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Abstract 

Globally more than 50 million people are injured in road traffic every year. 
The incidence of road injuries is increasing while that of fatalities is decreas-
ing. Road safety measures are being implemented in many countries to reduce 
the effects on public health. In highly motorized countries, the process is often 
managed by quantitative targets. Sweden has a target for 2020 based on Vision 
Zero: that no-one should be killed or seriously injured in road traffic. In Vision 
Zero, pedestrians in single crashes are not defined as road users, even when 
they move in the same areas as road users with vehicles. In this thesis the road 
space (pavements, tracks and roads) defines the road user.  

The aim of the thesis is to study the development of serious injuries in rural 
and urban areas during a period when Vision Zero was being implemented 
through government efforts to direct the process in Sweden. The thesis adopts 
a regional perspective. Three of the four studies in the thesis are cross-sec-
tional studies with data from Region Västmanland during twelve to fifteen 
years, 2003–2017. Data are also based on analyses of ten regional infrastruc-
ture plans in Sweden for the period 2014–2025.  

On national roads in the region, the incidence of serious injuries decreased 
for car occupants, but on regional roads it increased. In urban areas the inci-
dence for unprotected road users doubled on roads and more than doubled on 
tracks and pavements, where the greatest number of unprotected road users 
are seriously injured in urban areas. One factor in the increased incidence is 
the growing number of elderly people in the population caused by the large 
generation born in the 1940s and a lengthening lifespan. From 2012 the prob-
ability of being seriously injured increased for cyclists and pedestrians 80 
years and older, and from 2015 for the group 65 years and older.  

In urban areas during the period, there was a shift in serious injuries for 
pedestrians and cyclists from less head injuries to more injuries in lower ex-
tremities. The probability of receiving serious injuries to the lower extremities 
increased fourfold from the age of 50 for both pedestrians and cyclists, but for 
cyclists the probability increased with age.  

For pedestrians, pavements and tracks were associated with decreased 
probability of all injuries except for head injuries, but for cyclists this decrease 
is only seen for the most severe injuries. For pedestrians, the probability of 
getting injuries in more than one bodily region decreased on Vision Zero 
roads.  



Prioritized investments in regional plans are mostly justified by accessibil-
ity and increased walking and cycling, and only more sparsely by road safety. 
This reflects an imbalance in the government’s clarifications of the transport 
goals.  

In directives for regional planning and in support of the objectives of 
Agenda 2030, the government has argued for more active mobility. There is a 
need to include pedestrian falls in the category of single crashes in the work 
with Vision Zero. Increased walking and cycling justifies more road safety 
measures especially in urban areas in order to achieve the targets of Vision 
Zero. To achieve Vision Zero it is important that the concerned road authori-
ties and regions are committed to the goals and fulfil their tasks. More active 
mobility in combination with an increased number of older people is a chal-
lenge for municipalities as road authorities in urban areas. 

Key words: Vision Zero, road injuries, rural, urban, cyclist, pedestrian, policy, 
management by objectives 



Svensk sammanfattning 

Globalt skadas mer än 50 miljoner människor årligen i vägtrafiken. Inci-
densen för skadade ökar medan dödligheten minskar. Trafiksäkerhetsåtgärder 
har genomförts i många länder för att minska inverkan av trafikskador på folk-
hälsan. I länder med mycket biltrafik styrs arbetet ofta av kvantitativa mål. 
Sverige har delmål för år 2020 baserade på Nollvisionen: Ingen ska dödas eller 
skadas allvarligt i vägtrafiken. I Nollvisionen är gångtrafikanter som skadas i 
singelolyckor inte definierade som vägtrafikanter, trots att de rör sig i samma 
område som vägtrafikanter med fordon. I denna avhandling har definierats ett 
vägrum (trottoar, gång- och cykelbana samt väg) som avgör vem som är väg-
trafikant.  

Syftet med avhandlingen är att studera utvecklingen av allvarligt skadade 
på landsbygden och i urban miljö under en period då Nollvisionen implemen-
terades genom regeringens arbete med att styra implementeringsprocessen i 
Sverige. Avhandlingen genomförs ur ett regionalt perspektiv. Tre av fyra stu-
dier i avhandlingen är tvärsnittsstudier med data från Region Västmanland 
under tolv till femton år under perioden 2003-2017. Data i en fjärde studie 
baseras på analysen av tio regionala infrastrukturplaner i Sverige för perioden 
2014-2025.  

Incidensen för allvarligt skadade minskade för biltrafikanter på de nation-
ella vägarna i regionen, men ökade istället för biltrafikanter på det regionala 
vägnätet. I urban miljö fördubblades incidensen för oskyddade trafikanter på 
vägarna och mer än fördubblades för oskyddade trafikanter på trottoarer och 
gång- och cykelvägar, där flest oskyddade trafikanter skadas i urban miljö. En 
faktor som inverkar på incidensen är det ökande antalet äldre i befolkningen 
på grund av den stora 40-talistgenerationen och ökad livslängd. Från 2012 
ökade sannolikheten för allvarliga skador för cyklister och gångtrafikanter för 
gruppen 80 år och äldre och från 2015 för gruppen 65 år och äldre. I urban 
miljö var det under perioden en förändring av allvarliga skador för gångtrafi-
kanter och cyklister från en minskad andel huvudskador till en ökad andel 
skador på de nedre extremiteterna. Sannolikheten för allvarliga skador på de 
nedre extremiteterna fyrdubblades från 50-årsåldern för både cyklister och 
gångtrafikanter. För cyklister ökade den ytterligare med stigande ålder.  

För gångtrafikanter innebar trottoarer och gång- och cykelvägar en mins-
kad risk för allvarliga skador med undantag för huvudskador, medan trottoarer 



och gång- och cykelvägar endast skyddade cyklisten från de svåraste ska-
dorna. För gångtrafikanter minskade risken för skador på flera kroppsdelar på 
vägar med implementerade Nollvisionsåtgärder.  

Prioriterade investeringar i regionala planer motiveras mest med behovet 
av tillgänglighet eller för att stödja mer gång- och cykeltrafik, och endast 
mycket begränsat med motivet trafiksäkerhet. Detta speglar den obalans som 
finns i regeringens förtydliganden av de två transportpolitiska målen.  

I regeringens direktiv för de regionala planerna och i stödet för Agenda 
2030 förordar regeringen mera aktiv mobilitet. Det finns därmed ett behov av 
att inkludera gångtrafikanter i singelolyckor i Nollvisionsmålet. Mer gång- 
och cykeltrafik motiverar mer trafiksäkerhetsåtgärder speciellt i urban miljö 
för att uppnå delmålen för Nollvisionen. För att nå målen är det viktigt att 
berörda väghållare och regioner är engagerade i målen och fullgör sina upp-
gifter. Mer aktiv rörlighet i kombination med ett ökat antal äldre är en utma-
ning för kommunerna som ansvariga väghållare i urban miljö. 

Nyckelord: Nollvision, vägtrafikskador, landsbygd, urban miljö, cyklist, 
gångtrafikant, policy, målstyrning. 
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CPRT     County Plan for Regional Transport Infrastructure 
ISS          Injury Severity Score 
ISS>8      Definition of seriously injured in STRADA 
MAIS      Maximum Abbreviated Injury Scale 
MAIS3+  Recommended definition of the EU and OECD for serious injury 
NVDB     National Road Database (Nationell Vägdatabas) 
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Introduction 

Globally, there is an increased number of injuries in road traffic especially in 
low and middle-income countries, where most people are injured (James et 
al., 2020; World Health Organization, 2018). The United Nations’ Agenda 
2030  has two goals for road safety: to halve the number of fatalities and inju-
ries  during a decade of action from 2010 to 2020, and to design safe cities by 
2030 (United Nations General Assembly, 2015). Fortunately, crashes in road 
traffic are predictable and therefore possible to prevent. Internationally, a 
number of road safety measures have been developed to prevent injuries from 
crashes in existing and growing road traffic, but the injuries still constitute a 
major public health problem (James et al., 2020; Swedish Transport 
Administration, 2019a; World Health Organization, 2018). 

In Sweden, during the post-war era, the welfare state developed rapidly 
with strong economic growth, and many people could afford to buy a car. In 
1965 there were 17.1 fatalities per 100,000 inhabitants in the road traffic. 
Thirty years later, in 1997, the Swedish road safety policy Vision Zero was 
adopted by the Parliament. In the subsequent twenty years Vision Zero has 
been implemented and the incidence of fatalities has decreased from 6.1 to 2.5 
fatalities per 100,000 inhabitants (1998–2017) (Statistics Sweden, 2018a; 
Swedish Transport Agency, 2019). As a result, Sweden has one of the lowest 
incidences globally, but less is known about the incidence of seriously injured 
road users compared to other countries due to different definitions and access 
to data. The goal of Vision Zero is formulated as follows: ‘No-one shall be 
killed or seriously injured as a consequence of accidents in road traffic; the 
design and function of the road transport system shall be adapted to meet this 
goal’ (Belin, 2012, p. 7). Vision Zero is a spatial/physical vision for safe roads 
where crashes can happen without anyone being killed or seriously injured 
(Belin, 2012; Swedish Government, 1997; Tingvall & Haworth, 1999). The 
parties responsible for safe road design are the state in rural areas and the mu-
nicipalities in urban areas. As the link between these authorities, the regions 
are responsible for investments in regional state roads and also for supporting 
safe municipal roads with grants from national funds (Swedish Government, 
2012b).  

Further, WHO (World Health Organization) is working together with the 
Swedish Government and the Swedish Transport Administration for a second 
decade of action of global road safety during the 2020s. In February 2020, a 
Stockholm Declaration about achieving the Global Goals 2030 was adopted 
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at the 3rd Ministerial Global Conference on Road Safety in Sweden. For the 
new decade, the Declaration recommends a modal shift toward safer mobility 
incorporating more physical activity such as cycling and walking. The Decla-
ration also answers questions about how nations, local authorities and govern-
ments, among other authorities, can be stimulated to work for road safety 
(Swedish Government & World Health Organization, 2020).  

Nevertheless, it is difficult globally to define, measure and compare the 
impact of road traffic injuries on human health, and thus also to evaluate the 
effects of different implemented road safety measures (Aarts et al., 2016; 
International Traffic Safety Data and Analysis Group (IRTAD), 2018; James 
et al., 2020; World Health Organization, 2018). For example, only injuries 
from crashes that include a vehicle are defined as road traffic injuries in many 
countries. Pedestrians’ injuries from single crashes in the same area as other 
road users are excluded; however there are scholars in the research community 
who suggest that they should be included (Methorst et al., 2017). Injury pre-
vention in accordance with Vision Zero and the Stockholm Declaration de-
mands a speed limit of 30 km/h for mixed urban road traffic; otherwise it is 
necessary to separate unprotected road users from the motor traffic 
(Johansson, 2009; Swedish Government & World Health Organization, 2020; 
Tingvall & Haworth, 1999). This justifies the need to examine areas for mo-
bility even alongside the roads, such as pavements and tracks for walking and 
cycling. In this thesis, pedestrians in single crashes are defined as road users. 
It is the road space, and not the vehicle, that defines a road user. 

Fatalities have decreased, but a similar decrease of seriously injured road 
users is unclear in a studied region during 1989–2009 (Värnild, Tillgren, & 
Eilert-Petersson, 2012). The focus in this thesis is the development of seri-
ously injured road users in a Swedish region during the period when Vision 
Zero was being implemented under government direction. This thesis in Pub-
lic Health Science on serious injuries in road spaces is also part of the broader 
academic field of Health and Welfare (Isaksson, Söderbäck, & Tillgren, 
2019). Thus, a description of the latter is necessary, which is the reason why 
the background section begins with a description of health and welfare.  
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Background 

Road safety in the academic field of Health and Welfare 
This thesis in Public Health Science is related to the academic field of Health 
and Welfare at Mälardalen University because it focuses on ‘health-related 
aspects of welfare and welfare-related aspects of health’ (Isaksson et al., 2019, 
p. 9). It includes a holistic perspective on health and is related to WHO’s clas-
sification of studies of activity, participation and environmental factors
(Isaksson et al., 2019).

Increased individual mobility has become a part of welfare development 
both globally and in Sweden. Distances travelled and modes of transport used 
may differ between people of different ages, between men and women and 
between high, middle and low-income countries, but increased welfare has so 
far been related to increased mobility (Swedish Transport Analysis, 2017; 
World Health Organization, 2018). Mobility is central to people’s possibility 
to participate in the labour market and social life, whether as individuals, pro-
fessionals, stakeholders or citizens. Mobility contributes to individuals having 
control over their life situation and facilitates influence and participation in 
society, which are prerequisites for good and equitable health outcomes 
(Black, Dobbs, & Young, 2012; Swedish Government, 2018). In many high 
and middle-income countries, there is a growing group of old people because 
of a combination of demographic factors and increasing lifespans 
(Christensen, Doblhammer, Rau, & Vaupel, 2009). However, far from all old 
people have access to a car or live in a place with public transport. For some 
older people (65–79 years), cycling can be a facilitator of activities and the 
possibility of having to cease cycling may be distressing (Ryan, Svensson, 
Rosenkvist, Schmidt, & Wretstrand, 2016). In a study of older adults in the 
USA, on transportation and mobility, examples emerged of how isolated older 
adults feel when their world shrinks. When they no longer can drive and do 
not have access to public transport they become isolated, both socially and 
with regard to participation in society more generally. To manage daily life in 
an independent way, safe walking has been found to be important (Black et 
al., 2012). Given the importance of mobility for welfare development and par-
ticipation in society, safe road environments are not only important for public 
health, but also have the potential to increase access to the welfare society 
throughout the life course.  
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Traffic injuries as a public health issue  
In public health, priority ought to be given to factors that lead to the most 
common diseases and health problems (Baum, 2016). Injuries amount to 
10.1% of the global burden of health problems, with injuries in road traffic 
being responsible for around 30% of the injury burden (Haagsma et al., 2016). 
Since 1990, the global incidence of road traffic injuries has increased while 
the incidence of fatalities has decreased, but there are big differences between 
countries. In 2017 around 54 million road users were injured in road traffic 
globally and 1.2 million died (James et al., 2020). Pedestrians in single crashes 
in road traffic are included in the definition of falls, where falls are responsible 
for 12% of the global burden of injuries (Haagsma et al., 2016).  

