Promoting bicycle use: consequences for traffic safety

Does promotion of bicycle use result in more traffic casualties? And what are the conditions for policymakers to safely promote bicycle use? These questions are central in a study conducted by consulting engineering firms Goudappel Coffeng and Oranjewoud on behalf of Adviesdienst Verkeer en Vervoer of Rijkswaterstaat. Principal conclusion: growth of the market share of bicycles does not lead to more casualties, not even in towns that are relatively dangerous for cyclists

Otto van Boggelen, Goudappel Coffeng and Judith Everaars, Oranjewoud

Many people tend to think that an increase in bicycle use will result in more casualties. After all, a cyclist is much more vulnerable than someone in a car, due to the absence of a protective cage. At first sight this line of reasoning appears to be confirmed by the risk data. Chances of a cyclist being injured are approximately five times those of a car driver or passenger, per kilometre travelled. Ton Welleman, at the time project leader for Masterplan Fiets, already had his doubts about this comparison fifteen years ago. A large part of the car kilometres, for instance, involves long-distance transfers along relatively safe highways. Those transfers will not be made by bicycle. Moreover, a fair comparison between transport modalities should not only involve risks to the users themselves, but also the risks to other traffic participants as well.

Not more casualties

To meet these and other objections, the risks of bicycle and car kilometres have been calculated for urban situations in this study. Then the danger of the vehicle was calculated, not only to the user himself but also to other traffic participants. Chances for a user being injured himself have been called ‘victim risk’, chances for other traffic participants have been called ‘opponent risk’. The opponent risk demonstrates how dangerous a vehicle is to other traffic participants. 

Calculations show that, even for urban kilometres by themselves, the victim risk for cyclists is still higher than that for car passengers by a factor of 3. In absolute terms the risk, even to cyclists, is still very small: one serious bicycle injury per 4.9 million bicycle kilometres.

However, the exact opposite is true for the opponent risk. Chances for a car driver of inflicting injury to other traffic participants are over three times higher than for cyclists. Victims are mainly passengers in other cars, cyclists and moped riders. Combining victim and opponent risks yields an overall risk as represented in Graph 1.

Graph 1 Overall risk for bicycle and car in towns, by age group
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To policymakers this overall risk is relevant as it indicates whether a change in the modal split will on balance have consequences for traffic safety. The overall risk for bicycles is still higher than for cars, but the initial factor of 5 has already been reduced to a factor of 1.3! Bearing in mind as well the fact that cars use 20% more kilometres than bicycles for the same transfer (due to one-way traffic, ring roads, etc.), the conclusion is warranted that an increase in bicycle use at the expense of cars will not negatively affect traffic safety. This result is confirmed by an analysis of differences among towns. Towns with a high percentage of bicycle use have on average not more traffic casualties per kilometre than towns with a high use of cars. Towns with a high percentage of walking and public transport, on the other hand, are significantly more safe.

Graph 1 also demonstrates that safety effects are highly affected by age of the traffic participants.

When car drivers aged 18 to 40 years move over to cycling, some safety gains are to be expected. Among the elderly, on the other hand, such a move will on balance result in more casualties. 

Graph 2a. Risk of injury for cyclists and bicycle use in Dutch towns
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Graph 2b. Risk of injury for cyclists and bicycle use internationally
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Higher bicycle use, safer to cyclists

In calculating the risks the average situation in Dutch towns was the starting point. There are, however, great differences among towns (Graph 2a). Differences are even greater among various countries (Graph 2b).

Various studies, including this one, have yielded the same pattern: the higher the bicycle use, the safer the situation is for cyclists. There are several explanations for this phenomenon, all relating to behaviour of traffic participants and the attention paid by policymakers to cyclists. First of all a higher bicycle use causes adaptations in behaviour by all traffic participants, as cyclists are more dominantly present in the street and more traffic participants have more cycling experience. Secondly, high bicycle use often goes together with lower car use, decreasing chances of conflict with motor vehicles. And finally the policy explanation: in case of high bicycle use there is more public support for bicycle policies, and consequently more investments in safer bicycle infrastructure. In this way a town or region may find itself in an upward spiral: higher bicycle use leads to more attention to bicycles and more safety for cyclists, thereby increasing bicycle use, etc.

Arterial roads increase risks 

For a better idea of the infrastructural conditions for the safe promotion of bicycle use, the bicycle transfers from Fietsbalans were analysed. In this comparative Fietsersbond study into infrastructural quality for bicycles twelve to sixteen bicycle transfers per town were randomly selected. These are all the shortest routes from starting points to destinations. The Fietsbalans assumes these routes to be representative of a town’s bicycle infrastructure.

