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Abstract
The bicycle as a mode of transport has seen its importance rise and fall over the last century.
Today, the bicycle has come to be viewed as a sustainable and healthy transport alternative,
especially compared to personal car travel in the cities. Many municipalities are therefore now
prioritizing cycling in their transport plans and diverting funds towards bicycle infrastructure.
When many cities have the outspoken aim to increase cycling it becomes relevant to
investigate what standard of bike lanes cyclists need to feel safe and comfortable. At the same
time, space is often scarce in cities and many actors compete for it.
The aim of this study was to investigate different standards of bidirectional bike lanes and
investigate if they provide enough space for the needs of cyclists. A method was developed
for evaluating cyclists’ behaviour using the theory of risk homeostasis and two risk-factors;
speed and sideways position. An experimental design was also constructed and the results
from the subsequent experiment implies that the two chosen risk markers could be useful in
future studies relating to the design of bicycle infrastructure.
A significant difference in the positioning of cyclists was found on different bike lane widths.
The risk markers for sideways position show significant results at bidirectional bike lane
widths below 2.4 meters. At such widths, cyclists seem to actively position themselves closer
to the curb in the presence of oncoming cyclists. This is interpreted as a risk compensation
which indicates that cyclists are not completely comfortable on that standard of bike lane.
A conclusion would be to view bidirectional bike lanes at 2.4 meters width on flat surfaces,
with adequate safety-zones beside the bike lanes, as a good standard for regular cyclists in
many situations. More widening is not believed to provide major additional experienced
safety or passability until the width allow for safe overtaking in the presence of oncoming
cyclists.
A re-run of the experiment with other tested widths could possibly give an even lower width
than 2.4 meters. Additional re-runs could also include children and elderly cyclists to
investigate possible differences in spatial requirements in relation to age, and include other
types of bicycles, such as cargo bikes or e-bikes. Higher obstacles beside the bike lane could
also be included. Further studies would be needed to evaluate cyclists experienced risk levels
in high speed situations or at turns.

Sammanfattning
Cykeln som transportmedel har sett sin popularitet variera stort det senaste århundradet.
Idag ses cykeln som ett hållbart och hälsofrämjande transportmedel, framför allt i våra städer.
Många kommuner har på senare år börjat prioritera cykeln som transportmedel och därtill
allokerat medel för utbyggnaden av cykelinfrastrukturen. När fler aktörer satsar på att öka
cyklingen uppstår behovet av att undersöka vilken standard av cykelbanor som cyklisterna
behöver för att känna sig trygga och bekväma. Samtidigt är ofta utrymmet i städerna
begränsat och flera aktörer tävlar om att få nyttja staden.
Syftet med denna studie var att undersöka olika standarder av cykelbanor och se om de
tillgodoser cyklisternas utrymmesbehov. En metod utvecklades för att utvärdera cyklisters
beteende på olika standarder av dubbelriktade cykelbanor med hjälp av riskhomeostasteorin
och två riskmarkörer; sidledsposition och hastighet. En experimentdesign utvecklades och
experimentet genomfördes. Resultaten tyder på att metoden fungerar och kan vara till nytta i
framtida studier gällande cyklisters behov, relaterat till designen av cykelinfrastruktur.
Resultaten visar att cyklisterna placerar sig längre från kanten på cykelbanan ju bredare den
är. En statistiskt signifikant skillnad i sidledsposition uppmättes också vid möten av andra
cyklister när bredden på cykelbanan sjönk till under 2,4 meter. Vid dessa bredder placerade
sig cyklisterna aktivt närmare kanten vid möten. Resultatet tolkas som en form av
riskkompensation och indikerar att cyklisterna inte är helt trygga på cykelbanor av den
bredden.
Slutsatsen blir att vi kan betrakta 2,4 meter breda, dubbelriktade cykelbanor på horisontella
ytor med tillräckliga säkerhetsavstånd till hinder vid sidan av cykelbanan som en god standard
för många förhållanden. Ytterligare breddning tordes inte ge några större upplevda säkerhetseller framkomlighetsfördelar förrän bredden tillåter säkra omkörningar även vid möten.
Ytterligare experimentomgångar skulle kunna bidra med exaktare resultat om när en statistisk
skillnad vid möten uppstår. I dessa experiment skulle även barn och äldre cyklister kunna
deltaga för att kontrollera för åldersrelaterade skillnader i utrymmesbehov. Högre hinder
bredvid cykelbanan skulle också vara av intresse att undersöka. Motsvarande experiment för
att utvärdera utrymmesbehovet i backar och kurvor samt användandet och utrymmesbehovet
för lastcyklar vore också intressant för framtiden.
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1.1

Introduction
Background

Bicycling as a mode of transport has gained interest over the last decades. Many cities in
Sweden has outspoken ambitions to increase the number of trips done by bike as a part of
achieving a more sustainable transport system. One example can be found within the regional
bike-plan for Stockholm County where the goal is to have cyclists account for 20 % of trips
made in the region by 2030 (Trafikverket et. al., 2014 b). This is to be compared with the
traffic measurements from 2015 where cyclists accounted for 8 % of trips made on a weekday
(Trafikförvaltningen SSL, 2017). The numbers of people who use bicycles in Stockholm have
increased almost every year since 1992 (Stockholms Trafikkontor, 2018).
But cycling is not on the rise everywhere in Sweden. In 2006 around 10 % of the population
used a bike on an average day. Ten years later, in 2016, that figure had dropped to 9 %
(Trafikverket, 2018 b). The number of trips made nationally has decreased by a third since
1995 which is a result of fewer people using bikes on a daily basis. The decrease in bike use
is more apparent in the young part of the population, below 24 years old. The biggest share of
bike trips take place in larger cities or urban areas. The most common bicycle trip in Sweden
is shorter than 2 km but the average distance travelled per trip has increased lately and is now
3 km. A smaller share of the cyclists makes longer trips, especially in the large city regions,
which results in longer trips on average (Regeringskansliet, 2017).
The Swedish government stated in 2017 that they view increased cycling as a strategic issue
for a future sustainable society. When launching the national bicycle strategy, they wished to
shine light on this issue. In the strategy document it can be found that the government viewed
cycling as a solution to reduce noise pollution, improve passability in cities, provide
opportunities for businesses and improve public health (Regeringskansliet, 2017). One way
the government has chosen to support municipalities and regions is by letting them apply for
state funds to invest in bicycle infrastructure and public transport. This is done through a
program for sustainable cities called stadsmiljöavtal (city environment contracts) (Skog,
2017). National funds for bicycle infrastructure are also available through regional transport
plans where 10 percent of the funds are allocated to cycling. A total of 4,8 billion SEK was
decided to be invested in cycling and walking between 2014 and 2025 (Regeringskansliet,
2017).
When roads are built in Sweden, including bike lanes, there are several standards for the
design, depending on the actor responsible for each stretch of road. The responsibility is
typically found on a municipal level or national level where Trafikverket, the Swedish
transport administration, is the responsible government body. Road associations or individual
property owners can also have responsibility for a single road (Trafikverket, 2018 f).
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The municipal network of bike lanes is considerably bigger than the state-owned network and
many municipalities invest a lot of money outside what the state subsidies provide
(Regeringskansliet, 2017).
In a document called VGU, which stands for Krav och Råd för Vägar och Gators Utformning
(Road Design Guidelines), the Swedish transport administration state their recommended
standard dimensions for bicycle infrastructure at different situations. These standards are
obligatory for the Swedish transport administration to follow when they build bicycle
infrastructure but only seen as recommendations for other actors, for example the
municipalities. Each municipality has the possibility to develop their own standard, as long as
they fulfil the law and comply with regulations stated by the Swedish transport agency.
Such rules include, among many things, environmental considerations, policies for the
appropriation of land from land owners and legal guidelines regarding appeals against new
projects (Trafikverket, 2014 a).
Many Swedish municipalities have chosen to develop their own standards for bicycle
infrastructure. A few examples among these is reviewed more in detail in section 3.4.
The current standard dimensions for bicycle infrastructure, as stated by the Swedish transport
administration, were initially developed during the 1980s by Eric Andersson and Lars
Thuresson. According to one of the authors, the dimensions were decided through
engineering assumptions with little or no empirical evidence to back them up. The decided
dimensions have since then been republished in several guiding documents for planning,
without major revision, and has more or less become an “accepted truth”. Today those
numbers can be found in the VGU (Strömgren, 2018).
One dimension of interest for this thesis is found within VGU, namely the concept of DTS
(dimensionerande trafiksituation(SWE) - designing traffic situation(ENG)). This is a concept
that decides the dimensions required for road users, depending on different external factors.
Among such factors are the desired space between oncoming road users, distance to the
roadside and the distance to obstacles on the side of the road. It also includes the use of
different types of vehicles which can have effect on the design of a road (Trafikverket, 2012).
With the increased investments in bicycle infrastructure and the national aim of increased
cycling it would be relevant to look at the different standards for bike lanes and see how they
affect the cyclists’ behaviour. The cyclists’ experienced safety is one parameter that
determines the likelihood of people deciding to start using their bike. Different standards of
bike lane also come with different costs for construction and maintenance which could be
relevant to keep in mind when planning for any new kind infrastructure. This narrows down
to the question if we are building too narrow, too wide or adequately wide bike lanes?

2

1.2

Aim

The aim of the study is to develop a method for, and evaluate, the needs of cyclists in relation
to different standards of bike lanes. The gathered knowledge and data serve the purpose of
identifying at what widths of bike lanes cyclists actively change their behaviour as a result of
a decreased sensation of safety. The results could be used to evaluate the relevance of stated
recommendations for cycle lane dimensions in planning documents in Sweden and other
countries.

3

2

Method

To achieve the stated aim the following method was used.
2.1

Literature study

An initial literature study was first done to gather knowledge on the development of the
Swedish bike infrastructure. Different relevant standards were investigated, including
comparisons of similar regulations or recommendations in other relevant countries.
The knowledge gained from the literature study was also used for identifying suitable risk
markers in relation to the sensation of safety for cyclists. Two risk markers were identified as
suitable for the analysis - sideways position and speed.
2.2

Experimental study

The literature study led up to the design of, and the carrying through, of an experimental study
in where volunteers were given the task of cycling on a specially designed test track. The
track included some of the identified standard widths of bike lane, found in different Swedish
municipalities, including recommended standards from the VGU-document. The collected
data from the experiment was analysed to work out if different widths of bike lane or the
presence of nearby objects affect the cyclists’ behaviour according to the two chosen markers
for risk behaviour.
2.3

Delimitations

The requirements for bicycle infrastructure can be situation specific. There are many kinds of
situations described in the VGU and other planning documents but only a few were included
in the experimental study. This to avoid a too wide scope for the work within this thesis.



The study only focused on bidirectional bike lanes. Bidirectional is the standard
solution that is most commonly used in Sweden (Trafikverket, 2017 b).
Nearby obstacles beside bike lane was included but only small objects close to the
bike lane.

The geographical context for the study in this thesis will mainly be Sweden and often
focusing on the Stockholm region. This is since the author lives in Stockholm and many
previous studies have had the same focus area. The experimental study was also carried out in
Stockholm with cyclists that are more or less used to the bicycle infrastructure in the city. The
results from the experiment will likely be valid for other cities as well.

