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Determinants of Bicycle Crashes at Urban Signalised Intersections
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1 INTRODUCTION

Bicycle usage is increasing in urban (as well as rural) areas, which increases demand for better and safer
infrastructure. Whilst the total number of bicycle fatalities in European countries has been stable over the last
ten years (= 2.000 fatalities per year for all European Union member states [1]), bicycle fatalities and injuries
in Germany have been increasing in this time [2]. About two-thirds of all bicycle crashes in Germany occur at
intersections, this proportion is higher than in Denmark and the Netherlands (three-fifths) [3]. Intersections are
thus of high relevance for bicyclists’ safety and in addition, they require sophisticated research methods
because of their complex designs and the high numbers and types of user interactions and conflicts compared
to street sections. This study analyses determinants of bicycle crashes at 269 signalised intersections in two
major cities in Germany (Dresden, Munich) as the basis for developing evidence-based recommendations for
improving bicyclists’ safety at existing intersections and for ensuring high safety levels at newly planned
intersections from the very beginning. This study is part of the research project SiRou (nrvp.de/21520). The
project is funded by the German Federal Ministry for Digital and Transport within the National Cycling Plan
2020 (NRVP).

2 METHOD

This study is based on a unique set of data in terms of infrastructure characteristics and exposure. Municipal
transport authorities contributed georeferenced positions of all signalised intersections and volumes of
motorised vehicles. The latter were provided as the total Annual Average Daily Traffic (AADT). Bicycle
volumes were computed by combining crowd-sourced bicycle trajectory data (collected in City Cycling 2019
[4]) and extrapolation factors derived from permanent automatic counting stations.

Intersection characteristics in terms of design and operation were gathered from OpenStreetMap (OSM),
municipal transport authorities as well as from aerial photos and image databases (e.g. Mapillary), and were
matched to the georeferenced intersections in a GIS database. Data on infrastructure characteristics were
collected either per arm or per intersection. Characteristics that differed by arm were aggregated to one
percentage value per intersection (e.g. 50 % of intersection arms operate with a separate left turn phase).
Intersections were categorised based on the types of bicycling infrastructure into minor, medium and major
intersections (see Figure 1). Minor intersections have no bicycling infrastructure, medium intersections have
bicycling infrastructure on the main road and major intersections have bicycling infrastructure on each arm.
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Figure 1: Intersection Classification

Asymmetrical intersections with bicycling facilities on either one or three arms were assigned to the respective
lower level in the classification. Data for a total of 269 intersections was collected and analysed.

Bicycle crash data was taken from the open Inferactive Accident Atlas published by the federal statistical office
of Germany [5] for a five-year period (2016-2020). The final database consists of 1,218 bicycle crashes.
Crash data and its correlates were analysed using Accident Prediction Models (APM). The effects, that are
described below, are all multivariate and significant in these APMs at a significance level of 5 %.

3 RESULTS

The APM for the total number of bicycle crashes at the entire intersection including minor, medium and major
categories shows significant effects for the exposure variables (bicycles and motorised vehicles), signalling
and type of intersection (see Table 1). Bicycle volumes influence the predicted bicycle crash number with a
coefficient of 0.521, which is consistent with recent studies [6,7] and confirms the safety-in-numbers
hypothesis for bicycle traffic [8,9]. The coefficient for motorists volumes is with 0.782 higher than for bicycle
volumes.

The significant negative coefficient for the share of arms with separate right turns has not been found in other
studies yet but shows that the separation in time significantly improves bicyclists’ safety at the investigated
intersections.

The type of intersection also significantly impacts on the predicted bicycle crash numbers. Major intersections
have the highest and minor intersections the lowest safety levels. This means that the more intersection arms
are equipped with bicycling infrastructure, the safer the intersection is as a whole for bicyclists also with
consideration of bicycle volumes.

Table 1: Regression Coefficients and Significance Levels of Entire Intersection APM

Feature Unit Regression coefficient Significance Level
Constant Term [-] -12,423 0,000
In(AADT bic) [bic/24h] 0,521 0,000
In(AADT_mot) [mot/24h] 0,782 0,000
Sep. right turn [%] -0,570 0,006

Minor 0,383 0,007
Classification Medium 0,237 0,024
Major 0,000

No infrastructure characteristics get significant in the model because many of them (e.g. type of bicycling
infrastructure) correlate with the intersection category. Still, the model fits well (variance explained: 59 %).
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Separate models were developed for each intersection category in order to investigate possible influences of
the infrastructure characteristics on the number of bicycle crashes.

The APM for the major intersections shows, similarly to the entire intersections model, significant effects of
bicycle and motorists volumes as well of the separate right turn phase. Additionally, the distinction between
three-arm and four-arm intersections is significant: Three-arm intersections are safer, this is plausible seeing
their lower number of conflict points.

Besides, the type of bicycling infrastructure (mandatory bicycle lane vs. bicycle track vs. combination of both)
significantly influences the predicted crash numbers: bicycle lanes approaching the junctions are the less safe
than bicycle tracks. The presence of bicycle tracks reduces the crash number by a factor of (= e*’ =) -50%.
This effect was hardly found in the literature: one German descriptive study found reverse effects with bicycle
lanes being safer than bicycle tracks [10]. Other factors such as the presence or width of a bend-out did not get
significant, they strongly correlate with the distinction between bicycle tracks and lanes.

The medium- and minor-intersection model each show similar results.

4 CONCLUSIONS

The significant effects of bicycle volumes on bicycle crash numbers in all models clearly support the safety-
in-numbers hypothesis with coefficients between 0.45 and 0.52. Motorists volumes are also significant in each
model and consistently show higher coefficients than bicycle volumes. Increasing bicycle volumes or
decreasing motorists volumes by bundling bicyclists away from heavily frequented intersections may thus
increase safety. The type and quantity of bicycling facilities are the main significant infrastructural variable,
the models show that more bicycling facilities at intersections improve bicyclists’ safety. This result supports
preferences for dedicated bicycling facilities at intersections for improving bicyclists’ safety compared to
having bicyclists and motorists sharing the same space in the carriageway. These findings are not in line with
the current German practice and guidelines for designing bicycle facilities at intersections. These recommend
to have bicycling facilities in the carriageway or next to the carriageway in order to increase bicyclists’
visibility and thus also safety. The models in this study, however, show that bicycle tracks in combination with
a separate right turn phase for motorists are the safest type of bicycle infrastructure at the investigated
intersections. There is no clear indication about the influence of the degree of bending-out bicycling facilities.
Possible differences between the two cities Munich and Dresden will be investigated in the next months.
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