This study has investigated whether there is a relation between characteristics of the Fietsbalans transfers and the safety risks for cyclists in that town. For over 100 towns this analysis was first made in outline, afterwards 6 towns have been subjected to a closer analysis. The principal conclusion is that risks for cyclists are lower in towns where they often travel through residential areas and have to follow or cross few busy arterial roads. Good facilities on arterial roads like bike paths and roundabouts may further decrease the risks, but most is to be gained by more compatibility between car and bicycle networks. Preferably by providing cyclists with shortcuts and directing cars to more roundabout routes.

Graph 3 illustrates this point. The number of serious cyclists’ injuries per billion cycling kilometres is depicted along the vertical axis. Delft and Zoetermeer have a low victim risk for cyclists, Heerlen on the other hand is relatively dangerous for cyclists. Leiden, Eindhoven and Nijmegen are located in between these extremes. Along the horizontal axis the number of busy intersections a cyclist passes is depicted. Although the small number of towns does not allow serious statistical analysis, graph 3 does provide a clear indication that the number of busy intersections may explain to a large extent (almost 50%) the differences in safety among towns. The type of intersection (roundabout, traffic-light regulated intersection or with priority arrangements) accounts for another 15 percent or so of the differences. A comparable analysis of stretches of road also demonstrates that for traffic danger car intensities are more important than the presence of bike paths or bike lanes.

The closer analysis also reveals that there are opportunities for towns to limit the number of bicycle conflicts with arterial roads. In Zoetermeer cyclists are least likely to meet heavy flows of cars. For a planned ‘new town’ like Zoetermeer this may not seem a major achievement, but in recent years it has become ever more harder to implement the principle of ‘cyclist shortcuts with few cars’, even in new residential developments, due to resistance among urban planners, retailers and market parties.

Remarkable is also the good result of Delft, which is actually an historically evolved city. Apparently cyclists in Delft still benefit from the bicycle network improvements in the eighties. At that time a large number of shortcuts was implemented in bicycle connections - tunnels, bridges, alleyways -, as a result of which cyclists are relatively rarely confronted by heavy flows of cars.

Graph 3. Closer analysis: the number of serious cyclist casualties in relation to the number of busy intersections in some towns.
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Changing from car to bicycle

Earlier we stated that changing from car to bicycle does not have negative implications for traffic safety in the average Dutch town. It is, however, also obvious that some towns are considerably safer than others for cyclists. Yet even in relatively dangerous towns an increase in the market share of bicycles usually does not have negative implications for traffic safety. How is this possible? In part because there is a strong correlation in the Dutch situation between victim risk for cyclists on the one hand and opponent risk for the car on the other. These are actually two sides of the same coin. In towns with a high risk for cyclists car drivers, too, are more likely to find an injured cyclist on their hood.

Graph 4 illustrates this fact. The horizontal axis states the overall risk for cars, the total of victim and opponent risks. The vertical axis lists the overall risks for bicycles. In the towns below the diagonal line the overall risk is larger for cars than it is for bicycles. In these towns it is to be expected that changing from car to bicycle will on balance lead to fewer traffic casualties. In towns above the diagonal line the scales tip the other way and more traffic casualties are to be expected on balance.

Graph 4. Relation between overall risks for bicycle and cars.
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In general the towns in graph 4 are clustered close to the diagonal: there is an equilibrium between the risks for bicycles and cars. Leiden is an example of a town with relatively high risks for cyclists. But as driving a car in Leiden also carries a relatively high risk for other traffic participants, changing from car to bicycle will on balance not result in an increase in traffic casualties. 

Houten is an example of an extremely safe bicycle town. Yet no safety gains are to be expected from a change in modal split. Because of the exceptional traffic situation of this new town it is not only the risk for cyclists that is very low. Car traffic, too, does not carry much risks for other traffic participants. The Limburg trio of Heerlen, Sittard and Geleen constitutes an important exception. Here risks for cyclists are relatively high, while car risk is relatively low. This is probably related to the low bicycle use and high car use, causing a cyclist to meet many cars (potential dangers), but a car driver only few cyclists (potential victims). On balance changing from car to bicycle will therefore result in more traffic casualties in these Limburg towns. 

This is not very relevant to desirable policy. Like other towns with relatively high risks for cyclists, extra attention for safety is required. It is a challenge to combine safer infrastructure with more comfort and circulation for bicycles, leading to an upward spiral of more safety, increased bicycle use and more support for safer bicycle facilities.

