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1. INTRODUCTION 

One of the most basic requirements of all humanity is to commute from one place 

to another. Trips are undertaken for fulfilling the requirement of transportation. Each 

trip has a particular origin and destination. The trips undertaken by each commuter also 

have a specific purpose behind them. Thus the trips are classified as work trips, leisure 

trips etc. Work trips are generally undertaken in the mornings towards the site of work 

and in the evenings towards the residences.  

Through this project, we intend to analyze a particular work trip that is undertaken 

by the commuters in Lisbon, Portugal. The aim of the project is to analyze the shift in 

mobility patterns at the two terminal railway stations in Lisbon – Cais do Sodre and 

Lisboa Oriente, due to the construction of the railway tunnel at Alcantara. Mobility 

pattern shift studies have been undertaken on a global basis to determine the impact of a 

new transport service on select places of interest. The shift observed is usually in terms 

of the passenger traffic increased / decreased observed at the points of interest. Cais do 

Sodre and Lisboa Oriente are chosen primarily because they constitute of large centers 

of employment and thus, they receive a huge amount of traffic.   
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2. CASE STUDY 

Cascais is a coastal town, 30 kms west of Lisbon with a prominent upmarket 

residential area and its pristine beaches. It is the richest municipality in Portugal with 

the total number of inhabitants being around 35,000. The Cascais line, connecting 

Cascais to Cais do Sodre, is considered a line of primary importance for train commute 

around Lisbon metropolitan network. The annual passenger traffic witnessed at Cascais 

is around 28 million per year (2010).  

In April 2008, Ministério das Obras Públicas, Transportes e Comunicações 

(MOPTC), Government of Portugal was mulling over a proposal to build a railway 

tunnel at Alcantara which when completed, would connect the trains coming from the 

Cascais line towards Lisboa Oriente. The cost for construction of the tunnel was 

estimated to be in the tune of 60M€. Apart from the cost of construction, it also required 

that the electrical system of the Cascais line be changed in order to match with the 

system prevailing at Linha do Norte in which Lisboa Oriente is stationed. Once the 

tunnel was constructed and the electrical systems changed, this would lead to a marked 

reduction in the travel times from Cascais to Lisboa Oriente, thus benefitting a large 

number of commuters who commute onwards to Lisboa Oriente from Cais do Sodre. 

The area of study is as shown below inside the two yellow pins.  

 
Figure 2.1: Area of the Case Study 
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The commuters who are travelling to Cais do Sodre will go through the normal 

procedure of using the Cascais line and de-boarding at Cais do Sodre. However, the 

commuters who are travelling towards Lisboa Oriente from Cascais and the way side 

stations could utilize the direct connection through the Alcantara tunnel, instead of de-

boarding at Cais do Sodre and connecting to various available modes to reach Lisboa 

Oriente. The available modes of transit from Cais do Sodre to Lisboa Oriente at the 

present moment are three, namely the Metro, the Bus and the Taxi. The present practice 

to reach Lisboa Oriente is considered to be rather long because of the time spent in 

transit, the waiting time for the next mode etc.   

The proposal to build the Alcantara tunnel was part of a large number of 

initiatives from the Government to boost the railway transport infrastructure in the 

country, a few notable others being the High speed railway lines between Lisbon and 

Oporto, Lisbon and Madrid and Lisbon and Faro. As of December 2011, these projects 

stand postponed due to the current politico-economic situation and the Eurozone crisis.       

Through this project, we intend to exploit the hypothetical situation of the 

Alcantara tunnel being constructed and the electrical system of the Cascais line being 

changed to suit the Linha do Norte. The main aim in doing this case study is to 

determine the improvement in travel time that each commuter stands to receive, on the 

journey from Cascais to Lisboa Oriente through this new tunnel. As a secondary impact, 

we make an attempt to study the shift in the mobility patterns which will be observed at 

Cais do Sodre and Lisboa Oriente. By shift in mobility patterns, it is meant the change 

in the passenger traffic which stands to be observed at these two terminal stations. By 

logic, we expect to see a decrease in passenger traffic at Cais do Sodre and a 

corresponding increase in passenger traffic at Lisboa Oriente. 

