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Abstract

:

Today’s roadways are subject to traffic congestion, the deterioration of surface-assets (often due to the overreliance on private vehicle traffic), increasing vehicle-operation and fuel costs, and pollutant emissions. In Abu Dhabi, private car traffic forms the major share on urban highways, as the infrastructure was built to a high quality and the public transport network needs expansion, resulting in traffic congestion on major highways. These issues are arguably addressable by appropriate decisions at the planning stage. Microsimulation modeling of driving behavior in Abu Dhabi is presented for empirical assessment of traffic management scenarios. This paper presents a technique for developing, calibrating, validating, and the scenario analysis of a detailed VISSIM-based microsimulation model of a 3.5 km section of a 5-lane divided highway in Abu Dhabi. Traffic-count data collected from two sources, i.e., the local transport department (year 2007) and municipality (2007 and 2015–2016) were used. Gaps in traffic-counts between ramps and the highway mainline were noted, which is a common occurrence in real-world data situations. A composite dataset for a representative week in 2015 was constructed, and the model was calibrated and validated with a 15% (<100 vehicles per hour) margin of error. Scenario analysis of a potential public bus transport service operating at 15 min headway and 40% capacity was assessed against the base case, for a 2015–2020 projected period. The results showed a significant capacity enhancement and improvement in the traffic flow. A reduction in the variation between vehicle travel times was observed for the bus-based scenario, as less bottlenecking and congestion were noted for automobiles in the mainline segments. The developed model could be used for further scenario analyses, to find optimized traffic management strategies over the highway’s lifecycle, whereas it could also be used for similar evaluations of other major roads in Abu Dhabi post-calibration.
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1. Introduction


Transport policymakers are often required to implement service provision by prioritizing route design, supply–demand balance, mode-shift uncertainties, and generic passenger attitudes, while working within the confines of social, political, economic, administrative, and environmental thresholds [1,2]. Alawadi [3] noted that transparent and inclusive transport planning policy is required for multicultural and climate-sensitive cities, where different population groups need to be included within the decision-making process, particularly regarding the argument between linear and scattered development of urban designs. Traffic control-related strategies are important for achieving long-term goals, since they affect fleet-management systems and enhance urban traffic flow. For example, focusing on traffic routing conditions, eco-driving and eco-routing both aim to cut pollutant generation and energy use through traffic congestion reduction, while optimizing different aspects [4].



Other studies have argued that the car-centric urban design of cities can promote unsustainable mode choices, such as overreliance on private cars for urban mobility, instead of public transport or micro-mobility options [5]. Hence, transport agencies gauge three policymaking issues: the optimal grouping of variables predicting passenger travel patterns; the magnitude of probable temporal divergence trends; and whether this divergence in travel behavior could be directed towards a sustainably optimal option through control of variable combinations. Passenger satisfaction with the existing public transport service, alongside public-expected service quality attributes, may aid decision-makers in increasing public transport user uptake [6,7], towards the ultimate lifecycle environmental asset management goal of a low carbon city.



In Abu Dhabi, the transport infrastructure was built to the highest international standards, but it is car-centric [8], which resulted in approximately 80% of the passengers opting for private and shared car transport in most regions of Abu Dhabi [9]. The majority of the population in Abu Dhabi, similar to other Gulf Cooperation Countries (GCC), are male expatriates from South Asian and Middle Eastern countries as a full-time workforce, with a monthly income profile at an average of USD 1000 [10]. The transport plans of the Abu Dhabi transport authorities and policy-makers target shifting the mode choice of these expatriate resident population groups from private cars to more sustainable transit modes, such as public transport [11], since it may be more complicated to trigger a shift in the mobility choices of the so-called wealthier population groups, due to social status and income dynamics [12].



It is critical to project the expected benefits in terms of travel time savings, reductions in congestion, etc., that would potentially result from adoption of public transport on major highways. Microsimulation modeling can be used to understand a high-resolution per vehicle change in the traffic flow profile, but this requires proper model development for the studied region’s driving behavior [13]. Contrary to macroscopic models that use aggregated quantities to describe the traffic flow and are easier to calibrate, microscopic or microsimulation models are more complex to calibrate but give more details about the traffic flow profile once the traffic flow characteristics of a region’s car-following behavior have been properly modelled.



