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Abstract 

Nowadays challenges in the transportation sector such as traffic management in large urban 

areas are demanding and complex. Currently, as congestion levels and resource constraints are 

increasing, it is necessary to act as efficiently as possible on dynamic road capacity as opposed to 

expanding the static capacity of the infrastructure that is increasingly restricted. The constant and most 

recent developments in intelligent transport systems are extremely promising for this purpose, as is the 

case with active traffic management systems. 

The main objective of this dissertation is to analyze the implementation of reversible lanes in an 

urban area, considering that its greater scope has been in traffic management of highways and 

freeways.  

With the analysis of an application case of a reversible lane in the center of a city in Portugal, it 

was possible to ascertain the specificities of the application of this type of road in urban centers. The 

observation and modeling of traffic through a simulation allowed to analyze the operation of the system 

and its efficiency in traffic management and road safety. 

The work developed allowed to conclude that, even in a short distance route and fixed-cycle 

system, it was possible to improve travel time in general. The implementation in the urban area 

highlighted particularities of the system function related to the coexistence of intersections and 

crosswalk with signal control. 
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1. Introduction 

Cities worldwide nowadays face numerous challenges related to the transportation sector. In 

the case of European cities, congestion-related costs are estimated at € 80 billion annually (European 

Commission, 2013). 

In order to respond to the new panorama in the transportation sector, new approaches to traffic 

management have emerged, notably Active Traffic Management (ATM) solutions for Intelligent 

Transportation Systems (ITS). 

Knowing that there are multiple ITS areas of action, the approach to road infrastructure is of 

great importance (Jonkers et al., 2015). This work intends to give relevance to the dynamic capacity of 

the roads through active traffic management systems, namely the management of reversible lanes. 

Considering that in Portugal the experience of permanent reversible lanes is practically non-

existent, in order to promote the implementation of this system in cases of strong infrastructure 

constraints, it is considered important to approach the theme of reversible lanes as an active traffic 

management technique with viability in increasing the capacity of roads with limited cross-section 

(number of lanes) and very different directional traffic flows. 

2. Active traffic management 

ATM is defined by the application of measures that adjust the traffic requirements to the capacity 

of the transport network in time and space (TrafficQuest, 2012). They are mainly intended for zones of 

high congestion, often linked to commuting movements associated with a determined traffic pattern. 

They can be applied in urban and interurban areas, but are mostly used on highways and freeways 

since their main objective is the improvement of the mobility of the vehicles facilitating the through 

movements. 

Usually, in interurban areas the following solutions are applied: Adaptive Ramp Metering; 

Dynamic Junction Control; Dynamic Lane Use Control; Dynamic Merge Control; Dynamic Shoulder 

Lanes; Dynamic Speed Limits; Queue Warning; and Dynamic Lane Reversal or Contraflow Lane 

Reversal (reversible lanes). The latter one can also be applied in urban areas. 

Regarding the urban areas, the ATM solutions implemented are usually as follows: Adaptive 

Traffic Signal Control; Transit Signal Priority and Dynamic Lane Reversal or Contraflow Lane Reversal 

(reversible lanes). 

The main advantages of these measures are: improving safety and reducing collisions during 

periods of congestion and adverse weather conditions; prevent or reduce periods of congestion; 

environmental benefits and a relatively low implementation and maintenance cost (Texas A & M 

Transportation Institute @, 2019). 
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3. Case study 

3.1 General description 

The reversible lane system under study is located at Elias Garcia Street in Amadora city center, 

one of the most populated municipalities in the metropolitan area of Lisbon. This street has a very high 

flow of commuter traffic during peak hours, causing congestion, which has a worsened impact because 

it’s in an urban area, namely: impact on road safety associated with coexistence with pedestrians; 

environmental impact associated with emissions of gases and noise. 

Figure 1 shows the location of the reversible lane (axis marked in yellow), as well as important 

points of travel onset that influence traffic in the area (circles marked in red): the Portas de Benfica, an 

important entry point into the city that marks the beginning of Elias Garcia Street and the Amadora 

subway station. 