Road injuries defined as linked to a vehicle are the eighth most common 
cause of fatalities globally, but are the most common cause of death for young 
people (5–29 years). More than 50% of fatalities concern unprotected road 
users such as cyclists, motorcyclists and pedestrians in crashes with a vehicle. 
The costs of fatalities and injuries are around 3% of the gross domestic product 
in most countries (World Health Organization, 2018). The Stockholm Decla-
ration, recommends that countries work for a safe system approach as an in-
tegrated element in planning, designing and legislating for different parts of 
the road transport system to achieve the road safety goals of Agenda 2030. 
This includes efforts within a second decade of action in the years leading to 
up 2030, as a waypoint toward achieving Vision Zero by 2050. WHO also 
recommends that countries promote more walking and cycling and integrate 
these modes of transport with the use of public transport. There is a need to 
decrease speed limits to 30 km/h in areas where vulnerable road users and 
vehicles are mixed, except when there is strong evidence that a higher speed 
is safe for vulnerable road users. WHO also stresses the development of evi-
dence-based policies that are supported by data of high quality (Swedish 
Government & World Health Organization, 2020). 

In the EU, which has several high-income countries, the numbers of both 
fatalities and serious injuries are decreasing, though serious injuries are de-
creasing at a slower rate than fatalities. The data for fatalities and serious in-
juries differs by mode of transport. Serious injuries are dominated by cyclists, 
pedestrians and motorbikes, while fatalities are dominated by car occupants 
(Aarts et al., 2016; European Commission, 2018). There is a need to develop 
and fine-tune measures for unprotected road users as well as for car occupants.  

Injury prevention in road traffic 
Injury prevention has been linked to safety promotion, but it is a more narrow 
way of working (La Flamme, Svanström, & Schelp, 1999). In the early work 
with injury prevention in the mid 20th century, injuries were linked to acci-
dents. Nowadays, research focuses on ‘injury prevention’ instead of ‘accident 
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prevention’, and safety promotion is included in health promotion. From a 
mobility perspective, health promotion is a way to transform unhealthy envi-
ronments into healthy settings for road users by means of healthy public poli-
cies (Baum, 2016; Haddon, 1980; La Flamme et al., 1999). Injuries from ac-
cidents that are predictable and preventable are no longer termed accidents by 
all actors. They are instead often called ‘crashes’ in the scientific literature and 
by WHO (Pless & Hagel, 2005; World Health Organization, 2018). There are 
two competing paradigms in safety research, an epidemiological and medical 
approach, and another approach focusing on systems theory and what happens 
in crash events (Andersson, 2011) . The first one is used by public health re-
searchers and the second primarily by engineers and management-oriented re-
searchers. These two approaches focus on injuries and crashes/acci-
dents/events respectively. Haddon’s energy model, which focuses on injuries, 
has raised objections to the concept of accidents as nonpreventable events 
(Andersson, 2011; Pless & Hagel, 2005). 

To understand injury prevention, it necessary to have knowledge about in-
juries. Injuries occur when physical energy is transferred to the human body 
in amounts or at rates that exceed the body’s tolerance. An injury-prevention 
programme will therefore need to limit the amount of energy that reaches the 
individual road user (Haddon, 1970; Pless & Hagel, 2005). How much physi-
cal energy a body can tolerate may differ between younger and older people 
or between men and women (Carlsson & Svensson, 2015; Robinovitch et al., 
2009). The tolerance of the body probably also reflects factors that affect or 
cause patterns of social epidemiology such as inequalities in public health. 
Working within a framework that integrates people’s social and biological ex-
istence, Krieger asks what people and what factors affect the public patterns 
of epidemiology. Economic and political decisions/policies should be imple-
mented to protect people from stress and thereby increase their ability to avoid 
making mistakes in situations of mobility and road traffic. According to 
Krieger there is a need for visions that require changing ‘unjust social and 
economic policies and norms’ (Krieger, 2001, p. 671). Krieger integrates so-
cial epidemiology with biological reasoning (Krieger, 2001, 2005). This rea-
soning will deal with biological factors of the body, because every human 
body is somewhere in a life cycle and bodies have histories that influence their 
tolerance of physical energy.  

The difference between the responsibility of the individual road user and 
that of society in a crash is already reflected in Haddon’s theoretical frame-
work. Haddon distinguishes between active individual prevention, for exam-
ple when the individual chooses to use a seatbelt or a bicycle helmet, and pas-
sive prevention, when society uses road or vehicle design to protect the indi-
vidual from excessive kinetic energy. In both cases preventive measures are 
taken to protect the person from crash injuries (Haddon, 1970, 1980; Pless & 
Hagel, 2005).  
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Most injuries in road crashes, whether multiple or single ones, occur in low 
and middle-income countries, while evidence-based measures often are devel-
oped in high-income countries. It is not known how much of the evidence-
based effects reported in studies of road safety measures implemented in high-
income countries is possible to transfer to another local environment or coun-
try (Wegman, 2017). The use of speed cameras is just one example of differ-
ences between and within several high-income countries (Belin, Tillgren, 
Vedung, Cameron, & Tingvall, 2010; Li & Graham, 2016). 

 There are also differences between low, middle and high-income coun-
tries, as well as between countries within each category, with respect to the 
possibility to use institutional management to improve road safety (Wegman, 
2017). The mission is to improve legislation and modify road users’ behaviour 
with regard to speed adaptation, preventing drink/drug driving, requiring child 
restraints and forbidding the use of mobile phones while driving.  High-in-
come countries have the possibility to prioritize more resources for building 
safe road infrastructure and are better able to adapt their work to conform with 
a safe system approach, as recommended by WHO, also when it comes to safe 
vehicles and high-quality post-crash care (Swedish Government & World 
Health Organization, 2020; Wegman, 2017; World Health Organization, 
2018). Low and middle-income countries will rely more than high-income 
countries on legislation and changing individual road users’ behaviour to re-
duce the number of fatalities and serious injuries.  

Managing injury prevention by programmes and management by 
objectives  
Injury prevention and safety promotion programmes to increase road safety 
were developed in the 1980s under the influence of WHO’s project Health For 
All – 38 Goals for Europe (Pettersson, 2007), which was adopted by the Swe-
dish Parliament in 1989. To manage injury prevention in road traffic, Sweden, 
like many other countries, adopted quantitative, time-bound targets. The use 
of road safety targets for fatalities and injuries was especially prevalent in 
high-income and/or highly motorized countries (Wegman et al., 2015).  

The work with road safety programmes in a region or an entire country is 
related to adopted policy and its targets and indicators for measuring the re-
sults of projects (Wegman et al., 2015). At least in Sweden, quantitative tar-
gets were less precise before 1990 than after; the target stated, for example, 
that the number of injuries should steadily decline, rather setting a number for 
fatalities and injuries (Belin, Tillgren, & Vedung, 2010; Swedish Government, 
1988). WHO’s goal to reduce fatalities and injuries by 25% between 1980 and 
2000 was decided externally without any assessment of what measures were 
possible to implement in the individual countries or regions. In the early 
1990s, the working method was established of making forecasts of possible 
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reductions of injuries to be expected from defined measures in programmes, 
rather than just following-up the effects of specific implemented measures. As 
a result of such forecasts, targets can be set nationally, as in Sweden, or can 
be a sum of commitments from actors on regional and local level, as in several 
other countries (Bax, Leroy, & Hagenzieker, 2014; Wegman et al., 2015).  

Using outcome indicators to follow-up implemented programmes is a way 
to evaluate the effects, but also to serve as a basis for designing realistic and 
achievable targets for new programmes (Wegman et al., 2015). WHO’s goal 
to halve the number of fatalities and injuries in road traffic during the first 
decade of action will not be met by 2020 (World Health Organization, 2018). 
The goal was not a realistic one, but even a non-realistic goal serves the func-
tion of inspiring stakeholders to do more than they might have done otherwise 
(Belin, Tillgren, & Vedung, 2010). In 2017 member states of the United Na-
tions adopted global voluntary performance targets for road safety risk factors 
and service delivery mechanisms based on Agenda 2030 and the five pillars 
of the decade of action: road safety management, safer roads and mobility, 
safe vehicles, safe road users and post-crash response (World Health 
Organization, 2018). These targets will provide member states with a guide 
for choosing measures to achieve target completion and monitor outcomes of 
implemented measures. 

Road safety data is extremely important for road safety management 
(Wegman, 2017; Wegman et al., 2015).  Numbers of fatalities and, when pos-
sible, of injured persons are monitored by WHO, OECD and EU, as well as 
by the research community (European Commission, 2013; International 
Traffic Safety Data and Analysis Group (IRTAD), 2018; World Health 
Organization, 2018). The quality of data and different definitions of injuries 
pose problems, especially in international comparisons. Common definitions 
and procedures for collecting data of good quality are necessary to enable 
comparisons of different measures to reduce fatalities and injuries (Wegman, 
2017; Wegman et al., 2015). Today, OECD and EU recommend a definition 
of serious injury linked to the AIS scale: MAIS3+ (Aarts et al., 2016; 
International Traffic Safety Data and Analysis Group (IRTAD), 2018). The 
definition of serious injury used in this thesis is ISS>8, which includes some-
what more injured persons than MAIS3+ (Swedish Transport Agency, 2019). 
An explanation of why this choice was made is provided in the section Mate-
rials and Methods. 

Vision Zero – An innovation for injury prevention 
The road safety policy Vision Zero has existed for more than twenty years. 
Some important years are presented in Table 1. 
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Table 1. Years of important actions in the government’s work with Vision 
Zero. 

Year Government action 
1997 Vision Zero adopted 

1998 Vision Zero a sub-goal under an over-
all transport goal        
Interim target maximum fatalities 2007 

2009 
New structure for transport goals          
Target 2020   Definition of serious in-
juries  

2016 Renewed Commitment to Vision Zero 

The policy as it was formed 
Vision Zero was adopted by the Swedish Parliament in 1997, but the policy 
process began a couple of years earlier. The Swedish Road Administration 
(SRA), the organization responsible for road safety during 1993–2010, started 
developing a safe system approach (Swedish Road Administration, 1996). The 
result of this work attracted political interest and was developed into a bill that 
was adopted by Parliament (Swedish Government, 1997; Swedish Road 
Administration, 1996). In 1998, the first interim targets for maximum road 
user fatalities were adopted (Swedish Government, 1998). 

Vision Zero differed from traditional road safety policy in the 1990s, with 
measures focused on adapting the individual road user to the system rather 
than adapting the system to the road user and his/her capacities (Belin, 
Tillgren, & Vedung, 2011; Larsson, Dekker, & Tingvall, 2010). It is the qual-
ity of the road system that should be increased, rather than the demands on the 
road user. ‘The physical ability of humans to withstand external force in 
crashes should be the norm in designing the road transport system’ (Swedish 
Government, 1997, p. 11). People must be allowed to make mistakes even if 
they are obliged to follow the rules of the transport system (Belin et al., 2011; 
Swedish Government, 1997; Swedish Road Administration, 1996; Tingvall & 
Haworth, 1999). The risk of making mistakes can change during the life 
course; consider the quality of traffic situation assessments made by a child, a 
person with a new driving licence, and a person with poor eyesight and hear-
ing.  

The road transport system shall be adapted to meet the requirements that 
the policy implies. The least protected road user category with the lowest tol-
erance of external force should be the basis for design of the system (Swedish 
Government, 1997). The ultimate responsibility for designing a safe system 
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should lie with the system designers, such as road authorities at state and mu-
nicipal level, as well as vehicle manufacturers and professional transport com-
panies (Belin et al., 2011; Swedish Government, 1997). These authorities will 
work to ensure that speed limits and road and vehicle standards in the long 
term are adapted to the requirements that are justified from the perspective of 
road safety and the environment (Swedish Government, 1997).  

The interface between human and machine 
Since the policy was adopted, road safety efforts have focused on creating a 
road transport system that will protect road users from death and serious injury 
by means of preventive measures taken by society. When working with safety 
in an interface between humans and machines, one usually strives to minimize 
circumstances that cause crash events (Andersson, 2011; Swedish Road 
Administration, 1996). Vision Zero concentrates efforts and resources to pro-
tecting road users from the crashes that cause the most serious injuries. 
Crashes resulting in non-serious injuries in road traffic are not considered an 
‘essential part of the road safety problem’ (Government office, 1997, p. 37). 
More than ten years later, the Vision Zero approach (VZA) was assessed as a 
socio-technical system, and the VZA stands in contrast to the Road User ap-
proach (RUA) employed in most countries before the mid-1990s. (Larsson et 
al., 2010). 

In order to find effective measures and solutions to reach the goal of the 
policy, it is important to study what happens in different crash events. Despite 
the efforts to find effective measures to achieve the goal there are few studies 
reporting a direct causal relationship between the Vision Zero policy and de-
creased number of fatalities. It is easier to repeat a symbolic policy than to 
make it into an effective tool for reducing the number of fatalities and seri-
ously injuries (Kristianssen, Andersson, Belin, & Nilsen, 2018).  

