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ABSTRACT  
Presently, in Portugal as in the rest of the world, there is an increasing deterioration of transport systems, as a 

result of the intensification of congestions and its severity. With the perception that the closure of cities to 

individual vehicles will not be the ideal solution, besides being unrealistic, it is necessary to accomplish the balance 

between the use of the private car and the public transport. However, this objective faces some difficulties, since 

the measure of benefits through public transport adjustments are difficult to achieve, and therefore lacking a strong 

argumentation base. 

The present dissertation will be developed with the objective of quantifying the benefits of Lisbon Metropolitan 

Area (AML) transport system through some accessibility indexes (number of possible trips and average travel 

time), calculated according to a geographic information system (GIS) model, built for this purpose. Still within the 

transport system subject, as a result of the pre-conceived idea that railways infrastructure only disrupts AML’s 

urban landscape, there are going to be carried out some analysis to establish the importance of railway supply in 

metropolitan accessibility. 

Finally, estimated results will be presented by the model, for the current situation and additional scenarios 

(established according to some project discussions in society), the major changes between them and consequences 

for the AML accessibility.    

Keywords: Accessibility; Railway supply; Geographic Information System (GIS); General Transit Feed 

Specification (GTFS); Lisbon Metropolitan Area (AML); Transport system. 
 

 

1. INTRODUCTION 
When the train appeared for the first time in 

Portugal, it transform the way people traveled. This 

new transport mode allowed people to travel in such 

a way that until then were only possible through the 

maritime or fluvial mode. Throughout the twentieth 

century the railway transport mode had a huge 

growth, however with the arising of more affordable 

private car and heavy good vehicles prices, this 

became a major obstacle to its long-term 

sustainability. 

Even today, this mode struggles to remain 

competitive with other transport modes. With this in 

mind, European Union strongly supports initiatives 

based on railway infrastructures to improve the 

quality of life on European Cities, as connections 

between different countries. 

The main policies to improve railway systems 

must be directed to every day users, frequently 

defined as commuters, upgrading the trip experience 

between house and work (through better travel times 

or fewer transshipments). 

However, there are two main concepts that 

should be considered when talking about transport 

systems: Mobility and Accessibility. Despite the two 

of them being closely related, their definition is a bit 

different. On one hand, mobility is how an individual 

or a group of individuals use/operate the 

accessibility available to them for each moment or 

trip within a group of modal choices [1]. On the other 

hand, accessibility is the supply provided by several 

transport modes and transit operators, through their 

infrastructure and services to a wide scope of origins 

[1]. 

Considering both definitions stated above, the 

objective of this master dissertation is to assess the 

influence of the railway supply on the metropolitan 

and regional accessibility, thus quantifying the 

importance that the railway system has in Lisbon 

Metropolitan Area commuters. However, how this 

indexes will be estimated or even on what basis it 

will be sustained are the main questions to be 

answer. 

The dissertation structure was developed around 

these same questions, being recognized that there 

isn’t a unanimous approach about the methodology 
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or indexes to apply in this type of study. As a 

consequence of this diversity, there is a need to 

design a methodology or model that allows decision 

makers to be equipped with a tool capable of 

transforming the accessibility of any given area in 

quantitative terms, a very important asset in 

decisions processes, since it will convert the 

benefits/drawbacks of the given project into tangible 

values. Indeed, the practical effects of these indexes 

are very appealing, since their existence will give the 

opportunity to carry out several analyses and 

compare them in a shorter period of time. 

Regarding everything stated until now, together 

with the lack of indexes that allow to replicate 

Lisbon Metropolitan Area reality in this topic, the 

objective of this master dissertation is to build a 

model that allows to look at the transport system 

under this point of view, to show how important the 

railway system is to the metropolitan public 

transport network and how it responds to scenarios 

that until now have been discussed by society in a 

light manner, since all the proposals lack theoretical 

basis in relation to the benefits derived from them. 

 

2. ACCESSIBILITY INDEXES 
The concept of accessibility is often described in 

a misleading way regarding its meaning and what it 

stands for.  As result from a state-of-art process, 

presently, there are several approaches for this 

subject, however each one of them has its own point 

of view. 

The examples described in this dissertation are 

only a few from a larger universe, nevertheless the 

dispersion of definitions and objectives can be 

observed for the subject under study. Despite that 

fact, it’s possible to verify that a huge part of the 

methodologies has in its framework the travel time 

parameter, complemented by other types of 

information according to the corresponding author.   

For the designed model in this master 

dissertation, the accessibility indexes were 

stablished according to the average travel time, trip 

distance and the number of possible trips between all 

origins/destinations. It was defined as an initial 

strategy, and maintained throughout this 

dissertation, the choice for simpler indexes. This 

decision relies on the necessity to, during the 

building phase, observe the outputs estimated by the 

model and if necessary procced to the correction of 

invalid data or network errors with relative ease.    