4

3

Literature Study

The literature study has been done to gather knowledge on cycling in general, in both
historically and contemporary practices. Some of the results from the literature study are used
in the design of the experimental study.
3.1

The background of bicycle infrastructure in Stockholm and Sweden

Cycling as a mode of transport has seen its popularity rise and fall in different time periods
since the bicycle became a common thing for the public to own. The golden age of cycling in
Stockholm happened during the Second World War, mainly because of the rationing of fuel.
The yearly traffic measurements show that over 70 percent of all trips in Stockholm were
done by bike during the war. But what is often overlooked is the fact that cycling was on the
rise even before the outbreak of the war. Cycling accounted for over 30 percent of the trips
during most of the 1930s. There is no single answer to why cycling was so popular but lack of
attractive public transport and absence of infrastructure for cars are two possible reasons that
made the bicycle the most attractive option (Emanuel, 2012).
The traffic measurements in 1975 show a decline in the number of cyclists to below one
percent of all trips made (Emanuel, 2012). So how can we explain this drop from 70 percent
to one percent in less than 30 years?
The Dutch historians Bruhèze and Veraart have developed a model for explaining the decline
in cycling between 1945 and 1975. They identified four factors of specific interest; the urban
spatial structure with increasing distances; increased car ownership and car usage; the
consideration of bicycles in local traffic planning policies; and the general opinion regarding
the value of cycling. During that time, all those factors aligned at the disadvantage for cycling
(Emanuel, 2012).
After the Second World War Stockholm grew and expanded with new suburbs further away
from the city core. The traffic planning during this time transformed from an economizing
reactive to an expansive proactive practice. The car came to be seen as the mode of transport
for the future and cities should prepare for it in order to not fall behind in the competition. The
infrastructure for cars was given priority in the urban space, many times at the expense of
competing transport alternatives such as rail bound traffic or bicycle infrastructure (Emanuel,
2012). The emerging conflicts between cars and pedestrians or bicycles led to a planned
differentiation between them. The aim here was to create calm paths for pedestrians and
cyclists, stretching from the suburbs through green areas as far into the city as possible
(Schiött, 1969). But many of those plans for clam paths were never carried through. From a
planning perspective, bicycles came to be seen as a transport mode for local trips while the car
and subway became the norm on longer trips. Differentiation of transport modes moved
bicycles away from the large roads that connected the suburbs with the city core, but often
without providing an alternative route or infrastructure. This was done in the name of
rationalization and a belief that bicycles was a thing of the past. (Emanuel, 2012).
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But something happened during the middle of the 1970s. Cycling as a mode of transport was
again on the rise in many western countries. The bike trips in Stockholm tripled during the
second half of the 1970s (Emanuel, 2012). The recommended standard width for bidirectional
bike lanes and mopeds, found in a handbook for street design from 1969, is stated to four
meters. If no mopeds were to be allowed, the width could be lowered, but not more than to
two and a half meters (Rhen, 1969). In 1973 the first oil crisis struck the world which also
boosted the development alternative transport solutions, including cycling (Gehl, 2010).
The 1980s brought a period of stagnation in the number of cyclists but since the 1990s and
onward there has been a steady increase over time. There were more than three times as many
cyclists in the traffic measurements in 2016 as in 1992 (Stockholms Trafikkontor, 2018). The
increase has happened parallel to cycling being upgraded in the planning policy documents,
alongside a change in policy towards the construction of a more liveable city (Emanuel,
2012).
The amount of bicycle or bicycle/walking infrastructure in Sweden was not nationally
inventoried before 2006. Then road owners could start submitting their stretches of bike paths
to the NVDB (National Road Data Base) on a voluntary basis. From 2014 the procedure is
mandatory but there are still actors who need to report in their stretches of road. At the end of
2017 there were 2680 km state owned, 18420 km municipal and 1290 km of private owned
bike paths or other bike infrastructure reported in the database. Since previously existing bike
paths are still being reported into the data base it is hard to know how much new bike paths
are being built each year. 600-700 km is stated as a rough estimate for 2017 (Trafikverket,
2018 b).
3.2

Safety when cycling

The public perception on the safety of cycling differs within the population. While a part of
the population views cycling as an enjoyable activity or healthy part of their daily commute,
another part of the population views it as inherently dangerous (Aldred, 2016).
The general trend for the number of all traffic accidents is decreasing in Sweden. Since the
beginning of the 21st century the number of traffic accidents with hospitalization as the result
has dropped almost 40 %. Unfortunately, the same cannot be said for cycling related
accidents where the decrease is only 11 % (Socialstyrelsen, 2017).
Sweden has adopted Vision Zero, meaning that the long-term goal is zero killed in traffic
related accidents. Different sub goals are set for different time spans and the current period
stretches to 2020. The current goal related to cycling covers a reduction of seriously injured
and killed with 25 % since the reference year 2007. In real numbers this would mean a
maximum of 15 cyclists killed and 1500 severely injured in 2020 (Trafikverket, 2018 c).
Between 2007 and 2012 more than 44 000 accidents involving cyclists occurred in Sweden
that required some sort of medical attention. This gives an average at around 7330 accidents
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per year, including both severe and minor accidents. These figures are reported from hospitals
that are connected to STRADA (Swedish Traffic Accident Data Acquisition) but since not all
hospitals were connected, the figures could be even greater. The most common type of
accident was single vehicle accidents, which stood for 77 %. The most commonly reported
reasons for the single vehicle accidents (44 %) are lack of operation and management of the
roads. Slippery road surfaces, bumps and potholes or temporary objects, such as sticks or
parked cars, are frequently reported as causes for the accidents. Improved road operation,
maintenance and improved design of the infrastructure are mentioned as important steps to
improve cycling safety (Niska & Eriksson, 2013).
Cyclists today constitute the biggest group among the reported severe accidents in traffic.
People severely hurt in car accidents have dropped to below 1500 per year in 2017, from 2500
per year in 2006. For cyclists, the trend is instead slightly increasing where around 2000
severe accidents were recorded in both 2016 and 2017 (Trafikverket, 2018 b).
Many bike accidents happen because of collisions with fixed obstacles in the streets, such as
signposts or concrete jersey barriers (Eiderbrant, 2015). Severe bicycle accidents have on
average 1.5 causes. One example could be a cyclist swerving to miss hitting a car but instead
hitting a curb stone and then falling. 51 % of the accidents involved some kind of poor
management of the infrastructure, such as slippery road surfaces, and 20 % had bad design as
at least one of the causes (Niska & Eriksson, 2013).
Between 2007 and 2017 on average 24 cyclists were killed in traffic accidents each year
(Trafikverket, 2018 b). 69 % of all cyclists that died in accidents between 2007 and 2012 in
Sweden did so in accidents involving cars, trucks or other big motor vehicles. 3 % of the
accidents were bike-to-bike, 2 % were bike-pedestrian and 1 % was bike-train. The remaining
22 % were single vehicle accidents (Niska & Eriksson, 2013). The number of cyclists killed
in accidents in 2017 was 26. The share between types of accidents had changed slightly where
single vehicle accidents was equally common as accidents involving collisions with motor
vehicles (Trafikverket, 2018 b).
One theory regarding cycling safety is that increased number of cyclists is likely to increase
the safety for cyclists in general. This concept is called Safety in numbers. Studies have
shown that the number of accidents related to cycling does not increase proportionally to the
increase in cyclists. One such study showed an increase in accidents with 41 % when the
traffic volume increased 100 %. Even if the number of accidents increased, cycling
statistically became safer per kilometres travelled. One reason for this is believed to be the
increased awareness of cyclists among car drivers and pedestrians when cyclists become a
more common sight in traffic (Wallén Warner, et al., 2018).
A theory that could explain some of the aversion for cycling among the population is the
sensation of safety or risk. The number of actual accidents may not be proportionate to public
perception of the risks associated to cycling. The sensation of risk that cyclists experience
could be enforced by the often occurring near misses or situations where an accident was
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close to happening. Such situations seem to be preventable in most cases through design of
proper infrastructure but also through behavioural changes among road users (Aldred, 2016).
It is safe to say that the cycling infrastructure and planning is necessary for achieving an
increased level of cycling in society. Meanwhile, lack of planning or planning done wrong
can instead work as a barrier that discourages cyclists (Hull & O’Holleran, 2014).
3.3

Travel times by bike

A KTH study from 2011 found that the value of time savings is high among cyclists
compared to other modes of transport. There is also a strong willingness to pay for
improvements to bicycle infrastructure among cyclists (Börjesson & Eliasson, 2012). This
was also confirmed in a master thesis from the Netherlands where the results from a stated
preference study estimated that cyclists were willing to travel 1.37 times longer on a
comfortable cycle route than a standard cycle route. The definition of a comfortable cycle
route in that study was “A non-stop, comfortable and safe route where cyclists have priority
on crossings and experience a pleasant ride”. This compared to the standard cycle route which
was defined as “A fairly direct and reasonably comfortable route where cyclists have priority
on several crossings and sometimes need to stop”. There was also a definition for
uncomfortable cycling route, but the experiment was not setup to evaluate this (van Ginkel,
2014).
The Swedish GCM design manual states that average speeds for bicycles are estimated to 16
km/h (Wallberg, et al., 2010). But measurements done at several locations in Sweden show a
wide range of average speeds at the different locations, ranging between 15 km/h and 25
km/h. One reason for the different speeds was the inclination at the measurement positions.
Higher average speeds showed an increase in the distribution of different speeds in the
measurements. A conclusion in the report is that average speeds should be considered at
around 20 km/h (Eriksson, et al., 2017).
Inclination has big impact on average speeds at different locations. Speeds generally increase
to 25 km/h from 20 km/h at an inclination of 1 % and from 20 km/h to 30 km/h at 3 %
inclination, with the same energy input (Berg, 2017).
The ability to maintain your preferred speed is part of the passability for cyclists. Time spent
cycling and the ability to maintain a higher speed is one factor for people to evaluate if they
choose to use their bicycle for commuting longer distances. Especially in larger city regions
where more people share the available infrastructure.
Slower cyclists become a restriction on faster cyclists if there is lack of space for overtaking.
The flow of oncoming cyclists on a bidirectional bike lane has a strong influence on the
number of bound cyclists, that is cyclists that are involuntarily situated behind another cyclist.
This is true for situations where the width is a limiting factor. The rate of overtaking on high
standard bike lanes follows a linear pattern in relation to the flow of cyclists. On lower
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standard bike lanes, no such relation can be seen, as the flow of oncoming cyclists is a
limiting factor for overtaking (Enström & Kerrén, 2017).
3.4