Vision Zero has become well known around the world, especially in high-
income countries (European Commission, 2013; Swedish Government & 
World Health Organization, 2020; World Health Organization, 2018). The im-
plementation of barrier-separated roads has enabled increased speed limits on 
rural roads as a result of improved road standards (Bergh, Remgård, Carlsson, 
Olstam, & Strömgren, 2016). In Vision Zero, mobility and safety can be com-
bined without reducing speed limits (Kim, Muenning, & Rosen, 2017). Ideas 
may be popular not only because of their contents but also ‘because of who 
transports and supports them and how they are packaged, formulated and 
timed’ (Sahlin-Andersson & Engwall, 2002, p. 20).Vision Zero was conceived 
in an organization that had the mission to promote road safety and the possi-
bility to realize it during the period 1993–2010.  

Target 2020 
In 2009 the Swedish Parliament adopted a definition of seriously injured road 
users, which made it possible to adopt targets for both fatalities and serious 
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injuries in 2020, instead of just the interim target for maximum number of 
fatalities in 2007. Although it is now 2020 at the time of this writing, it is still 
unclear whether the targets will be achieved, as there are big differences be-
tween different years, especially regarding fatalities (Swedish Transport 
Administration, 2019a). The Swedish absolute vision and its targets are not 
calculated on the basis of numbers of people, vehicles or distances of transport 
(Swedish Road Administration, 2008). They are instead a political decision 
based on a health perspective linked to human bodies’ tolerance of mechanical 
forces (Swedish Government, 1997; Swedish Road Administration, 1996; 
Tingvall & Haworth, 1999).  

Vision Zero concerns fatalities and serious injuries in road traffic, but it is 
unknown how this focus influences the number of other injured persons in 
road traffic. Based on a calculation of the total number of injured persons in a 
regional study (Värnild et al., 2012), a population-related estimate can be 
made indicating that approximately 100,000 people each year seek care at 
emergency hospitals or health clinics for injuries they have sustained in road 
traffic. If this is correct, less than one in twenty can be classed as seriously 
injured according to the definition in Vision Zero, or one in ten if pedestrians 
in single crashes are included. There are nearly as many pedestrians seriously 
injured in single crashes as the total number of seriously injured road users 
according to Vision Zero’s definition of road users (Table 2) (Swedish 
Transport Administration, 2019a). Pedestrians are moving in the same area as 
other road users, but the crashes are only defined as road crashes when pedes-
trians come in conflict with other road users. 

Vision Zero’s target for 2020 is mainly shared by the road authorities at 
state and municipal level, but is followed up once a year by the state. Since 
2009, the targets for 2020 has been evaluated by monitoring fourteen outcome 
indicators, twelve of which were measured for 2018. Nine indicators can be 
connected to the road system regardless of the responsible public authority, 
while others can be related to either state or municipal roads (Swedish 
Transport Administration, 2019a).  

A seriously injured road user 
In most countries, official statistics about crashes and injuries in road traffic 
are based on reports by police officers, as they may be reports about violations 
of road traffic laws. The police officers also decide if the road users are seri-
ously injured, have minor injuries, or are not at all injured. In accordance with 
Swedish regulations, the police do not report single-pedestrian crashes. Sev-
eral countries have begun to collect data from health care in order to get better 
information about crashes and injuries than they can get from police reports 
(Swedish Transport Agency, 2018; Watson, Watson, & Vallmuur, 2015). As 
far as we know, Sweden is the only country to have a national registry with 
data from health care. This registry is called Swedish Traffic Accident Data 
Acquisition (STRADA) and it became a national registry in 2016 (Fredlund 
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& Frank, 2016). This was a Vision Zero initiative intended to facilitate the 
implementation of effective road safety measures, as well as to support road 
safety work at national, regional and local level (Swedish Road 
Administration, 2007). 

 Despite the registry, Sweden still defines a seriously injured road user by 
personal injuries causing a permanent loss of health of at least 1% (Table 2) 
(Swedish Government, 2009). For the sake of national statistics, the number 
of seriously injured road users is calculated annually from forecasts of pro-
jected disabilities based on a study about injuries of mainly motorists com-
bined with health care data from STRADA (Berg, Ifver, & Hasselberg, 2016; 
Malm, Krafft, Kullgren, Ydenius, & Tingvall, 2008; Swedish Transport 
Agency, 2019). In STRADA, the definition of a seriously injured road user is 
linked to the AIS scale and defined as ISS>8. The AIS scale is a trauma scale, 
that assesses the severity of an injury but not its consequences for disability or 
wellbeing after the crash (Genarelli & Wodzin, 2006). The difference between 
the disability definition of seriously injured road users and the definition in 
STRADA reflects differences between an estimated value for a group and a 
sum of individual data collected in health care. Disability is based on data 
from both the insurance and health-care sectors. Official statistics for serious 
injuries are still linked to police reports in Sweden.  

Table 2. Number of seriously injured road users nationally 2007–2018 defined 
(Swedish Transport 

Administration, 2019a; Swedish Transport Agency, 2019). 

 Number of  seriously injured road users nationally 
  ISS>8 Police

Year Seriously 
injured road 
users excl. 
pedestrian 
single crash 

Pedestri-
ans single 
crash 

Total Seriously in-
jured road 
users excl. 
pedestrian 
single crash 

Pedestri-
ans single 
crash 

Total Seriously 
injured - 
instruction 
to police 
officer 

2007 5400 2100 7500 No data 3817 

2012 4400 3600 8000 No data 2974 

2017 4400 3500 7900 987 480 1467 2275 

2018 4200 3700 7900 908 462 1370 2195 

Defined as disability, the number of seriously injured road users has de-
creased, while that of pedestrians (  in single crashes has in-
creased. During 2007–2018 there is a decreased number of seriously injured 
car occupants (around 1000), but a somewhat increased number of seriously 
injured cyclists (around 500). For several years the cyclist group has been the 
largest one (around 2100), but smaller than pedestrians in single crashes 
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(Swedish Transport Administration, 2019a). There are nearly as many pedes-
trians seriously injured in single crashes, defined by disability, as all the other 
seriously injured road users combined, nationally. In data from STRADA this 
group makes up about 50% of other seriously injured road users. In general, 
the group of seriously injured road users linked to disability comprises con-
siderably more road users than those linked to the definition ISS>8. The num-
bers of seriously injured road users with and without pedestrians in single 
crashes, retrieved from the Swedish Transport Administration, STRADA and 
the police, are presented in Table 2. 

National management of regional and local road safety efforts 
When Vision Zero was adopted, a directive was issued that the vision was to 
be incorporated in all work that influences road safety in order to achieve the 
goal. Road safety also became one of the government’s five sub-goals under 
a new overall transport goal (Swedish Government, 1997). The overall goal is 
still the same as in 1998, but in 2009 the five sub-goals, together with a sub-
goal of an egalitarian transport system, were incorporated into a functional 
goal and a consideration goal respectively. The government clarified the two 
goals with seven clarifications of the functional goal and three clarifications 
of the consideration goal. The formulation of Vision Zero was also included 
in the formulation of the consideration goal. These goals and clarifications are 
still the same as in 2009 (Swedish Government, 1998, 2009). 

Sweden is working for safe mobility in a safe environment, but it is neces-
sary to balance between safe mobility and other priorities in society (Swedish 
Government, 2018). This ambition is conflicts somewhat with the absolute 
vision of no fatalities and seriously injured road users, even if no time-limit 
has been adopted by the government.  

The work to achieve national goals/targets for road safety will include ac-
tors on national, regional and local level. Regional and local authorities are 
supposed to contribute to target fulfilment based on national targets and fol-
low-ups for the whole country. For the development of road safety in urban 
areas, the work of municipalities is especially important, as they are the road 
authorities in urban areas.  

The CPRTs, developed every four years with funding to the counties*, is a 
way for the regions* to work for safer road infrastructure in both rural and 
urban areas (Swedish Government, 2019a). The process is governed by a pro-
cess where proposals for new road investments are justified with reference to 
transport goals, including the need to strike a balance between the two goals. 
Drafts of plans are examined by the government, to ensure that they follow 
the intentions of the directives. The directives also recommend that counties  
promote more walking and cycling by making investments in safer infrastruc-
ture for these modes of transport (Swedish Government, 2012b).  
*In 2020 county councils in Sweden became regions and were made responsible for CPRTs in all counties. 
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Challenges for road safety programmes 
Although the implementation of road safety measures has reduced the number 
of fatalities and serious injuries, in 2016 the government renewed its commit-
ment to Vision Zero with intensified efforts for road safety. While this initia-
tive aims to ‘improve opportunities for people to walk and cycle, combined 
with an ageing population’, it may ‘also result in an increase in the number of 
accidents involving vulnerable road users, as well as the seriousness of the 
consequences’ (Swedish Government, 2016, p. 17). Such challenges require 
more efforts for road safety. 

 
Requirements to increase mobility by changing transport modes 
There is political interest in a shift of transport mode from cars to more sus-
tainable modes of transport as cycling and walking. More physical activity is 
also a way to strengthen good and equitable health (Swedish Government, 
2018; United Nations General Assembly, 2015). The Swedish government 
will support Agenda 2030 (Swedish Government, 2019b) and the government 
is working at a national level by means of urban environment agreements to 
promote alternatives to cars in the cities. ‘Carpools should be stimulated. Tax 
rules should facilitate bicycle commuting’ (Social Democrats, Center Party, 
Liberals, & Green Party, 2019, p. point 36; Swedish Government, 2018). Chil-
dren should have the possibility to reach their schools by walking or cycling 
in a calm and safe way (Swedish Government, 2018, 2019c). All people can 
also increase their physical activity by choosing public transport instead of 
transport by car. There are studies reporting that the use of public transport is 
an effective way to incorporate physical activity into daily life (Patterson, 
Webb, Millett, & Laverty, 2019). 

Decreased active mobility in Sweden and in many other high-income coun-
tries is a leading risk factor for physical ill health with effects on both mental 
health and overall quality of life (Guthold, Stevens, Riley, & Bull, 2018; 
Swedish Transport Analysis, 2018). Although there is a conflict between more 
active mobility and reducing road injuries for pedestrians and cyclists, the 
health gains are considered to outweigh the increased risk of injuries (Mueller 
et al., 2015). The effects of the proposal to promote more walking and cycling 
require an increased focus on these modes of transport in the work with Vision 
Zero. Including health care data for all modes of transport in official statistics 
will provide a more sound basis for programmes/measures to reduce injuries 
(Elvik, 2019). There is a growing need to follow up the numbers of seriously 
injured cyclists and pedestrians and recognize pedestrians in single crashes as 
road users in road traffic. 
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Demographic factors 
The number of older people in society is increasing as a result of a large gen-
eration born in the 1940s and increasing life-spans. In Sweden, the group of 
people 80 years and older is expected to increase by 50% until 2030 (Statistics 
Sweden, 2018b). This situation is not unique to Sweden. A similar situation 
can be found in Europe, the USA, Canada, Japan and several other countries 
where life expectancies are increasing (Christensen et al., 2009; Rechel et al., 
2013). A more healthy lifestyle provides opportunities for having an active 
social life, which has an impact on well-being and therefore also on road traf-
fic (Black et al., 2012; Ryan et al., 2016). An active social life protects the 
elderly from isolation and strengthens their independence (Black et al., 2012; 
Swedish Government, 2018). But already from the age of 45, both men and 
women are more often seriously injured ( 1%) as unprotected road users 
(Swedish Transport Administration, 2019a) and the number of seriously in-
jured persons (ISS>8) increases for both pedestrians and cyclists from the 
same age (Thulin & Niska, 2009; Öberg, 2011).   

The regional level 
When Vision Zero was adopted, state county administration boards were re-
sponsible at regional level for the development of regional roads and for sup-
porting municipalities, as road authorities in urban areas, with their work for 
a safe road infrastructure. In 2020, this role has been taken over by the new 
regions. Regions and municipalities face great challenges in promoting more 
active mobility for all people during the next decade, especially in urban areas. 
Regions, county councils and municipalities in Sweden are responsible for all 
injured persons and for the adverse effects that road crashes may have on 
them. Health and medical care is a central part of the Swedish welfare model 
and all citizens are covered. It can be expected that injuries will increase be-
cause of an ageing population and also because of an increased number of 
journeys by walking and cycling (Methorst, Eenik, Cardoso, Machata, & 
Malsek, 2016; Mueller et al., 2015; Rechel et al., 2013; Stevenson et al., 
2016). The possibility to create rural and urban areas that are safe for mobility 
will influence the number of seriously injured road users and the possibility to 
reach the targets of Vision Zero (Swedish Government, 1997). The regions 
and municipalities have no targets or commitments regarding their responsi-
bility for achieving the national Vision Zero target. Also, less is known about 
serious injuries than fatalities on national, regional and local levels. The na-
tional target for 2020 uses a definition of seriously injured persons that is dif-
ferent from the definition in STRADA, where regions and municipalities can 
study where crashes happen for all road users including pedestrians in single 
crashes. 
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Theoretical and methodological framework 
In order to understand how serious injuries occur and how they interact with 
the environment, a theoretical and methodological framework is presented that 
combines theories that guide road safety programmes with a methodological 
conceptualization of where in the traffic that crashes occur.  

The SRA model 
Like other public policies that aim to control the epidemiology of road inju-
ries, Vision Zero is distinguished by three factors: human, vehicle and envi-
ronment (Haddon, 1980). Although the systematic approach of Vision Zero 
focuses on the road and its roadside areas, theories of vehicles and road users 
are incorporated as potentially safe components in a model framed by the Swe-
dish Road Administration (SRA). The safe road standard will interact with a 
safe road user in a safe car. These components will give a safe speed for the 
road, while the safe road user is a given condition in the model. The SRA 
model, as presented in Figure 1, is related to international requirements for 
cars and roads as they were presented in 2008, but also to the prerequisite of 
a safe car occupant who wears a seatbelt, does not exceed the speed limit and 
is sober. The model illustrates the criteria that must be met by the components 
of the model in order not to exceed the biomechanical limits that the car driver 
can tolerate without sustaining severe injuries (Stigson, Krafft, & Tingvall, 
2008; Tingvall & Haworth, 1999). The model is adapted to the average car 
driver, but the safety level may also differ between driver and other occupants 
in the car as well as by age and sex (Linder & Svensson, 2019).  
 

