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Abstract 

New examples of measures to improve the non-urban traffic system regarding pedestrians’ and 
bicyclists’ safety, mobility and security have been introduced in Sweden, with the aim to use 
low-cost measures. The 2 minus 1 road is an example where the ordinary 6.5-7.5 m road with 
one lane in each direction is narrowed down to one lane for vehicle traffic with a pedestrian and 
bicycle path on each side of the road. Double directional traffic is maintained and vehicle traffic 
in opposing directions passes in specific areas. 

The new type of design of the rural roads still has its flaws, but it has also turned out to be 
efficient and accepted at least to some extent. The sustainable transport system can be strongly 
improved at a low cost in many more small towns and villages. More research is needed to 
establish when these measures should be recommended and how to combine it with other types 
of measures, and when other measures should be pursued, especially regarding speed adaptation 
and compliance by vehicle drivers. 

1. Introduction 

About half of all the trips that are conducted by the citizens in Sweden are shorter than 5 km1, 
and great deal of these trips is conducted by car. Urban areas often has a traffic network design 
supporting travel by foot or by bicycle, to at least some extent, by means of as pedestrian and 
bicycle paths, curbs and other infrastructure, and measures like speed reducing devices. The 
design of the traffic network in the non- urban areas on the other hand does often not support 
travelling by foot or by bicycle. That is a serious shortcoming as 15% of the Swedish population 
live in non-urban areas; for example in smaller towns or villages, with less than 200 inhabitants2. 
If the persons living in smaller towns or villages with less than 2000 inhabitants are included 
26% of the Swedish population live in that type of areas.  

Non-urban areas can be described as old rural areas, villages and small towns often with rather 
long and narrow structure and houses close to the road. The population in small towns or villages 
have similar travel demands and patterns as those living in urban areas; travelling to and from 
school, bus stops, local stores, visiting friends and neighbours, making errands in the vicinity, 
and walking or bicycling for exercise and leisure. The main problem is often the conflict between 
the demands of mobility and speed of the vehicle traffic, and the mobility, security and safety of 
pedestrians and bicyclists in the village. Swedish traffic planning is missing a strategy for safety, 
mobility and accessibility for pedestrians and bicyclist in small town or villages.  

There are some new, not earlier tested, examples of measures to improve the non-urban traffic 
system regarding pedestrians’ and bicyclists’ safety, mobility and security. In the four villages 
Roknäs, Gäddvik, Björsbyn and Bonäs, Sweden, the Swedish Road Administration (SRA) has 
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tested in the two last years a new type of road design. The aim is to use low-cost measures to 
improve the safety, but also mobility and security on the roads in non-urban areas by narrowing 
the road section to reduce vehicle speeds, and at the same time separating the pedestrians and 
bicyclists from the motor vehicles, without taking additional land in use. Along a so called 2 
minus 1 road, the ordinary 6.5-7.5 m road with one lane in each direction is narrowed down to 
one lane for vehicle traffic with a pedestrian and bicycle path on one or each side of the road. 
Double directional traffic is maintained and vehicle traffic in opposing directions meets in 
specific areas. The speed limit is lowered from 70 km/h to 50 km/h or from 50 km/h to 30 km/h. 
The vehicle traffic is separated from the pedestrians and bicyclists with painted markings. The 
design is used at sites with low vehicle flows but with motor vehicle speeds higher than desired. 
The aim with this study is to describe the effect of the new types of measures to increase the 
safety, mobility and security of pedestrians and bicyclists in villages in Sweden. 