Values in relation to cycling

The value of being able to use ones’ bike as a mode of transport is very subjective. A person
that regularly uses its bike surely values cycling higher than a person that does not own or
plan to own a bike.
Those who have come to use bikes for their daily commute in Sweden are well educated,
middle aged and often have high income. The arguments among cyclists for using bikes have
remained the same since the beginning of the 1900s. It is cheap, faster and simpler than most
modes of transport in the city (Emanuel, 2012).
But public space in the cities is often scarce and any building or infrastructure that is to be
built usually needs to be prioritized against other interests or functions. Just as cycling was
down-prioritized after the second world war it is now seeing its popularity rise in both the
political arena and in planning contexts during the last couple of years.
The bicycle has come to be viewed as a sustainable mode of transport in combination with
health benefits due to it being an active mode of transport. One meta-analysis of 30 studies
has estimated the cost benefit ratio of a switch to active transportation to between -2 and 360
with the median at 9. This would mean a payback to the society at nine times an initial
investment into active transportation if it increases physical activity (Mueller, et al., 2015).
A study done on the Greater-Stockholm region in 2015 estimated that close to a third of all
people who drive their car to work daily had less than 30 minutes bike ride to work. 30
minutes of physical activity per day is considered the minimum time span for a healthy
lifestyle. A switch to active transportation from no previous physical activity achieved large
or maximized health benefits within that group with reduced associated health risks at 40-55
%. It was also estimated to potentially create monetary values to society at between 0.45
billion and 2.45 billion SEK each year, depending on which model that was used for the
calculation. The higher number did not include potential positive effects from reduced
pollution from cars or decreased noise levels, so the total value could possibly be even higher.
But the models are far from perfect and needs further improvements. The importance of a
possibility to use active transportation all year round is also stressed to reach the full health
benefits (Schantz, 2016).
In the wake of the potential benefits from increased cycling, some politicians have adopted a
positive approach and ascribed it high value. One ongoing example of a political upgrade in
priorities for cycling can be found in Stockholm. In 2012 the governing right-wing politicians
in Stockholm agreed on a bicycle plan, reaching until 2030. A one billion SEK budget for
new bicycle infrastructure in the city was decided on for the period up to 2019, which came to
be called “The Bike Billion” (Pirttisalo Sallinen, 2015). In the winter of 2013/2014 Stockholm
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municipality started to use a combination of sweeping and salting of chosen parts of the
bicycle network to keep them free from ice. This was to promote cycling all year round
(Qvennerstedt & Kuha Palm, 2017).
In 2014, after three years in place, 301 million SEK had been used of the bike billion, which
was a bit behind the ambition of spending 140 million each year. The new governing leftwing coalition in the city hall between 2014 and 2018, decided to scrap the old bicycle billion
and replace it with their own, new billion, to be used before 2019, therefore increasing the
spending even more to 250 million per year on average. Yearly spending at 250 million can
be compared with the spending before the city implemented its bike plan in 2012, when those
figures were in the range of 30 million per year (Pirttisalo Sallinen, 2015). The results from
The Bike Billion is to be evaluated during 2019 (Trafikkontoret Stockholms Stad, 2018).
After the election in September 2018 there is again a new majority in the Stockholm City
Hall. A right-wing coalition with the support from Miljöpartiet now governs and yet another
new “Bike Billion” for the upcoming term has already been announced (Majlard, 2018).
3.5

Space for cyclists – differences among countries

The size of bike lanes is part of the perceived quality of the bicycle infrastructure and the
sensation of safety for cyclists. There are many different national standards for bicycle
infrastructure and even within countries there are different standards between municipalities.
Here are a few examples.
3.5.1 Sweden
The Swedish transport administration has published recommendations regarding standards
related to bike infrastructure and designing traffic situation (DTS) in their document VGU.
The minimum bike lane dimensions depend on the projected number of cyclists per hour
which is divided into three levels;
Low: <360cyclists/h/direction
Medium: 360-1440 cyclists/h/direction
High: >1440 cyclists/h/direction. (Trafikverket, 2015 a)
As a comparison, the highest measured flows of cyclists in the central parts of Stockholm
reaches around 12 000 cyclists per day in both directions (Stockholms Stad - Trafikkontoret,
2017).
The narrowest bidirectional bike lane, with low flow of cyclists and no nearby obstacles, is
stated to a minimum width of 2.4 meters. For the same situation, but with high flow, 4.5
meter is recommended (Trafikverket, 2015 a).
Another Swedish document with recommendations regarding cycling infrastructure is the
GCM-handbook (design and maintenance of pedestrian, bike and moped infrastructure). This
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document gives a more flexible explanation to bike lane design as it points at the need to
include more parameters in the planning, such as number of possible destinations along the
road or number of inhabitants in the area. Here, the cyclist flow is divided into low and high
with different conditions depending on if the bike lane is bidirectional or not. Following
figures are stated for bidirectional bike lanes:
Low flow: < 300 cyclists/hour (max) or < 2000-3000 cyclists/day.
High flow: > 300 cyclists/hour (max) or > 2000-3000 cyclists/day.
The GCM-handbook states that the smallest dimension for bidirectional bike lanes, at low
flow rates, are 2.25 meters. The minimum dimension for a high flow situation is 2.5 meters.
An investigation from Malmö is also quoted which states that a two-way bike lane with flows
over 5000 cyclists/day should be at least 3 meters wide. In the case of 7000 cyclists per day,
the bike lane should be at least 3.5 meters (Wallberg, et al., 2010).
Figure 1 show examples of dimensions that are
to be considered for bike lane design
according to the VGU. Here,
v = distance between road-user and the edge
and a = distance between road-users in
movement. If there are railings or obstacles
beside the road, a third variable (h) is
introduced, which states the recommended
distance between the road-user and the
obstacle. A nearby obstacle is defined as
something higher than 20 cm. The
recommended figures stated in the VGU are as
follows: v= 0.2 m, a=0.75m and h= 0.75 m
(Trafikverket, 2015 a).

Figure 1: Designing width of bidirectional bike lane.
(Trafikverket, 2015 a)

The typical space occupied by one cyclist is stated as follows: width – 0.75 m, length – 2 m
and height – 1.90 m (Trafikverket, 2012). The design manual for bicycle networks from
Stockholm municipality states a width of a bicycle to 0.6 meters plus additional margins for
wobbling (Eriksson, et al., 2009).
The standard recommendations for a bidirectional bike lane as in figure 1, without nearby
obstacles, add up to 2.65 meters (0.2+0.75+0.75+0.75+0.2). There is no explanation as to the
difference in the recommendations between the calculated result from Figure 1 and the stated
figure in the VGU.
The VGU document is currently being revised and sent out for consultation among relevant
actors and to the public. There are many new recommendations and requirements being
proposed in the review version. The document is, like the previous one, divided into several
parts. In the recommendations part there are new dimensions proposed relating to different
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flows of cyclists. The minimum width should be 2.2 meters for a bidirectional bike lane, plus
safety areas of at least 30 cm next to it. At flows over 4 000 cyclists/day (both directions) the
minimum width should be at least 3 meters. At flows over 15 000 cyclists/day (both
directions) the width should be at least 4.2 meters. It is also stated that bike lanes should be
dimensioned for the peak season flows in late spring/early summer or late summer/early
autumn. When bike lanes are combined with walking paths, the revision proposal states that
the walking path should be at least 1.8 meters (Trafikverket, 2018 d)
The demand part of the revision gives a more detailed description of dimensions.
The carriageway on bidirectional bike lanes must be at least 1.8 meters wide. If a walking
path is designed right beside the bike lane and raised, to create separation of the road users, an
additional 0.3 meters must be added to the carriageway. This adds up to a minimum of 2.1
meters. If the bike lane is situated next to a building there needs to be a 2.5-meter gap
between the wall and the bike lane. A bike lane should also always have a 0.6-meter safety
zone beside the carriageway, on both sides, where no fixed objects or vegetation is allowed
(other than for covering the ground). Exceptions for the safety zone dimensions can be made
down to 0.3 meters where a rail separates different road users or at rails along bus stops
(Trafikverket, 2018 e).
A combined bike lane and walking path should be designed as to allow for mechanical snow
clearance of at least 2.25 meter during the winter. Both regarding buoyancy and physical
design (Trafikverket, 2018 e). The previous document did not state any minimum width for
the area that was to be cleared of snow specifically in relation to bike lanes. Just that it should
allow for mechanical snow clearance (Trafikverket, 2015 b).
Since the VGU is not a regulatory document for other than the national road administration,
different municipalities have their own standard dimensions for bicycle lanes. The city of
Stockholm has adopted a minimum width of 2.5 meters in situations without any nearby
obstacles. In areas with higher flows of cyclists, a higher standard with 3.25 meters is stated.
Obstacles beside the road, such as signposts or trees, must be at least 40 cm outside of the
road surface in both cases (Eriksson, et al., 2009). The city of Gothenburg has divided the
cycle lane standards into “Normal” and “Low” standards. The normal standard is stated as
between 2.4 meters and 4.8 meters wide. The low standard is set to 2 meters. (Göteborgs
Stads Trafikkontor, 2018)
3.5.2 Denmark
The Danish national road design guidelines states that the width of a cyclist is 60 cm. The
spatial needs add 20 centimetres on each side of the cyclist, adding up to a total of one meter
per cyclist. In situations where two regular cyclists meet, or overtake each other, the normal
standard is set to 2.05 meters. In situations where space is limited, the width can be temporary
lowered to 1.85 meters. The spatial need of a cargo bike is set to 1.35 meters for a normal
situation. The minimum width for cargo bikes in spatially limited situations is 1.1 meters. No
specific number is given for when two cargo bikes interact (Vejdirektoratet, 2018).
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The cycling network in Copenhagen is often mentioned as good example. Their network is
divided into different levels of service; the PLUSnet, Cycle super highway and a standard
level. Bidirectional bike lanes are not used as a standard solution in Copenhagen but more as a
complement to improve the coherence of the bicycle network. The minimum width at such
places is decided depending on the chosen level of service for the bike lane. A bidirectional
bike lane of standard level in Copenhagen should not be narrower than 2.5 meters. A
PLUSnet standard bidirectional bike lane requires 3.5 meters in width (City of Copenhagen,
2014).
3.5.3 Norway
The Norwegian Road administration makes a distinction between high standard cycle roads
and combined pedestrian and bicycle roads. The high standard is meant to allow speeds up to
40 km/h and be used between destinations where large populations travel daily between 5-20
km. Certain demands for reduction of number of intersections with other modes of transport
and few sharp turns are required for the high standard. No specific widths are stated for high
standard bike roads so the same model for calculation of widths are used as for combined bike
lanes and walking paths. The width is decided by the flows of cyclists and pedestrians
separately at the peak hour of traffic. When there are more than 15 pedestrians and 50 cyclists
using the road in peak hour there needs to be a separate bike lane and walking lane. The flow
of cyclists then decides the width of the bike lane part in the following manner:
50-300 cyclists/h – 2.5-meter-wide bike lane
300-750 cyclists/h – 3-meter-wide bike lane
750-1500 cyclists/h – 3.5-meter-wide bike lane
>1500 cyclists/h – 4-meter-wide bike lane
An additional 25 cm safety zone with another material shall be added to the outer sides of the
bike lane and walking path (Vegdirektoratet, 2014).
3.5.4 Finland
Bidirectional bike lane width in Finland is classified according to three levels of service and
the flow of cyclists per day in the following manner. Main routes are designed for 40 km/h at
places where mopeds are not allowed. Regional routes are designed for 30 km/h and local
routes for 20 km/h.
The widths associated with each standard of bicycle lane are divided depending on daily
flows of cyclists in both directions as seen in table 1. A cyclist is stated to be 70 cm wide.
Cycle lane width in meter
Flow of cyclists
per day
Main Routes
Regional Routes
Local Routes
<1000
2,5
2,5
2,25
1000 -1500
2,5
2,5
2,5
1550 – 2500 *
3,0 (2.5)
3,0 (2.5)
2,5
>2500 **
≥ 3,0
≥ 3,0
≥ 3,0
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Table 1: Finnish cycle lane widths
*1+2 lanes. Three lanes should be used with a minimum total width of 2.5 meters.
**1+2 lanes or 2+2 lanes. Solutions with three or four lanes should be used.
A 25 cm wide safety zone beside the designated riding area must be added at the outer edges
of the road surface. In, and in connection to, steep or long hills an additional 50 cm will be
added to the total riding area when the road is turning (Finnish Transport Agency , 2014).
3.5.5 The Netherlands
The Dutch are famous for their bicycle infrastructure. The Dutch organization CROW
(originally Centre for Regulation and Research in Soil, Water, Road Construction and Traffic
Engineering) acts as a knowledge platform, where one area is bicycle infrastructure (CROW,
2018). Crow has published a Design manual for bicycle traffic. For the case of two-way
bicycle tracks they propose a similar model for width as in Sweden, depending on the rate of
flow of cyclists.
0-50 cyclists//h/two directions
8 feet (~2.5 m).
50-350 cyclists//h/two directions
10 feet (~3 m).
>350 cyclists/h/two directions
13 feet (~4 m).
(Alta Planning + Design & Burchfield, 2009)