 

 

 



         Nikhil Menon | Joao Fialho | Immuentinyan Aivinhenyo 

Information & Communication Technologies - Course Project Page 8 
 

 

3. THE PRESENT TRANSIT PATTERN 

In order to find feasible solutions for the questions posed in Chapter 2, the 

primary objective was to determine the prevailing travel times for commute between 

Cais do Sodre and Lisboa Oriente. In order to do that, an understanding of the present 

pattern of commute is imperative.  

The present scenario of commute was determined and is as follows: 

1. Commuters take the train from Cascais to Cais do Sodre. Commuters alight at 

Cais do Sodre and proceed onwards to Lisboa Oriente. 

2. For the commute from Cais do Sodre to Lisboa Oriente, three options are 

available right now. 

i. Take the subway from Cais do Sodre to Lisboa Oriente 

Cais do Sodre is on the green line of Metropolitano Lisboa. Lisboa Oriente 

is on the red line of the Metropolitano Lisboa. So the commuters take the 

green line from Cais do Sodre and proceed northwards. They alight at 

Alameda which is the transfer station from the green line to the red line. 

After the transfer from the green line to the red line, they proceed onward 

to reach Lisboa Oriente.  

ii. Take the bus from Cais do Sodre to Lisboa Oriente 

The route between Cais do Sodre and Lisboa Oriente is well served by the 

public transport buses (Carris). There are two routes on which the buses 

ply and they have varying travel times depending on the route.  

iii. Take the taxi from Cais do Sodre to Lisboa Oriente 

Although not the most common option of commute considering the 

distance involved, the commuter has the option of boarding a taxi at Cais 

do Sodre to alight at Lisboa Oriente. 

 

The figure below shows the area between Cais do Sodre and Lisboa 

Oriente, enclosed within the yellow pins. 

 



         Nikhil Menon | Joao Fialho | Immuentinyan Aivinhenyo 

Information & Communication Technologies - Course Project Page 9 
 

 

 

 

 

Now that the present pattern of commute was determined, the next step was to 

determine the travel time for the whole journey (i.e) from Cascais to Lisboa Oriente 

with a transfer at Cais do Sodre to one of the three modes. 

3.1 DATA FILTERING 

The GPS traces collected is in the raw format. In saying so, it is meant that that 

traces collected represent all sets of possible points that are being collected on course of 

the survey. It is impossible to work with such large number of points on the grounds of 

the data being cluttered and concentrated. Thus, the filtering of the GPS data is resorted 

to. Filtering for the current study is done through the open source software GPS Babel.  

 

Figure 3.1: Area between Cais do Sodre and Lisboa Oriente 
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GPS Babel filters the raw GPS data to make it more readable. It is a class of cross-

platform software used to transfer routes, tracks and waypoint data to and from 

consumer GPS units and to convert between a hundred GPS formats.  

 

3.2 OBSERVATIONS 

In order to determine the present transit pattern and infer based on the information 

extracted from them, GPS traces are resorted to. The GPS traces for the sections under 

study are collected using the smart phones and the popular software GPS Logger. In the 

present case, the traces are collected for the whole length of the trip from Cascais to 

Lisboa Oriente. The starting point of the trip is the Cascais Railway Station and the end 

point of the trip is Centero Commercial Vasco de Gama, Oriente.  

For the leg from Cascais to Cais do Sodre, it is assumed that the train starts as 

soon as the commuters board it. Hence the waiting time for the train at Cascais Railway 

Station is not accounted for. However, a walking distance is accounted for, in Lisboa 

Oriente, (i.e), the distance covered by walking from Lisboa Oriente to Centero 

Commercial Vasco de Gama. As a matter of illustration, the raw and the filtered formats 

are shown alongside each other for all mode choices: 
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Bus 1 (44) – Raw Trace                                              Bus 1 (44) – Filtered Trace 

 

The figure above shows the GPS traces collected from Cais do Sodre to Lisboa 

Oriente by Bus 1 (44). Bus 1 goes through the interiors of Lisbon, onwards to the 

airport before reaching Lisboa Oriente 53 minutes later. Apart from the travel time, 

there is also a waiting time experienced by the commuters which was 11 minutes during 

the time of the survey.  The occupancy rate for a typical morning peak hour was found 

to be less than 30% for this bus.  

The figure below however shows the GPS traces collected from Cais do Sodre to 

Lisboa Oriente by Bus 2 (782). Bus 2 goes along the side of the river Tagus, before 

reaching Lisboa Oriente 33 minutes later. Apart from the travel time, there is also a 

waiting time experienced by the commuters which was 09 minutes during the time of 

the survey. The occupancy rate for this trip was found to be well in excess of the limit 

with the capacity reaching the maximum limits at almost all times. 