2. Description of sites and the 2 minus 1 road 

Road 597 goes through the village of Björsbyn in Luleå Municipality, county of Norrbotten, 
Sweden. The measures that were installed in August 2007 are described in Figure 1. The 1 km 
long stretch of road was narrowed with a marking and flexible reflector posts from two lanes 
totally 6.5 m to one 4.6 m wide lane for motor vehicles and a 1.8 m wide bicycle- and pedestrian 
path was added. The speed limit was lowered from 70 km/h to 50 km/h. In June 2006, similar 
measures were installed but then the motor vehicle lane was 4.4 m and the bicycle- and 
pedestrian path was 2.0 m. The motor vehicle lane is wide enough for two cars at a speed of 30 
km/h to pass according to Swedish standard3, but somewhat too narrow for two heavy vehicles. 
The AADT is about 1000 vehicles per day. 
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Figure 1. Road 597 in Björsbyn with measures.                  Figure 2. Road 616 in Gäddvik with measures. 
 

The different type of road users seen on Road 597, except motor vehicles, are children and youth 
travelling to and from soccer fields in the area by bicycle and by foot, people living in the area 
travelling by bike and by foot, and people running and walking for exercise. The flow of 
pedestrians and bicyclists are noticed to be much lower during winter time.  

Road 616 goes through the village of Gäddvik in Luleå municipality, county of Norrbotten, 
Sweden. The measures that were installed in July 2006 are described in Figure 2. The 2.5 km 
long stretch of road was narrowed with an intermittent marking at each side from totally 9 m to 
two totally 6.5 m wide lanes for motor vehicles, and a 1.25 m wide bicycle- and pedestrian path 
at each side was added. The speed limit is 70 km/h on the link and 50 km/h at the beginning and 
end of the link. As a vehicle driver you are allowed to cross the intermittent marking. The 
different type of road users seen on Road 616, except motor vehicles, are adult persons travelling 
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by bicycle to and from work and for exercise, and people living in the area travelling by bike and 
by foot, all especially during the summer time. The vehicle flow is about 11000 vehicles per day, 
and therefore the vehicle lanes were kept rather wide, as the demand is high from the vehicles. 

Road 551 goes through the village Roknäs in Piteå municipality, county of Norrbotten in 
Sweden. The measures that were installed in July 2006 are described in Figure 3. The 4.7 km 
long stretch of road was narrowed with a marking at each side from 5.5 m to a 3.3 m wide lane 
for motor vehicles and a 1.15 m wide bicycle- and pedestrian path at each side was added. The 
speed limit was still 50 km/h but with the signs recommended speed of 30 km/h added. As a 
vehicle driver you are not allowed to cross the marking in e.g. encounters with other vehicles, 
instead specific areas with intermittent markings for vehicles to stop and wait when encountering 
other vehicles were installed as seen in Figure 3. The different type of road users seen on Road 
551, except motor vehicles, are children and youth travelling to and from school by bicycle and 
by foot, people living in the area travelling by bike and by foot. The vehicle flow is lower in the 
west part of the stretch of the road, and higher at the east, but in average about 1000 vehicles per 
day. 
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Figure 3. Road 551 in Roknäs with measures. 

Road 1001 goes through the village Bonäs in Mora municipality, county of Dalarna, Sweden. 
The measures that were installed in July 2006 are described in Figure 4. The 4.2 km long stretch 
of road was narrowed with an intermittent marking at each side from 6.0 m to 3.5 m wide lane 
for motor vehicles and a 1.25 m wide bicycle- and pedestrian path at each side was added. As a 
vehicle driver you are allowed to cross the intermittent marking. The speed limit was still 
50 km/h but with the signs recommended speed of 30 km/h added. Eleven physical measures, 
flexible reflector posts, were installed at the stretch of road as seen in Figure 5, to narrow the 
road. Nine of these narrowed sections are also used as buss stops, called hourglass bus stops; 
where it is not possible to overtake a bus that has stopped. The vehicle flow is about 1700 
vehicles per day. The different type of road users seen on Road 551, except motor vehicles, are 
children and youth travelling to and from school by bicycle and by foot, people living in the area 
travelling by bike and by foot.  
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Figure 4. Road 1001 in Bonäs with 
measurements. 

