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Traffic crashes are a major public health and urban safety challenge in Tehran,
where vulnerable road users account for a substantial share of annual fatalities.
Using fatal crash records from 2017 to 2025, this study applied descriptive
statistics, the chi-square test, and Cramér's V to assess associations among
categorical variables; eight supervised machine learning algorithms to predict
deceased road-user type and road type; and K-Means clustering to identify latent
patterns. Annual crash counts increased markedly. Pedestrians and motorcyclists
constituted a large share of vulnerable road user fatalities, and highways were the
most common crash location. Based on consistency across cross-validation folds,
XGBoost performed best in predicting deceased road-user type (accuracy =
0.8091). For road type, severe class imbalance was addressed by comparing 14
imbalance-handling methods according to recall for the minority class, secondary
streets (7.3% of records). Only an adjusted random forest substantially improved
secondary-street recall (from 0 to 0.3333) without a marked loss in overall
accuracy (0.4704). Clustering identified four profiles: Cluster 0, characterized by a
notable pedestrian presence; Cluster 1, by a higher share of motorcyclists and
highway crashes; Cluster 2, by pedestrian predominance and the highest proportion
of hit-and-run incidents; and Cluster 3, the largest, by motorcyclist predominance.
These differences underscore the need for interventions tailored to each group to
improve traffic safety management in Tehran.
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Introduction

Road traffic injuries are a leading cause of death worldwide, disproportionately burdening low- and
middle-income countries and vulnerable road users (VRUS) such as pedestrians and motorcyclists.
Tehran, Iran's capital, records a substantial share of such fatal crashes daily. While earlier studies of
Iranian traffic mortality relied mainly on classical parametric models, machine learning has been
increasingly shown better capture complex interactions in crash data. This study analyzes spatial,
temporal, and causal patterns of fatal crashes among Tehran's vulnerable road users, evaluates
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supervised machine learning algorithms predicting victim type and road type, identifies key predictors,
and applies unsupervised clustering to uncover hidden patterns.

Materials and methods

This quantitative, retrospective study analyzed 5,347 officially registered fatal crash records from
Tehran spanning 1396-1404 (2017-2025), covering 19 individual, temporal, road/environmental, and
vehicle-related variables. After removing records with missing values, 4,803 observations remained
and were split into training (3,842) and test (961) sets. Chi-square tests and Cramer's V assessed
categorical associations, and Pearson correlation examined numerical features. Eight supervised
algorithms (logistic regression, decision tree, random forest, k-nearest neighbors, naive Bayes,
gradient boosting, histogram-based gradient boosting, and XGBoost) predicted victim type and road
type, evaluated via a combination of consistency across cross-validation folds such as CV Balanced
Accuracy, CV F1 Macro, Test Balanced Accuracy, Test F 1 Macro accuracy. K-means clustering with
principal component analysis detected latent structures in the data.

Results

Pedestrians (42.8%) and motorcyclists (40.6%) together accounted for over 83% of fatalities, whereas car
occupants represented only 16.6%. Highways were the predominant crash location (58.8%), followed by
main streets (37.5%) and side streets (3.7%). Annual fatalities, stable between 2021 and 2023, rose sharply
in 2025 to 786 deaths (+26.4%). Pedestrian deaths were concentrated in evening/nighttime hours,
motorcyclist deaths peaked during rush hours; The mean age of the pedestrian population was significantly
higher than that of motorcyclists, and men represented 86/8% of fatalities depending on victim type. Failure
to observe the road ahead was the leading crash cause, followed by loss of vehicle control and sudden lane
changes. Chi-square analysis confirmed significant associations between victim type and road type
(Cramer's V = 0.128) and between victim type and time period (V = 0.180), while road type and season
showed no significant association (V = 0.012). XGBoost performed best in predicting the type of deceased
road user based on a combination of consistency across cross-validation folds(with an accuracy of 0.8091).
For road type, given the severe class imbalance, 14 imbalance-handling methods were evaluated on their
ability to improve recall for the minority class, Secondary streets (7.3% of the data). Only the adjusted
random forest significantly increased secondary -street recall (from 0 to 0.3333) without a substantial loss
of overall accuracy (0.4704). This improvement remains modest in absolute terms, so the road-type results
should be interpreted with caution. The clustering identified four distinct profiles: Cluster 0, characterized
by a notable presence of pedestrians; Cluster 1, by a higher share of motorcyclists and highway crashes;
Cluster 2, by pedestrian predominance and the highest proportion of hit-and-run incidents; and Cluster 3
(the largest cluster), by motorcyclist predominance. These differences underscore the need for interventions
tailored to the characteristics of each group in managing traffic safety in Tehran.

Discussion and conclusion

The prediction of road type proved considerably more difficult than the prediction of the deceased
road-user type, mainly because of the severe class imbalance in the data and results should be
interpreted with caution. Overall, combining descriptive statistics, association tests, supervised
prediction, and clustering provided a complementary view of fatal crash patterns in Tehran, and the
clusters showed that the risk profiles of elderly pedestrians and young motorcyclists differ in
meaningful ways. This study has several limitations. The data were retrospective and secondary in
nature, incomplete records were excluded, and the findings may not generalize beyond Tehran. The
results support prioritizing highway safety measures, given the high share of fatal crashes occurring on
highways, and designing interventions tailored to the profile of each cluster, such as pedestrian
protection in pedestrian-dominated clusters, measures targeting motorcyclists in motorcyclist-
dominated clusters, and stronger post-crash response and enforcement for the cluster with the highest
proportion of hit-and-run incidents. Future research should validate these findings using data from
other cities and incorporate additional contextual variables.
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