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Predicting crash severity based on recorded crash data is associated with several
challenges, including limited accessibility, incomplete information, and potential
reporting errors. Consequently, surrogate safety measures provide a proactive
approach that reduces reliance on crash data and enables the assessment of
factors influencing crash severity prior to crash occurrence. Urban roundabouts,
as intersections with a circular central island, play an important role in
moderating vehicle speeds, making the analysis of factors affecting interaction
severity particularly relevant. In this study, aerial image processing techniques
were used to analyze rear-end interactions among passenger cars at the
Roudband roundabout, located in Dezful County, Khuzestan Province, Iran.
Performance-related variables were extracted using safety analysis software, and
gamma regression models were employed to examine the factors influencing
interaction severity. Surrogate safety measures, including time to collision
(TTC), were used as the dependent variable to evaluate factors affecting the
severity of rear-end and lane-change interactions. The results indicate that
maximum speed has the strongest effect in the final rear-end interaction model,
such that a one-unit increase in maximum speed leads to a 0.488-unit reduction
in interaction severity. This finding highlights the statistically significant
mitigating effect of maximum speed on the safety level of traffic interactions
and demonstrates the influence of speed variations on reducing interaction
severity at urban roundabouts.

Cite this article: Rahmani, A. & Mirza Boroujerdian, A. (2026). Modeling Rear-End and Lane-Change Crash Severity Of
Passenger Vehicles At Urban Roundabouts. Urban Development Policy Making, 3 (2), 233-247. DOI:
http//doi.org/10.22034/judpm.2026.574180.1088

© Ali Rahmani, Amin Mirza Boroujerdian
DOI: http//doi.org/10.22034/judpm.2026.574180.1088

Introduction

Road safety has consistently been regarded as a fundamentally important topic in scientific research.
One of the most extensively investigated aspects of road safety is reflected in traffic crashes.
Considering that vehicles approaching a roundabout must yield to circulating traffic, entry legs are
treated as minor roads, while circulating lanes are regarded as major roads. In this sense, a roundabout
can be conceptualized as a priority-controlled conventional intersection.

At a broader level, methods for evaluating the safety and operational performance of roundabouts
are generally classified into two main categories: crash-based and conflict-based approaches. The
challenges associated with crash-based analyses have led to the development of surrogate safety
measures. These measures enable rapid evaluation of innovative intersection designs and traffic
control strategies without requiring crash data, and they utilize identified traffic conflicts to assess
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safety conditions. Surrogate safety indicators are considered among the most precise approaches for
the functional analysis of roundabouts.

Materials and Methods

Given the importance, availability, and crash-related relevance of surrogate safety measures, a more
detailed examination of the factors influencing each traffic conflict can significantly enhance the
prediction of safety conditions and the severity of conflicts at an intersection. Aerial video recording
using an unmanned aerial vehicle (UAV) is one of the techniques for collecting traffic and operational
data, and it was employed in this study as well.

Prior to conducting the aerial recording, the traffic conditions of the roundabout were assessed
during different hours of the day in terms of level of service. Filming was performed under free-flow
conditions so that vehicles could execute their corrective movements and maneuvers without
constraints, as congestion may affect such maneuvers and consequently alter the nature of operational
analysis compared to free-flow situations.

Considering the selected UAV-based data collection method and its inherent limitations, the video
recording was carried out under sunny weather and on a dry asphalt surface. Heavy vehicles (such as
trucks and trailers) are prohibited from entering this roundabout during the day; therefore, the rare
instances of their presence (if any) were excluded from the analysis. Moreover, due to the relatively
high altitude of the UAV, identifying conflicts involving motorcycles and pedestrians is challenging.
As a result, this study focuses exclusively on conflicts between passenger vehicles.

Results

In summary, the results obtained from the three regression models indicate that the intercept is
negative and statistically significant in all specifications. The variable PET consistently appears as
positive and highly significant across all three models, exhibiting the strongest influence on the
dependent variable.

