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EXTENDED ABSTRACT

Introduction

Excessive consumption of fossil fuels such as oil, gasoline, and natural gas has led to
significant environmental pollution and adverse health impacts. Among the major
contributors, vehicle operations at signalized intersections play a critical role in urban
traffic-related emissions. Studies indicate that 35-40% of travel time in urban centers is
caused by delays at intersections. Since vehicular emissions at intersections are directly
proportional to delays induced by traffic signals, minimizing delays can significantly
reduce environmental pollution. With the advent of computational simulation, traditional
rigid models have evolved, allowing a more comprehensive representation of real-world
systems. Agent-based modeling (ABM) has emerged as a robust approach to simulate
interactions among individuals and policies in complex environments. In ABM, three
primary components—agents, environment, and time—are defined, where agents
possess specific attributes and objectives, enabling interactions with other agents. This
methodology facilitates the assessment of traffic management policies under various
geometric designs and signal timing scenarios. The present study aims to identify optimal
strategies to minimize traffic delays and environmental impacts at intersections using
agent-based simulation, considering six distinct scenarios and testing the hypotheses that
signal timing and the presence of dedicated left-turn lanes affect delays and emissions.

Methodology

The study focuses on Valiasr Intersection in Qazvin city as a case study. The intersection
includes four approaches and multiple traffic movements. An agent-based model was
implemented using NetLogo software to simulate vehicles (mobile agents) and traffic lights
(stationary agents). Vehicles were assigned constant acceleration rates and interacted with
traffic lights based on proximity, speed, and lane occupancy. The geometric layout of the
intersection in the simulation closely mirrored the real-world design, including dedicated
left-turn lanes where applicable. Three signal green-time levels (25, 35, and 45 seconds)
were evaluated across six scenarios that combined the presence or absence of dedicated
left-turn lanes with these green-time durations. For each scenario, 100 simulation runs were
conducted to generate statistically significant data. Traffic performance was assessed using
delay indices, and environmental impact was evaluated by calculating emissions of COZ2,
NOX, CO, and HC using Vehicle Specific Power (VSP) methodology. Statistical analysis,
including t-tests for independent samples, was applied to compare scenarios and identify
the optimal policy in terms of traffic efficiency and environmental performance.

Results And Discussion

The simulation results demonstrated that the scenario combining a green time of 25
seconds with dedicated left-turn lanes in the east-west and west-east directions (CD25
scenario) provided the best overall performance. Compared to other scenarios, CD25
achieved the lowest traffic delays and minimized emissions across all pollutants measured.
Statistical comparisons confirmed significant differences between scenarios, emphasizing
the critical role of signal timing and geometric lane configuration in traffic and
environmental outcomes. Sensitivity analysis revealed that increasing green time or
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removing dedicated left-turn lanes led to higher delays and elevated emissions, while
integrating dedicated left-turn lanes significantly enhanced traffic flow efficiency and
reduced pollutant concentrations. These findings highlight the importance of coordinated
signal timing and geometric optimization in urban intersections. By leveraging agent-based
simulation, policymakers can anticipate the impacts of traffic management strategies,
optimize intersection performance, and reduce urban traffic-related environmental
burdens.

Conclusion

This study confirms that optimizing both traffic signal timing and intersection geometry
can substantially reduce vehicle delays and emissions at urban signalized intersections.
Among the six scenarios tested, the CD25 scenario—incorporating a green-time of 25
seconds and dedicated left-turn lanes in specific approaches—proved most effective in
improving traffic efficiency and minimizing environmental impact. The results provide
actionable insights for traffic engineers and urban planners to implement policies that
enhance intersection performance, promote sustainable urban mobility, and mitigate
environmental pollution. Future research could expand this methodology to multiple
intersections, integrate real-time adaptive signal control, and consider varying vehicle types
to further improve traffic and environmental outcomes.
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