Figure 5. Measurements of narrowed sections. 

3. Method 

All measurements of vehicle speeds and vehicle flows, observations of road user behaviours, and 
road users’ questionnaires were conducted during the summer of 2006 and spring and summer of 
2007. 

Vehicle speeds and flow 

Data on vehicle speeds and flows was provided by Vägverket Konsult. The data was studied 
descriptively regarding changes in flow, changes in average speed and 90-percentile of vehicle 
speeds. Data were collected in June 2006, September 2006 and June 2007.  

Questionnaires 

School-aged children’s opinions of how the road reconstructions affected safety and mobility 
were gathered by questionnaires. The school principals were contacted at the schools close to the 
test sites in Bonäs and Roknäs, and the soccer club close to the test site in Björsbyn. Earlier 
research by Leden (1989)4 has indicated that 11-13 year old school-aged children would be the 
most appropriate age group for assessing effects of measures; this age group was therefore 
chosen.  

Adult people’s opinions of how the road reconstructions affected safety and mobility were 
gathered by questionnaires to persons living in Björsbyn, Gäddvik and Roknäs. The 
questionnaires in Björsbyn and Gäddvik were distributed via the village’s local interests groups, 
and in Roknäs, people were interviewed at the local store. People travelling by bicycle through 
Gäddvik were also interviewed, and adults taking their children to the soccer practice in 
Björsbyn. 

Road user behaviours 
The stretch of road was filmed to capture the behavior of the different road users. The filming 
periods were chosen to capture the hours of the day when most pedestrians and bicyclists were 
traveling along the roads, most often 1.5 h in the morning and 3 h in the afternoon in Bonäs, 
Gäddvik and Roknäs, except at Björsbyn where the filming periods were 3 h in the evenings 
when the soccer practice and matches were held. The weather conditions were roughly the same 
in all time periods; no precipitation and daylight.  

The travel patterns of pedestrians and bicyclists were manually analyzed and coded in Microsoft 
Excel; one column per observed pedestrian or bicyclist, coded into descriptive parameters. The 
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selection of parameters describing the road user’s behaviours to be analyzed was based on earlier 
studies5. The parameters analyzed were:  
 

• Data about the site  
• Description of pedestrians and bicyclists; travel direction, age of pedestrian/bicyclists, 

no. of persons in the group, traveling on the right (i.e. correct) side of the road, traveling 
on the right side of the markings 

• Encounters from the pedestrians or bicyclists point of view; encounter with vehicles, if 
problem with vehicles, type of problem  

• Description of motor vehicle; type of motor vehicle; traveling on the right side of the 
road, traveling on the right side of the markings 

• Encounters from the motor vehicle point of view; overtaking or encountering pedestrians 
or bicyclists, if problem with pedestrians or bicyclists, type of problem with pedestrians 
or bicyclists, if problem with vehicles, type of problem with vehicles. 

Conflicts between pedestrian-vehicle and bicyclist-vehicle were studied using the Swedish 
Traffic Conflict Technique according to the manual written by Almqvist and Ekman (1999)9. 

4. Results 

4.1 Vehicle speeds and flows 

The average vehicle speeds decreased by 7 km/h (10% for all vehicles and 9% for heavy 
vehicles) in Björsbyn, but the average speeds were still higher than the speed limit after the 
measures were installed, see Table 1.  
Table 1. Vehicle speeds (km/h). 

  All vehicles Heavy vehicles 

  Before Just after One year after Before Just after One year after

Björsbyn m 67 60 - 60 56 - 

 90-perc. 83 78 - 77 73 - 

Roknäs m 54 48 51 54 48 48 

 90-perc. 69 63 66 64 60 62 

Bonäs m 53 45 - - - - 

 90-perc. 64 56 - - - - 

Gäddvik m 74 74 73 73 74 73 

 90-perc. 85 85 84 84 85 84 

In Gäddvik there were no changes in vehicle speeds. In Roknäs the average speed decreased by 
6 km/h (11%) just after reconstruction. A year later the average speed was found to have risen, 
but it was still lower than before reconstruction (at 5 %). In Bonäs the average speeds decreased 
by 8 km/h (15%) just after reconstruction, the highest reduction shown in this study. The 90-
percentiles were always much higher that the speed limit at all the sites.  