This research aimed to develop, calibrate, and validate a VISSIM-based microsimulation model, to reveal the car-following behavior of Abu Dhabi city, as a representative of the GCC and Middle Eastern drivers, where such models are not highly used for research and traffic management policy evaluations. However, the majority of sustainable road research in the region has focused on alternate material research [14] and traffic safety behavioral studies from a psychological response perspective [15,16], with minimal attention to actually modeling the driver behavior. The model was then applied to analyze the efficacy of extending public transport services to a major highway in the City of Abu Dhabi, using in-field data and traffic projection models, which can be used to perform scenario modeling of not only traffic management strategies, as demonstrated here, but traffic safety research when considering the impact of flow management policies on changes in aggressive driving behavior.




2. Background


Traffic congestion due to excessive private car usage by urban residents is a serious concern, in terms of the overall sustainability of road transportation systems, while also affecting the journey experience and travel times [17]. Built-up regions and open space geometries have a profound influence on the morphologies of cities, traffic mobility, and congestion, due to the topological links between such spaces, spatial identities, and the concentrations of people, goods, and services. Street metrics characterize the urban typologies and affect the flow of traffic in a city [18]. This indirectly affects the mode choice and traffic flow pattern of residents and, as such, city design should acknowledge these metrices and their eventual impact on traffic and congestion pocket formation. According to Gao et al. [19], in locations with higher traffic densities, repeated automobile deceleration–acceleration cycles result in excessive fuel consumption. Likewise, the journey time of any major expressway is dependent upon vehicle-fleet speeds, deceleration–acceleration, flow rates, and traffic densities. The traffic volume rises each year, corresponding to a sharp decline in engine speeds and vehicle velocities, as the saturation flow rate for the highway is reached, as is also evident in the transport literature [19].



Public-transport-based solutions are recognized as alleviating traffic congestion, user time delays, road deteriorations, and for reducing costs and the energy and pollutant burden in major cities [20]. Public transportation projects, in any form, are aimed at assuaging congestion from overcrowded road networks. For example, studies [21,22] have noted the adverse effect of accessibility, journey time, network coverage, and on-board crowding, etc., on public intention to use public transport. Similarly, at a rudimentary service level, public bus transport can either serve as a feeder network to the largescale BRT or LRT mobility services or act as an early proof-of-concept in a crowded metropolitan area, before the overhaul of a transit network from car-centric to more sustainable transit modes. To that end, the travel habits and mode choices of existing transit users may be directed in favor of sustainable public transit services by traffic management policies that cater better to user needs and improve their journey attributes. A study by Hensher [23] on bus operators in Australia investigated the perception of buses on the basis of service quality and performance indices, and a methodology for cost per kilometer and commuter perception of quality of service by operators was established. Lavery et al. [24] found travel satisfaction motivated passengers towards a pro-environmentalist (e.g., public bus service) approach.



As stated earlier, simulating the per vehicle change in the traffic flow profile can show immediate changes as a result of different traffic management strategies. This work argues that, in addition to this, traffic growth models can be used to project the benefits over extended periods of time, particularly when relieving daily traffic congestion is a concern. It should be noted that none of these benefits can be assessed without properly creating, calibrating, and validating a dedicated microsimulation model. Although, some macroscopic models exist for the urban planning purposes in Abu Dhabi and the GCC region at large [16,25], these are largely concerned with personal mobility or alternate vehicle type evaluations and do not model the general driving behavior of the city’s residents on a major urban road, which is required to compare different traffic management strategies at a micro level.



On a global scale, many studies have incorporated variables such as vehicle acceleration–deceleration profiles, congestion wave speed, jam densities, and free-flow speeds to create and calibrate vehicle simulation models [26]. Others [27,28] have utilized a microsimulation calibration approach to present accurate car-following driving behavior and traffic flow profile models using software such as VISSIM and AIMSUN; however, these approaches were within a limited demographic context. The case study Abu Dhabi region has a much more diverse population, with a majority of expatriates and residents from over 200 nationalities, which makes it critical to create a dedicated and well-calibrated microsimulation model for simulating its daily traffic and evaluating future traffic management strategies. It is the largest emirate, as well as the federal capital of the United Arab Emirates, with a population of over 1.8 million urban residents, a population density of 1900 person per km2, and estimated land-size of 972 km2. Approximately 85% of the population are the expatriate workforce, and while this ratio may be higher or lower in other GCC countries, the distribution is similar, with expatriates still forming the largest share of the population [29,30].