Figure 3.2: GPS Traces of Bus 1 between Cais do Sodre and Lisboa Oriente 
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Bus 2 (782) – Raw Trace              Bus 2 (782) – Filtered Trace 

 

The figure below shows the GPS traces collected from Cais do Sodre to Lisboa 

Oriente by the metro. Since the metro is underground, the GPS traces are collected only 

at the entrance and the exit stations. The metro goes along the interiors of Lisbon, 

switching lines from green to red, before reaching Lisboa Oriente 34 minutes later. 

Apart from the travel time, there is also a waiting time experienced by the commuters 

which was 10 minutes during the time of the survey. The occupancy rate in the metro is 

very high during the peak hour in a typical weekday. 

 

 

 

 

 

Figure 3.3: GPS Traces of the Bus 2 from Cais do Sodre to Lisboa Oriente 



         Nikhil Menon | Joao Fialho | Immuentinyan Aivinhenyo 

Information & Communication Technologies - Course Project Page 13 
 

  

  

  

Metro – Raw Trace                                     Metro – Filtered Trace 

 Figure 3.4: The GPS traces of the Subway from Cais do Sodre to Lisboa 
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Taxi – Raw Trace 

 
                                              Taxi – Filtered Trace 

 

The trace above shows the GPS traces collected from Cais do Sodre to Lisboa 

Oriente by taxi. The taxi goes along the side of the river Tagus, before reaching Lisboa 

Oriente 16 minutes later. Apart from the travel time, there is also a waiting time 

experienced by the commuters which was 07 minutes during the time of the survey. The 

trace below shows the GPS traces collected from Cais do Sodre to Lisboa Oriente for all 

modes.  

And the figure below shows the aggregation of the GPS traces collected from Cais 

do Sodre to Lisboa Oriente. The start points and the end points of the study in Lisbon 

have been zoomed in on the sides for illustrative purposes. 

Figure 3.5: The GPS traces of the Taxi from Cais do Sodre to Lisboa Oriente 
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Bus 1 (44) + Bus 2 (782) + Metro + Taxi – Filtered Traces 
 

Based on the methodology prescribed in 3, the following observations are obtained: 

3.2.1 TRANSIT TRAVEL TIME  

For all the trips described under 3.1, the following are the observations on the 

travel times. Note that the travel times from Cais Sodre to Lisboa Oriente are inclusive 

of two parameters namely the journey time and the waiting time, which are described 

separately in the brackets. 

 Cascais – Lisboa Oriente, Mode Choice 1 (Train + Subway) 

Origin Destination Mode Travel Time 

(mins) 

Cascais Cais do Sodre Train (CP) 33 

Cais do Sodre Lisboa Oriente Subway 

(ML) 

44 (34+10) 

Cascais Lisboa Oriente CP + ML 77 

Figure 3.6: The GPS traces of all the modes from Cais do Sodre to Lisboa Oriente 

Table 3.1 
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 Cascais – Lisboa Oriente , Mode Choice 2 (Train + Bus) 

Origin Destination Mode Travel Time 

(in mins) 

Cascais Cais do Sodre Train (CP) 33 

Cais do Sodre Lisboa Oriente Bus 1 (44) 64 (53+11) 

Cais do Sodre Lisboa Oriente Bus 2 (782) 42 (33+9) 

Cascais Lisboa Oriente CP + 44/782 97/75 

 

 Cascais – Lisboa Oriente, Mode Choice 3 (Train + Taxi) 

Origin Destination Mode Travel Time 

(in mins) 

Cascais Cais do Sodre Train (CP) 33 

Cais do Sodre Lisboa Oriente Taxi 23 (16+7) 

Cascais Lisboa Oriente CP + Taxi 56 

 

 

As can be seen from the tables, the highest travel time of 97 minutes is observed 

when the commuter, after taking the train from Cascais to Cais do Sodre  takes the Bus 

44 from Cais do Sodre to Lisboa Oriente. The lowest travel time of 56 minutes is 

observed when the commuter, after taking the train from Cascais to Cais do Sodre takes 

the taxi from Cais do Sodre to Lisboa Oriente.  
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Table 3.3 

Table 3.2 

Figure 3.7: Variation of Travel Time 
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3.2.2 TRANSIT COSTS 