3.6

Risk behaviour and cycling

A theory that is often used in examples related to traffic planning is risk homeostasis. It was
originally proposed by Gerald J. S. Wilde. It states that the decisions people make in certain
situations are related to their experienced level of risk in that situation. According to the
theory, each person has its own level of preferred risk and adjusts its actions in a selfregulated process to maintain that preferred level of risk. Increased risk taking could mean
that the person keeps a higher speed in traffic as she values the time saved compared to the
perceived increased risk of an accident, or greater damages if an accident happens. An
increased sensation of safety is, according to this theory, likely to generate a higher preferred
level of risk-taking (Trimpop, 1994).
The level of preferred risk is based on both external and internal factors. The road quality and
the environment beside the road can be examples of external factors and the chosen speed an
example of an internal factor (Patten, et al., 2017).
A Danish study found a tendency of increasing average speeds of cyclists as the widths of
bike lanes increased in one-way design. The dispersion of speeds did also increase on wider
bike lanes. The study was done on operational bike lanes in Copenhagen (Griebe &
Skallebaek Buch, 2016). Their results could be interpreted as wider bike lanes being able to
cater better to the desired risk levels related to the speed of each individual cyclist.
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In a study, named “How close is too close”, Patten et al. (2017) investigated whether cyclists’
chosen position on a test track is affected by a nearby object, at different distances from the
track. In the experiment they had their subjects cycle around an indoor running track and
altered the position of a, for the subjects unknown, obstacle at the side of the track. The
nearby obstacle in this study consisted of a track and field’s jumping mattress stored in a
vertical position on its trolley beside the running track. The results showed a significant
difference in positioning of the cyclists at the different positions of the mattress. The average
difference at the closest placement of the mattress, 50 cm beside the centre of the track,
resulted in a displacement of the cyclists from the centre of the track at between 13.6 cm and
17.3 cm depending on the subgroups. At the most distant position of the mattress (100 cm),
the displacement was around 5 cm for all subgroups (Patten, et al., 2017).
It is worth to mention that their results are valid for one-way bike lanes but positioning in
relation to nearby objects at the side of the bike lane could be relevant for bidirectional bike
lanes as well.
Speed and sideways position on the road are relatively easy to measure. They both therefore
seems to be good candidates for inclusion in an experimental design regarding cyclists
experienced risk levels.
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4

Hypotheses

The main hypothesis for this thesis is stated as if the proposed standard dimensions for bike
lanes provides cyclists with a satisfactory environment for cycling. Such environment would
not affect the cyclists’ perceived level of risk in a way that results in actions to lower their
risk level. If the hypothesis is correct it would mean that cyclists do not alter their speed or
position on the bike lane if they feel comfortable with their level of risk. External factors that
increase the level of experienced risk would by the same reasoning result in cyclists acting to
lower their experienced risk levels.
To validate the main hypothesis, we will continue by looking at cyclists’ speed and position
on the road at different conditions of bike lane in a similar manner as did by Patten et.al
(2017). The main difference here being the traffic situation which is bidirectional and
includes other road users at the time of the experiment.
In the situation on bidirectional bike lanes, where cyclists traveling in opposite directions
encounter each other on a designated shared space, it becomes relevant to investigate if
different dimensions of bike lanes result in different behaviour. An experiment was therefore
designed to test this.
A group of cyclists were recruited to bike around a track on a flat asphalt surface and test their
behaviour on different widths of bike lane. The track was designed as to allow the cyclists to
encounter each other in a stretch where measurements could be taken at one of the approaches
(see figure 2 in next chapter). Their sideways position and speed were measured for six
different designs of bike lane, four different widths and two settings with a “nearby obstacle
beside the track. The collected data was later sorted for measurements with or without
encountering cyclists at the time of measurement. A more detailed explanation for the design
of the experiment can be found in chapter 5
The following widths of bike lane were tested in respective order: 3 m, 2.4 m, 2 m, 1.8m, 2 m
with boxes as nearby obstacles and 2.4 m with boxes as nearby obstacles. 3 meters could be
considered a wide track. 2.4 meter is the standard for low flow situation without nearby
obstacles in the current VGU document. 2 meter represents the low standard bike lane in the
city of Gothenburg and 1.8 meter is the minimum designated riding area in the ongoing
revision of VGU, without considering the extra space needed outside the bike lane. The two
final tests at 2 meters and 2.4 meters were done using moving boxes instead of the joists to
simulate a situation with a nearby obstacle beside the bike lane.
4.1

Sub hypotheses

To validate the hypotheses, we will break down the main hypothesis into 12 sub hypotheses.
Each risk marker will be individually tested for each measured width of bike line or in
comparison between two different widths.
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Null hypothesis
The null hypothesis within every sub-hypothesis is stated as there being no difference for the
chosen markers of risk behaviour between the different tested dimensions of bike lane. This
mean that we would not see any different behaviour in positioning or speed when comparing
two sufficiently large bike lanes.
Hypothesis 1.1 – Sideways positioning between 3 meters and 2.4 meters width.
There is no measurable difference in the positioning of cyclists between a 3 meters wide bike
lane and a 2.4 meters wide bike lane.
Hypothesis 1.2 – Sideways positioning between 2.4 meters and 2 meters width.
There is no measurable difference in the positioning of cyclists between a 2.4 meters wide
bike lane and a 2 meters wide bike lane.
Hypothesis 1.3 – Sideways positioning between 2 meters and 1.8 meters width.
There is no measurable difference in the positioning of cyclists between a 2-meters-wide bike
lane and a 1.8 meters wide bike lane.
Hypothesis 2.1 – Sideways positioning for 2.4 meters with/without a nearby obstacle.
There is no measurable difference in the positioning of cyclists on a 2.4 meters wide
bidirectional bike lane when adding a nearby obstacle beside the bike lane.
Hypothesis 2.2 – Sideways positioning for 2 meters with/without a nearby obstacle.
There is no measurable difference in the positioning of cyclists on a 2 meters wide
bidirectional bike lane when adding a nearby obstacle beside the bike lane.
Hypothesis 3.1 – Sideways positioning for 3 meters wide bike lanes with/without
interactions with oncoming cyclists.
There is no measurable difference in the positioning of cyclists on a 3 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.
Hypothesis 3.2– Sideways positioning for 2.4 meters wide bike lanes with/without
interactions with oncoming cyclists.
There is no measurable difference in the positioning of cyclists on a 2.4 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.
Hypothesis 3.3 – Sideways positioning for 2 meters wide bike lanes with/without
interactions with oncoming cyclists.
There is no measurable difference in the positioning of cyclists on a 2 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.
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Hypothesis 3.4 – Sideways positioning for 1.8 meters wide bike lanes with/without
interactions with oncoming cyclists.
There is no measurable difference in the positioning of cyclists on a 1.8 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.
Hypothesis 4.1 – Speed between 3 meters and 2.4 meters width.
There is no measurable difference in the speed of cyclists between a 3-meter-wide bike lane
and a 2.4 meters wide bike lane.
Hypothesis 4.2 – Speed between 2.4 meters and 2 meters width.
There is no measurable difference in the speed of cyclists between a 2.4-meter-wide bike lane
and a 2 meters wide bike lane.
Hypothesis 4.3 – Speed between 2 meters and 1.8 meters width.
There is no measurable difference in the speed of cyclists between a 1.8-meter-wide bike lane
and a 2 meters wide bike lane.
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5

Experimental study design

Within the experiment for this thesis it is investigated how different widths of bidirectional
bike lanes affect cyclists’ experienced risk level. The experimental study serves the purpose
of validating the hypotheses by providing visual recordings of cyclists’ speed and position on
a test track for different cycle lane dimensions. An experimental test design was preferred
instead of using observations at real bike lanes in the city. This was done mainly because of
the possibility to control the parameters of interest but also to have the same cyclists testing
the different setups and observe if their behaviour changed.
Video recordings for visual analysis of the cyclists’ position were complemented by radar
measurements to measure the speed of the cyclists. Here follows a detailed description of the
design and the development process of the experimental study.
Voluntary subjects were told to cycle around a test track, as shown in figure 2.

Figure 2 - Overview of test track

The location of the test track was a flat space with asphalt surface, approximately 70 meters
long and at least 10 meters wide. This was believed to be big enough for the subjects to turn
around unhindered and long enough for each one to gain its preferred speed at the middle of
the track.
Measurements were taken at the narrow part in the middle of the track. The narrowing was
made up by 120 mm tall wooden joists, connected and laid out on the ground on each side to
simulate a situation with curbs. 120 mm represents the normal height for curb stones in the
city of Stockholm (Stockholms Stad Trafikkontoret, 2015). The movable curbs were preferred
as a solution for simulating different widths, instead of painting the road which could have
been another option. Paint could not have been easily removed afterwards and could also have
been easier to cross in a situation where the cyclists could feel tempted to reduce their risk
level. A normal cycle lane usually only gives the possibility to drive outside the designated
area when in combination with other levelled road surfaces and such observations were not
part of the aim of this study.
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Since collisions with nearby obstacles is a common reason for bicycle accidents, setups with
such obstacles were included in the experiment. Regular sized moving boxes were then used
as curbs instead of the joists.
Video observations were done from different perspectives to identify positioning on the track.
Radar measurements for speed was done at four places along one side of the track.
5.1

Pilot study

A pilot study was done on a sunny afternoon, 2018-10-19, at Reimersholmskajen. The main
reason for doing a pilot study was to test the equipment and the design of the experiment in
general. Four voluntary subjects were recruited to the pilot study with coffee and cinnamon
bun afterwards as reward.
The following equipment was
used: three Panasonic HC-V180
video cameras and two custom
built computers with two radar
sensors each. Unfortunately, only
one of the radar measurement
computers was operational and
able to collect speed data.
Additional equipment was the
two purpose-built 10 m long
joists that acted as curbs and
tripod-stands for the video
cameras and radar sensors. Red
tape was used to mark the road
surface to assess visibility for later
positioning analysis.

Figure 3 – Video analysis in Adobe Premiere Pro

Average Speed - Pilot study

30
Speed (km/h)

25

First, the baseline measurement was done,
with participants riding at the same time
but without letting them encounter each
other in the measurement area. Then two
measurements were done with different
widths between the curbs (3 m and 2.5 m).
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Baseline

15

3m

10

2.5 m

5
0
Bike 1

Bike 2

Bike 3

Bike 4

Individual cyclists

The collected speed data was downloaded
into an Excel-sheet and cross compared
Chart 1 - Average speed in the pilot study
with the recorded video material that was
synced up in Adobe Premiere Pro, as shown in figure 3. The speed data from one of the radar
sensors was manually sorted and attributed to each individual cyclist. The results can be seen
in chart 1.
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The results from the pilot study shows that the speed data collection seems to work as
intended. The rather few measurements, and the perhaps unclear instructions given to the
cyclists before the test, might be some of the reasons for the differences in the data between
the different widths.
It was found that the radar sensors missed a few of the measurements when analysed together
with the video material. This seemed to happen when an encountering cyclist was already in
the field of measurement, even if the sensor was set to only measure approaching objects.
This reduced the number of recorded measurements which increased the importance of a
larger number of approaches to render a large enough sample in the final experiment.
5.2

Final experimental study

Several problems and potential improvements with the design of the experiment were
identified during and after the pilot study which resulted in changes to the design for the final
experiment.