Nonetheless, the techniques applied in the model 

construction give the possibility to adapt the data and 

analysis to more complex methodologies and 

indexes since, as will be seen later, the model was 

based in very well-founded constructions methods 

and databases. 

Although the types of indexes estimated by the 

model have been already mentioned, it is necessary 

to frame them in the existing bibliography. 

Considering the diversity of models and indexes 

observed, we chose which ones fit better in the 

present dissertation, allowing to compare their 

methodologies with the methods applied in this 

document. 

The selected methodologies, selected from the 

state-of-art search, are presented below: 

 SIA & ASAMeD; – Spatial Integration 

Accessibility and Angular Segment 

Analysis by Metric Distance [2]; 

 GraBAM – Gravity-Based   Accessibility   

Measures   for   Integrated   Transport-Land 

Use Planning [2]; 

 Connectivity Assessment (Transport for 

London) [3]; 

 LUPTAI – The Land Use and Public 

Transport Accessibility Indexing Model 

[2]; 

 InViTo – Interactive Visualization Tool 

[2]; 

 SAL – Structural Accessibility Layer [2]; 

 GDATI – Geographic/Demographic 

Accessibility of Transport Infrastructure 

[2]; 

 Isochrones [2]; 

 Accessibility Index in Rio de Janeiro 

Metropolitan Region [4]. 

 

After an analysis of all methodologies presented 

previously, its easily recognizable the dispersion of 

methodologies and indexes. However, with a closer 

look we can conclude that the Gravity-Based 

Accessibility Measures for Integrated Transport-

Land Use Planning (GraBAM) is one of the 

methodology which comes closer with the present 

dissertation, being the one that was chosen to be 

compared with the model indexes further on in this 

study.  

The GraBAM methodology lays on a concept of 

active and passive accessibility, set by the equation 

(1) and (2), which is defined by the number of 

employs available in j [𝐸𝑗] (for active accessibility) 

and resident population in j [𝑅𝑒𝑠𝑗] (for passive 

accessibility). Both indexes are affected by an 

impedance function that relies on generalized travel 

costs [𝐶(𝑖, 𝑗)] and calibration parameters (∝1 and 

∝2).     

 𝐴𝑎𝑐𝑡,𝑖 = ∑ 𝐸(𝑗)∝1 . exp(∝2. 𝐶(𝑖, 𝑗))
𝑗

 (1) 

 𝐴𝑝𝑎𝑠,𝑖 =∑ 𝑅𝑒𝑠(𝑗)𝛾1 . exp(𝛾2. 𝐶(𝑗, 𝑖))
𝑗

 (2) 
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As it will be seen later, the indexes taken into 

account for the analysis of the model will be the 

average travel time and the number of possible trips 

between all origins / destination (trip distance was 

omitted since its results will be similar to the other 

two indexes). The remaining indexes, on a smaller 

scale (Lisbon Municipality), will be faced against the 

results from the GraBAM methodology (which has 

the same level of detail, but with the inclusion of 

other parameters, namely the population and 

employment) to verify their behavior towards a 

methodology already applied to other studies.  

 

3. METHODOLOGY 
In this chapter, we are going to frame the work 

developed in this dissertation, always with a 

theoretical background for methods and data 

acquisition. It will also be approaching what king of 

software was used, as well as the functionalities to 

estimate the results. 

Taking into account the data available and 

analysis idealized, a geographic information system 

(GIS) was the best approach for the established 

objectives, not just because a huge part of data is 

available that way, but also for the multiple options 

this system gives to whoever decides to work with it.     

In the following sub-chapters, all the layers for 

this process are described in the same order as the 

construction of the model took place. 

 

3.1. Geographic Information System (GIS) 

Since the main objective of this master 

dissertation is ambitious, especially regarding the 

amount of data needed to build a solid and robust 

model, the choice of geographic information system 

(GIS) proved to be the most adequate. 

Of all the existing software’s, some of which 

stand out for their free access, we chose to use 

ArcGIS software – ArcMap, belonging to an 

America company Environmental Systems Research 

Institute (ESRI), not only for its existence in the 

repository of Instituto Superior Técnico (IST) in the 

scope of academic research, but also for its Network 

Analysis extension (an extension that enables the 

main software (ArcMap) to access specific 

functionalities related with the public transport 

network). 

Regardless of its suitability for information 

processing, it is important to mention that only a 

good combination of five main vectors can achieve 

valid results to be used as basis for decisions. 

The first one, already spoken, is the software 

used in the analysis, chosen from several products 

available in the market, ranging between paid and 

free products. Allied to the first vector comes the 

second, the hardware, quite restrictive in the past. 

However, even today takes a preponderant role in the 

dimension of the data base and typology of analysis 

to be performed. 

