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ABSTRACT
The economical situation in the Lisbon Metropolitan Area lead commuters from
different municipalities to work in Lisbon city. The relatively high number of vehicles reaching
Lisbon resulted traffic congestion on all the main highways at the access point of the city. The
traffic congestion is the most important in the A5, A2, A1, and IC19 highways with a maximum
time of 40 min. In order to reduce this congestion, the introduction of HOV facilities and their
benefits are studied.
The technical feasibility study is made for the A5 and the A2 corridor, for the
introduction of HOV facilities. In both cases, one of the General-purpose lanes is converted to
a restricted HOV lane, separated with the other lanes by a buffer or a physical barrier. The
new section of the corridor, the ingress/ egress points, and the adequate signals are defined.
The evaluation of the use of this new technique, showed that it allows up to 10-15
min of travel timesaving by using the HOV facility, which has an average speed of 80 km/h,
compared to 30 km/h for general-purpose lanes. This should encourage commuters to switch
to carpooling or public transportation.
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INTRODUCTION
The Lisbon Metropolitan Area has witnessed a growth in its economical activity and
its demographic distribution; mainly due to the development of a motorway network, that links
Lisbon to its neighbor cities. This network allows people to live in the surroundings of Lisbon
and gives them better access to work there. However, the centralization in Lisbon city, lead to
one of the main problems faced by many capitals around the world: Traffic congestion.
Traffic congestion is a condition on transport networks that occurs when the number
of vehicles is high, causing a vehicular queue with slower speeds and longer travel time.
There are different levels of congestion for each motorway, depending on: the number of
vehicles passing every day, the location of the road (cities served, work areas), the type of
the road, the motorization level, public transportation and their use.
This work will examine the traffic congestion of the roadways at the entry of Lisbon,
and will discuss an alternative solution for this problem: the implementation of ‘priority’ HOV
lanes in some of these roadways. Therefore, a first research on the current situation of the
economical activity, demographic mobilization, and traffic congestion at the entry of Lisbon
(without considering the intern traffic) will be done. After this, we will discuss the benefits of
introducing an HOV lane to an existing roadway. Then, we will apply this solution to the
motorways at the entry of Lisbon, by developing a multistep study.
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The study is divided in four major parts; the efficiency of applying an HOV facility to
the highway, a technical feasibility study, an evaluation of this new alternative solution, and
finally the enforcement required for the practical use of the facilities.

1. LITERATURE REVIEW
HOV Facilities
A high-occupancy vehicle is a restricted traffic lane reserved for: vehicles with a
driver and with one or more passenger, including carpool, vanpool and transit buses. The
normal minimum occupancy level is a 2 or 3 occupant. The rules of vehicles allowance can
be different for HOV facilities; some would allow other vehicles, like motorcycles, charter
buses, emergency and low enforcement vehicles, low emission and other green vehicles,
and/or single occupancy vehicles paying a toll –single occupancy vehicles can use the HOV
lane but have to pay a toll, while if they drive on the general-purpose lane they don’t have to
pay a fee, this kind of lane is known as HOT (high-occupancy toll) lane-.
The main objectives to be achieved when implementing an HOV facility in a highway
are described below:
-

Increase the capacity of the corridor in terms of number of passengers carried, by the
increase in the average occupancy rate per vehicle;
Reduce the number of single-carriage trips with just one occupant, increasing the
energy and environmental efficiency of the transport function in the corridors;
Improve the service conditions of public transport in the corridor, particularly in
relation to average speed and compliance with schedules (regularity and reliability of
services);
Reduce the effects of congestion and driving times for vehicles with more than one
occupant (positive discrimination);
Reduce the vehicles by kilometers traveled by the users of the corridor;
Consequently, to reduce the effects of noise, atmospheric emissions, energy
consumption and accidents associated with road traffic and the effect of congestion
on the road network.