Generally, developing transit policies to achieve a mode shift in favor of public transport is a broad concept. The psychometric properties of passenger satisfaction is often complicated by various underlying and interdependent factors, such as travel bias, public transit quality attributes (journey time, transit stations, accessibility etc.), travel cost, ride quality, and service frequency [31,32]. This is covered in a separate study under the umbrella of this project. Nonetheless, that study [33] yielded interesting observations, providing a foundation for this exploration of the impact of implementing a traffic management strategy in the study region for improving public (bus service) transit ridership based on public requirements. The project deals with altering travel habits, user perception, reducing congestion, and alleviating the pressure of car traffic from major highways in the city of Abu Dhabi. The findings of this work could help towards meeting the energy consumption and pollutant decrement goals of local authorities at a micro level, while also producing real-time improvements in the journey of passengers on a case study highway.




3. Methodology


This project aimed to utilize the power of VISSIM microsimulation software for modelling traffic flow behaviors, delays, and queue formations for a case study road section located near the main modern shopping areas, business districts, and offices in the city. It begins at Sheikh Zayed Bridge (both a major bridge and a tourist attraction connecting the island of Abu Dhabi to the mainland) and winds its way around Abu Dhabi’s eastern edge, until it meets Corniche Road (a 8 km road along the Abu Dhabi beach, parks, tourist, and recreational facilities). An existing four-lane road was extended and repaired to finish the project in 2009.



The Abu Dhabi transport department and municipality originally measured traffic-counts as vehicle volumes at continuous 15 min intervals in November 2007 for both inbound and outbound traffic, considering all vehicle types (passenger cars, vans and coaches, minibuses, light, and heavy trucks). However, the data were only gathered for the traffic stations located before the HW3 and HW5 traffic stations (location is off frame in Figure 1) and lacked data for all the traffic-count stations displayed in Figure 1. Subsequent traffic-counts were gathered by the Abu Dhabi Municipality between July 2014 and July 2016 for inbound traffic but only for ADM4 (location is off frame in Figure 1), which was located right before the HW3 traffic station on the mainline freeway. Nonetheless, the traffic surveys revealed that the peak traffic periods in Abu Dhabi are




	
Morning-peak: 07:00 a.m.–08:00 a.m.



	
Afternoon-peak: 14:00 p.m.–15:00 p.m.



	
Evening-peak: 19:00–20:00



	
A median traffic-count on 27 April 2015 was also gathered by the Abu Dhabi Municipality, covering all the traffic-count stations displayed in Figure 1 for the peak 7 a.m. time. Although lacking counts for other time periods, this count created a comprehensive dataset of the traffic in- and outbounds on the case study road, as recorded by all of the traffic stations. Figure 1 illustrates the traffic-count station locations. This random distribution of traffic-count days and locations is a common occurrence in real-world data situations, as noted by Gomes et al. [34]. Therefore, the first stage was to gather 24 h traffic-counts for a representative single week (inclusive of both weekdays and weekends). An initial review of both “Year 2007” and “Years 2015–2016” traffic-counts exhibited a general agreement between the traffic flow behavior observed from both sources.
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Figure 1. Case study section of Sheikh Zayed bin Sultan Street and traffic-count station locations. 
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This study had 2015 set as its base year, as this was the latest common traffic-count year between both inbound and outbound traffic volumes. Initially, the traffic-count for the stations HW5 and HW3 was estimated and the missing data from the Abu Dhabi Municipality for outbound traffic were estimated by separately calculating the traffic level ratios between the inbound and outbound traffic from the “Year 2007” counts for weekdays and weekends and multiplying by the inbound traffic volumes from “Year 2015”, to generate the approximate outbound traffic volumes for the traffic stations located before HW5 and HW3, as shown in Equation (1) for 2015.