For all the trips described in 3.1, costs associated with performing each of the trips 

are calculated. They are as follows: 

 Cascais – Lisboa Oriente, Mode Choice 1 (Train + Subway) 

Origin Destination Mode Cost (€) 

Cascais Cais do Sodre Train (CP) 1.95 

Cais do Sodre Lisboa Oriente Subway 

(ML) 

1.05 

Cascais Lisboa Oriente CP + ML 3 

 

 Cascais – Lisboa Oriente , Mode Choice 2 (Train + Bus) 

Origin Destination Mode Cost (€) 

Cascais Cais do Sodre Train (CP) 1.95 

Cais do Sodre Lisboa Oriente Bus 1 (44) 1.10 

Cais do Sodre Lisboa Oriente Bus 2 (782) 1.10 

Cascais Lisboa Oriente CP + 44/782 3.05 

 

 Cascais – Lisboa Oriente, Mode Choice 3 (Train + Taxi) 

Origin Destination Mode Cost (€) 

Cascais Cais do Sodre Train (CP) 1.95 

Cais do Sodre Lisboa Oriente Taxi 7.78 

Cascais Lisboa Oriente CP + Taxi 9.73 

 

 

 

 

 

 

 

 

Table 3.4 

Table 3.5 

Table 3.6 
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From the tables above, it can be seen that the cheapest option of commute from 

Cascais to Lisboa Oriente is the combination of using the train and the subway. The 

costliest option is that involving the taxi, which is seen to be 3 times more costly than 

any other option available.  

 

3.3 TRANSIT PERFORMANCE INDICATORS  

As a means to assess performance, various transit performance indicators are 

determined. The trips from Cascais to Lisboa Oriente through all the modes are 

evaluated for these performance indicators to analyze the measure of performance 

delivered by each of the individual trips. Two performance indicators are described in 

these current analyses which are as follows: 

3.3.1 COST PER MINUTE  

The first performance indicator that we analyze is the cost per minute 

criterion. The cost per minute criterion indicates the cost that is incurred by the 

user in travelling a unit instance of time during a particular trip. It can be 

denoted as follows: 

                
                             

                  
   

 

The cost per minute of each trip from Cascais to Lisboa Oriente with the 

particular mode share is calculated and is presented as follows: 
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Figure 3.8: Variation of Cost 
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 Cascais – Lisboa Oriente, Mode Choice 1 (Train + Subway) 

Origin Destination Mode Time 

(mins) 

Cost 

(€) 

Cost/min 

Cascais Cais do Sodre Train 

(CP) 

33 1.95 0.059 

Cais do Sodre Lisboa Oriente Metro 

(ML) 

44 1.05 0.024 

Cascais Lisboa Oriente CP+ML 77 3.00 0.039 

 

 Cascais – Lisboa Oriente, Mode Choice 2 (Train + Bus) 

Origin Destination Mode Time 

(mins) 

Cost 

(€) 

Cost/min 

Cascais Cais do Sodre Train 

(CP) 

33 1.95 0.059 

Cais do Sodre Lisboa Oriente Bus 1 

(44) 

64 1.1 0.017 

Cais do Sodre Lisboa Oriente Bus 2 

(782) 

42 1.1 0.026 

Cascais Lisboa Oriente CP + 

Bus 

97/75 3.05 0.031/0.041 

 

 Cascais – Lisboa Oriente, Mode Choice 3 (Train + Taxi) 

Origin Destination Mode Time 

(mins) 

Cost 

(€) 

Cost/min 

Cascais Cais do Sodre Train 

(CP) 

33 1.95 0.059 

Cais do Sodre Lisboa Oriente Taxi 23 7.78 0.338 

Cascais Lisboa Oriente CP + 

Taxi 

56 9.73 0.174 

 

            

Table 3.7 

Table 3.8 

Table 3.9 
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 The tables above show the variation of the cost per minute indicator with 

each mode choice. It can be observed that the highest cost per minute is 

incurred when the commuter takes a taxi from Cais do Sodre to Lisboa Oriente. 

On the whole, the trip from Cascais to Lisboa Oriente taking the taxi at Cais do 

Sodre costs 0.174€ per minute of travel. Whereas, the lowest level of cost per 

minute is observed in the event where the commuter takes the bus 44 from Cais 

do Sodre to Lisboa Oriente. The total cost per minute on that trip is found to 

0.031€. 