2. GENERAL CONDITIONS
The apparent problem discussed in this study, which is the traffic congestion, located
at the entry of Lisbon by vehicles coming from the near counties, is actually a result of many
factors and their evolution throw time and space. The traffic congestion depends on the
evolution of the population, the employment rate and location, and road networks available.
Population of the Lisbon Metropolitan Area
The Lisbon Metropolitan Area is composed of 18 municipalities, centered by the
Portuguese capital Lisbon. The population in 2011 was estimated to 2.8 million, of which 477
784 (15%) lives in the city of Lisbon. Sintra represents 18.7 % of the population of the LMA,
which will be linked later in the study to the number of vehicles using the roadway IC19. Also,
Cascais and Oeiras, which are served by the highway A5 represents 13% of the population.
th
The LMA South represents 30 %, linked mainly to Lisbon by the 25 of April Bridge which is
the A2 highway.
Economical Activities
The economical activity and its distribution in the LMA play an important role in the
population transportation; people will make the everyday trip to go to work and come back
home. A study made by Câmara municipal de Lisboa showed the evolution of the private
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enterprises in Lisbon and their proportion in the LMA; Lisbon gathered around 40% of the
total private establishments in the LMA in the year 2000. In 2015, the density of the
establishments in Lisbon City is estimated to be between 670 and 1010 establishment per
2
Km .
The LMA road network
During the end of the 1990’s, the LMA has witnessed a significant transformation in
the road infrastructure, defining a new performing Network, enhancing the population mobility.
The LMA has a road network that is structured around four main axes to the north, two
access corridors to Lisbon to the south and two circular to the north of Lisbon. Moreover, the
main changes in the structure of the road network concern the creation of road networks, the
creation of the new South access to Lisbon (via Vasco da Gama Bridge) and the extension /
improvement of the existing main axes (Auto-Estrada: Norte, A1, A2, Cascais, A5; West, A8,
and IC19).
The roadways considered in this study to evaluate the congestion level at the main access
points to Lisbon are showed in the figure 1 below:

Figure 1: Roads considered in this study.

3. EFFICIENCY STUDY
Criterias
When planning an HOV facility, a number of criteria should be taken into account for
successful implementation and for achieving the objectives set out in before.
The manual developed by the Transportation Research Board (TRB), The HOV
Systems Manual (1998), lists several criteria for drawing up the implementation plan for
HOVs, which identify areas and corridors that are candidates for such routes, and types of
infrastructure. From the criteria listed in the manual, the main criterias selected for this study
are:
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-

Existence of congestion in the corridor. According to the above Manual, in many US
metropolitan areas, this implies a service level D or E and maximum speeds at rush
hour equal to or less than 50 km / h (30 mph);
Credibility in estimating savings in travel times. Corridor with possibility of coming to
(higher than or equal to C) and whose travel time savings over generalized routes is
at least 1 minute per kilometer;
Standard of the trips that reflect the traffic Home-Work, with pointed / marked end
times;
Congestion Length;
Physical characteristics of the corridor;
Guarantee that the HOV facility will not affect negatively the traffic in the GeneralPurpose Lanes (GP lanes).

Mobility in the LMA population
The city of Lisbon being the main destination with 890876 vehicles, which represents
more than 50 % of the total of the population commuting in the LMA, in 2011.
The most recent data about the number of vehicles, in each of the highways studied here,
reaching Lisbon City has been evaluated in 2014. The number of vehicles getting to Lisbon
per day was 711 400.
The number of commuters reaching Lisbon city daily is the highest for the A1 (12.7%), IC19
(17.6 %), A5 (18.1 %), A2 (19.1%). This is the first indicator showing that the four highways
mentioned, could respond to the criterias to introduce an HOV facility. Further characteristics
will be discussed in the following, to evaluate the need of the HOV facility in these fours
corridors.
Public Transportation
The use of the car remains the main mode of transportation used by commuters in
the LMA, with an average of 45 % in the roadways to Lisbon. The second mode of
transportation would be the train, especially to Sintra, which represents 54 % of the
commuters. The buses are not frequently used or absent in most of the roadways studied in
this case.
Location of the access points to Lisbon
For each roadway an “entry” point to Lisbon has been appointed, depending on the
level of congestion at peak hours. These Locations are shown in the Table 1 below.
Table 1: Location of the access to Lisbon to each highway.
Highway