The vehicle flows were unchanged after reconstruction at all sites except in Roknäs where the 
flow decreased 8% from before reconstructions to one year after reconstructions (from 1300 
vehicles per day to 1200 vehicles per day) at the east part of the road. 
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4.2 Road user behaviours 

The results from year 2007 are compared with the results from the year 2006 when possible, and 
the differences are tested with chi2-test. 

4.2.1 Vehicle drivers 
In total 770 vehicle drivers were studied during 2007, and 2210 during year 2006. Almost all 
vehicle drivers were travelling on the right (i.e. correct) side of the road and the right side of the 
markings as single vehicles, i.e. without encounters with other vehicles. It was when 
encountering other vehicles the vehicle drivers were crossing the markings. In Björsbyn with the 
single sided marking 20% crossed the marking when encountering another vehicle, and in 
Roknäs 84% crossed the double sided marking when encountering another vehicle, see Table 2. 
Compared to year 2006 the share vehicle drivers that crossed the marking decreased somewhat 
year 2007, and in Roknäs where the double sided markings were installed the decrease most 
likely can be explained by that one year after it was more common that it was only one of the 
encountering vehicle drivers that crossed the markings. In Bonäs where double sided intermittent 
markings were installed almost all vehicles crossed the intermittent marking when encountering 
other vehicles, but that was also the idea with the intermittent markings. 
Table 2. Share (%) vehicle drivers that crossed the markings when encountering another vehicle.  

 Just after One year after 
 No. of vehicles Crossed the marking No. of vehicles Crossed the marking 
Björsbyn 
Marking 

132 30* 
 

66 20* 

Roknäs  
Marking with meeting areas 
that has intermittent marking 

298 99 crossed the 
intermittent marking 

79 crossed the 
marking 

217 89 crossed the 
intermittent marking 

84 crossed the 
marking 

Bonäs  
Intermittent marking 

- - 487 99 

Gäddvik 
intermittent marking 

1780 Less than 1 - - 

* Somewhat misleading as the markings are single sided, and different type of design the two years. 

Describing the event when any vehicle driver is crossing the marking can also be described in 
encounters, which are when two vehicles are encountering; do any of the vehicles cross the 
marking? In year 2006, 27 vehicles in 41 encounters crossed the markings in Björsbyn, which 
equalled 66 %. Year 2007, 13 vehicle drivers in 49 encounters crossed the marking, that is 27%, 
which is significantly lower that the year before (p<0,001). The reason to the reduction was most 
likely that the width of the vehicle lane was increased from year 2006 to 2007. 

No conflicts were observed during the studied time periods at the studied sites according to the 
Swedish conflict technique6. The problem that was observed was vehicles parked on the 
pedestrian and bicycle path making it too narrow for vehicles coming in opposite dierctions to 
pass, sometimes with pedestrians or bicyclists present. 

4.2.2 Pedestrians and bicyclists  
Totally 731 pedestrians and bicyclists were studied during 2007, and 471 during year 2006. Most 
of the pedestrians travelled on the right side of the road and also on the right side of the 
markings. Not many of the pedestrians or bicyclists had any problem with another road user, and 
compared to year 2006 there were few significant differences in road user behaviour. Somewhat 
fewer of the pedestrians travelled on the right side of the road in Roknäs in year 2006, 64%, (27 
out of 42), compared to 80% (n=50) in year 2007 but the difference was not significant. Among 
the bicyclists the share of “right” behaviour decreased from year 2006 to year 2007 in both 
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Björsbyn and Roknäs. Ninety-nine percent (n=151) of all bicyclists travelled on the right side of 
the road year 2006, compared to 94 % (n=118) in 2007 in Björsbyn. The trend was similar in 
Roknäs, whereas there was a significant decrease regarding travelling on the right side of the 
markings, a decrease from 90 % (n=94) in 2006 to 76% (n=142) in 2007 (p<0,01). 

