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ABSTRACT

This study aims to evaluate and improve the operational efficiency of the shuttle bus system in
Madinah during the Ramadan season, by analyzing the actual operation of the Park and Ride route
connecting Sayyid Al-Shuhada Station with the northern plazas of the Prophet's Mosque via King
Fahd Road, and examining the impact of operational arrangements and design layout on traffic
flow and the level of service provided. The study adopted a methodology combining field
observation and data analysis, along with developing a preliminary simulation model representing
the system as it currently operates, allowing for a more accurate understanding of the challenges
affecting performance. The data collected included route length, average speed, trip times, dwell
times, and the number of vehicles and passengers, which helped identify the system’s key
operational characteristics and the main factors to consider when testing improvement
alternatives.

Field observations revealed several operational challenges, most notably the early closure of
service and the resulting crowd surges and dense gatherings. Measurements also showed clear
variation in travel time and dwell times depending on operating conditions and traffic density,
confirming that current performance is affected by multiple interrelated factors.

Several operational scenarios were tested using modeling and simulation. The results show that
the efficiency of the bus system does not depend solely on increasing the number of buses, but is
influenced by interrelated operational factors, most notably traffic congestion, station efficiency,
passenger boarding and alighting time, and achieving an operational balance that prevents the
system from reaching saturation. The results also showed an optimal fleet size ranging between 20
and 24 buses, beyond which increasing the fleet becomes less effective and may increase
congestion and reduce efficiency, which aligns with the current operational plan and enhances the
system's reliability. The findings also indicate that dedicated BRT lanes achieve higher operating
speed and performance efficiency compared to mixed-traffic shuttle routes. and that smart
operations management and traffic regulation can achieve greater improvement than simply

increasing fleet size.
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