Location for study

A1

Exit Estrada Eixo Norte-Sul

AC2 -A30

A. Infante dom henrique

Ponte 25 Abril –A2

Tolls on the bridge

Ponte Vasco da Gama -A12

Tolls on the bridge

N6

Crossroads Algés

A5

Viaduct Duarte Pacheco

IC19 - A37

Crossroads Buraca

IC16

Crossroads Alfornelos

IC22 - A40

Crossroads Olival Basto

A8

Crossroads Olival Basto
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Characteristics gathered for each roadway
Based on the level of congestion in the locations defined before using the application
Google Maps, and on the survey made by Infrastructures of Portugal, during the morning and
the afternoon peak hours; four highways (A1;A2;A5 and IC19) were selected by fitting the
criterias described before. The traffic characteristics gathered for each highway on the main
entrance of Lisbon, the volume of vehicles, the percentage of vehicle with two or more
passengers, and the physical characteristics of the corridor, are shown in the table 2 below.
Table 2: Characteristics gathered for each highway
Criterias for comparison

Demand

Traffic
characteristics

Physical
Characteristics

A1

A2

A5

IC19

Volume of cars entering Lisbon (Veh/h)

2500

3200

7180

4110

Volume of cars exiting Lisbon (Veh/h)

2280

2210

3710

3580

Percentage 2+ (%)

24

22

24

15

Percentage of Buses (%)

0.7

0.3

0.2

0.3

Average speed (Km/h)

52.8

18.5

33.3

26.5

Average time stuck in congestion (min)

31

28

32.5

24.5

Length of congestion (Km)

13

8.1

12.2

9.6

Platform width (m)

29.6

35.5

28.6

28.6

Separator (m)

0.6

4

0.6

0.6

Left Shoulder (m)

1

1

0.5

1

Right Shoulder (m)

3

3.5

3

2.5

The table 2 allows highlighting the following:
-

The vehicle flow entering Lisbon is the most important for the A5 corridor (7180
Veh/h)
The vehicle flow exiting Lisbon is lower then in the morning peak hours for the 4
corridors.
IC19 has the lowest percentage of 2+ occupants vehicles
The bus volume is nearly un-existing in the four corridors.
The A2 has the lower average speed (18 Km/h) and the A1 has the highest one (50
Km/h)
The travel time spent in the congestion is between 24 and 32 min.
The lower distance of congestion is in the A2 corridor (8.1 Km) and the highest in the
A1 corridor (13 Km).
A2 corridor has better geometrical characteristics for the implementation of the HOV
facility.

4. FEASIBILITY STUDY
Although the introduction of an HOV facility is justified for the four highways described above,
this study will only develop the feasibility study of the implementation of the facilities in the A2
and A5 corridor.
A5 Highway
The HOV facility chosen to reduce the level of congestion on the A5 Highway, at the
entry of Lisbon City, before the viaduct Duarte Pacheco in Alcantara valley, is the conversion
of the GP lane on the left side of each way of the corridor into an HOV Lane with a concurrent
flow. The HOV lane is separated from the GP lanes by a buffer. This method is chosen here
because it is relatively simple to implement with not a lot of modifications to do on the
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corridor. The buffer separation is used because of the several in and out movement on this
small segment of the corridor.
The HOV facility for the morning peak hours (7h-11h am) is estimated to be 11.6 Km
long from the exit 7 (OEIRAS) to the viaduct Duarte Pacheco. And the one implemented for
the afternoon peak hours (5h-8h pm) is estimated to be 8.5 Km long from the viaduct Duarte
Pacheco to the exit 6 (Algés) before the viaduct Baracrena.
After implementing the HOV facility along the segment defined, the new cross section (one
way of the corridor is shown in figure 2) for the corridor is done regarding the dimension
figuring in the HOV manual.

Figure 2: New Cross section for the A5 HOV segment (m)

The feasibility study implies also the access points to the HOV facility and the adequate
signalization (figure 3). The access points to get in and out of the HOV facility from the GP
lanes should respect a distance of 200 m per lane. These access points were defined on the
A5 segment using Google Maps by considering each entry and exit to the corridor. Also the
adequate signalization was implemented with the appropriate length that allows the drivers to
be aware of the facility, its start and end.

Figure 3: HOV vertical signs suggested to be used.