      ρ o    ( k )  λ m   ︸   b a s e   y e a r   o u t − b o u n d   t r a f f i c   c o u n t   =     ρ i    ( k )  λ m   ︸   b a s e   y e a r   i n − b o u n d   t r a f f i c   c o u n t   ×       ρ o    ( k )   α λ  m     ρ i    ( k )   α λ  m     ︸   2007   t r a f f i c   c o u n t    



(1)




where “ρo(k) λm” and “ρi(k) λm” are traffic-counts at outbound and inbound station “k” on mainline “m” for any hour “λ”, respectively. The outbound traffic volume for the peak at 7 a.m. on 27 April 2015 traffic was then used to estimate the traffic volumes for all of the traffic-counting stations displayed in Figure 1 using Equation (2) below, where “ρo(k) ƛm” is the peak 7 a.m. traffic for any traffic station “k”.


   ρ o    ( k )  λ m  =     ρ o    ( k − 1 )  λ m  ×    ρ o    ( k )  ƛ m     ρ o    ( k − 1 )  ƛ m     ︸   m a i n l i n e     t r a f f i c   −     ρ o    ( k − 1 )  λ    r ¯  ¯    ×    ρ o    ( k )  ƛ    r ¯  ¯       ρ o    ( k − 1 )  ƛ    r ¯  ¯       ︸   o f f − r a m p     t r a f f i c   +     ρ o    ( k − 1 )  λ r  ×    ρ o    ( k )  ƛ r     ρ o    ( k − 1 )  ƛ r     ︸   o n − r a m p     t r a f f i c    



(2)







After the traffic volumes for all the traffic-counting stations were computed for two representative weeks (for calibration and validation), week 1 traffic data were then used to model OD matrices for the simulation of the current traffic situation in the case study area.



Developing a VISSIM Microsimulation Model


The studied 3.5 km dual-carriageway section was modelled in VISSIM with a 3.65 m single lane’s width apart from the shoulder/exit-lanes, with a 3 m width in each direction. Traffic profiles, comprising the fleet composition, vehicle types, and distribution of 2D/3D models, are based on previous literature and the provision of preliminary data by the Abu Dhabi Municipality and the Abu Dhabi Department of Transport.



The lane behavior and speed profile were developed based upon the field observations gathered by the authors on several site visits to the case study location and local laws in the City of Abu Dhabi. Minibuses, vans and coaches, and HGVs were barred from entering the two extreme-left high-speed lanes, and driving behavior was modelled as per the right-hand side driving rule. The speed profile of the different vehicles was based on the minimum and maximum on-site posted speed limits for the case study road.





4. Results and Analysis


4.1. Current Traffic Situation


Figure 2 presents the current traffic situation on the studied case study highway section. The workday commencement resulted in 7–8 a.m. workdays peaks, corresponding to morning rush hours. This is especially relevant for passenger car traffic of small- (8700 units) and regular-sized cars (7200 units). The 2–3 p.m. time window corresponds to lunch break hours, once more exhibiting a higher traffic density and spike in car traffic. Similarly, the work day end traffic of 7–8 p.m. again showed this traffic pattern.



The period from 8th to 9th May 2015 corresponds to a weekend, and thus the trend for peak hour periods was representative of a conventional non-working day. The traffic peak period trends were hence indicative of typical non-working day flow patterns; for example, the resident travel behaviors for leisure reasons may have been responsible for showing the 5–7 p.m. passenger car traffic peak. The results exhibit the predominant contribution of cars to the overall traffic situation, as well as advantage of potentially introducing a public transport service as an alternate traffic management strategy.




4.2. Calibration of the VISSIM Microsimulation Model


The model was primarily run with the default car-following and driving behavior parameters provided in the VISSIM settings, based on the Wiedemann 99 Freeway (free lane selection) model. Traffic-counts for week 1 from the representative weekday traffic dataset calculated above were utilized to provide the OD matrix. The model run results at per-hour resolution for the entire week are graphed alongside the field-based vehicle flow profiles (vehicles/hour) in Figure 3. The first simulation run resulted in several errors, with >2000 vehicles becoming lost vehicles and disappearing after waiting more than 60 s to change lanes. In general, the simulation model failed to achieve the GEH cut-off criteria of under 5 (85% cases).