The physical constraints of this street (transverse profile and consequently the number of lanes 

available) is insufficient to ensure a level of service adequate to the verified traffic flows, reason why the 

Municipality of Amadora implemented a reversible lane in the extension of 120 m, highlighted in yellow 

in Figure 2.  

  

  

Figure 1 -Localization of the reversible lane in Amadora (Adapted from Google Earth, 2019) 
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The reversible lane operates in a fixed cycle: from 7:00 a.m. to 11:30 a.m., the lane has the 

Amadora - Lisbon direction; at other times the direction reverses to Lisbon - Amadora. The transition 

between both directions of circulation takes about 30 seconds. 

3.2 Simulation modelling 

To evaluate the efficiency of the reversible lane system it was used the PTV Vissim simulation 

program. A set of variables was selected and compared in 3 different scenarios, which are shown in 

Figure 3.  

 

 

 

 

 

 

 In all scenarios the peripheral lanes have the same direction. Only the direction of the central 

lane is changed in each scenario. In Scenario 1 the central lane has a fixed direction from Lisbon to 

Amadora, in Scenario 2 the direction of the central lane is from Amadora to Lisbon and in Scenario 3 

the central lane has both directions (reversible lane), which is the current scenario. 

Scenarios 1 and 2 were compared with Scenario 3 through simulation for the morning peak 

period (Scenario 1 vs. Scenario 3) and afternoon peak period (Scenario 2 vs. Scenario 3), where the 

traffic is more intense and, consequently, can lead to congestion problems. 

 

  

Figure 2 - Layout of the reversible lane (Adapted from the municipality of Amadora, 2018) 

Figure 3 - Scenario 1, 2 and 3 (from left to right) 

Reversible 

lane 
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• Scenario 1 vs. Scenario 3 

During morning peak period (8:00 a.m. to 10:00 p.m.) the locations considered important for 

data analysis were identified, as shown in Figure 4. The three routes - Paths 1, 2 and 3 - labelled with 

yellow, green and purple are identified. Path 1 is 223 m long, Path 2 is 215 m and Path 3 is 229 m. The 

objective in these paths is to evaluate the travel times and the delay times of the vehicles. At the 

signalized intersection, highlighted by the yellow box, it was intended to evaluate the average length of 

queues at the traffic signals of each intersection approach, the average delay time of each vehicle and 

the level of service. 

• Scenario 2 vs. Scenario 3 

During afternoon peak period (17h00 p.m. to 20h00 p. m.) the points considered relevant are 

shown in Figure 5. The two routes - Paths 1 and 2 - are identified in yellow and green. Path 1 is 255 m 

long and Path 2 has a length of 256 m. Likewise, with the identified paths, the objective was to evaluate 

the travel times and the delay times of the vehicles. In the site located in the middle of the reversible 

lane, where the legend "Fila" is located immediately before the traffic signal, it is intended to evaluate 

the length of a possible queue. At the signalized intersection, the average length of queues at each 

intersection approach, the average delay time of each vehicle and the corresponding level of service 

were estimated. 

  

Figure 4 - Definition of the locations under analyses during morning peak period 
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4. Results and discussion 

• Scenario 1 vs Scenario 3 

The main differences between the two scenarios are at the level of the signalized intersection 

as shown in Figure 6 and 7. The variable Qi represents the average length of the queue generated for 

each movement i, the variable Di represents the average delay time and LoSi the level of service. 

 

From the analysis of the figures it is possible to observe that the values of the movements 

highlighted in red and green were the most affected, translating into a change in the level of service 

from one scenario to the other. 

  

Figure 5 - Definition of the locations under analyses during  evening peak period 

Figure 6 - Analyses of the intersection in Scenario 1 Figure 7 - Analyses of the intersection in Scenario 3 
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The upper intersection approach was the one that underwent the most notable change, from an 

average delay time of 122 s to 55 s. The level of service of the movements also changed: in movements 

5 and 6 from F to D; in movement 7 from E to D. The queues lengths at the traffic lights, in Scenario 3, 

are practically halved. 