Figure 1. The SRA model for a safe road transport system (Stigson et al., 
2008). 
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Road space as a conceptual model 
There are studies about biomechanical limits related to falls, but not for pe-
destrians in a road environment (Carlsson & Svensson, 2015; Robinovitch et 
al., 2009). As far as we know, there are no models for cyclists in road traffic 
either. Nevertheless, both pedestrians and cyclists figure prominently in road 
traffic, especially in urban areas. In order to understand serious injuries among 
pedestrians and cyclists the methodological framework presented below has 
been developed as a starting point for developing standards for a safe road 
environment for these groups. 

If serious injuries among pedestrians and cyclists are to be considered, the 
SRA model needs to be expanded to include other areas used for transport 
than roads, such as pavements (Berntman, Frank, & Modén, 2014) and tracks 
for cycling and walking (Berntman et al., 2014; Elvik, Høye, Vaa, & Sørensen, 
2009). To conceptualize all these elements, I have developed for this thesis a 
conceptual model based on the concept of road space (Middle box Figure 2) 
included.  

Figure 2. A conceptual model of the implementation of the Vision Zero pro-
gramme and where serious injuries occur in relation to implemented measures. 

According to Vision Zero, for a speed-limit of more than 30 km/h to be 
tolerated in road traffic, it is necessary to design safe, separate areas like pave-
ments and tracks for pedestrians, cyclists and other allowed road users. On 
pavements and tracks for walking and cycling there are no speed limits, but 
road users still are seriously injured, even beside the roads. A safe design of 
these separate areas needs to be developed in order to allow speeds over 30 
km on adjacent roads. These roads also need to be supplemented with separate 
pedestrian crossings (Tingvall & Haworth, 1999).  

However, the concept of road space is included in a context (Figure 2). The 
full interpretation of Figure 2 illustrates how the concept of road space is in-
corporated into the Vision Zero programme. Serious injuries of road users, 
who in this model also include pedestrians and cyclists, are influenced by type 
of road users, where in the road space the user is travelling, and whether or 
not the road space has been transformed by Vision Zero. The model extends 
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the SRA model (Figure 1) to include additional modes of transport (bicycles) 
and road users (pedestrians and cyclists) but also by adding parts of the road 
space (tracks and pavements). As far as we know, there are few standards for 
building and maintaining pavements and tracks comparable to those that exist 
for roads, at least in rural areas (Bergh et al., 2016). The standard of the road 
space ought to be adapted to the weakest road user category, according to Vi-
sion Zero (Swedish Government, 1997). A road space transformed by 
measures within Vision Zero ought to be safe, but even in safe road spaces 
people are killed or seriously injured (Stigson et al., 2008; Strandroth, 2015). 
This may be due to a lack of knowledge about best measures or a lack of re-
sources for implementing best measures. The interaction between the road 
space, vehicle and road user yields the impact on the number of serious inju-
ries. If the transformation of the road space into a safe area is complete, inju-
ries in safe road spaces may depend on the vehicle and/or the road user. 

Research on how Vision Zero has affected the weakest road users is mostly 
lacking. Because Agenda 2030 and the Swedish government promote more 
walking and cycling, it is important to generate knowledge about effective 
measures to reduce serious injuries even for these road users (Swedish 
Government, 1997; Swedish Government & World Health Organization, 
2020; United Nations General Assembly, 2015) 

Rational 
The road safety policy Vision Zero has focused on cars, car drivers and both 
single- and multi-user crashes on roads. What has this meant, and what does 
it continue to mean for the development of serious injuries for all road users, 
especially when Agenda 2030 and the Swedish Government will stimulate 
more walking and cycling? The programme measures have been implemented 
on roads with mixed traffic, not on tracks and pavements. More pedestrians 
and cyclists are moving alongside the roads, especially in urban areas, and this 
is the reason for introducing the new concept road space and inclusion of pe-
destrians in single crashes in the three quantitative studies. Sweden is the only 
country in Europe (Aarts et al., 2016) and probably the world to have a na-
tional registry with data from health care for all road injuries including single 
pedestrian crashes. The data are linked to the road environment and responsi-
ble road authority. The database also includes police reports. The registry be-
came national in 2016, but two regions, including Region Västmanland, have 
reported data since 2000. Thus this data from the registry provides a unique 
opportunity to study the development of serious injuries in Region Västman-
land 2003–2017 during the period when Vision Zero was being implemented.  

Vision Zero stresses the responsibility of the road designers. The road au-
thorities are the state in rural areas, and the municipalities in urban areas, and 
therefore they are and continue to be responsible for implementing the policy 
together with the regions under the government’s direction. 
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Aim of the thesis  

Overall aim   

From a regional perspective, to study the development of seriously injured 
road users in rural and urban areas during the period when Vision Zero was 
being implemented under government direction.   

Specific aims of the four studies 

Study 1  To measure the target fulfilment of a national road safety policy 
for a region by examining the incidence (number per 100,000 
inhabitants) of seriously injured road users annually during 
2003–2014 in rural and urban areas with or without 
implemented road safety measures. 

Study II To identify factors associated with serious injuries of cyclists 
and pedestrians in an urban road space during the 
implementation of Vision Zero between 2003 and 2017 in the 
Swedish Region of Västmanland. Three objectives are 
addressed: (a) How has the number of serious injuries among 
cyclists and pedestrians developed in the region from 2003 to 
2017? (b) What role do demographic factors including sex and 
age play in this development? (c) What role do different parts 
of the road space linked to Vision Zero measures play in this 
development? 

Study III To examine what types of injuries that seriously injured 
pedestrians and cyclists have received in urban road spaces 
from 2003 to 2017 in the Swedish region of Västmanland, 
when the road safety policy Vision Zero was being 
implemented: (a) Which bodily regions were affected by 
injuries and how severe were the injuries from 2003–2017? (b) 
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What role do demographic factors (including sex and age) and 
part of the road space have for the location of injuries? (c) What 
role do demographic factors and part of the road space have for 
severity of injuries and number of injured bodily regions? 

Study IV  To analyse the application of the Swedish Vision Zero road 
safety policy to County Plans for Regional Transport 
Infrastructure during 2014–2025 and study potential 
differences in orientation between different types of regional 
planning authorities. The following research questions are 
addressed: (1) How have Vision Zero and road safety been used 
as terms in the plans? (2) How has road safety been applied as 
the justification for measures in the plans? 
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Materials and methods 

Research design 
This thesis is designed on the basis of an interest in exploring the unclear de-
velopment of seriously injured road users in rural and urban areas, which 
stands in contrast to the decreased number of fatalities nationally and in Re-
gion Västmanland during the implementation of Vision Zero (Värnild et al., 
2012). In four studies, this thesis tries to develop knowledge about how Vision 
Zero, under the direction of the government, may influence road users in rural 
and urban areas in a Swedish region. Both quantitative and qualitative meth-
ods have been used. The quantitative approach used a cross-sectional design 
where existing registry data about seriously injured road users in the region of 
Västmanland from 2003 to 2017 was used in three studies. Study I takes a 
broader perspective and examines the trend of seriously injured road users. 
Study II focuses in particular on unprotected road users, i.e. cyclists and pe-
destrians in urban road spaces, whereas Study III extends this approach by 
examining what types of injuries that occur among cyclists and pedestrians in 
urban road spaces and their severity. Study IV is a qualitative case study that 
uses deductive content analysis. This study examines how the road safety pol-
icy is reflected in regional plans in the reasons given for investing in new road 
infrastructure in both rural and urban areas. Table 3 provides an overview of 
the methods and materials of the four studies. 
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Table 3. Overview of methods in studies I–IV. 

Study Design Participants, settings and 
documents 

Data analysis 

I Quantitative, 
cross-sec-
tional, descrip-
tive 

Seriously injured road users 
in rural and urban areas in 
Region Västmanland 2003–
2014 (N=633) – registry data 
STRADA 

Descriptive 
statistics, lin-
ear regression, 
chi-square 
tests 

II Quantitative, 
cross-sec-
tional, explor-
atory 

Seriously injured pedestrians 
and cyclists in urban area in 
Region Västmanland 2003–
2017 (N=403) – registry data 
STRADA 

Descriptive 
statistics, mul-
tiple logistic 
regression 

III Quantitative, 
cross-sec-
tional, explor-
atory 

Seriously injured pedestrians 
and cyclists in urban area in 
Region Västmanland 2003–
2017 (N=403) – registry data 
STRADA 

Descriptive 
statistics, chi-
square tests, 
multiple lo-
gistic regres-
sion 

IV Qualitative, 
case study 

Plans for regional transport 
infrastructure 2014–2025 
(n=10) – (Västmanland is in-
cluded) 

Deductive con-
tent analysis 

Research settings 
Given that the four studies were conducted in Region Västmanland, a descrip-
tion of the regional setting may be useful. Västmanland is a region in the Swe-
dish capital area with 270,000 inhabitants (as of 2018) and ten municipalities. 
The largest municipality has 55% of the region’s population and the other nine 
have between 26,000 and 4,500 inhabitants each (Statistics Sweden, 2018a). 
Of the population, 88% live in urban areas, a figure that has remained rela-
tively stable since 2005 (Statistics Sweden, 2018c). There is only one hospital 
for emergency care in the region. The region is criss-crossed by two European 
roads and six national roads. Persons seriously injured in a crash in the region 
do not necessarily reside in the region. The presence of several European and 
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national roads means that there is much transiting goods transport with an in-
creased risk of road injuries for all road users. The majority of the traffic on 
rural roads occurs on national roads (European and national roads). Per mil-
lion vehicle km on rural roads, 69% of the length is accounted for by national 
roads. Of national roads in 2014, 73% were motorways or roads with a median 
barrier. There are no data for urban roads, but the length of the urban road 
network nationally makes up 30% of the length of rural and urban roads 
(Swedish Transport Administration, 2019b). Nationally, Sweden’s inhabitants 
walk 50% more than they cycle (Swedish Transport Analysis, 2015). In Table 
4, numbers of seriously injured road users according to STRADA’s definition 
(ISS>8) are presented for road users with and without pedestrians in single 
crashes  in the region, for comparison with national data for 2007–2018 in 
Table 2. 

Table 4. Number of seriously injured road users in Region Västmanland 
defined as ISS>8. 

Regional data 
Year Seriously 

injured 
ISS>8 

Pedestrian 
in single 
crash 
ISS>8 

To-
tal 

2003 37 4 41 
2007 46 5 51 
2012 31 21 52 
2017 22 26 48 
2018 33 30 63 

The settings of the 10 regional plans for investments in regional road infra-
structure include, despite being a sample, plans from all parts of Sweden. The 
populations in these regions vary between 2,300,000 and 60,000 inhabitants, 
and the proportion of people living in urban areas is between 97% and 62%. 
The regions in the plans include 57% of the Swedish population (Statistics 
Sweden, 2018a, 2018c). 

Data collection, Studies I–III 
The data for seriously injured road users in Studies I–III has been retrieved 
from the Swedish Traffic Accident Data Acquisition (STRADA). STRADA 
collects data for all injured road users who receive care at an emergency hos-
pital even if they are not hospitalized. The registry has been gradually built up 
from the year 2000 and did not become national until 2016. Data from the 
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police have been included in the registry since 2003 (Swedish Road 
Administration, 2007; Swedish Transport Agency, 2019). Only two regions 
have reported data to the registry from the start, one of which is Region Väst-
manland. From the start of the registry, information is missing on the respon-
sible road authority for some crashes. Therefore responsible road authority has 
been checked for all crashes. In Studies I–III, only crashes in rural and urban 
areas are included, where the state or municipalities are the responsible road 
authorities. This is due to authorities’ responsibility to implement new 
measures if needed, according to the policy of Vision Zero. Crashes with un-
known location or in private areas are not included in the studies. For the pe-
riod 2003–2014 the latter category constituted 13.4% of all seriously injured 
road users in the region. In STRADA, reports of the geographic location of 
the crash are also available (Swedish Transport Agency, 2019). Data on the 
current road standard, transformed or not transformed by Vision Zero when 
the crash happened, has been collected from the national registry on Swedish 
road standards NVDB (Swedish Transport Administration, 2019b). 

All injury data in STRADA has been classified according to the Abbrevi-
ated Injury Scale (AIS), which is a six-degree ordinal scale. AIS 1 means the 
slightest injury and AIS 6 the most severe injury. The ISS score is given by 
the sum of the squared AIS values of a maximum of three bodily regions, and 
is a measure of the overall severity of the injuries from a crash (Baker, O'Neill, 
Haddon, & Long, 1974; Genarelli & Wodzin, 2006).  

 When the registry started, injuries were classified according to AIS 1990, 
but since 2007 they are classified according to AIS 2005. This shift in classi-
fication has meant that injury severity has decreased for a number of diagno-
ses. This also means a 26% decrease of road users classified as seriously in-
jured (ISS>8) from 2007, compared to the period 2003–2006. This decrease 
affects seriously injured pedestrians and cyclists more than car occupants, and 
mostly pedestrians in single crashes (Fredlund, 2009). 

Measures 
Examined variables included in three studies are presented in Table 5 and 

described below.  
 Serious injuries: Study I includes 633 seriously injured road users (ISS>8) 

in both rural and urban areas during 2003–2014, while Studies II and III in-
clude 403 seriously injured pedestrians and cyclists (ISS>8) in urban areas 
during 2003–2017. The Injury Severity Score (ISS) is based on the AIS scale, 
and the most severe injuries according to the AIS scale in a maximum of three 
out of six bodily regions are squared and summed to get the ISS score. For 
seriously injured road users, the score can adopt values between 9 and 75. All 
seriously injured persons with an ISS score of 9 or more are included in Stud-
ies I–III. 