The type of problems that were observed was that pedestrians or bicyclists had to travel outside 
the marked areas, into the vehicle areas, due to parked cars or other pedestrians. No conflicts 
were observed. No observations were done 2007 in Gäddvik regarding road user behaviour, but 
in 2006, 89 bicyclists were observed and 92% of them travelled on the right side of the road and 
markings, and they had no describable problem. 

4.2.3 Road user opinions 
To summarise the opinions of the road users travelling as pedestrians and bicyclists at the studied 
roads the question, “ What do you think about the road design today compared to how it was 
before regarding the safety of pedestrians and bicyclists?” is presented. The answers from the 
road users in Björsbyn (n=66), Roknäs (n=84) and Gäddvik (n=52) were similar, that at least half 
of the answers were that it is safer after reconstructions. In Bonäs (n=61) the answers were the 
opposite; that the majority of the children stated that it was less safe after reconstruction. The 
reason to the differences in answers is unknown, especially as the vehicle speeds are not higher 
in Bonäs than at the other sites. 

5. Conclusion and Discussion 

Carlsson (1996)7 has shown the relationship between reduction of average vehicle speed on rural 
roads and reduction of vehicle-vehicle accidents; a reduction of speed of 6 km/h leads to a 
reduction of fatal injuries by 30 %, number of injured by 20 % and number of crashes by 15%. 
With a speed reduction of 10 km/h the reduction of injuries and crashes were 55%, 40% and 20% 
respectively. Therefore a small reduction of speed leads clearly to an improved safety. It has also 
been suggested as a general design principle where pedestrians and bicyclists intermingle with 
vehicle traffic that the speed limit should be where most of the human beings as pedestrians can 
survive and not be severely injured. That’s when the vehicle speed at impact is 30 km/h or less; 
though even at this low speed, serious injury can occur if the person is run over by the 
vehicle8,9,10. The relationship is not as positive though when the involved vehicle is a heavy 
vehicle or a vehicle with high clearance; low speed crashes with a fatal injury of a pedestrian or 
bicyclist, the involved vehicle was always a heavy vehicle5. 

The reduced vehicle speeds at the studied sites are clearly positive, as it leads to higher safety for 
pedestrians and bicyclists, but the speed levels were still higher after reconstruction or much 
higher than the speed limit, and much higher than recommended speed in Roknäs and Bonäs. 
The reason to the high vehicle speeds are most likely that the vehicle flow on these roads (at 
least Björsbyn, Roknäs and Bonäs) are so low that they do not have to adjust their speed when 
encountering other vehicles, as a vehicle driver seldom encounters another vehicle driver. They 
also seldom encounter a pedestrian or bicyclist, and even so the width of the road allows safe 
encounters. To obtain higher safety for pedestrians and bicyclists at the studied sites and with 
these types of measures, more measures to reduce the vehicle speed must be considered, such as 
physical measures; humps or even more narrowed sections. Intelligent speed adaptation systems 
could also be installed in the road environment, such as sensors to inform the vehicle drivers 
when they are over speeding, or sensors to detect pedestrians or bicyclists to inform vehicle 
drivers. 
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The new type of design for the rural roads studied in these projects still has its flaws; but it has 
also turned out to be efficient and accepted. The sustainable transport system can be strongly 
improved with a low cost in many more small towns and villages. More research is needed to 
establish when these measures should be recommended and how to combine it with other types 
of measures, and when other measures should be pursued, especially regarding speed adaptation 
and compliance by vehicle drivers. 
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