A2 Highway
Considering the congestion level in the A2 corridor, and the characteristics of the
highway, such as not a lot of entries/exits from the highway (compared to the A5 segment),
and the congestion in the toll plaza, the HOV facility type chosen for this case is a physical
barrier separated, concurrent flow facility. This is made by converting the left side GP lane on
one way of the highway (direction Lisbon), and by adding a physical barrier between this HOV
lane and the other GP lanes.
Moreover, considering the distribution of the payments in the different cabins of the
toll plaza, it is intended to use the first three cabins on the left for HOV users; with the three
different types of payment (Via Verde, Via Card, Cash). The rest of the cabins (GP lanes) will
be redistributed according to the types of payments that are the most used (which is Via
Verde in this case) and by putting more Via Card cabins to encourage the people to use
them, and reduce the congestion length (Via Card is faster then cash payment).
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The first segment of the A2 corridor for the HOV facility is chosen, as a first iteration
along the distance of the traffic congestion in the morning peak hours. It starts at Amora
Station to the tollbooth; with an estimated length of 8.1 Km. The facility will be operating only
for morning peak hours (7h-11h am).
The new cross section for the side of the highway going from Almada to Lisbon is shown in
the figure 4.

Figure 4: Cross Section HOV for the A2 HOV segment (m).

Same as the study made for the A5 corridor, the ingress/egress locations of the facility has
been determined. In this case, there’s only one entry to the highway along the HOV segment,
before the tollbooth; so while respecting the safety length to switch for GP lanes to the HOV
lane, the opening to enter the HOV lane has been made before the toll Plaza.
Also, the same signs have been used in this case, by respecting the appropriate distances
before the start of the facility (1000m) for example, and at the end of it.

5. EVALUATION
The evaluation of the implementation of the HOV facilities in the A2 and A5 corridors
is an essential part of this study. This evaluation will be based on several estimations,
especially regarding the number of HOV users, because this method has never been used
before in Portugal, and it is hard to predict the reaction of the population.
In order to make the evaluation, the estimation of the number of HOV users will be
made for two different cases:
- Case A: which considers only the current number of HOV users in the corridor
-

Case B: which considers the current number of HOV users, and add the number of
commuters that will switch to carpooling or public transport within the two years after
the installation of the facility.

After estimating the potential HOV demands, it was possible by using the data
collected by the survey made by Infrastructures of Portugal to evaluate the new vehicle flow
(Veh/h) in the HOV lane and in the GP lanes. The vehicle flow in the HOV lane is acceptable
for the well usage of the facility (by the HOV manual), with the speed limit of 100 Km/h. It is
considered that the average speed of the lane is around 80 Km/h. To evaluate the new
average speed in the GP lanes, Greenshield’s model has been established to make the
relationship between the vehicle flow (Veh/h) and the average speed (Km/h). Therefore by
finding the new average speed in the GP lanes, it was possible to compare:
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-

The time spent in traffic congestion in the GP lanes before and after introducing the
HOV facility;

-

The difference of travel time between the HOV users and the GP lane users after
introducing the HOV facility.

Results
a. A5 corridor
The table 3 compares the travel times between the GP lanes before and after the introduction
of the HOV facility.
Table 3: Travel time difference in the GP lanes:
Current
New average
average speed
Case
speed GP lanes
for GP lanes
(km/h)
(km/h)
Exit 7 to Exit 5
23
25
Case AMorning
Exit 5 to Exit 1
35
27.8
Case AAfternoon

Exit 1 to Exit 5

35

29

Exit 5 to Exit 7

40

33

Case BMorning

Exit 7 to Exit 5

23

31.8

Exit 5 to Exit 1

35

32

Case B Afternoon

Exit 1 to Exit 5

35

32.5

Exit 5 to Exit 7

40

34

T1 GP
lanes (min)

T2 GP lanes
(min)

Travel time
difference
(min)

24.4

26.2

-1.9

18.8

22.7

-3.9

24.4

21.8

2.5

18.8

21.0

-2.2

The table 4 compares the travel times between the HOV lane and the GP lanes.
Table 4: Travel time difference between HOV lane and GP lanes.

Case AMorning

Exit 7 to Exit 5

Current
average speed
for GP lanes
(km/h)
23

Exit 5 to Exit 1

35

Case AAfternoon

Exit 1 to Exit 5

35

Exit 5 to Exit 7

40

Case BMorning

Exit 7 to Exit 5

23

Exit 5 to Exit 1

35

Case B Afternoon

Exit 1 to Exit 5

35

Exit 5 to Exit 7

40

Case

New average
speed HOV
lanes (km/h)

T1 GP
lanes
(min)

T2 HOV
lanes (min)

Travel time
difference
(min)

24.4

15.7

18.8

10.1

80

8.7
24.4

15.7

18.8

10.1

b. A2 corridor
Table 5: Travel time difference in GP lanes.