Road space: The road space (Figure 2) includes the road together with 
pavements and tracks (Elvik et al., 2009) for walking and cycling beside the 
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roads that are linked to the same authority as the road. This definition has been 
employed in Studies I–III. 

Rural area: Area where the state is the responsible road authority. Included 
in Study I. 

Urban area: Area where the municipalities are responsible road authorities. 
Included in Studies I–III. 

Mode of transport: The term ‘car occupant’ includes car or bus drivers/pas-
sengers and lorry drivers. Other modes include cyclist, moped rider, motorcy-
cle rider and pedestrian. All these modes are included in Study I. In Studies II 
and III only cyclists and pedestrians are included. 

Vision Zero areas 
The studied areas where the crashes happened are divided into Vision Zero 

Areas, where road safety measures have been implemented, and Non-Vision 
Zero Areas, without any changes in speed limits or road infrastructure since 
1997 (Table 6). Vision Zero roads consist of roads with median barriers: mo-
torways or 2+1 roads having varying numbers of lanes (Bergh et al., 2016; 
Elvik et al., 2009), speed camera sections (Belin, Tillgren, Vedung, et al., 
2010; Swedish Transport Administration, 2019b), roads without median bar-
rier with speed limits of 80, 60 or 40 km/h (Swedish Transport Administration, 
2019b), roundabouts (Elvik et al., 2009) and safe roads with a maximum speed 
of 30 km/h or an under- or overpass for a road (Swedish Transport 
Administration, 2019b). Non-Vision Zero areas consist of roads without me-
dian barriers and with the old speed-limit system, junctions, unsafe pedestrian 
crossings even with signals, tracks for cycling and walking (Elvik et al., 2009) 
and pavements. All crashes are defined as being in one of these areas, and the 
concept has been employed in Studies I–III. For Study II and Study III, Non-
Vision Zero Area has been divided into roads and pavements/tracks respec-
tively, in order to compare both these areas with Vision Zero areas. 

Type of crash: Study I includes the division between single and multiple 
crashes. 
Age categories: Age categories differ somewhat between Study I and 
Studies II and III because of knowledge from Study I, but also depend-
ing on the multivariate regression analyses in Studies II and III. In Stud-
ies II and III, a different classification into age groups has been made. Three 
age categories, 50–64, 65–
category of seriously injured pedestrians and cyclists who are 0–49 years of 
age. The first category in Studies II–III is the age before retirement and 
the second category is sometimes called the younger-older (Ryan et al., 
2016). Mean age for three-year groups is included in Study II. 

Sex: Men and women are included in Studies I–III. 
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Table 5. Variables included in Studies I–III 
 
Variables  Study I Study II Study III 

Car or bus driver/passenger, 
lorry driver X   
Cyclist X X X 
Moped rider X   
Motorcycle rider X   
Pedestrian X X X 

    
Vision Zero Area X X X 
Non-Vision Zero Area X   
Non-Vision Zero road  X X 
NVZ Pavement/track  X X 

    
Multi crash X   
Single crash X       
0–14 years (0–49 years) X (X) (X) 
15–24 years (0–49 years) X (X) (X) 
25–44 years (0–49 years)) X (X) (X) 
45–64 years (50–64 years) X  (X) (X) 
65–74 years (65–79 years) X (X) (X) 

 X (X) (X) 
Mean age  X      
Men X X X 
Women X X X 

    
Head, face, neck   X 
Lower extremities/pelvis   X 
Other injuries   X 

    
1 bodily region   X 
> 1 bodily region   X 

    
ISS=9   X 

     X 
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Location of serious injuries: Injuries are linked together in Study III in 
three bodily regions: head, face, neck; lower extremities, pelvic skeleton; and 
thorax, abdomen, spine, upper extremities, external injuries. Injuries are also 
divided into number of bodily regions and severity. 

Number of bodily regions: In Study III, number of bodily regions is in-
cluded as 1 or >1 bodily region. 

Severity: In Study III injury severity is included as ISS=9 or ISS  
Cause of crash: Divided on causes related to maintenance and other causes. 
Municipality size: Divided on urban areas with >100,000 inhabitants or less. 

Table 6. Definitions of Vision Zero Areas and Non-Vision Zero Areas 

Road area Definition 
Vision Zero Area 
 Motorway  2 + 2 lanes  

Speed limit 110/120 km/h. 
 Barrier-separated road 2 + 1 road with a median barrier. 110 km/h be-

fore 2009; from 2009 100 km/h. 
 Road with speed camera section Speed camera section.
 Road with new speed system Road without median barrier with 80, 60 or 40 

km/h speed limit.  
 Roundabout  Rebuilt road junction with heavy traffic. 
 Safe road/safe pedestrian crossing    Road with speed limit 30 km/h or pedestrian 

crossing by over or underpass. 
Non-Vision Zero Area 
 Road with old speed-limit system Road without median barrier with 110, 100, 90, 

70 or 50 km/h speed limit.  
 Junction  T- or X-junction. 
 Unsafe pedestrian crossing Unsafe pedestrian crossing, even crossing with 

traffic signal or a pedestrian crossing on a road 
with > 30 km/h speed limit.  

 Track for cycling and walking Track for cyclist, pedestrian, moped rider travel-
ling in both directions.  

 Pavement  For pedestrians primarily.  

Data collection, Study IV 
The data collection in Study IV consists of a strategic sample of plans from  
21 County Plans for Regional Transport Infrastructure from 2014–2025 
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(Kvale & Brinkman, 2014). The sample resulted in ten plans, and is based on 
the assumption that county plans that support road safety measures on both 
state and municipal roads are more interested in road safety than decision-
makers in the other eleven counties of Sweden. The other plans had only al-
located funds for either municipal or state roads, or none at all. The sample 
will therefore also result in a number of plans which are more similar in their 
level of interest of road safety than the other ones.  

Data analysis, Studies I–III 
Statistical analysis 
Studies I, II and III are all cross-sectional studies, but Study I comprises an-
nual data from a period of twelve years, while Studies II and III contain annual 
data for fifteen years. This has given opportunities to study development dur-
ing these periods.  

In Study I, incidence rates of seriously injured road users (per 100,000 in-
habitants) were calculated for rural and urban areas respectively, and the trend 
between 2003 to 2014 was assessed with linear regression. In rural areas, data 
was also stratified for car occupants in national and regional roads, as well as 
for unprotected road users in rural area. For urban areas, data was stratified 
for car occupants and unprotected road users on roads or pavement/tracks. The 
difference between rural and urban areas, and between different modes of 
transport and type of crash in Vision Zero areas and Non-Vision Zero areas 
has been analysed by chi-square test.  

In Study II, the development of seriously injured cyclists and pedestrians 
has been studied by grouping all injured persons into five three-year intervals 
to reduce the effect of big fluctuations that may occur between separate years. 
All the variables in the study (Table 5) were presented by percentages, but 
also by mean age for pedestrians and cyclists in the three-year intervals. In 
two series of multiple logistic regression analyses the characteristics of age, 
sex and influence of Vision Zero roads were studied in relation to seriously 
injured persons in the five given time periods. Women were compared with 
men as a reference, road users 50 years and older were grouped in three clas-
ses, and the group 0–49 years was used as a reference. The influence of Vision 
Zero roads and pavements/tracks was analysed with Non-Vision Zero roads 
as a reference. The analyses were adjusted for cause of crash and municipality 
size and yielded Odds Ratios (OR) and 95% Confidence Intervals (CI) for the 
four three-year intervals compared with the period 2003–2006.  

In Study III, which is about types of injuries, descriptive statistics are pre-
sented for all the variables (Table 5) and chi-square tests are performed to 
study the differences between cyclists and pedestrians. All the injuries were 
grouped into three bodily regions: head/face/neck; lower extremities/pelvic 
skeleton; and thorax/abdomen/spine/upper extremities/external injuries. The 



42 

period 2003–2017 was divided into three five-year categories to increase sta-
tistical power. Differences were assessed in the distribution of injured bodily 
regions, the severity of injuries, and the number of injured bodily regions for 
cyclists and pedestrians. The two later periods were compared with 2003–
2008. In a series of multiple logistic regression analyses adjusted for cause of 
crash and municipality size, pedestrians and cyclists were studied in relation 
to the three bodily regions (head, thorax, lower extremities), severity of inju-
ries (ISS score ), and number of injured bodily region (>1). Pedestrians 
and cyclists were analysed by the impact of demographic factors such as age 
and sex and different parts of the road space, as well as for the five three-year 
categories. The references for the variables in the multiple logistic regression 
analyses in Study III were the same as in Study II, and the analyses yielded 
values of OR with a CI of 95%. 

Data analysis, Study IV 
Study IV is a qualitative study analysed by deductive content analysis. The 
themes for the deductive analysis are the Swedish Parliament’s ten clarifica-
tions of the functional and consideration goals under an overall goal for 
transport and infrastructure (Swedish Government, 2009). The seven clarifi-
cations of the functional goal has been compressed to seven key messages: 
travel, commercial travel and shipping, accessibility, egalitarian society, dis-
abilities, children and public transport, walking and biking. The consideration 
goal has three key messages: road safety, environment, and public health. 
These words were used as a coding scheme in the study. The process of col-
lecting data for directed and summative analyses (Hsieh & Shannon, 2005) is 
presented in Table , and the coding scheme is used in step 3. Justifications of 
measures were collected by reading and rereading the plans. Initially, a feasi-
bility study was done of three plans representing the three types of decision-
makers in county planning, state-county administration, county council and a 
federation of municipalities, in order to also study whether there were any 
methodological differences between these parties. The various decision mak-
ers reflect a process of changed political decision-making at regional level in 
Sweden. The feasibility study could not identify method problems due to dif-
ferent decision-makers. 

Justifications of measures were collected in text passages and divided into 
three groups: general need for road measures, specified measures on state 
roads, and sums for unspecified small measures on state or municipal roads. 
The material was saved in an Excel document and in step 2 keywords were 
selected from the text passage before the coding scheme was used in step 3. 
In step 4, each clarification was related to a functional or a consideration goal. 
These justifications of measures have also been compiled into tables related 
to type of clarifications used and goals, and also to the number of justifications 
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in the individual plan. Altogether 637 justifications for measures were identi-
fied in the ten plans, and 1541 clarifications were used in these justifications.  

Table 7. Process for the content analysis of the County Plans for regional 
Transport Infrastructure (CPRT) 2014–2025. 

All plans concerning the years 2014-2025 (N = 21) were initially scruti-
nized and ten plans (Plans 1-10) that had allocated sums for road safety 
measures for both state and municipal roads were selected for analysis. 
Steps 1-4 address research question 2, and Step 5 research question 1 of 
the aim of the study 

Step 1 
Manifest 

Step 2 
Manifest 

Step 3 
Manifest/ 

Latent 

Step 4 
Manifest/ 

Latent 

Step 5 
Manifest 

Identify text 
passages (no 
more than 
one section 
per justifica-
tion) that 
could be 
linked to jus-
tifications for 
measures:  

(1) general
needs for
road
measures,

(2) specified
measures on
state roads,

(3) sums for
unspecified
small
measures on
state or mu-
nicipal roads

Selection 
of key-
words in 
the selected 
text pas-
sages 

Selected text 
passages and 
keywords 
were mani-
festly or la-
tently sorted 
to a coding-
scheme for 
clarifications 
used as justi-
fications for 
measures in 
the relevant 
passage 

Deduction 
of applied 
clarify-ica-
tions in re-
lation to 
the func-
tional (nos. 
1-7) and 
considera-
tion goals 
(nos. 8-10) 
– a mani-
fest or la-
tent pro-
cess as a
result of
Step 3

Word-
searches: Vi-
sion Zero, 
road safety, 
safety/safe 
and accident 

Examination 
of the pres-
ence of re-
gional statis-
tics (about 
persons killed 
and seriously 
injured) 
linked or not 
linked to an 
analysis  

References to 
regional pro-
grammes – 
how many 
and what kind 

As a supplement, a summative approach was employed to examine how 
‘Vision Zero’ and ‘road safety’ have been used as terms in the plans (step 5 in 
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Table 7). Word searches were done of the terms Vision Zero, road safety, 
safety/safe and accident. The reading of the plans also included an examina-
tion of whether the plans reported statistics about fatalities and seriously in-
jured road users in the county in question, and if so, whether this data was 
analysed. The plans’ references to regional programmes were also noted dur-
ing the reading. 

Ethical considerations 
Studies I and IV have been approved by the Swedish Ethical Board in Uppsala, 
Sweden (Dnr 2015/016). Study II was also approved by the Swedish Ethical  
Board in Uppsala (2015/016/1). Study III was approved by the new Swedish 
Ethical Review Authority (Dnr 2019-00209). 
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Results 

Study I 
Despite the implementation of road safety measures, the incidence (injured 
per 100,000) of seriously injured road users increased in the region during 
2003–2014. In rural area it has increased marginally, from 7.8 to 9.3, and in 
urban area it has doubled, from 8.0 to 16.3. Nearly 60% were seriously injured 
in urban areas and more than 50% of these on pavements and tracks for cycling 
and walking. Road users were seriously injured in single crashes more than in 
multi crashes. In rural areas 50% were single crashes, and in urban areas 
69.3%. 

On national roads in rural areas, road safety measures were implemented 
in the form of barrier-separated roads (2+1 roads/motorways), speed cameras 
and a speed revision. For car occupants, the incidence decreased on national 
roads by 26.5% while it instead increased on regional roads by 55%, where 
the road safety measure implemented was to decrease the speed limit by 10 
km/h on 16% of the road length. The incidence for unprotected road users 
increased by 72% on rural roads. In 2014, there was an incidence of around 
3.0 for each of these three groups. 