As a consequence of the simulation output from the model being constructed based on default parameters differentiating from the field data, especially for the peak period traffic volumes, the driving behavior was modified and the model was run several times. Figure 4 shows the simulation results for a calibrated model constructed after several rigorous trial-and-error runs, to develop a microsimulation model replicating the field-based measurements as closely as possible. Even though the simulated traffic volumes varied from the field data for some peak hours, the variation in traffic volume was negligible and within a 15% error (<100 vehicles per hour).




4.3. Validation of the VISSIM Microsimulation Model


The calibrated base case model was then validated using the week 2 traffic-count data applied to the constructed microsimulation model. Figure 5 illustrates the evaluation of the field-based and modelled traffic-volume profiles. It may be deduced from the results that, apart from some minor errors, the simulated traffic-counts successfully replicated the field traffic conditions, as the error was within the required bounds.




4.4. Public Transportation Scenario Analysis


According to 2015 base year measurements, the studied section serves over 9500 peak-hour vehicles in each direction. Growth in traffic and changes in vehicle driving variables were simulated here using high-resolution microsimulation models. The goal of constructing a traffic microsimulation model was to compare scenarios assessing the lifecycle impacts from implementing traffic management strategies. This was modelled and simulated for the years 2015–2020 as




	
Do nothing: The existing lane configuration, no public transport on the studied section. Utilizing secondary growth models from transport research, the traffic was assumed to increase by 6% annually.



	
Traffic Management Scenario: Assuming a hypothetical bus service operated on the studied section, mode-share switches to match the mode-share in other parts of Abu Dhabi, wherein public bus transport is currently operational (Table 1).








The simulation results for the 2015 base case confirmed the initial findings of the field observations, with regular traffic jams occurring in the peak hour traffic periods. The vehicle queue lengths were also recorded for the traffic levels across different years, as shown in Figure 6 and Figure 7. These figures show that the queue lengths experienced by vehicles travelling across the case study area increased for the same time durations. Once the traffic flow profiles had been generated for every scenario and lifecycle year from 2015 to 2020, the vehicle travel times, queue length, and vehicle flow were tabulated against the lifecycle year.



In the traffic management scenario, the current lane configuration was kept; however, public transport was provided, in the form of a 50-seater public bus operating at a 15 min headway and 40% capacity. Similarly to the base case, this model aimed to be run for a representative week every subsequent year by escalating the traffic level by 6%. The mode shift of passenger vehicles was based upon the “Surface Transport Master Plan 2009” of the Abu Dhabi Department of Transport, as described in Table 1. A total of eight bus-stops at approximately 500 m distance were created for the case study highway mainline links, with passengers permitted to board and alight from right side, and a dwell time of ±20 s was set after several subsequent runs, to find the options with the least errors, as well as to replicate the field settings given by Abu Dhabi Department of Transport.



The microsimulation for the traffic management scenario was run for the years 2015–2020. Random simulation instances were examined, to observe the traffic flow behavior of the simulated scenario, to ensure that the model flow followed real-world behavior. It should also be noted that, except for initial runs, no pedestrians were simulated, as this is beyond the current study’s scope and may require further work on VisWalk for a more accurate and realistic pedestrian simulation. Figure 8 shows a comparison of the vehicle network performance between the base case and the implemented traffic management scenario [9]. A significant disparity in the network performance was observed for the base case scenario, where public transport is not provided for the case study mainline network. In this case, the journey time experienced by vehicles escalated near peak hours (7 a.m.–8 a.m.), due to the high vehicle-volume entering the network.



The morning peak hours saw the biggest increase in journey time and vehicles volume, likely brought by commuters going to work. The travel time decreased after that, until the afternoon peak hours (2 p.m.–3 p.m.), when it tended to increase again and decline before reaching the evening peak hours (7 p.m.–8 p.m.) (as our earlier study [1,35] predicted). A reduction in the variation between the vehicle travel times was observed for the bus-based scenario, as less bottlenecking and congestions was noted for automobiles on the mainline segments, thus lessening the day-wide journey time fluctuations.





