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ABSTRACT

Vulnerable road users (VRUs), including pedestrians and motorcyclists, are among the most at-
risk groups in the transportation system and account for a significant share of road traffic
fatalities. This study aims to identify the key determinants of crash frequency among these users
on rural roads in Isfahan Province by employing a data-driven approach and the Random Forest
machine learning model. The dataset comprises 14,875 crashes, 19% of which resulted in injury
or fatality for VRUs, along with information collected from 400 road segments through field
surveys covering more than 15,000 kilometers of the provincial road network. Modeling results
indicate that traffic volume has the most substantial positive impact on the likelihood of VRU
crashes, while the share of heavy vehicles in the traffic stream shows a nonlinear relationship
with crash frequency. The findings further reveal that two-lane roads exhibit higher VRU crash
rates due to limited capacity and traffic interactions, whereas on highways, higher speeds and
crossing difficulties increase collision risks. Moreover, factors such as population density, road
segment length, and the number of students in each area were found to positively influence
crash frequency. Based on the study findings, implementing speed control measures on
high-traffic routes, segregating heavy vehicle lanes, providing safe pedestrian crossings on
multilane roads, and strengthening traffic enforcement in densely populated areas are identified
as key strategies for mitigating VRU crash risks. Additionally, relocating industrial and
commercial land uses away from major road corridors can effectively enhance overall network
safety and reduce crash severity.

Keywords: Vulnerable Road Users, Motorcyclists, Pedestrians, Road Safety, Random Forest Model
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