In urban areas where municipalities had the possibility to implement road 
safety measures by decreasing the speed limit from 50 to 40 or 30 km/h and 
building roundabouts and speed bumps, the incidence decreased for car occu-
pants. For unprotected road users, the incidence increased on roads by 110% 
and on pavements and tracks by 152.5%. In 2014 the incidence was 1.0 for 
car occupants on urban roads and 6.3 for unprotected road users, but 9.2 on 
pavements/tracks.  

Of seriously injured persons in rural areas, 80.9% were car or bus occu-
pants, lorry drivers or motorcycle riders, while in urban areas 83% were cy-
clists or pedestrians. Road users injured in Non-Vision Zero Areas were on 
average 5.45 years older than those injured in transformed areas. In Non-Vi-
sion Zero Areas, 36% were injured in rural areas and 64% in urban areas. In 
Vision Zero Areas, 61% were injured in rural areas and 39% in urban areas. 
For all examined variables there were significant differences between rural 
and urban areas. There were also significant differences in the distribution of 
serious injuries between Vision Zero and Non-Vision Zero Areas for car oc-
cupants, pedestrians, cyclists and the mean age of road users. 
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Study II 
During the period 2003–2017, the number of seriously injured pedestrians and 
cyclists more than doubled in urban road spaces. Pedestrians increased more 
than cyclists with a more than sevenfold increase during the period, while the 
number of cyclists increased from the start but stabilized from the middle of 
the period. The mean age during the period increased for pedestrians from 
60.4 to 68.8 years, and for cyclists from 53.2 to 64.5 years.  

The proportion of persons seriously injured on Vision Zero roads increased 
from 7.7% to 26.3% during the period, while those injured on Non-Vision 
Zero roads decreased from 41% to 21.1%. During all the five three-year peri-
ods during 2003–2017, more than 50% of the injuries occurred on pavements 
and tracks for walking and cycling where no Vision Zero measures had been 
taken. 

The logistic regression analysis showed that from 2012 cyclists and pedes-
trians 80 years or older had a fourfold (OR 4.33, CI 1.18–15.89) increased 
probability of being seriously injured compared with those younger than 50 
years, and the probability was nearly tenfold (OR 9.81, CI 2.33–41.26) from 
2015. The analysis also showed that the probability increased even for the 
group 65–79 years and was six times as high (OR 6.42, CI 1.89–21.88) from 
2015. The importance of older age still remained when road space was in-
cluded, but was somewhat less pronounced 
years. All the regression analyses were adjusted for cause of crash and urban 
area in municipalities. 

From 2012, there was an increased probability (OR 4.36, CI 1.04–18.31) 
of being seriously injured on Vision Zero roads compared with Non-Vision 
Zero roads. During the period 2009–2011 there was also an increased proba-
bility (OR 4.13, CI 1.66–10.29) of being seriously injured on pavements and 
tracks compared with Non-Vision Zero roads. 
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Study III 
During the period 2003–2017, 71.4% of seriously injured pedestrians and 
43.7% of seriously injured cyclists got injuries in the lower extremities and 
pelvic skeleton. Compared with pedestrians, cyclists more frequently got in-
juries in the head and other parts of the body: 57.9% and 32.0% respectively. 
Cyclists were also injured in more bodily regions and got more severe injuries 

edestrians. Of pedestrians, 70.4% were 65 years or older, 
while few cyclist were 80 years or more. Of cyclists, 50.8% were injured on 
tracks and pavements, compared with 68.0% of pedestrians. 

For pedestrians, the development of injuries between 2003–2007 and 
2013–2017 was a decrease of injuries in the head region and an increase in 
injuries in lower extremities. Injuries giving an ISS score above 9 also de-
creased for pedestrians between 2003 and 2007, and 2013 and 2017. All the 
above differences were significant. For cyclists, injuries in the lower extrem-
ities and thorax increased, while injuries in the head region decreased, but 
these findings were not significant, probably due to low base rates.  

In results from multiple logistic regression analysis, the probability of pe-
destrian injuries to lower extremities was three to four times higher from the 
age of 50–64 years compared with those younger than 50 years, and this sim-
ilarly applied to cyclists. While the probability of serious injuries in lower 
extremities was nearly the same for pedestrians of any age, for cyclists the 
probability increased with age. For cyclists from 65–79 years OR was 7.54 
(CI 3.11–18.27) and for the category 80 years or older 8.30 (CI 2.85–24.18) 
compared with those younger than 50 years. Probability of injuries to lower 
extremities increased for cyclists from 50 years, while head injuries decreased; 
for pedestrians this also occurred but only for the category 65–79 years.  

Compared with Non-Vision Zero roads, being on pavements/tracks de-
creased the probability of pedestrian injuries in the lower extremities and 
thorax. For pedestrians, there was also a decreased probability of injuries in 
more than one bodily region on Vision Zero roads (OR 0.27, CI 0.08–0.88) 
and on pavements/tracks (OR 0.15, CI 0.06–0.40) compared with Non-Vision 
Zero roads. For pedestrians, pavement/tracks also meant decreased probability 

–0.50).  
For cyclists, pavement/tracks only meant decreased probability of an ISS 

. From 65 years, cyclists had a decreased probability of injuries in 
more than one body region, and from 80 years a decreased probability of an 
ISS score more than 9 (OR 0.30, CI 0.10–0.90). 
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Study IV 
The word-searches of the plans revealed that the term Vision Zero was men-
tioned a few times in a few plans. While the terms ‘road safety’ or ‘safety/safe’ 
were used frequently, ‘accident’ was used infrequently, indicating that alt-
hough there are road safety justifications in the plans, these are seldom explic-
itly linked to accidents. Regional statistics on fatalities and serious injuries 
were hardly included at all. 

The number of justifications for measures and clarifications varied a great 
deal between the plans, and not only in terms of number of pages. There was 
also a difference concerning the relative emphasis on general justifications for 
measures compared to justifications for specified measures, which was also 
related to the counties’ financial frameworks. Larger financial frameworks al-
lowed more measures and therefore more justifications for measures. Most 
justifications of measures concerned general needs for measures.  

In most cases, two or three clarifications were linked to each justification, 
but there were more clarifications when both the functional (accessibility) and 
consideration (road safety, environment, public health) goals were invoked. 
Road safety was almost never used as the sole justification for measures, and 
when it was, it was used as a justification of a general need for road safety in 
the county. Public health was never used as a sole justification for measures. 

The sole functional goal prioritized accessibility, public transport, walking 
and biking, and sometimes also commercial travel and shipping. The most 
commonly used clarifications in the plans were accessibility and public 
transport, walking and biking. These two clarifications accounted for half of 
all clarifications identified in the plans, while road safety accounted for only 
slightly more than one in ten. Road safety was mainly used together with other 
clarifications of the functional and consideration goals in order to justify spe-
cific needs for measures on state roads. 
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Discussion 

Development of seriously injured road users in Region 
Västmanland when Vision Zero was implemented 
Despite Vision Zero/Target 2020 and implemented road safety measures, the 
incidence of seriously injured road users increased marginally in rural areas 
and doubled in urban areas. More road users were seriously injured in urban 
areas than in rural areas.  

Below based on the overall aim of the thesis, the results from the four stud-
ies are discussed together with their implications for public health and health 
and welfare. 

Development of incidence for seriously injured road users in 
Region Västmanland, 2003–2014 
Despite the implementation of road safety measures in Region Västmanland 
during 2003–2014, the incidence of seriously injured road users increased in 
both rural and urban areas, though considerably more in urban areas. More 
unprotected road users were injured beside the roads than on the roads in urban 
areas. Single crashes of unprotected road users dominated the group in urban 
areas, especially for cyclists and pedestrians. This is not unique to the region; 
data from other countries in Europe also indicate that single crashes with un-
protected road users are a serious issue (Methorst et al., 2016). The focus of 
road safety measures within Vision Zero has been on roads, more rural than 
urban roads, and not on pavements and tracks. Tracks and pavements along-
side roads are seen as safer areas than roads with mixed traffic (Johansson, 
2009; Tingvall & Haworth, 1999). 

Car occupants on national and regional roads in rural areas 
In Region Västmanland, national roads are responsible for 69% of transport 
journeys (vehicle km) and regional roads for 31% (Swedish Transport 
Administration, 2019b). In Study I, the incidence of seriously injured car oc-
cupants decreased on national roads from 3.9 to 2.9 per 100,000 inhabitants, 
but for car occupants on regional roads the incidence instead increased from 
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1.7 to 3.1. This difference in the development of incidence for car occupants 
between national and regional rural roads in the region may be a result of more 
measures having been implemented on national roads than on regional roads. 
Measures were implemented successively on national roads beginning already 
in 1995, and in 2014, 88.4% of the length had been transformed by Vision 
Zero measures. On regional roads in the region, the only measure was a speed-
limit reduction of 10 km/h on 16% of the length as a result of the 2009 speed 
revision (Swedish Transport Administration Region East, 2016).  

In 2014, the national roads in the region were transformed by use of 2+1 
roads or motorways (73% by length), speed camera sections (12%) and/or 
changed speed limit in accordance with the national speed revision (44%). 
Other studies have shown that rebuilding roads with median barriers and safe 
side areas can decrease the number of fatalities and serious injuries by 50–
60% (Carlsson, 2009; Vadeby, 2016). The introduction of speed camera sec-
tions may also reduce fatalities and serious injuries by 25%, although several 
local factors influence the effects of speed cameras (Belin, Tillgren, Vedung, 
et al., 2010; Larson & Brüde, 2010; Li & Graham, 2016). Further, the speed 
revision in 2008/2009 led to both increased and decreased speed limits on na-
tional roads in the region. Rebuilt roads, previously 13 m wide or less without 
median barriers, had their speed limits increased by at least 10 km/h. Despite 
the higher speed limits, one study reports a significant decrease (21%) of 
crashes resulting in personal injuries on 2+1 roads (Vadeby, 2016). The intro-
duction of median barriers has replaced head-on collisions with single crashes, 
and there are different ratios of serious injuries to fatalities depending on the 
type of crash. There are more seriously injured road users per fatality in single-
vehicle crashes and crashes on motorways (6–7 road users) than in head-on 
collisions (3 road users) (Bergh, Carlsson, & Larsson, 2003). If implemented 
measures change the ratio, this has an effect on the numbers of serious injuries 
and fatalities.  

On regional roads in the region, as opposed to national roads, the only Vi-
sion Zero measure was to decrease the speed limit from 90 to 80 km/h on 16% 
of the length of regional roads (Swedish Transport Administration Region 
East, 2016). Despite this measure, the incidence of serious injuries increased 
during the period for car occupants on regional roads, and became slightly 
higher than for car occupants on national roads in the region in 2014. The 
development of the incidence for car occupants on regional roads may be 
linked to the standard of regional roads as compared to the standard of national 
roads in the region. . The standard of regional roads is low and there are no 
motorways or 2+1 roads on regional roads in the region (Swedish Transport 
Administration, 2019b). Regional roads, which mostly have fewer road users 
than national roads, are often more dangerous than national roads (Prato, 
Rasmussen, & Kaplan, 2014). Circumstances related to increased traffic dur-
ing the period may be a possible explanation of the increased incidence. The 
speed revision implemented on regional roads in the region in 2009 was the 
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start of an adaptation of speeds to match the standard of regional rural roads 
(Swedish Transport Administration, 2012). Speed limits, and compliance with 
the limits, must be adapted to the road standard and the vehicle standard in 
order to create a safe road transport system for the road users (Government 
office, 1997; Stigson et al., 2008; Tingvall & Haworth, 1999). Because the 
incidence of serious injuries increased for car occupants on regional roads, 
there is a need for improved road standards and/or continued adaptation of 
speed to existing road standards.  

Speed adaptation may be done by implementing a speed limit in accordance 
with the road standard and enforcing compliance. Speed compliance nation-
ally during the period 2003–2014 deviated from Vision Zero’s indicator target 
of 80% speed compliance on rural roads. Speed compliance was nationally 
43% in 2004 and 46% in 2014 and can be assumed to be the same in Region 
Västmanland. Despite increased speed limits on rebuilt national roads (77% 
of the length) and low speed compliance, the incidence of serious injuries for 
car occupants decreased on national roads. The increased road standard on 
national roads has made increased speed possible (Kim et al., 2017). On re-
gional roads, the speed reduction has not been enough to reduce the incidence 
of serious injuries.  

Increased incidence of seriously injured unprotected road users in urban road 
spaces 
During 2003–2014, the incidence of seriously injured unprotected road users 
on urban roads increased from 3.0 to 6.3 in Region Västmanland, while the 
incidence on tracks and pavements increased even more, from 3.6 to 9.2. Vi-
sion Zero measures have focused on roads where municipalities already had 
the possibility since 1998 to reduce the speed to 30 km/h on separate roads. 
Implementation of speed bumps and roundabouts are other modes used by 
municipalities to reduce speed in urban areas. Since 2010, municipalities have 
had the possibility to change from 50 km/h to a speed system of 30, 40 or 60 
km/h, but more roads nationally in urban areas have still 50 km/h instead of 
40 km/h (Swedish Transport Administration, 2019a). Nationally, speed com-
pliance on urban roads was almost the same in 2018 as it was in 2012; 64% in 
2012 and 66% in 2018. The speed compliance is higher in urban areas than on 
rural roads nationally, but is not sufficient, as the indicator target is the same 
as on rural roads 80% (Swedish Transport Administration, 2019a). Because 
the incidence of seriously injured unprotected road users increased more on 
tracks and pavements than on roads in the region, the measures may have con-
tributed to less of an increase in the incidence for unprotected road users on 
roads than would have been the case if these measures were not taken.  