Case A-Morning

Current average
speed for GP
lanes (km/h)
23

New
average
speed
27

Case B- Morning

23

29

Case

Distance
D1 (km)

Time t1
GP

Time t2
GP

Travel time
difference (min)

8.1

21.1

18

3.1

8.1

21.1

16.8

4.4
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Table 6: Travel time difference between HOV lane and GP lanes.

Case A-Morning

Current
average
speed for GP
lanes km/h)
23

Case B- Morning

23

Case

HOV
average
speed

Distance
D1 (km)

Time t1

Time
t2

Travel time
difference (min)

80

8.1

21.1

6.1

15.1

80

8.1

21.1

6.1

15.1

Conclusion of the Evaluation
The study made in this part has shown that the introduction of the HOV facility in the two
corridors, A2 and A5, is a good alternative solution to reduce traffic congestion and gain travel
time.
The main conclusions that can be taken from this part are:
- The introduction of the HOV facility in the A5 corridor saves 15 min of travel time in
the morning peak hours and 10 min of travel time in the afternoon for HOV users.
- The introduction of the HOV facility in the A5 corridor doesn’t affect a lot the GP lane
negatively; the travel time is around 2-3 min more.
- The approximation made to with the Greenshield’s model that considers a free flow,
and a linear relationship between the average speed and the vehicle density, helped
to have actual numbers to define travel time savings and the average speeds.
However, the numbers obtained are not exact; they are an estimation to give relative
solutions. We can see the that the loss of travel time in the GP lanes is in the order of
2-3min and the gain in HOV lane is in the order of 10-15 min.
- The introduction of HOV facility in the A2 corridor saves 15 min of travel time in the
morning and afternoon peak hours for HOV users.
- The introduction of HOV facility in the A2 corridor saves 3-4 min time for GP lanes
users.
- The optimum solution –considering the switching population to carpooling or public
transportation- estimates HOV users to be equal or more than GP lanes users.
- An HOV facility is well used when the flow is more than 800-1000 Veh/h. Which is
satisfied by all the previous cases described.
The results obtained in this part were compared to the travel time savings that occurred in the
HOV cases developed previously in different countries. The table 7 shows the characteristics
of the A2 and A5 corridors, and the two HOV facilities successfully working in Texas and
Madrid.
Table 7: Comparison with existing HOV facilities

Location
A5 Corridor

A2 Corridor
MadridSpain
Texas -USA

HOV type
Concurrent
buffer
separated.
Concurrent,
barrier
separated
Concurrent,
barrier
separated
Concurrent,
buffer
separated

Length of facility
(Km)

HOV users (%)

Max Travel time
savings (min)

11.6

23.2

15.7

8.1

27

15.1

12.3

37

14

14.5

37

11
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It is noticeable that for a length of facility between 8 and 14 Km, the estimated time saving by
the HOV facility in the A2 and the A5 corridors (15 min) has the same range as Madrid (14
min) and Texas (11 min).

6. APPLICATION AND ENFORCEMENT
The effectiveness of the HOV facilities implemented in both cases of the A2 and A5
corridors, as well as the safety of the commuters, depends on the behavior of the corridor
users and their respect for the facility’s policies. In order to reduce the number of illegal users
of the HOV lane, violations enforcement should be put to control and check the vehicle
occupancy, and the tolls of violations should be put in place.
A5 corridor
The solutions that seem the most adequate for this type of facility is to implement
video cameras on two different bridges above the corridor (Estrella Militar and Impasse à
Estrada de Portela) and at the same time rely on the commuter enforcement; which means
allowing the users to call a hotline if they notice any violations.
A2 corridor
The enforcement techniques that can be adopted here is the introduction of a video
camera set up on the bridge of Estrella Algazarra.
And to control the vehicles violating the facility after the entry number 1 before the toll plaza,
two methods can be used:
-

The presence of a police officer at the tollbooth that checks the number of vehicle
occupants. They will be present on the three tollbooths reserved for HOV users,
during the morning peak hours 7am-11am.
The use of the automated vehicle identification (AVI) system, by giving a badge for
each occupant, and the machines at the HOV tollbooths will detect the number of
occupants in the car.
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