A total of four cameras were used to gather data on sideways positions.
The number of cyclists were increased to get a larger sample and a more realistic
traffic situation.
The tripod stands for overview cameras were placed further away, about 20 meters
from the measurement area, to not impact the cyclists’ speed when they had to steer
beside them. The zoom in the cameras was used to compensate for the longer distance
to the measurement points. The stands were raised more to get a higher perspective.
White spray paint was used to paint the road surface for indication of sideways
position with 10 cm intervals. This was done at five places along the measurement
area.
All cameras and radar sensors were started before anyone biked around the track to
more easily sync up the video and the speed data.
All cyclists were instructed where to make their turn in the same area of the track to
get a unison length for each approach.
An instruction for the cyclists was developed which was presented orally or handed
out on paper to the subjects at the experiment.
All cyclists were given the chance to ask questions in front of the group right before
the first test.
Boxes used as nearby obstacles were placed on the side of the bike lane where
measurements where done. They were typical moving boxes, 43 cm tall, which is
more than double the height of what is considered a nearby obstacle in the VGU (20
cm). No boxes were placed on the oncoming side of the track.
To get a more independent baseline measurement, 4 cyclists were told to do the
baseline measurements individually while alone on the track.
The subjects were instructed that they were free to overtake each other but told not do
that in the measurement area. This was because it would be hard to know which
cyclist got picked up by the radar speed sensors.
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Subjects were asked to fill in a short survey with their assigned test number for visual
reference, age, gender and asked to assess their cycling experience on a scale from 010. 0 were stated as “bikes rarely or never” and 10 were stated as “bikes practically
every day all year around”.
An estimation for how long each test should be to render a large enough sample were
calculated. For 15 cyclists this was estimated to around 6 minutes per width.

The final experiment took place at a relatively flat asphalt surface on KTH main campus on
2018-10-31. The weather was 9 degrees Celsius with rather strong winds between 6 to 12 m/s.
The subjects mostly had tailwind on their approach towards the speed sensors, which was
preferred due to the somewhat short stretch available for the approach.
13 cyclists showed up for the experiment of which eight were male and five were female. The
age distribution was between 25 and 56 with an average age of 37 years old. All the
volunteers were recruited through the social media platform Facebook. Around half of the
participants were students or employees at KTH and the other half were volunteers that
signed up through a post in an interest group for cyclists in Stockholm. Seven out of the
thirteen participants assessed themselves’ with the experience level 10 in the survey. Two
participants stated the same age and experience level as another participant. This is shown as
lager data points in chart 2 below. As reward for their participation they were offered a lunch
sandwich.

Stated cycling expeience

Participant age and assessed cycling
experience
10
9
8
7
6
5
4
3
2
1
0
20

25

30

35

40

45

50

55

60

Participants age
Chart 2 - Participant age and stated cycling experience. Large dots represents overlay
where two participants gave the same responces.

Unfortunately, one of the radar computers stopped working after two minutes of
measurements during the baseline. This was noticed quite quickly, and a restart was tried but
this did not help. A decision was made to carry out the experiment with the one remaining
computer and its two radar sensors. The radar sensors were then moved to gather data at the
beginning of the joists, where the cyclists entered the track, and five meters into the track at
the middle of the joists.
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As stated previously, the following widths of bike lane were tested in the respective order:

Figure 4 – Experimental study at 3 meters width

3 m,

Figure 5 - Experimental study at 2.4 meters width

2.4 m,
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Figure 6 - Experimental study at 2 meters width

2 m.

Figure 7 - Experimental study at 1.8 meters width

1.8m. The 1.8-meter test was not originally planned for before the experiment because there
are no current planning documents in Sweden suggesting widths below 2 meters in practice.
At least not in situations where the cyclists are not given the chance to use other nearby road
surfaces. A decision was taken at the scene to be sure to include widths where results would
appear.
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Figure 8 - Experimental study at 2 meters width with boxes as nearby obstacles

2 m with boxes as nearby obstacles

Figure 9 Experimental study at 2.4 meters width with boxes as nearby obstacles

and 2.4 m with boxes as nearby obstacles.
25

5.3

Assessment of the recorded data

At the beginning of the analysis of the data it was soon discovered that the first measurement
point at the beginning of the test track would not be suited to make any statistical analysis on.
The reason for this was that the test area was not long enough to have the participants entering
the test track from the same angle as many of them took very wide turns at the ends. This
made many of them entering the track still turning. This did not happen in the pilot study
because there the cyclists were limited by a narrower turning area which naturally made their
turn radius smaller. It was therefore decided to focus only on the measurement point in the
middle of the track as the subjects’ approach there were straighter.
The collected data was sorted between interaction and no interaction with other cyclists. The
definition of an interacting/oncoming cyclist was decided as a cyclist that had clearly entered
the test track at the time of the measurement. If the oncoming cyclist had already been passed
in the measurement area it was visually assessed if it seemed to have had a chance to
influence the measurement. In cases where there was a doubt if there was a potential
influence, such measurements were sorted as no interaction. In cases when there were
multiple oncoming cyclists in the test track, at the time of measurement, the one closest to the
middle where counted because it was assumed to have had the biggest influence.
The white marks painted on the ground was used to analyse the sideways position on the
track. Since every passing of a cyclist had to be analysed manually, by visually evaluating the
video recordings, there will be a margin of error for each sideways measurement. The author
estimates this margin of error to be around +/- 1 cm.
Sideways positions were analysed at the same position as the speed. The recorded distances to
the curb was defined as the distance between the front wheels at their individual passing of
the measurement position in the middle of the test track. This was also done for the
interactions with oncoming cyclists, as their passing was also recorded at the middle of the
measurement area. Distances to oncoming cyclists are therefore not measured at the exact
position they pass each other but instead where they individually pass the middle of the test
track. This was decided to have the same reference point for all measurements. It would also
not have been possible to accurately measure sideways positions everywhere on the test track
because reference points in the road was only painted on five places in the ten-meter-long
measurement area.
All relevant average values for speed and sideways position were complemented with
calculations for their respective confidence intervals. This to mathematically find out the
range in which chance could have had impact on the results. All confidence intervals were set
to 95 % certainty.
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6

Results

This chapter presents the results of the collected data from the measurements within the
experiment.
6.1

Baseline

The results from the baseline test, where four cyclists were let to take turns riding the track
alone, can be seen in chart 1 and chart 2. The width of the track during the baseline was three
meters. The mean values for the speeds show some diversity while the sideways position
mean values are relatively similar. What stands out is the big difference in range of the
sideways positioning between the different cyclists.

Baseline - Distance to curb,
3 meters width
125,00
Cm from curb

115,00
105,00
95,00

Range Dist. to curb

85,00

Mean dist. to curb

75,00
65,00
55,00
Bike 24 Bike 13 Bike 22 Bike 25 Baseline
total

Chart 3 – Baseline – Distance to curb.

Baseline - Speed,
3 meters width
23,00
21,00
19,00
17,00
15,00
13,00
11,00
9,00
7,00

Speed Range

Mean Speed

Bike 24

Bike 13

Bike 22

Bike 25

Baseline
total

Chart 4 – Baseline - Speed.
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6.2

Flow rates

The number of measured passes for each tested width was in the order of 160-175, except for
the 1.8-meter test that reached 79 measurements. This was because its runtime was only half
that of the other widths.
The flow rates, cyclists per hour, for the test was calculated to around 1550 cyclists per
direction and hour, or 3100 cyclists per hour in total. This would count as a high flow rate
according to the VGU that is currently in use.
6.3

Speed

The speed data is presented in charts 5 to 7. The data in each chart is presented in the order
they were recorded on the day of the experiment.
The average speeds presented in chart 5 shows a somewhat unexpected result in that the
average speeds tends to increase the longer the experiment went on. The measurements are
generally within the range of the confidence intervals of the other test settings apart from the
comparison between 2.4 meters and 2 meters. The 2-meter test compared to the 2.4-meter test
show a small but still significant increase in average speed. This is likely the result of one
participant dropping out after the 2.4-meter test. The participant stated that ze (non-gendered
pronoun) would not ride on such a narrow bike lane in the city. That participants’ average
speed was 12.68 km/h for the 2.4-meter test which was by far the slowest measured speed of
them all. The slower speed often resulted in a line forming behind that participant which
likely impacted the average speed of the other participants as well. Because of the likely
impact on the other cyclists’ data it was decided to keep all data for the analysis but
consciously keep that in mind.

Average speed and confidence intervals
18,5

Speed km/h

18
17,5
17
16,5
16
3m

2.4 m

2m
Confidence Interval

1.8 m
Mean

2 m w. box

2.4 m w. box

Chart 5 – Average speeds and confidence intervals. Confidence intervals at 95 % statistical certainty.
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Chart 6 breaks down the speed measurements into interaction/no interaction with other
oncoming cyclists at the time of measurement. No clear pattern for average speeds can be
observed between the test runs.
The distribution for speeds is visibly smaller for the 1.8 meter-test with interaction because of
a slower top speed. This could be interpreted as that width being a limiting factor for the
fastest cyclists in the presence of oncoming cyclists, but considering the small sample for that
test, it is here ceded from drawing a definite conclusion.

Speed - interaction / no interaction
30,0
28,0
26,0

Speed km/h

24,0
100th percentile

22,0

85th percentile

20,0

15th percentile
Average

18,0
16,0
14,0
12,0
10,0
2.4 m w. box no int.

2.4 m w. box int.

2 m w. box no int.

2 m w. box int.

1.8 m no int.

1.8 m int.

2 m no int.

2 m int.

2.4 m no int.

2.4 m int.

3 m no int.

3 m int.

Chart 6 – Speed, interaction/no interaction at different tested widths.

The confidence intervals for the speed measurements, presented in chart 7, overlaps in most
cases and there appears to be no clear pattern or major differences recorded in speed between
the different test widths when sorting for interactions.
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Confidence intervals - Speed
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Conf. Intv.
Mean
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2.4 m w. box no int.
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2 m w. box no int.

2 m w. box int.

1.8 m no int.

1.8 m int.

2 m no int.

2 m int.

2.4 m no int.

2.4 m int.

3 m no int.

3 m int.

14

Chart 7 – Confidence intervals - Speeds. Confidence intervals at 95 % statistical certainty.

The speed measurements could be considered normal in relation to other studies, but they are
in the slower range. Especially since these measurements were done at a relatively flat
surface. In the literature study, a range between 15 km/h and 25 km/h for average speed was
found. One factor that affected speed in those measurements were the elevation at the
measurement points.
6.4

Sideways positioning

The measured sideways positioning of the cyclists can be seen in chart 8 and 9. Here a clearer
pattern emerges where the cyclists position themselves closer to the curb as the width of the
track becomes narrower.

Average distance to curb & confidence interval

Cm, front wheel to curb

70
65
60
55
50
45
40
35
Width 3 m

Width 2.4 m

Width 2 m
Conf. Intv.