In the models incorporating additional explanatory variables, the behavior of MaxS and
PostCrashV differs. Specifically, MaxS was statistically insignificant in Model 2 in certain analyses;
however, in the final model, with the inclusion of PostCrashV, it became significant and demonstrated
a negative effect. The variable PostCrashV appears only in Model 3 and shows a statistically
significant impact on conflict severity at this stage.

A comparison of goodness-of-fit indicators, including AIC and BIC, as well as changes in Log-
Likelihood and Pseudo R?, suggests that Model 3 provides a superior fit. Owing to the greater number
of significant variables and its higher explanatory power, this model is considered more appropriate
for explaining variations in TTC.

Overall, although PET remains the most influential variable in all model specifications, the
inclusion of MaxS and PostCrashV in the final model enriches the predictive structure and enhances
overall model performance. Based on the results presented in Tables 4 and 6-7, PET consistently
exhibits a positive and statistically significant coefficient across all three modeling scenarios,
indicating that higher PET values are associated with increased TTC.

From both behavioral and physical perspectives, this finding is consistent with the theoretical
foundations of surrogate safety measures. A larger PET reflects a greater temporal separation between
two road users at the conflict point, thereby reducing the likelihood of an immediate collision. In other
words, the results confirm that PET can serve as a reliable predictive indicator for describing the safety
level of traffic interactions and demonstrates a clear structural relationship with TTC.

Discussion and Conclusion

e The results of the three modeling frameworks indicate that PET is the most stable and influential
variable in explaining variations in TTC. Across all model specifications, PET exhibits a positive
and statistically significant relationship with conflict severity.

e In Type 1 models (lane-changing conflicts), only the base model including PET was statistically
significant, while the speed-related variables, MaxS and PostCrashV, did not show significant
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effects. This suggests that, in lane-changing conflicts, temporal variables play a more dominant role
than speed variables in explaining variations in TTC.

e In Type 2 models (rear-end conflicts), the inclusion of speed variables altered the effect pattern.
The increase in the PET coefficient from 1.917 in Model 1 to 2.393 in Model 3 indicates that when
speed is simultaneously controlled, the importance of PET is further strengthened.

e The Type 3 models (all conflicts combined) confirmed a similar pattern. PET remained positive
and statistically significant in all specifications, with its coefficient increasing from 1.42 in Model 1
to 1.70 in Model 3.

e A comparison of goodness-of-fit measures shows that adding explanatory variables improves
model performance. In Type 1 models, Model 2 provided the best combination of AIC, BIC, and
Pseudo R2. However, in Type 2 models, Model 3 demonstrated the best overall fit among all
specifications, with the highest Log-Likelihood, the lowest AIC, and the highest Pseudo R2.

e The Gamma regression model with a log link function demonstrated strong performance in
modeling the TTC indicator. This model is consistent with the strictly positive and right-skewed
nature of TTC data and achieved appropriate Log-Likelihood values, reduced AIC and BIC, and
acceptable Pseudo R2 values. Overall, it provided robust goodness-of-fit and statistical stability
across all model structures and effectively explained variations in conflict severity.

e The goodness-of-fit statistics further confirm the satisfactory performance of the Gamma models.
For lane-changing conflicts (Type 1), Model 2 achieved the best fit (Log-Likelihood = —30.21, AIC
=54.194, BIC = 77.79, Pseudo Rz = 0.544). For rear-end conflicts (Type 2), Model 3 showed the
best overall performance (Log-Likelihood = —21.476, AIC = 50.953, highest Pseudo R2 = 0.386).
For the combined conflict type (Type 3), although AIC and BIC values were relatively close across
models, Model 3 provided greater explanatory power (Pseudo R2 = 0.41). Collectively, these
findings confirm the suitability and effectiveness of the Gamma regression approach in modeling
TTC.
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