kalmar – these 

level-crossings constitute the greatest risk to road users and should be the target for practitioners in their 

work towards increased safety, reduced risk and a spatial equality of safety.  

There are several contributions of this thesis. For the first time, the spatial inequality of infrastructural 

safety in the interfaces of railways and roads, are compiled and mapped. Furthermore, the findings of a 

logistic regression analysis have been integrated into these maps in order to find the hotspots of risks 

that should be the targets of intervention. The infrastructural components and the logistic regression 

model do not cover all aspects of why accidents occur at level-crossings. The behavioural components 

with the human factors are crucial, but the risk can hopefully be reduced by this kind of measurement 

and mapping. The proposed model can be used in different geographical context to find other critical 

points of risk. However, since the institutional frameworks of planning and legal requirements affects 

the levels of infrastructural safety, these must also be considered when studying level-crossings within 

urban and regional planning. Future research could therefore focus on the planning processes of level-

crossings as well as the human factors that in many cases cause the accidents. Arguably, it would also 

be interesting to expand the scope from motor vehicles and include both bicyclists as well as pedestrians 

in a future study.  
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Appendix 

List of identified hotspots of hazard 

ID_nr County 

Road 
traffic 
AADT 

Trainflow 
VMD 

Speed 
limit 
road 

Speed 
limit rail Owner 

Built-
up 

area 

Occured 
LC 

accident 

Population 
within 10 

km WGS84_Lati WGS84_Long 

12407 Blekinge 101 11 70 70 Swedish Transport Admin. yes no 10980 56,35123229 14,48280505 

23985 Halland 344 0 50 40 Swedish Transport Admin. yes no 7524 56,96400466 13,14738678 

12354 Skåne 99 11 70 70 Swedish Transport Admin. yes no 10091 56,47068058 14,22969771 

11934 Skåne 1944 0 50 10 Swedish Transport Admin. yes no 54062 55,98469383 14,2738954 

30804 Östergötland  486 0 70 40 Swedish Transport Admin. yes no 13974 58,54566712 15,96367952 

61526 Dalarna 234 0 40 30 Inlandsbanan AB yes no 1066 61,16963583 15,13595518 

13651 Jönköping 42 17 70 100 Swedish Transport Admin. no no 25208 57,16093541 13,99127247 

13487 Jönköping 47 12 70 95 Swedish Transport Admin. no no 6771 57,59082326 14,54977849 

13706 Jönköping 83 17 70 100 Swedish Transport Admin. no no 8233 57,17831529 13,57008044 

10899 Kalmar 42 16 50 110 Swedish Transport Admin. no no 5550 56,89283528 16,37014021 

30720 Kalmar 0 10 70 75 Swedish Transport Admin. no no 5770 57,94406237 16,37389415 

30723 Kalmar 0 10 70 70 Swedish Transport Admin. no no 5709 57,93931301 16,37197282 

30700 Kalmar 28 10 70 65 Swedish Transport Admin. no no 2541 58,03916876 16,37627087 

12360 Skåne 72 11 70 70 Swedish Transport Admin. no no 3591 56,44625247 14,26391723 

23466 Västra Götaland  826 0 70 90 Swedish Transport Admin. no no 8386 58,48401044 11,66747807 

20314 Västra Götaland  50 11 70 90 Swedish Transport Admin. no no 4897 58,81873869 14,09488462 

20309 Västra Götaland  267 11 70 70 Swedish Transport Admin. no no 4771 58,82812584 14,10283253 

20367 Västra Götaland  208 11 70 100 Swedish Transport Admin. no no 20215 58,74225109 13,90377349 

30652 Östergötland  85 10 70 80 Swedish Transport Admin. no no 8501 58,18066208 16,11264213 

30654 Östergötland  63 10 70 80 Swedish Transport Admin. no no 6829 58,16153646 16,1523083 

30659 Östergötland  1175 10 70 90 Swedish Transport Admin. no no 1248 58,14686895 16,19321957 

30544 Östergötland  88 15 70 100 Swedish Transport Admin. no no 5168 58,02290314 15,65387525 

30826 Östergötland  482 0 70 40 Swedish Transport Admin. no no 21591 58,64922857 15,81814925 

30614 Östergötland  11 10 70 100 Swedish Transport Admin. no no 5743 58,23262362 15,81815944 

50283 Jämtland 61 0 70 85 Inlandsbanan AB no no 2702 63,39601291 14,84853442 

50527 Jämtland 27 0 70 80 Inlandsbanan AB no no 837 64,17495699 16,25844373 

50536 Jämtland 970 0 70 10 Inlandsbanan AB no no 4760 63,84216634 15,59299808 

50260 Jämtland 269 0 70 85 Inlandsbanan AB no no 2900 63,32467408 14,89013593 

50372 Jämtland 134 0 70 40 Inlandsbanan AB no no 1579 63,62798032 15,21516766 

50371 Jämtland 74 0 70 40 Inlandsbanan AB no no 1497 63,62470996 15,19900313 

23933 Halland 75 15 50 75 Swedish Transport Admin. yes yes 9486 56,82327532 12,96686582 

11932 Skåne 848 0 50 10 Swedish Transport Admin. yes yes 54366 55,98732868 14,27274001 

12352 Skåne 80 11 10 70 Swedish Transport Admin. yes yes 11122 56,47534176 14,22220047 

30805 Östergötland  4434 0 70 40 Swedish Transport Admin. yes yes 13783 58,5513541 15,95988336 

23473 Västra Götaland  126 11 70 90 Swedish Transport Admin. no yes 9226 58,50187431 11,63459959 

30531 Östergötland  183 15 70 100 Swedish Transport Admin. no yes 7530 58,06722783 15,65265119 
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