Width 1.8 m

Width 2 m w.
box

Width 2.4 m w.
box

Mean

Chart 8 - Average distance to curb & confidence interval. Confidence intervals at 95 % statistical certainty.
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As can be seen in chart 8, there is a significant difference on average for how the cyclists
choose to position themselves between the different tested widths. Greater widths result in a
greater average distance to the curb. Chart 8 shows no statistically significant difference when
comparing the test runs with boxes as nearby obstacles, instead of the smaller joists, for 2
meters and 2.4 meters. It therefore seems like a nearby obstacle with the size of a moving box
(43 cm high in this case) does not influence the cyclists’ behaviour in such a way that they
choose to reposition themselves.
The distribution from closest to furthest measurements are shown in chart 9. 85 % of the
measurements take place within a rather narrow span around 10 cm outside the mean value
for each tested width. The total distribution of all cyclists tends to vary in relation to the
width, apart from the 2-meter test, as can be seen in chart 9. No cyclists front wheel was
recorded outside “their half” of the bike lane.

Distance to curb from front wheel

Distance from front wheel to curb
110
100
90
80
70
100th percentile

60

85th percentile

50

15th percentile

40

Mean

30
20
Width 2.4 m w. box

Width 2 m w. box

Width 1.8 m

Width 2 m

Width 2.4 m

Width 3 m

Chart 9 - Distance from front wheel to curb

There is a difference in average position to curb between the baseline measurements (Chart 3)
and the 3-meter test which indicates that the cyclists alter their behaviour in the presence of
other cyclists. The average position for the four baseline cyclists were 86.2 cm from the curb
and for the 3-meter test the average distance to curb was 65.6 cm.
Chart 10 shows the measured distances between the front wheel and the curb, sorted for
interaction/no interaction with other cyclists. There is a visible trend in that the cyclists tend
to position themselves closer to the curb at times of interaction with other cyclists. There are
no statistically significant differences for interaction/no interaction within the tested widths at
the wider test settings for 3 meters and 2.4 meters, as seen in chart 11.
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Distance from curb - interaction/no interaction
110

Distance from curb (cm)

100
90
80

100th percentile

70

85th percentile

60
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Mean distance

40
30
20

2.4 m w. box - no interaction

2.4 m w. box - interaction

2 m w. box - no interaction

2 m w. box - interaction

1.8 m - no interaction

1.8 m - interaction

2 m - no interaction

2 m - interaction

2.4 m - no interaction

2.4 m - interaction

3 m - no interaction

3 m - interaction

Chart 10 Distance from curb - interaction/no interaction

A statistically significant difference can be observed between interactions/no interaction at the
tests on 2 meters width as can be seen in chart 11 below. This suggests that cyclists start to
take conscious or unconscious action regarding their sideways positions depending on
encountering cyclists, at a width somewhere between 2.4 meters and 2 meters.
The measurement at 2 meters with boxes as nearby objects show the same statistically
significant result as without boxes, but the margins are smaller.
The numbers of recorded passes without interaction were too few at 1.8 meters to render in a
narrow confidence interval, but the trend with a greater mean value without encountering
cyclists is the same for 1.8 meters as for 2 meters.
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Distance from curb and confidence intervals interaction/no interaction

Distance from curb (cm)

75
70
65
60
55

Conf. Intv.

50

Mean

45
40
35

Chart 11 – Average distance to curb. Interactions/ no interactions. Confidence intervals at 95 % statistical certainty.

Equation for average distance, front
wheel to curb
Distance to curb (cm)

The total average values from
each measurement was used to
bring out a formula for
interpolation and extrapolation
of distance to the curb for other
cycle lane widths. This was
done using the built-in function
for trendline in MS Excel. The
equation, a polynomial of
degree 2, is presented in chart
12.

75

y = -0,0005x2 + 0,4609x - 23,31
R² = 0,9991

65
55
45
35
25
150

200

250

300

350

Bidirectional cycle lane width (cm)
Mean measured

Poly. (Mean measured)

Chart 12 – Equation for average distance for front wheel to curb at different cycle lane widths
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The distance between interacting cyclists is presented in chart 13. The distance between
interacting cyclists is decreasing in relation to the width. The 85th percentile is narrower for
the measurements at 1.8 meters which indicates a more unison positioning. There are no
major differences for the 85th percentile between 2 meters and 2.4 meters but there is a wider
distribution for the 3 meter-test.

Distance between interacting cyclists
(front wheel to front wheel)
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Distnace (cm)

200
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2.4 m
w. box

Chart 13 - Distance between interacting cyclists

The confidence intervals for the distance between interacting cyclists in chart 14 show a
significant difference between the different measured widths.

Distance between cyclists (cm)

Confidence intervals average distance between interacting cyclists
180
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Conf. Intv.

120

Mean
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3m
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2 m w.
box
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2.4 m
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Chart 14 –Average distance between interacting cyclists. Confidence intervals at 95 % statistical certainty.
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The total average values from each measurement was used to bring out a formula for
interpolation and extrapolation of distance to oncoming cyclists for other cycle lane widths.
This was done using the built-in function for trendline in MS Excel. The equation, a
polynomial of order 2, is presented in chart 15.
The distance between front wheel to front wheel can then be used to calculate the theoretical
distance between cyclists at the closest point which is usually the handlebars. Both the VGU
and the CGM handbook defines a cyclist as 0.75 m wide. Two encountering cyclists are
therefore theoretically 75 cm closer to each other, at the closest point, than the measured
average distance between their front wheels. This probably includes some margin to wobble
but it is not explicitly stated in the VGU.
For bike lane widths of 200 cm, the distance between cyclists’ handlebars are 37 cm and for
180 cm bike lanes, the average distance between cyclists is 25.5 cm.

Equations for average distance between cyclists
200

y = 0,0016x2 - 0,1535x + 78,434
R² = 0,998

Distance betweem cyclists (cm)

175
150
125
100
75
50

y = 0,0016x2 - 0,1535x + 3,4338

25
0
100

125

150

175

200

225

250

275

300

325

350

Cycle lane width (cm)
Avg. distance, front wheel to front wheel
Theoretical distance between handlebars
Poly. (Avg. distance, front wheel to front wheel)
Poly. (Theoretical distance between handlebars)

Chart 15 - Equation for average distance between cyclists, front wheel to front wheel, at different cycle lane widths.
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The combination of distance to curb and distance to other cyclists at interactions, and their
respective estimated equations, can be found in chart 16. There appears to be an almost linear
relation between distance to curb and distance between cyclists at the narrower widths below
2 meters. An interpretation of this would be that there are no longer any margins for personal
choice of position, because everyone is over their preferred risk level in relation to position to
curb and to the oncoming cyclists. It also becomes clear that the distance to the curb is
levelling out at wider widths. The derivative of the equation reaches zero at 379.5 cm.

At interactions,
Distance between cyclists / Distance to curb
120

Distance betweem cyclists (cm)

110
100
y = 0,0016x2 - 0,1535x + 3,4338
R² = 0,998
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80
70
60
50

y = -0,0007x2 + 0,5312x - 71,16
R² = 0,9967
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Cycle lane width (cm)
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Poly. (Theoretical distance between handlebars)
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Chart 16 – Comparison of interactions - Distance between cyclists / Distance to curb
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7

Analysis

This chapter consists of the analysis of the collected results in relation to the previously stated
hypotheses.
7.1

Statistical analysis

The statistical analysis within this thesis has been done using Microsoft Office Excel built in
functions for calculating confidence intervals. All confidence intervals were set to a 95 %
statistical certainty. Results regarding confidence intervals are done visually through
comparison of results in their graphs.
7.2

Hypotheses testing

Each previously stated hypothesis will here be evaluated in comparison to the results from the
experiment and then confirmed or discarded.
Hypothesis 1.1 – Sideways positioning between 3 meters and 2.4 meters width.
“There is no measurable difference in the positioning of cyclists between a 3-meter-wide bike
lane and a 2.4-meter-wide bike lane.”
-

The average position of the cyclists, shown in chart 8, show a statistically significant
difference between the two tested widths. The null hypothesis is therefore discarded
for hypothesis 1.1.

Hypothesis 1.2 – Sideways positioning between 2.4 meters and 2 meters width.
“There is no measurable difference in the positioning of cyclists between a 2.4-meters-wide
bike lane and a 2-meters-wide bike lane. “
-

The average position of the cyclists, shown in chart 8, show a statistically significant
difference between the two tested widths. The null hypothesis is therefore discarded
for hypothesis 1.2.

Hypothesis 1.3 – Sideways positioning between 2 meters and 1.8 meters width.
“There is no measurable difference in the positioning of cyclists between a 2-meters-wide
bike lane and a 1.8-meters-wide bike lane.”
-

The average position of the cyclists, shown in chart 8, show a statistically significant
difference between the two tested widths. The null hypothesis is therefore discarded
for hypothesis 1.3.

Hypothesis 2.1 – Sideways positioning for 2.4 meters with/without a nearby obstacle.
“There is no measurable difference in the positioning of cyclists on a 2.4 meters wide
bidirectional bike lane when adding a nearby obstacle beside the bike lane.”
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-

The average position of the cyclists, shown in chart 8, does not show a statistically
significant difference for the tests with/without a nearby obstacle. A nearby obstacle
with the size of a moving box directly at the edge of the bike lane does not seem to
affect the cyclists chosen position. The null hypothesis is therefore confirmed for
hypothesis 2.1.

Hypothesis 2.2 – Sideways positioning for 2 meters with/without a nearby obstacle.
“There is no measurable difference in the positioning of cyclists on a 2 meters wide
bidirectional bike lane when adding a nearby obstacle beside the bike lane.”
-

The average position of the cyclists, shown in chart 8, does not show a statistically
significant difference for the tests with/without a nearby obstacle. A nearby obstacle
with the size of a moving box directly at the edge of the bike lane does not seem to
affect the cyclists chosen position. The null hypothesis is therefore confirmed for
hypothesis 2.2.

Hypothesis 3.1 – Sideways positioning for 3 meters wide bike lane with/without
interactions with oncoming cyclists.
“There is no measurable difference in the positioning of cyclists on a 3 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.”
-

The average position of the cyclists with/without oncoming cyclists on a 3 meters
wide bike lane, shown in chart 11, does not show a statistically significant difference.
The mean values are somewhat greater without oncoming cyclists at the time of
measurement but not great enough to render in a statistically significant result. The
cyclists’ risk behaviour does not seem to be affected by oncoming cyclists on a 3meter-wide bidirectional bike lane and the null hypothesis is considered confirmed for
hypothesis 3.1.

Hypothesis 3.2– Sideways positioning for 2.4 meters wide bike lane with/without
interactions with oncoming cyclists.
“There is no measurable difference in the positioning of cyclists on a 2.4 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.”
-

The average position of the cyclists with/without oncoming cyclists on a 2.4 meters
wide bike lane, shown in chart 11, does not show a statistically significant difference.
The mean values are somewhat greater without oncoming cyclists at the time of
measurement but not great enough to render in a statistically significant result. The
cyclists’ risk behaviour does not seem to be affected by oncoming cyclists on a 2.4meter-wide bidirectional bike lane and the null hypothesis is considered confirmed for
hypothesis 3.2.