5. Conclusions and Future Work


This study aimed to present the efficiency of microsimulation models for empirically illustrating the car-following driving behavior of urban residents on a major highway, within the context of Abu Dhabi and the GCC region. For this purpose, a traffic-count dataset was gathered from local municipal and transport departments, in a series of data collection attempts for a 3.5 km 5-lane divided highway road segment from the Abu Dhabi city network experiencing a peak hour traffic of more than 9000 vehicles. Following data curation and analysis, a comprehensive daily traffic dataset for a representative week (constituting of all vehicle types) was deduced, despite the time gaps between various on- and off-ramp and mainline traffic-counting stations.



The findings suggest that proposed calibrations of the car-following variables (standstill distance, headway time, following variation, following thresholds, speed dependency of oscillation, and acceleration–deceleration parameters) of the Wiedmann 99 model were capable of accurately simulating the real-world driving behavior for the studied highway, with under 5% error noted across the different simulated periods, throughout the weekdays or weekends. The calibrated model was then used to simulate the traffic flow profile for another week, and the traffic data were compared against the actual field-collected data. It was found that the model successfully simulated a whole week’s traffic flow profile within acceptable bounds of error. The microsimulation model calibration parameters developed in this study could be used by the local authorities to evaluate and simulate the traffic management scenarios in the studied region.



The success of any transit solution in meeting a city’s traffic management goals depends on user adoptability and is gaged accordingly. Since increasing congestion on urban highways due to car traffic is a growing concern in many developing metropolitan areas and enhancing or developing public transport is a common strategy, alternatives aiming to divert passenger traffic from private vehicles to public transport should be backed by strong data assessment, to project their expected benefits. Currently, the comparison of traffic management strategies in Abu Dhabi typically involves identification and development of an initial plan to meet the need, feasibility, and economic viability of the different planning alternatives and, finally, the implementation of a selected system. The microsimulation model developed in this study is presented as a tool for investigating the long-term (2015–2020) benefits of implementing a public transport bus service on the studied highway section, in terms of the reduction in congestion, queue lengths, and journey times. The findings indicate that, if transportation is not improved, there will be significant traffic jams on the studied highway, as no public transport currently exists. The proposed bus service was found to immediately ease the traffic flow situation, by reducing queue length formation and minimizing fluctuations in the travel time between peak and off-peak hours throughout the day, and more significantly on weekdays, where the highest congestions occur.



Multiple research directions can be adopted from this observation. For example, future works could investigate the relative influence of financial and spatial constraints on travel behavior, while strictly considering mobility as a service in a consumer market. This may result in a more realistic research outcome, where vehicle routing, operational and fare policies, transport systems, and alternate on-demand services are evaluated while considering the whole transportation system and how these factors influence mobility at smaller to larger scales. User mobility, benefits to commuters and the environment, and the logical integration of the economic and environmental factors spanning the transportation system’s elements can then be balanced. Marketing the transportation infrastructure system as a compact package may also provide an added level of comparability during the decision-making process. Additionally, the performance of new technologies such as autonomous vehicles, which offer better car-following and effective platooning behavior and thereby enhance the traffic capacity of a road, could also be evaluated using microsimulation models for long-term models, instead of the short-term or daily flow projection models that are currently presented in the transport literature.
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Figure 2. Current daily traffic situation on the studied road (base year 2015). 
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Figure 3. Traffic volume profile from model run with default VISSIM driving behavior parameters. 
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Figure 4. Traffic volume profile from model run with calibrated VISSIM driving behavior parameters. 
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Figure 5. Comparison of traffic volume profile for field and modelled conditions with the calibrated VISSIM model—validation (week 2) dataset. 
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Figure 6. Queue length for in-bound traffic—base case year 2015. 
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Figure 7. Queue length for in-bound traffic—base case year 2020. 
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Figure 8. Comparison of vehicle network performance for the base case and traffic management scenario (public bus-case) for a representative weekday. 
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Table 1. Mode share of the current passenger journey profile.
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	Transport Mode
	Base Case
	Traffic Management Scenario





	Small cars
	56.5%
	45.2%



	Regular cars
	43.5%
	34.8%



	Public transport (bus)
	0%
	20%
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