  

3.3.2 COST PER KILOMETRE     

It is the cost that is incurred in travelling a unit measure of distance for 

the commuter. It is defined as the following: 

 

                    
                                    

                                    
 

 

The cost per kilometer is analyzed for each mode choice and the 

following observations are obtained: 
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Figure 3.9: Variation of Cost/minute 
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 Cascais – Lisboa Oriente, Mode Choice 1 (Train + Subway) 

Origin Destination Mode Distance 

(Kms) 

Cost 

(€) 

Cost/km 

Cascais Cais do Sodre Train 

(CP) 

25.5 1.95 0.076 

Cais do Sodre Lisboa Oriente Metro 

(ML) 

12.3 1.05 0.085 

Cascais Lisboa Oriente CP+ML 37.8 3.00 0.079 

 

 Cascais – Lisboa Oriente, Mode Choice 2 (Train + Bus) 

Origin Destination Mode Distance 

(kms) 

Cost 

(€) 

Cost/km 

Cascais Cais do Sodre Train 

(CP) 

25.5 1.95 0.076 

Cais do Sodre Lisboa Oriente Bus 1 

(44) 

12.8 1.1 0.086 

Cais do Sodre Lisboa Oriente Bus 2 

(782) 

10.0 1.1 0.110 

Cascais Lisboa Oriente CP + 

Bus 

38.3/35.5 3.05 0.0796 / 

0.0864 

 

 Cascais – Lisboa Oriente, Mode Choice 3 (Train + Taxi) 

Origin Destination Mode Distance 

(kms) 

Cost 

(€) 

Cost/km 

Cascais Cais do Sodre Train 

(CP) 

25.5 1.95 0.076 

Cais do Sodre Lisboa Oriente Taxi 8.97 7.78 0.867 

Cascais Lisboa Oriente CP + 

Taxi 

34.47 9.73 0.282 

 

Table 3.10 

Table 3.12 

Table 3.11 
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From the observations in the table, it can be seen that the maximum 

cost per kilometer is realized in the event the commuter takes the taxi from 

Cais do Sodre to Lisboa Oriente. The commuter ends up paying at the tune 

0.282€ for every kilometer travelled. Whereas, the lowest levels of cost per 

kilometer is realized when the commuter takes the metro from Cais do Sodre to 

Lisboa Oriente. In this case, he ends up paying 0.079€ for every kilometer 

level. 

3.3.3 PERCENTAGE OF TOTAL TRANSIT TIME SPENT 

OUT OF THE VEHICLE 

Another performance indicator for a particular mode choice is the 

percentage of time spent put of the vehicle. It can be defined as follows: 

 

                                             
                                       

                         
  

 

The total time spent outside of the vehicle includes the waiting time for 

the particular mode of transport and the walking time that might exist to move 

from one mode to another in transit. This can be illustrated by the following 

observations: 
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Figure 3.10: Variation of Cost/km 
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 Cascais – Lisboa Oriente, Mode Choice 1 (Train + Subway) 

Origin Destination Mode Time 

(mins) 

Time 

spent 

out of 

the 

vehicle 

% time 

Cascais Cais do Sodre Train (CP) 33 0 0 

Cais do Sodre Lisboa Oriente Metro (ML) 44 10 22.7 

Cascais Lisboa Oriente CP+ML 77 10 13.0 

 

 

 Cascais – Lisboa Oriente, Mode Choice 2 (Train + Bus) 

Origin Destination Mode Time 

(mins) 

Time 

spent 

out of 

the 

vehicle 

% time 

Cascais Cais do Sodre Train (CP) 33 0 0 

Cais do Sodre Lisboa Oriente Bus 1 (44) 64 11 17.2 

Cais do Sodre Lisboa Oriente Bus 2 (782) 42 9 21.4 

Cascais Lisboa Oriente CP + Bus 97/75 11/9 11.3/12 

 

 Cascais – Lisboa Oriente, Mode Choice 3 (Train + Taxi) 

Origin Destination Mode Time 

(mins) 