Hypothesis 3.3 – Sideways positioning for 2 meters wide bike lane with/without
interactions with oncoming cyclists.
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“There is no measurable difference in the positioning of cyclists on a 2 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.”
-

The average position of the cyclists with/without oncoming cyclists on a 2 meters
wide bike lane, shown in chart 11, shows a statistically significant difference when
cyclists are interacting with other oncoming cyclists. The cyclists’ risk behaviour
seems to be affected by oncoming cyclists on a 2-meter-wide bidirectional bike lane
and the null hypothesis is therefore discarded for hypothesis 3.3.

Hypothesis 3.4 – Sideways positioning for 1.8 meters wide bike lane with/without
interactions with oncoming cyclists.
“There is no measurable difference in the positioning of cyclists on a 1.8 meters wide
bidirectional bike lane with or without oncoming cyclists at the time of measurement.”
-

The average position of the cyclists with/without oncoming cyclists on a 1.8 meters
wide bike lane, shown in chart 11, does not shows a statistically significant difference.
The mean values for distance to the curb is 5 cm greater without oncoming cyclists at
the time of measurement. The lack of a statistically significant result can most likely to
be explained by the fact that the number of recorded passes with no interaction were
too few, which resulted in a wider confidence interval for that setting. The number of
recorded passes with no interaction was less than half of that of the other tested
widths. The difference in average values for the distance between no interaction and
interaction is almost as big for 1.8-meter as for the 2-meter test. This leads the author
to believe that a larger sample would have resulted in a statistically significant result
for the 1.8-meter test. But since a significant difference was not found, hypothesis 3.4
cannot be discarded without additional measurements.

Hypothesis 4.1 – Speed between 3 meters and 2.4 meters width.
“There is no measurable difference in the speed of cyclists between a 3-meter-wide bike lane
and a 2.4-meter-wide bike lane. “
-

The average speed of the cyclists, shown in chart 5, does not show a statistically
significant difference for the 3-meter test and the 2.4-meter test. The null hypothesis is
therefore confirmed for hypothesis 4.1.

Hypothesis 4.2 – Speed between 2.4 meters and 2 meters width.
“There is no measurable difference in the speed of cyclists between a 2.4-meter-wide bike
lane and a 2-meter-wide bike lane. “
- The average speed of the cyclists, shown in chart 5, does show a statistically
significant difference for the 2.4-meter test and the 2-meter test. The behaviour of
cyclists on a narrower bike lane was expected to have shown a decrease in speed, if
the cyclists experienced a greater level of risk. The difference in speed between the
tests for 2.4 meters and 2 meters were instead measured as a small, but still significant,
higher speed. The result is therefore not interpreted as an increase in experienced risk.
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The factor that is believed to have influenced the average speed between these two
tests are the fact that one slower participant chose to drop out of the tests after 2.4
meters. As the hypothesis is formulated it would be relevant to discard the null
hypothesis but since the comparison cannot be done using the same setup of
participants it is instead left uncommented.
Hypothesis 4.3 – Speed between 2 meters and 1.8 meters width.
“There is no measurable difference in the speed of cyclists between a 1.8-meter-wide bike
lane and a 2-meter-wide bike lane. “
-

7.3

The average speed of the cyclists, shown in chart 5, does not show a statistically
significant difference for the 2-meter test and the 1.8-meter test. The null hypothesis is
therefore confirmed for hypothesis 4.3.
Summary of hypotheses testing

Hypotheses 1.1-3 are all discarded because of a clear difference in sideways position
between the tested widths. A wider bike lane results in a recorded longer distance to the
curb for all the tested widths.
Hypotheses 2.1-2 are both confirmed because there were no recorded differences between
the test runs with or without nearby obstacles on 2 meters and 2.4 meters. Nearby
obstacles with the size of a moving box does not seem to influence the cyclists chosen
position.
Hypotheses 3.1-2 are confirmed as there are no significant differences in recorded
positions for interactions/no interaction with other cyclists at 3 meters and 2.4 meters. The
width of the bike lane does not seem to significantly affect the chosen position in relation
to oncoming cyclists at widths over 2.4 meters.
Hypothesis 3.3 is discarded because a statistically significant difference was found
between interactions/no interactions with other cyclists at 2 meters width. This means that
cyclists position themselves depending on the presence of other oncoming cyclists at a 2
meters wide bike lane.
Hypothesis 3.4 is left uncommented as the measured sample was too small to generate a
statistically significant result.
Hypothesis 4.1 is confirmed as there was no statistically significant difference in speeds
between the tests at 3 meters and 2.4 meters.
Hypothesis 4.2 is left uncommented as one of the participants chose to drop out of the
experiment between 2.4 meters and 2 meters.
Hypothesis 4.3 is confirmed as there was no statistically significant difference between 2
meters and 1.8 meters.
Smaller differences in speeds between the different test runs are found but not big enough
to render a statistically significant result. The design of, and location for the experiment,
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in combination with the high flow rates, probably interfered with the possibility for each
cyclist to maintain its preferred speed which could have affected the results.
7.4

Potential sources of error


















The sideways positioning was analysed visually through video recordings due to lack
of other measurement equipment. The cameras were placed at some distance when one
camera angle was covered by other cyclists you had to use another camera angle to
assess the position. If the different angles produced a different result is hard to know
but reference frames could be used to compare the camera angles when both cameras
had visual contact.
The lack of measurement equipment made it necessary to paint the visual sideways
marks on the ground before the baseline was done to be able to analyse the cyclists’
position. It cannot be known if this affected the cyclists’ awareness and therefore
affected their sideways position. There is nothing to suggest that it did, but it cannot be
ruled out.
The order of the tests between the different widths could have had an effect. If the
cyclists got used to the narrower 1.8 meters test it could have made them less worried
about a nearby obstacle when the width was increased to 2 meters.
The voluntary cyclists where pedalling around the track for about 45 minutes, with
small pauses when the width was changed. This let them have plenty of time to get
used to the track and its properties. This could have made them braver after some time
as some cyclists showed a tendency to enter the track with very narrow margin to the
curb. This tended to correct itself after a few meters in the middle of the track where
measurements were done but it could have had effect. In a more optimal setting there
would have been a longer approach so that all cyclists had the same approach angle to
the measurement area.
Some cyclists jokingly mentioned that they “got their daily exercise done” during the
experiment. 45 minutes was perhaps a long time for an experiment like this, but it was
probably the only feasible solution to have the same sample group for all widths. But
this could have had effect on the speed measurements over time.
The cyclist who chose to quit the experiment after two tested widths surly impacted
the speed measurements and comparisons between the two first tests and the rest.
Speed measurements could have been impacted by the perhaps short approach from
the turning area to the measurement area. It cannot be known if the cyclists had gained
their preferred speed at the measurement point.
A longer measurement area with dummy radar sensors would have been optimal to
don’t let the cyclists know where measurements were taken. This was partly achieved
through the four available radar sensors and the five painted lines.
The recruitment of the volunteers could have been developed to get a more random
selection.
The season could have had an impact. It was clear that many of the volunteers were
experienced and engaged cyclists and the late autumn season perhaps made them more
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likely to volunteer for the study, compared to less experienced cyclists who had put
away their bike for the season.
The weather on the day of the experiment was quite windy which could have had an
impact, both on speed and sideways position.

The potential sources of error that is believed to have had the greatest influence on the results
are the limited area for the experiment in relation to cyclists’ speed and the recruitment of the
voluntary cyclists. Most of them rated themselves as very experienced cyclists. Keeping this
in mind, it could be relevant to add some extra margins for wobbling in situations with less
experienced cyclists.
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8

Discussion
The results are here discussed and analysed further, in relation to the hypothesis and the
potential sources of error. The general importance of relevant bicycle infrastructure is also
touched upon.
8.1

Speed

Since the speed data was interrupted as the sample group changed after the first two test it is
hard to draw any definite conclusions regarding speed within this study. There often formed a
line behind the participant that dropped out and this most likely affected the average speeds of
the other cyclists. The impact on the other participants makes it irrelevant to just delete the
data for one participant.
If the first two measurements, including all participants, are excluded from the analysis, the
average speeds for the remaining tests show a weak pattern in relation with the proposed
hypotheses, namely that narrower bike lanes result in increased experienced risk and therefore
reduced speeds. But it must be pointed out that those results are within the confidence
intervals and therefore not validated.
The speed measurements should not be used to draw final conclusions regarding cyclists’
speeds on cycle lanes of certain widths. There are too many uncertainties relating to the
experiment and other factors on cycle lanes that have greater influence on speed. The limited
area for the experiment could have restricted some cyclists from gaining their preferred speed
and the results are therefore only useful for comparison between the different cycle lane
widths within the experiment. A much bigger area would have been needed for the
experiment and that would have required more volunteer cyclists. This to render enough
measurements for statistical analysis during the same time span.
If we allow ourselves to assume that the weak pattern of increased experienced risk in relation
to cycle lane width and speed is true, it would likely be more visible at higher speeds than the
average 17 km/h in this experiment. Faster bikes can easily reach speeds of 40 km/h downhill.
It would therefore be reasonable to assume that steep hills would require wider bidirectional
bike lanes to maintain the same level of experienced risk for cyclists as on a flat surface. The
Finnish guidelines already states that steep hills should be fitted with 50 cm extra space in
turns. This is something that would be interesting for future research to investigate further.
The only significant statistical difference between the test settings, relating to speed, is the
comparison between average speeds for 2.4 meter and 2 meters width without nearby objects.
Opposite to the stated hypotheses, the speed increased when the width is lowered. This had
most likely to do with the participant who dropped out. It is therefore tempting to assume that
individual cyclists have greater influence on the average speed of the group than the width of
the bicycle lane.
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In a situation where there is no space for overtaking of other cyclists the average speed of the
group will be affected by the slowest cyclist. The ability for faster cyclists to maintain their
preferred speed will be affected by the possibility to overtake slower cyclists.
The possibility to overtake on a bidirectional bike lane would likely be more depending on the
flow of oncoming cyclists than the width of the bike lane, unless there is enough space for
three parallel cyclists at the same time.
Because of the short cables to the radar speed sensors from the computers, both computers
were placed on one side of the track, instead of two on each side. This was done to allow for
speed measurements along the whole 10-meter stretch, including one measurement point
before the cyclists entered the measurement area. Considering the first measurement point
was unfit for statistical analysis and the vast amount of time it took to decode the data for
sideways position at one position in the middle, it could have been more interesting to have an
additional measurement for speed on the opposing side instead of multiple readings on one
side, which were never even used in the analysis. A more suitable alternative in retrospect
would have been to have two radar sensors on each side of the measurement area, if both
computers had been operational.
8.2