The incidence of serious injuries among unprotected road users in Region 
Västmanland is increasing more alongside the roads than on the roads, despite 
the fact that pedestrians and cyclists face no mixed traffic with motor vehicles, 
except for some types of mopeds and electric bicycles. According to Vision 
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Zero, separating pedestrians and cyclists from motor vehicles is a way to pro-
tect these groups, but this has not been enough. Except for measures imple-
mented on roads, the difference between the incidences may possibly reflect 
a difference in the distance of walking and cycling alongside roads compared 
with on roads. There are no statistics for the region about distances of walking 
and cycling. Nationally, walking increased steadily during the period from 2.8 
billion km to 3.5 billion km, while the distance of cycling increased from 1.8 
to 2.4 billion km. Cyclists 65 years and older increased their distance travelled 
by 50% between 2000 and 2014, while young people (< 25 years) have de-
creased their distance since 1995 (Swedish Transport Analysis, 2015). The 
difference between pavements/tracks and roads may also reflect the increased 
distance of walking and cycling beside the roads compared to on the roads. 
Pedestrians in urban areas mostly have access to a pavement.  

Factors related to the increasing number of seriously injured 
cyclists and pedestrians, 2003–2017 
During 2003–2014, 14.3% of seriously injured road users were injured on ur-
ban roads transformed by Vision Zero, compared with 31.7% on rural roads 
in Region Västmanland. The implementation of Vision Zero measures on ur-
ban roads in the region is possibly visible as a four- to five-fold increased 
probability of being seriously injured as a cyclist or pedestrian on transformed 
roads from 2012. This may be a result of increased voluntary adaptation to the 
new speed limits of 30 and 40 km/h on urban roads from 2010. Despite the 
implementation of measures, the increasing incidence of seriously injured un-
protected road users in urban areas may also reflect other factors such as an 
increased number of older people in the region. Seriously injured road users 
in Non-Vision Zero areas were on average 5.45 years older than road users 
injured on transformed roads.  

The mean age of seriously injured pedestrians increased during five three-
year periods (2003–2017) from 60.4 to 68.8 years, and of cyclists from 53.2 
to 64.5 years. From 2012, the probability of being seriously injured among 
cyclists and pedestrians 80 years and older was four times that of those who 
were younger than 50 years, and the probability has increased further since 
2015. From that time, the probability of being seriously injured also increased 
for the 65–79 group, and was six times that of those who were younger than 
50 years. The increased probability of serious injuries to older pedestrians and 
cyclists may be linked to the ageing generation born in the 1940s (Statistics 
Sweden, 2018b). This generation will also have an extended life-time com-
pared with earlier generations (Christensen et al., 2009; Rechel et al., 2013). 
In Sweden the number of people 80 years and older will increase by 50% until 
2030 (Statistics Sweden, 2018b).  



53

From 2003–2005 there were fewer seriously injured pedestrians than cy-
clists, but during the period 2009–2011 there was a shift to more seriously 
injured pedestrians than cyclists despite an even distribution between pedes-
trians and cyclists during the period. What is the possible explanation for the 
stabilization of the number of seriously injured cyclists from 2009–2011 and 
a steadily increasing number of injured pedestrians? It is possible that in-
creased age will decrease the distance of cycling more than the distance of 
walking, even if a national study reports increased distance of cycling for 
those 65 years and older (Swedish Transport Analysis, 2015). Ceasing to ride 
a bicycle may be distressing for older people (Ryan et al., 2016). In a national 
study with data from STRADA (2003–2008) the number of seriously injured 
pedestrians aged   increased by 83.9%, compared with those in the 65–74 
age range (Öberg, 2011). 

Injuries of seriously injured cyclists and pedestrians 2003–2017 
In Region Västmanland during 2003–2017 cyclists got more head injuries, 
were seriously injured in more body regions and had more injuries with an 
ISS , who had more injuries in lower extremities, injuries 
with an ISS score of 9, and more injuries in only one body region. During the 
period there was a shift in serious injuries for pedestrians and cyclists from 
fewer head injuries (head, face, neck) to more injuries in lower extremities. 
This shift was significant for pedestrians but not for cyclists, probably because 
of a low base rate. For cyclists there was also a decreased probability of inju-
ries with an ISS above. One important factor is 
probably the increasing number of people 65 years and older in the region 
(Statistics Sweden, 2018a). The body region lower extremities includes hip 
fractures, and an ageing population results in 1–3% more hip fractures annu-
ally. Hip fractures are estimated to increase four-fold until 2050 (Cummings 
& Melton, 2002). There are differences in hip-fractures between men and 
women, but this difference is less than that between young and old people 
(Carlsson & Svensson, 2015; Robinovitch et al., 2009). One study reports that 
the people who got hip fractures in a road environment were younger than 
those who got them in other places (Emaus et al., 2011). In our study pedes-
trians and cyclists 50 years and older will have a four times greater probability 
of serious injuries in lower extremities than those younger than 50 years. For 
pedestrians this situation is life-long, while the probability will increase for 
cyclist from 65 years of age. It may be more difficult to find an explanation of 
the result that the probability of serious injuries in lower extremities is life-
long for pedestrians than for the result that the probability increases with age 
for cyclists. Do the more complex situation and greater speed that cycling in-
volves cause the differences observed between cyclists and pedestrians?  

In Study III, 68% of pedestrians and 50.8% of cyclists were seriously in-
jured on pavements and tracks. This notwithstanding, tracks and pavements 
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decreased the probability of serious injuries for pedestrians, except for head 
injuries. For cyclists there was only a decreased probability on tracks and 
pavements of the most severe injuries with an ISS A study from the cap-
ital territory of Australia reports for cyclists more severe injuries on tracks 
(shared paths) than on cycle lanes (on roads) or pavements (footpaths) (De 
Rome et al., 2014). A study based on a survey (n=964) with a questionnaire 
to injured cyclists based on cycle crashes reported to STRADA (January 
2013–April 2017) reports that 53% of all crashes occurred on tracks or special 
lanes for cyclists on the roads and 24% on ordinary roads in urban areas 
(Ohlin, Alguren, & Lie, 2019). 

A rebuilt urban road, mostly with a speed of 30 km/h, will have a lower 
probability of serious injuries for pedestrians than a road not transformed by 
Vision Zero. The transformed road will protect pedestrians from injuries in 
more than one body region. Crashes with more than one injured body region 
are likely to be crashes with other road users on the roads. This result may be 
an effect of the different speeds on transformed and non-transformed roads. A 
lower speed will possibly result in fewer injured body regions, as the speed 
limit of 30 km/h is not always enough to protect pedestrians from serious in-
juries (Jurewicz, Sobhani, Woolley, Dutschke, & Corben, 2016; Kröyer, 
2014). 

 

Management by Vision Zero of road investments in CPRTs 
Road safety, as a part of the government’s consideration goal, is rarely in-
voked in the plans. Target 2020 is a quantitative clarification of the transport 
consideration goal, into which Vision Zero is integrated. The road safety vi-
sion and its targets are national and are nationally adopted. There is no quan-
tification of the targets for authorities on national, regional or local level nor 
for municipalities or regions. A goal/target needs to be accepted by and 
adapted to the organization to be possible to achieve (Rombach, 1991).  

The main justifications for new infrastructure investments in County Plans 
for Regional Transport Infrastructure 2014–2025 are accessibility and facili-
tating more walking and cycling, together with use of public transport. The 
regions have followed the government’s directives, but the diversity and im-
balance of the government’s clarifications of the two goals create ambiguity 
about the role of road safety for the regions (Svensson, 2018). For more com-
prehensive investments in state roads, accessibility and road safety are as-
signed values in cost-benefit analyses as an aid in prioritization, but this is not, 
as far as known, done in municipalities (Andersson, Hultkrantz, Lindberg, & 
Nilsson, 2018; Thoresson, 2011).  

A study reports that increasing road safety by reducing speed and thereby 
reducing accessibility is a sensitive political issue for municipalities, espe-
cially in urban areas (Hysing, 2019). In our study there are examples from 
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regions that want to increase road standards instead of decreasing speeds on 
rural roads. The speed revision in Sweden started in 2008/2009 with in-
creased/decreased speeds along 20.8% of the length of rural roads nationally. 
This was followed by a speed revision on urban roads, including a shift from 
50 to 40 km/h for 41.2% of the length of urban roads, carried out during 2012–
2018 (Swedish Transport Administration, 2012, 2019a). The slow rate of im-
plementation may be a result of the sensitivity of reducing speed limits on 
rural and urban roads. The CPRTs argue strongly that improving road stand-
ards by rebuilding roads with median barrier increases accessibility, and it has 
the further unstated consequence of allowing higher speed limits (Bergh et al., 
2016). In this way increased accessibility and road safety have both been 
achieved (Kim et al., 2017). The relationship between speed and crashes is 
strong, which is reflected in Vision Zero, both in the SRA model and in the 
speed limit of 30 km/h for mixed traffic (Stigson et al., 2008; Swedish 
Government, 1997; Tingvall & Haworth, 1999). 

When Vision Zero was adopted, management by objectives was at its peak 
in Sweden, and it is still important (Jacobsson, 2015; Kristiansen, 2015; 
Svensson, 2018). A quantification of the target was calculated by SRA 
(Swedish Road Administration, 2008). As an alternative, a target for achieving 
a goal can be calculated as a sum of various actors’ commitments. For man-
agement to be effective, a quantitative target needs to be summed up on the 
basis of the commitments of concerned organizations, or at least from the main 
road authorities, such as the state and municipalities (Rombach, 1991; 
Wegman et al., 2015). 

The regions/counties work with their prioritization of measures in networks 
with several programmes and actors. Goals set by Parliament are handled by 
networks, and will also be a facet of a goal mix at regional levels (Bax, de 
Jong, & Koppenjan, 2010; Hertting & Vedung, 2009; Svensson, 2018). De-
spite this mix of national, regional and local goals, the imbalance from the 
government is still reflected in CPRTs.  

There is an example from the Netherlands of a transformation – similar to 
that in Sweden – of a sector goal into a facet of the transport goals and a 
change, through vertical governance, of an evidence-based road safety policy 
into interaction by negotiations with actors in networks on regional and local 
level (Bax et al., 2010). For vertical governance to function, it is necessary 
that most of the subordinated actors perform their tasks and do not only fulfil 
part of their mandates  (Bax et al., 2010).  In rural areas, the government di-
rects and finances a road system where car occupants are the predominant 
group of seriously injured persons, while in municipalities the growing group 
of seriously injured cyclists and pedestrians calls for implementation of road 
safety measures in urban road spaces. The means of governance for imple-
menting road safety measures in rural and urban areas differ between 
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measures and management. There is a need for increased interaction with mu-
nicipalities and regions from the government in order to achieve road safety 
targets not yet adopted for the period after 2020. 

In 2012, when directives were issued for the regions/counties to draw up 
CPRTs, the government did not present any connection between stimulating 
more walking and cycling and the probability of more injuries within these 
modes of transport (Swedish Government, 2012b). Two years after the plans 
were approved, the government expressed that a combination of more walking 
and cycling and an ageing population may result in an increased number of 
crashes and increased seriousness of the injuries (Swedish Government, 
2016). Still the government repeated the message without linking it to the need 
for more road safety measures to reach Vision Zero (Social Democrats et al., 
2019; Swedish Government, 2018). It is necessary to clearly associate the 
message of more walking and cycling with the need to implement more road 
safety measures for unprotected road users, especially in urban areas where 
municipalities are the responsible road authorities (Elvik, 2019). 

According to the SRA model the speed on roads in rural areas needs to be 
adapted to the road standard. The speed revision for roads without median 
barriers need to be implemented (Swedish Transport Administration, 2012), 
otherwise the road standard ought to be increased. On urban roads the speed 
revision is voluntary for municipalities, but Vision Zero assumes 30 km/h in 
mixed traffic. For urban areas the different parts of the road space need to be 
integrated in an evidence-based Vision Zero programme for urban road safety.  

There is an imbalance between accessibility and road safety as well as be-
tween more walking and cycling and road safety. The imbalance is visible on 
national level as well as on regional and local levels. With an ageing popula-
tion and more walking and cycling this imbalance need to be rectified, espe-
cially in urban areas in Region Västmanland. More road safety measures need 
to be implemented on roads, but still more on pavements and tracks in the 
region in order to decrease the number of seriously injured unprotected road 
users.  

Implications for public health – health and welfare 
The results of efforts to increase road safety within Vision Zero in Region 
Västmanland have been decreased incidence of seriously injured car occu-
pants on national rural roads during 2003–2014, but increased incidence of 
serious injuries among unprotected road users in urban areas, especially on 
pavements and tracks. In 2003 there were fewer seriously injured pedestrians 
than cyclists, but since 2009–2011 there are more seriously injured pedestrians 
than cyclists as a result of an increasing number of seriously injured pedestri-
ans and a stabilization of the number of injured cyclists. The average age of 
seriously injured pedestrians and cyclists has increased during 2003–2017. 



57

Safe mobility for road users travelling by foot, bicycle, car or public 
transport ought to be a feature of the Swedish welfare state, according to the 
targets of Vision Zero included in the transport goals and goals for good and 
equitable health (Commission on Equal Health, 2017; Swedish Government, 
2009, 2018). To avoid conflicts between goals/targets, coordination at na-
tional level is needed between transport goals and goals for public health. Oth-
erwise, the conflicts between goals will transferred to the authorities at re-
gional and local levels (Svensson, 2018).  