Time 

spent 

out of 

the 

vehicle 

% time 

Cascais Cais do Sodre Train (CP) 33 0 0 

Cais do Sodre Lisboa Oriente Taxi 23 7 30.4 

Cascais Lisboa Oriente CP + Taxi 56 7 12.5 

Table 3.13 

Table 3.14 

Table 3.15 
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From the observations in the table, it can be seen that the percentage 

time spent out of the vehicle in relation to the total transit time is maximum in 

the event the commuter takes the metro from Cais do Sodre to Lisboa 

Oriente. The commuter ends up spending 13% of the total transit time outside 

of the metro. Whereas, the lowest levels of the percentage time spent out of 

the vehicle in relation to the total transit time is realized when the commuter 

takes the bus from Cais do Sodre to Lisboa Oriente. In this case, he ends up 

spending 11.3% or 12% of the total travel time outside of the vehicle 

depending on the bus chosen. 
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Figure 3.11: Variation of % time in inter-modal transit 
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3.4 INFERENCE 

The aspect of choosing a better mode of travel based on the above 

performance indicators is rather tricky. One performance indicator is never 

sufficient to help the commuter in determining the best possible mode choice. 

The decision on the mode choice to be followed will depend on the best mix 

of desirable performance indicators on the part of the commuter.  

To illustrate this, let us look at the following situation. Imagine a 

commuter who has to commute from Cascais to Lisboa Oriente, his main 

constraint being the cost incurred during the whole trip. In this case, he is 

ready to sacrifice a small delay in travel to ensure that he gets to Lisboa 

Oriente at the least cost. From the observations, it is found that the least cost 

to reach Oriente is 3€ (Train + Subway). So his choice of mode will be as 

shown. But then, a similar commuter who has a constraint on time and is 

willing to pay a few euros more so that he reaches his destination at the 

shortest time will end up spending 9.73€ (Train + Taxi) for the same trip 

because it is the fastest mode, reaching him in 56 minutes.  

Likewise is the case when they assess the performance indicators. The 

time spent in transit between the modes is a major source of concern for many 

commuters. Most of them would comply to choose the mode that gives a 

minimum percentage for the time spent in inter-modal transit. But as can be 

seen from the observations, the mode choice that provides the least inter-

modal transit time is not the one that takes the least time. So, it is really a 

matter of the commuter preferences as far as the mode choice goes.  

But according to the observations done during the course of the GPS 

survey, it was found that the mode choice of (Train + Subway) was the most 

preferred choice of the commuters. Maybe it is the ease of the accessibility of 

the metro or the fact that the commuters need not mind a few minutes of 

standing squeezed together, if they can reach Lisboa Oriente faster than the 

Bus 1.     
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4 THE ALCANTARA TUNNEL 

In April 2008, the government of Portugal was mulling over a proposal to connect 

the Cascais line to the rest of the Portuguese Railway network. This required the 

construction of an underground railway tunnel at Alcantara. The tunnel, when 

completed would benefit a lot of the commuters who use the Cascais line to come to 

Lisbon on a daily basis for employment amongst other activities.     

 
Alcântara Tunnel 

 

The main objectives of this investment were aimed at improving the quality of life 

of the population served by the AML (Lisbon Municipality). A second objective on this 

regard was to boost up the activities at the Port of Lisbon to match the international 

standards while a few other objectives were to provide intermodality of transport and to 

improve the quality of the ambient environment. This required a connection between the 

Cascais line and the Linha do Cintura. The total investment cost for the tunnel was 

estimated to be to the tune of 59.2 M€.  

In the present scenario, there is a link connecting the Cascais Line with the Linha 

do Cintura, mainly used by freight trains. But it has a few problems as listed below: 

 It crosses through the road and leads to an obstruction of traffic at 6 places. 

 Since the electrical and signaling systems are different for the Cascais line and the 

rest of the Portuguese Railway Network, the present connection is not electrified. 

Figure 4.1: The proposed Alcantara Tunnel 
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 This makes it obligatory to change locomotives for the small section, leading to a loss 

of time and efficiency.  

Once the tunnel is commissioned, there would be 2 electrified lines, dedicated for 

traffic on the section which would connect the Cascais Line to the rest of Lisbon and 

Portugal. A major redistribution of passenger traffic to the various stations in Lisbon is 

expected with the new tunnel on the lines of a mobility shift pattern. Lesser number of 

people would now be willing to go to Cais do Sodre with the new tunnel since there will 

be exit points all through the city at Sete Rios and Entre Campos amongst others. And 

this is expected to reduce the travelling time between Cascais and Lisboa Oriente since 

there is only the need for a single mode for the whole journey.  