 

• Scenario 2 vs Scenario 3 

At the afternoon peak period traffic flow is not as dependent on the traffic lights cycle as it is in 

the morning period, but instead on the capacity of the lanes with Lisbon – Amadora direction. For this 

reason the differences between the two scenarios in terms of the average travel time and the average 

delay time recorded for the 2 routes are more significant. 

Figure 8 shows the results obtained for the average travel time in Path 1. 

On average, a vehicle takes less than 24 s to make the same route if there is a reversible lane. 

Regarding the average delay time, Scenario 2 presents on average 23 s more than the 

reversible lane scenario. The distribution of the average delay time over the time periods is similar to 

the average travel time, since they are two strongly correlated variables. 

Regarding Path 2, the differences between the two scenarios are similar to those presented for 

Path 1, so it is not considered necessary to present the data related to this route. 

 For the analysis of the point before the traffic signal in the middle of the reversible lane, the 

results shown in Figure 9 were obtained for the average length of the queues. 
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 In Scenario 2 there are larger queues, which can demonstrate a much higher level of congestion 

than in Scenario 3. On average, in Scenario 2, the queues extend for a length of 63 m (13 vehicles lined 

up just behind the traffic signal). In the case of Scenario 3, on average, there were no conditions to 

generate even a queue at this location.  

Regarding the signaled intersection, the values obtained for the two scenarios for the variables 

Qi, Di and LoSi are shown in Figures 10 and 11. 

 

The only significant variation of values occurs in the right intersection approach. For the right 

turn (2), a queue of 107 m in Scenario 2 decreases to 19 m in the reversible lane scenario. As for the 

average delay time, there was a reduction of 7 s and the level of service went from C to B. For the 

through movement (1) there was a reduction in queue length similar to movement 2, a reduction of the 

average delay time by 5 s and a change in level of service from C to B.   
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Figure 9 - Average length of the queues in the middle of the reversible lane 

Figure 10 - Analyses of the intersection in Scenario 2 Figure 11 - Analyses of the intersection in Scenario 3 
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5. Conclusions 

Regarding the efficiency of the system the results of the simulations allowed to verify that the 

scenario of operation of the reversible lane was, in general, always more favorable than when 

considering a scenario with a central lane of fixed direction, although for some variables the differences 

were not significant. 

Based on all the information gathered about the reversible lane system and the case study 

analysis, it is  possible to suggest recommendations in order to help the implementation of this system 

in an urban area, such as: 

• Place Gantry / Cantilever mounted lane indicator signals to control the direction of traffic flow 

at peak periods at all intersections of the network to avoid the occurrence of accidents. 

• Highlight reversible lanes using a different pavement color and road markings (two adjoining 

discontinuous lines) that delimit their entire area, so that all drivers can quickly perceive that they are 

traveling on a road with specific characteristics . 

• Design the layout of the network in a way that it is possible to safely enter and exit the reversible 

lane. To do this, it is recommended that the number of lanes upstream and downstream of the sections 

where the reversible lanes are located should be as similar as possible. 

• To have two roads in each direction, whenever possible, in order to allow the circulation of 

vehicles in extraordinary situations, as is the case of the occurrence of accidents. 

• Perform the reversal of the direction of the reversible lane as quickly as possible without the 

need to move competent authorities to the location. 

• Whenever the direction reversals are performed in a fixed period, analyze the volumes of traffic 

over time so that these periods are always as optimized as possible. 

• As far as pedestrian circulation is concerned, all the crosswalks should be signalized.  

 

Acknowledgements 

The author gratefully appreciate the valuable information given by the municipality of Amadora 

and Eyssa-Tesis enterprise whom made this paper possible.  

References 

American Association of State Highway and Transportation Officials, A policy on geometric design of 

highways and streets, Washington D. C., 2001, ISBN 978-1-56051-508-1 

Balke et al., Active Traffic Management (ATM) Implementation and Operations Guide, 2017 

https://ops.fhwa.dot.gov/publications/fhwahop17056/fhwahop17056.pdf,visited on january 

2019 



 10 
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