Sideways position

The sideways position measurements showed significant results in relation to several of the
stated hypotheses. The sideways position measurements are less likely to have been impacted
by one participants speed at the first two tests which makes the whole set of results more
trustworthy.
First, we can clearly state that cyclists position themselves differently depending on how wide
the cycle lane is. The average distance to the curb follows a rather predictable curve in
relation the cycle lane width. According to the equation for distance to the curb at
interactions, it seems that the widest bicycle lane width to have any influence on positioning
is 379.5 cm. This is of course an extrapolation way outside of the measurements and there
could be other factors that have influence at such widths.
It is also very interesting to notice the significant difference in average values at interactions
with other cyclists at widths below 2.4 meters. The relation to the main hypothesis, relating to
experienced risk levels, indicates that cyclists experience an increased risk level and act upon
it at such widths. The repositioning places the cyclists closer to the curb than they would have
done if there were no encountering cyclists there. An interpretation of that result is that
cyclists could consider such bike lanes less safe, or not safe. This because they must
compensate for the risk of oncoming cyclists while having to drive closer to the curb than
preferred.
The experiment does not show exactly where this statistical significance starts to play out,
only that it happens somewhere between 2.4 meters and 2 meters. The same pattern of higher
average values for positioning, without interactions, can be seen in the wider tests as well but
they are much smaller for the wider tests. It is somewhere below 2.4 meters and probably
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above 2 meters that we start to see a statistically significant result. We cannot know the exact
width where statistical significance appears without further tests so for now we should assume
that it is 2.4 meters, to be on the safe side.
The distance between interacting cyclists decreases in relation to the cycle lane width. At the
narrower widths there is close to a linear relationship between interacting cyclists and cycle
lane width. This is reasonable as it would be natural for cyclists to use a reduction of space to
place themselves equally closer to the curb as to oncoming cyclists.
The VGU does not state if the 75 cm width of a cyclist includes margin to wobble or not.
Since the city of Stockholm sets their figure to 60 cm it could be assumed that the VGU does
include some margins to wobble. The theoretical calculations for distance between the
handlebars and the curb show that the handlebars are just a few centimetres off the alignment
with the curb at 180 cm wide bike lanes. The handlebars themselves are not the limiting factor
for how close to the curb the cyclists can ride, as long as there are no high obstacles next to
the road. The pedals could be the most crucial object on the bike to hit the curb stone if such
is placed beside the bike lane.
If there are no high obstacles beside the road it might be of more importance to look at the
distance to the oncoming cyclists, which theoretically is only 25.5 cm for a 180 cm wide bike
lane. Even if no accidents occurred between the cyclists within this experiment it could be
questioned if the proposed minimum of 1.8 meters wide bike lanes in the revision of the VGU
is a safe minimum standard. It would certainly deter some cyclist from using it as the
experience form this experiment show.
When planning for additional space or wider bike lanes, cyclists chosen positioning on the
bike lane should be considered. Wider bike lanes result in a longer distance to the curb which
eats up a large part of the improvement for passability and the possibility to overtake. A
previous study found that cyclists tend to correct such behaviour in the presence of painted
lanes in the road (Wiklund, 2010).
The results in this study would indicate that a widening from 2.4 meters to 3 meters does not
provide any improvements to experienced safety or passability at high flow rates. A safe
overtaking would probably not have been possible even for a 3-meter-wide bike lane due to
the rate of oncoming cyclists. The narrower bike lane could possibly even deter faster cyclists
from trying an unsafe overtaking. If improvements for safe passability at peak flow rates is to
be achieved an additional lane would be required.
The theoretical situation for three lanes according to the current VGU would be 4.15 meters
(calculations from figure 1). With four lanes the total width becomes 5.65 meters. The space
between interacting cyclists in the VGU-model is 75 cm. The results from this study did not
show a statistically significant difference in positioning at interactions until the theoretical
distance between cyclists’ handlebars where 37 cm on a 2-meter-wide bike lane. At 2.4
meters, where there was no significant difference in positioning, the theoretical distance
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between cyclists’ handlebars were 56 cm. In a situation, where we allow the distance between
interacting cyclists to be 55 cm instead of 75 cm, a three-lane solution would be 3.75 meters
wide and a four-lane solution would be 5.05 meters.
A high standard bike lane in the city of Stockholm was built along Rålambshovsleden in
2016. It is 4.5 meters wide, bidirectional and has one lane in each direction (Enström &
Kerrén, 2017). During peak season for cycling there often forms two separate lanes in in each
direction at the same time on that stretch, as the author himself have experienced. Not to say
that it is a pleasant experience, but it does seem to work. An additional widening to 5.05
meters with four painted lanes could be enough to render a sensation of safety while allowing
four cyclists to pass at the same time.
8.3

Nearby obstacles

The experiment shows no significant differences in relation to the presence of a nearby
obstacle of the dimensions used here. An object with the size of a moving box, placed directly
at the edge of the bike lane, does not seem to be viewed as a risk worth acting on according to
this test.
But what is clear from the literature study is that nearby objects could cause or worsen the
damages in the event of an accident. The results from this study should therefore not be
interpreted as it being safe to build cycle lanes close to 43 cm high objects. The authors’
interpretation is instead that it could be okay to use small fences or such to separate bicycles
from pedestrians or cars, to prevent other types of accidents.
Today, the requirements for newly constructed bike lanes include a safety area beside the bike
lane. But many bike lanes in use today have signposts or other fixed objects, that are higher
than the moving boxes used in this experiment, right next to the riding area. It could be of
value to further investigate cyclists’ behaviour in relation to such obstacles. Such knowledge
could be used to investigate if there is a need for redesigning already built bike lanes.
The order in which the experiments were done could have impacted the results in that the
boxes were tested last, after the narrowest widths. A nearby object of that size could be
irrelevant when they just before rode on a 20 cm narrower bike lane. What does speak against
a significant impact of the order of the tests is that the cyclists had nearly the same average
positioning on both widths that were tested with and without boxes. If the order had an impact
it seems unlikely to have compensated the results back to a nearly exact same positioning for
two different tested widths.
8.4

Infrastructure design and cycling in general

In relation to the discussion among politicians and planners, about cycling becoming more
popular, there are a few conclusions to be mentioned. In situations on bidirectional bicycle
lanes where the average speed is around 17 km/h or less, the bike lane is straight, and we have
adequate safety zones beside the track, there is no reason to believe that cyclists would feel
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unsafe when riding on a 2.4-meter-wide bike lane. At least not because of the width at such
speeds. This is a conclusion drawn at very high flow rates that are rarely or never experienced
today in Sweden. There might of course be other factors that influence a sense of safety that
needs to be addressed when designing bicycle lanes.
There are many aspects to include in the design of bike lanes to make it attractive for as many
as possible to use them. One example could be small children or elderly that might wobble
more when riding than the rather experienced volunteer cyclists in this study.
Different kinds of bicycles, such as cargo bikes and electric bikes, are becoming more
common, especially in bigger cities such as Stockholm. Cargo bikes generally maintain a
lower speed while long-distance commuters and e-bikes maintain a higher speed. The average
size of three-wheel cargo bikes are 86 cm while the biggest ones can be up to one meter wide
(Wennberg, et al., 2014). With different types of road users, it becomes more relevant to
construct the bicycle network to accommodate a range of different cyclists and speeds at
places with higher flows of cyclists. At least where the flows are presumed to be high in both
directions at the same time.
To reach a deeper knowledge regarding different cyclists’ experienced safety, there are
several parameters that could be changed in a re-run of the experiment used in this thesis.
Different age groups could be tried, together with the different kinds of bicycles mentioned
above, in various settings to investigate if their coexistence render in different results than
those found here. Different methods for the gathering of data could also be considered. GPStrackers, accelerometers and sensors to measure sideways position could likely simplify the
process and allow for additional analyses. Software object tracking is another potential tool
that could be utilized for data gathering of sideways position.
Many cities aim to increase cycling to and from work. Passability and safety were two words
that were often encountered during the literature study, in relation to promoting cycling.
Passability can be used in unison with travel times. People living longer away from the city
core would need to maintain higher speeds on their bike for it to be an attractive option for
daily travels. The way most cities are designed today, people generally travel into the city
core for work in the morning and back home in the afternoon. It could therefore be irrelevant
to create a standard width for bicycle lanes relating to the daily flows in both directions over
the whole day. It would be better to instead look at the flows in both directions at peak hours.
If few people use the opposite lane during the morning it can be used for safe overtaking. The
flow in the less trafficked direction could be used to calculate to what extent cyclists are able
to overtake one another. If flows in the opposite directions at peak hours are too high for
cyclists to overtake easily it could be considered if the bike lane needs to be wider to
accommodate an additional lane. If an additional lane for overtaking is added at such
locations it could be used in both directions, both in the morning and in the afternoon.
Another aspect when constructing new infrastructure is the cost. The wider the bike network,
the more expensive it is to build and maintain at good service levels. Assuming there are
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limited resources for construction of new bike lanes, the choice would stand between a few
high-standard bike lanes or more standard bike lanes. It can be viewed as an optimization
problem to maximize the benefit for as many as possible.
Wider bike lanes than necessary would require larger service equipment to clear snow and
leaves. Larger machines weigh more which puts extra requirements on the road structure and
preparation of the ground, which makes the whole cost for the construction of the bike lane
even more expensive. This is at least true in cities that has special snow clearance equipment
for pedestrian and bicycle lanes.
The machines for winter maintenance used on the countryside are often the same for bike
lanes as for normal streets which requires bike lanes there to have the same buoyancy as a
normal car road. The dimension of the vehicles for winter maintenance then becomes a
limiting factor for how narrow a bike lane or pedestrian path in the countryside can be
(Strömgren, 2019).
The revision proposal of the VGU states a minimum width for snow clearance to 2.25 meters
for combined bike lanes and walking paths. In relation to the results in this study it would be
questionable to call such widths safe and passable if both pedestrians and bicycles are going
to share that space. There would be little or no safety margins if a pedestrian is to pass two
cyclists travelling in different directions at the same time.
Now that increased cycling is a common aim for many cities, another question is what people
think is their main reason for not using bikes and how to address it. The fact that one
participant chose to exit the experiment at widths below 2.4 meters, tells of the need for a
continuous and safe bicycle network. A lower, but adequate, standard of cycle lane could
perhaps be better than none in situations where space is lacking, and other priorities weigh
heavier. The question remains if a 1.8-meter-wide bike lane, as proposed in the revision of the
VGU, could be considered adequate even in a low standard situation.
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Concluding remarks
The aim of this study was to investigate different standards of bidirectional bike lanes and
investigate if they provide enough space for the needs of cyclists.
A method was developed for estimating cyclists’ behaviour according to two risk-factors,
speed and sideways position. An experimental design was also constructed. The results from
the subsequent experiment implies that the theory of risk compensation and the two chosen
risk markers could be useful in future studies relating to the design of bicycle infrastructure.
The results from the experiment show a significant difference in the positioning of cyclists on
different bike lane widths. The risk markers for sideways position show significant results at
bidirectional bike lane widths below 2.4 meters. At such widths, cyclists seem to actively
position themselves closer to the curb in the presence of oncoming cyclists. This is interpreted
as a risk compensation which indicates that cyclists are not completely comfortable on that
standard of bike lane.
There were no statistically significant results regarding differences in speed between the
tested widths. Some tendencies to support that cyclists reduce their speeds on narrower bike
lanes could be seen but not strong enough to render a statistically significant result.
Uncertainties regarding the execution of the experiment in relation to speed analysis and some
external factors calls for a slight re-design of the experiment. A larger sample group in
combination with changes to the design could possibly render a significant result.
A conclusion would be to view bidirectional bike lanes at 2.4 meters width on flat surfaces,
with adequate safety-zones beside the bike lanes, as a good standard for regular cyclists in
many situations. More widening is not believed to provide major additional experienced
safety or passability until the width allow for safe overtaking in the presence of oncoming
cyclists.
A re-run of the experiment with other tested widths could possibly give an even lower figure
than 2.4 meters. The re-run could also be used to test if a more diverse age-range among the
cyclists would give different results. Further studies would also be needed to evaluate cyclists
experienced risk levels in relation to higher obstacles beside the bike lane and in high speed
situations or at turns. The spatial needs of cargo bikes would also be of interest in future
studies if people also choose active transportation of goods in the city.
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