In order to explore this aspect, the estimated travel times with the new tunnel are 

calculated in the section below. We are assuming an increase in cost to the tune of 15% 

from the existing fare on the Cascais line. It is also assumed that the new tunnel will be 

aligned as per the geometry of the road from Alcantara- Mar to Alcantara-Terra.   

 
 

.    

 

4.1 ESTIMATION 

Origin Destination Mode Travel 

Time 

(mins) 

Cost 

(€) 

Distance 

(kms) 

Cost/min Cost/km 

Cascais Lisboa 

Oriente 

Train 

(CP) 

54.5 2.25 39.15 0.041 0.057 

 

Figure 4.2: The Railway Network of Lisbon 

Table 4.1 
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5. CONCLUSION 

 The analysis was done; both on the present transit pattern prevailing and also on the 

hypothetical context of the presence of the Alcantara tunnel. GPS traces were recorded for 

the present transit pattern and results for the Alcantara tunnel have been estimated 

considering the prevailing travel times and introducing a 15% hike in the fare of the tickets 

from Cascais to Lisboa Oriente by the train.   

  As can be seen from 3.1 and 4.1, it is seen that the transit through the Alcantara Tunnel 

would bring about a huge change in the travel times from Cascais to Lisboa Oriente. Not only 

on the travel time; which is found to be 54.5 minutes instead of the minimum of the 56 

minutes in the present scenario, it is also found to be cost effective as is determined by the 

values of the two performance indicators. Even though the distance travelled to reach Lisboa 

Oriente from Cascais, through the Alcantara Tunnel is higher than any of the present 

scenarios, it has been found that the travel times and the cost are less because there is no 

mode change that is required. No mode change also means that there is no waiting time and 

thus the percentage time spent waiting for the mode on comparison with the total transit time 

is zero, in conformation to the assumptions that have been taken in the beginning of this 

study. 

A Mobility shift pattern is expected to take place with the commissioning of the 

Alcantara Metro. By saying so, it is meant that there will be a reduction in the number of 

commuters to Cais do Sodre and a corresponding increase of commuters will be observed in 

Lisboa Oriente. It is so because, in the present scenario, commuters alight at Cais do Sodre 

even when they have to continue to Lisboa Oriente. It is so because, there is no direct link to 

Lisboa Oriente and they have to switch to another mode at Cais do Sodre.  

 However, one thing to be noted is that the results of our study are solely based on the 

travel times obtained during the course of the study, which has been determined only once 

due to the paucity of time. The solo measurements do not completely characterize the general 

behavior though it works as an illustration of the general procedure adopted for such studies. 

Another aspect is that they do not cover the financial parameters. The financial aspects 

related to the feasibility of the Alcantara tunnel as a possible alternative has not been taken 

into account because of the fact that the financial analysis was very much beyond the scope 

of the current study. 
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6. DIRECTIONS FOR FURTHER RESEARCH 

The observations of this study are largely based on the two most important 

parameters: Transit Cost and Travel Time. What could be another possible 

direction/approach to determining the most preferred mode choices would be to use a 

utility function. The utility function approach allows measuring the attractiveness of 

each mode based on specific choices of the commuter for the particular performance 

indicators desired by him.  

Detailed studies which cover more than one set of observations that have been 

taken for this case might lead to a more accurate analysis. Other performance indicators 

which have been used for similar studies on a global scale could also be applied to 

obtain more accurate results for such studies.    
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 APPENDIX 

Another objective of the study was to create a set of deliverables, utilizing the GPS 

traces taken during the course of the study and to apply them to the various 

technologies, the training of which has been imparted during the coursework.  

Attached alongside this is the application of the GPS traces in Geomedia.  Geomedia 

developed by Intergraph is a software suite that focusses on Geographic Information 

Systems. The version used for the current study is Geomedia 6.1.  

Problem Statement: Using the GPS traces, it is desired to create a buffer zone 

which will indicate the accuracy of the GPS traces being taken along the course of 

the study.  

Solution: The GPS traces for civilian use come with an accuracy range of 7-20 

meters. The buffer zone taken in this case study is 20 meters from the center line of 

the road.  It is thus assumed that every deviation from the buffer zone is contributing 

to an error in the trace collected. The following observations are obtained as shown 

below.  
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Map 1 - GPS Traces 
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Map 2 – Buffer zones around routes 
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Map 3 – Track Points inside/outside the buffer zone 

 

 

 

 