To reach the Swedish goal of good and equitable health, it is important to 
have goals focusing on equality. However, pedestrians in single crashes are 
excluded from the road safety work within Vision Zero. To reach equality of 
health outcomes in road traffic, pedestrians in the same area as other road users 
need to be included in Vision Zero’s road safety work. Global society has de-
fined a road traffic injury as an injury that a road user gets in a single or mul-
tiple crash that includes a vehicle, while pedestrians in single crashes moving 
in the same area are excluded (Aarts et al., 2016; International Traffic Safety 
Data and Analysis Group (IRTAD), 2018). Sweden uses this definition, but in 
yearly follow-ups the number of pedestrians seriously injured in single crashes 
is calculated by the Swedish Transport Administration. There are nearly as 
many of them as all the other seriously injured road users combined. Neither 
cyclists in single and multiple crashes nor pedestrians in single crashes show 
a clear decrease according to Vision Zero’s follow-ups (Swedish Transport 
Administration, 2019a). In the three quantitative studies in this thesis, all per-
sons seriously injured in a defined road space are included as road users. The 
space defines the road user, not the vehicle.  

Agenda 2030 will work for safe cities in 2030. WHO has worked together 
with the Swedish government in a conference that adopted a Stockholm Dec-
laration supporting a modal shift toward safer mobility incorporating more 
physical activities as cycling and walking (Swedish Government & World 
Health Organization, 2020). The work to transform cities must consider all 
vulnerable road users and the need for more physical activity to promote peo-
ple’s well-being (United Nations General Assembly, 2015).  

Studies about injuries of varying degrees of severity for all modes of 
transport report that impaired quality of life, as an outcome of road traffic 
crashes, especially occurs with old people, women, those with the most seri-
ous injuries and those with injuries to lower extremities, as opposed to other 
body regions (Rissanen, Berg, & Hasselberg, 2017). Another study reports 
that cyclists may have long periods of sick leave from work after a bicycle 
crash. Periods of sick leave were most common in the oldest group in the 
workforce (55–64 years old) and were somewhat more common among 
women than men. Of the study group, 5% had 180 days or more of sick leave, 
the most frequent cause being injuries to the lower legs 21% (Ohlin et al., 
2018). The most common injury in road traffic is fractures of the lower legs, 
when single pedestrian crashes/falls are excluded (James et al., 2020). 
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Methodological considerations 
Because road safety measures within Vision Zero are connected to two differ-
ent road authorities, the starting point for this thesis was to study the develop-
ment of serious injuries in rural and urban areas, where the state and munici-
palities respectively are responsible. Study I generated knowledge about an 
increased incidence of serious injuries for unprotected road users in urban ar-
eas, mostly cyclists and pedestrians. In order to develop safe state transport 
infrastructure in the regions, the government provides funds to the regions. 
Regions also have the possibility to support municipalities by providing grants 
from these funds. The government directs the planning processes for using 
these funds by issuing directives and examining planning proposals after a 
public review process. Study IV has studied how Vision Zero is reflected in 
CPRTs related to transport goals and other goals and programmes on regional 
levels.  

The three quantitative studies are related to a conceptual model for imple-
mentation of Vision Zero (Figure 2) and the definition of Vision Zero and 
Non-Vision Zero areas is presented in Table 6. All data in the three studies are 
related to these concepts. The quantitative studies rely on data from the 
STRADA registry. The registry includes data about vehicle-related crashes in 
the road transport system for defined road users, but also about crashes not 
defined as road crashes like pedestrian falls in road environment. Data are 
linked to the responsible road authority where the crash happened. Before the 
registry was set up, the government emphasized the importance of collecting 
information about single pedestrian crashes, as such crashes are affected by 
the design and maintenance of the road environment. According to the gov-
ernment it was important to build the registry with good-quality data from 
local and regional levels. By doing so, quality-assured data will be achieved 
at an aggregated national level. The registry will thereby support road safety 
work on local, regional and national levels (Swedish Road Administration, 
2007).  

Since the start of STRADA, there has been no regional study about loss of 
data reported from Region Västmanland. There is a national study about the 
effects of the change in classification from AIS 1990 to AIS 2005 that was 
adopted at the registry in January 2007 (Fredlund, 2009). There is also a study 
of the effects of changes in administrative procedures for collecting data that 
came into effect in 2015 (Swedish Transport Agency, 2016). The first national 
study about the quality of data in STRADA measured as loss of data is from 
2018 and covers the years 2008–2016 (Swedish Transport Agency, 2018). For 
the period 2003–2007 there is no such study.  
The registry data have been crucial to the design of the three quantita-
tive studies. Because many road users are injured alongside the roads, I 
defined the concept of road space, which includes roads, pavements and 
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tracks. This was possible because STRADA also contained data on per-
sons injured by the side of the road. The crash localization information 
in the registry made it possible to check in NVDB whether the location 
had been transformed as part of Vision Zero when the crash occurred. 

The early start up of data reporting from Region Västmanland is another 
crucial factor for the studies. Although all three studies are cross sectional, 
they include yearly data from twelve to fifteen years. This has made it possible 
to study and compare developments during different periods. This allows for 
comparison of data between individual years and possible identification of 
differences in quality between the individual years. Study I includes more 
cases than Studies II and III (Swedish Transport Agency, 2018). Despite the 
lengthy period of twelve to fifteen years, there are relatively few cases in Stud-
ies II and III, which results in wide confidence intervals where small differ-
ences will not be significant. With an increased base rate of data, further sig-
nificant values could probably have been achieved. The studies have also 
bridged deficiencies in the registry of responsible road authorities by review-
ing all crashes in the region during the period 2003–2014 for all modes of 
transport, and for cyclists and pedestrians during 2015–2017.  

For the three quantitative studies, data have been retrieved from the same 
registry with a similar quality of data. The generalizability and transferability 
of results from these three studies may differ between them (Bryman, 2011). 
Most regions (n=18) outside the three metropolitan regions in Sweden have a 
similar structure as Region Västmanland, with one main municipality and sev-
eral smaller municipalities. Metropolitan regions have more bike lanes on the 
roads and proportionately fewer tracks. The finding in Study II that an increas-
ing number of ageing people is connected to an increasing number of seriously 
injured cyclists and pedestrians in Region Västmanland probably applies to 
the rest of the country. The change in the patterns of injuries in Study III, as 
in Study II, is related to an ageing population, but also to transformed roads. 
Roads with a speed limit of 30 or 40 km/h as well as pedestrian crossings by 
over- or underpass will protect pedestrians from injuries in several body re-
gions, compared with roads with a higher speed limit. Pavements and tracks 
were safer for pedestrians than non-transformed roads, with decreased risk of 
almost all types of injuries. However they only protected cyclists from injuries 
with an ISS value of 10 or more. These results may be transferable to urban 
roads that have or have not been transformed as part of Vision Zero.  

It is further important to emphasize that the aim of the thesis is not to eval-
uate the effects of Vision Zero, as for example could be done in a before/after 
study or a study comparing regions where measures have and have not been 
implemented. The results of the thesis accordingly have nothing to say about 
the effects of Vision Zero, but only describe the development of seriously in-
jured road users and factors related to that development during a period when 
Vision Zero was being implemented.  
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Defining a seriously injured road user 
In the three quantitative studies in this thesis, a seriously injured road user is 
understood in terms of a definition related to the AIS scale constructed for 
injuries from road traffic crashes and applied internationally for the last 50 
years (Genarelli & Wodzin, 2006). The STRADA registry has defined a seri-
ously injured road user according to the ISS score (ISS>8), which is a way to 
sum the trauma of injuries that a road user gets in a crash in relation to the AIS 
value for individual injuries in a body region for a maximum of three body 
regions (Baker et al., 1974). The classification of diagnoses linked to codes in 
the AIS system has changed during the period studied. This change mainly 
involves reductions from severity code 3 to 2 and from 2 to 1. This has espe-
cially applied to injuries of upper extremities and the head. The total reduction 
of seriously injured road users with the changed version of AIS in STRADA 
is 26% (Fredlund, 2009). The reduction is greater for pedestrians and cyclists 
than for car occupants, which may lead to an underestimation of the develop-
ment of incidence for unprotected road users as well as an overestimation of 
the decreased incidence for car occupants (Study I). There is no estimate of 
the loss of seriously injured road users in the registry. Of pedestrians and cy-
clists in Studies II and III, 87.1% were hospitalized for at least one day for 
their injuries. This hospitalization is an indicator of the severity of injuries for 
seriously injured cyclists and pedestrians reported to STRADA, but it does not 
say if the loss of cases mostly influences data for non-hospitalized road users. 

Data from health care highlights injuries from both cyclists and pedestrians 
in single crashes. Only around 3% of single crashes in which cyclists are seri-
ously injured are estimated to be reported to police. Together with injuries 
from crashes with other road users, only health care sources present data about 
injuries that road users sustain when engaging in active mobility. The defini-
tions and loss of police statistics have made cyclists’ and pedestrians’ single 
crashes almost invisible (Elvik, 2019; Swedish Transport Agency, 2019). Un-
protected road users are usually seriously injured in urban areas (Study I) and 
data about single crashes is extremely important in order to design safe cities 
for active mobility using a system approach (United Nations General 
Assembly, 2015; World Health Organization, 2018). 

For all injured road user categories except pedestrians in single crashes, the 
highest rate of reporting health care data from Region Västmanland is calcu-
lated to be 60% during the period 2008–2016. During 2015–2016 the report-
ing of data decreased because of new national procedures for collecting data. 
The reporting of data about seriously injured road users in particular is esti-
mated to be higher than the reporting of data overall, but no estimate has been 
made of how much higher (Swedish Transport Agency, 2018). 
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Vision Zero’s governance of CPRTs by management of objectives  
Study IV examines how counties apply the Vision Zero concept in CPRTs, 

where Vision Zero is included the Swedish transport policy goals. The plan-
ning process is governed by directives from the government, in which the 
counties are requested to justify their choice of investments in relation to the 
transport policy goals (Swedish Government, 2012a). The CPRT affords a 
possibility for the regions to implement road safety measures in the regions 
and contribute to achieving the national Vision Zero target for 2020 (Swedish 
Transport Administration, 2019a).  

The method of the study is based on deductive and summative content anal-
yses supplemented by a quantitative element to illustrate the reliability of data 
and the validity of the conclusions drawn from the data in the deductive con-
tent analysis (Hsieh & Shannon, 2005). All the text passages were collected 
in an Excel workbook in order to get a clear overview of the clarifications used 
while performing the analysis.  

The deductive content analysis is based on the structure given by the gov-
ernment’s ten clarifications of the two transport goals. Despite the compli-
cated trade-offs between different clarifications, the regions report similar 
considerations related to the mission set by the government’s directives when 
justifying their priorities in terms of the transport goals (Swedish Government, 
2012b; Svensson, 2018). The results of the study confirm the government’s 
possibility to control the regions’ influence on the road safety target. There is 
an imbalance in the government’s clarifications of the two transport goals. 
This imbalance is made visible by the greater number of clarifications of the 
functional goal than of the consideration goal. Aspects of road safety included 
in the consideration goal are sparsely mentioned by the regions.  

Data was collected about justifications for investments in road infrastruc-
ture from ten out of 21 CPRTs. The selected plans showed a greater interest 
in road safety than those of the other counties, it is therefore possible to make 
theoretical generalizations from the findings about road safety in the ten ex-
amined plans (Flyvbjerg, 2006; Kvale & Brinkman, 2014). 
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Conclusions 

During the period 2003–2014, when Vision Zero road safety measures were 
being implemented in Region Västmanland, the incidence of seriously injured 
car occupants decreased on national rural roads, where most measures were 
implemented, but increased in other areas, in particular for unprotected road 
users. These trends reflect the priorities of Vision Zero; the majority of 
measures within the programme have been developed to protect car occupants, 
and not all unprotected road users have been included in measurable catego-
ries for evaluating goal-fulfilment.  

In the region, the incidence of serious injuries increased marginally in rural 
areas (where the state is responsible for road safety) and doubled in urban 
areas (where municipalities are responsible) from 2003 to 2014. This differ-
ence may be a consequence of fewer Vision Zero road safety measures having 
been implemented during the period on roads where municipalities were the 
responsible authority. 

From 2003 to 2014, the incidence of serious injuries in urban areas in-
creased for unprotected road users on tracks and pavements more than on 
roads. This finding suggests that separating unprotected road users from car 
traffic may not be a sufficient measure, since more road users are seriously 
injured in single crashes than in crashes with other road users in urban areas 
in the region. The increase in serious injuries may also reflect an increase in 
the number of pedestrians and cyclists in urban road traffic during 2003–2017. 
Despite this, pavements and tracks decreased the probability of serious inju-
ries among pedestrians and the probability of the most severe injuries among 
cyclists. Further, the probability of pedestrians receiving injuries in more than 
one bodily region decreased on Vision Zero roads. These findings suggest that 
when tracks and pavements are available, these measures protect against seri-
ous injuries among unprotected road users. However, the increase in walking 
and cycling among the population calls for more road safety measures, espe-
cially in urban areas and on tracks and pavements.  

The average age of pedestrians and cyclists increased in urban areas during 
the period. From 2012 the probability of being seriously injured increased for 
the group 80 years and older, and from 2015 it increased for the group 65 years 
and older. There is a shift during the period from less head injuries to more 
injuries in lower extremities, especially for pedestrians but even for cyclists. 
This may be related to the increasing average age, which is linked to osteopo-
rosis and thus possibly to more fractures in lower extremities. Given the trend 
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toward an older population, this finding may have large implications for road 
safety. From the age of 50 the probability of serious injuries in the lower ex-
tremities increases fourfold. For pedestrians this probability is life-long, while 
the probability for cyclists increases from 65 years. This difference may be a 
result of cyclists’ crashes being more complex and therefore exceeding the 
cyclists’ tolerance for bio-mechanical forces.  

New road infrastructure investments in regional plans for the period 2014-
2025 were justified by accessibility and promoting more walking and cycling, 
rather than by road safety. There is an imbalance in the government’s clarifi-
cations of the transport goals. This imbalance is transmitted from the govern-
ment to regions and municipalities. To realize the Vision Zero road safety pol-
icy for all road users, it is important that all concerned road authorities and 
regions are committed to the goals and fulfil their tasks. 
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