The databases are the third vector, and the most 

important of all, because without a solid database it 

will be impossible to obtain good results. In many 

cases, this is the most expensive phase in 

implementing a GIS project, reaching 70% of the 

total costs [5]. 

Finally, we have a set of methods used in the 

analysis according the human component, for 

example, the greater the operator experience is the 

more results and analysis he will be able to withdraw 

from GIS model. With these vectors validated, it is 

possible to confirm that GIS is a valuable asset in the 

analysis of reality, as in the calculation of future 

scenarios indexes. 

Despite the multidisciplinary of the software 

used, for the present master dissertation, only the 

benefits associated to Network Analysis (set of 

functionalities dedicated to the construction and 

analysis of networks) were considered. 

The use of the previous extension required the 

acquisition and treatment of a large amount of data, 

which was recognized as a generic task (essential to 

any project of this typology) and consumed much of 

the time spent in the preparation of this study but 

essential to build a solid model. Even before the 

description of the processes and layers used in the 

model built, a small framework will be made on how 

the GIS itself works and how it represents reality in 

a virtual environment. 

 

3.1.1. Spatial Data 

It is proved that a GIS model, using ArcGIS 

software – ArcMap, is the best approach to the 

proposed objectives, still the way which it allows us 

to reach them is not explained. 

This is an extreme importance step, since in any 

study / analysis using a GIS methodology the way it 

represents reality takes a vital role in the types of 

analysis to be performed, as well as the 

representation of spatial data. Naturally, whatever 

approach of methodology is chosen, the 

representation of reality presents itself as an 

impossible mission, being necessary always to 

procced to some simplifications. In the Figure 1 it is 

possible to identify the two types of elements used 

on the representation of reality.  

 

Figure 1 – Existing models typologies: Vector Model and Raster 

Model [6] 
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Given the existing spatial data and the proposed 

objectives, it was decided that the typology to be 

adopted would be a vector model composed by 

points, lines, set of lines and polygons, so that 

whenever new layers of information were 

introduced, the respective structure would be on that 

typology. Although most of the database information 

was structured in vector model, there are some 

elements in raster model. 

 

3.1.2. Spatial Analysis 

Although obtaining the data and transform it 

allows their attachment into the model immediately 

without major issues, sometimes it is necessary to 

perform some operations to make databases/data 

models and coordinate systems compatible between 

them. Some of these operations will be identified, so 

that later in this text, when identified, this operations 

have already been addressed. The following 

operations were those that were used more 

frequently during the construction of the model:  
 Data Management Tools  

o Projection and Transformation: 

 Project; 

 Feature To Points; 

 Feature Vertices To Points; 

 XY To Line. 

 Analysis Tools 

o Overlay: 

 Intersect; 

 Spatial Join; 

 Join. 

o Proximity:  

 Buffer. 
 

3.1.3. Network Analysis 

The Network Analyst extension is the most 

crucial functionality in the entire process developed. 

Regardless of whether the database is complete and 

well structured, network modeling and analysis will 

only be possible through the use of this extension, 

which it will be impossible to obtain the various 

levels of indexes. The Network Analyst is based on 

the design of a multimodal database, which will be 

used to analyze the scenarios proposed. In a first 

step, the extension includes all data (different layers) 

into a single entity that then creates a "model" 

independent from the original data. Within this new 

"submodel" it is specified which are the main layers 

and, for the multimodal module, which elements are 

used by each one of the transport modes and where 

it is possible to carry out the transshipment between 

modes and transit operators. 

Once the layers are stablish, it is essential to 

identify which indexes should be estimated, for 

impedance or merely informative purposes. These 

indexes will be subject to a new approach later, since 

they will be directly associated with the data 

presented in the next subchapter and the results that 

follow it. Finally, taking into account the previous 

indexes, it is chosen which index is going to be use 

in impedance. 

From this process, it is necessary to mention 

some technical questions in order to understanding, 

at a later stage, the model and its results. As 

previously mentioned, it was essential to identify 

which index to associate to impedance, in this case 

the travel time. The estimated results were obtained 

in OD matrix form, in which each one of the 

"houses" presents the shortest travel time (using all 

transport modes at their disposal). The shortest path 

is chosen based on the well-known Dijkstra 

algorithm [7]. 

Given the number of zones adopted for this 

model (identified in one of the following sub-

chapters), which turned into a very significant 

computational requirement, the number of results 

was limited to a maximum travel time of one hour 

and fifteen minutes between zones.  

Another assumption adopted for the model was 

the weekday chosen to carry out all the analysis, in 

this case Wednesday, since it is the day of the week 

with a more stable behavior. 

 

3.2. Model 

After an introduction about the software itself, 

functionalities and assumptions, we are going to 

identify all the data contemplated in the construction 

of the model, as well as the necessary steps in each 

one of them to achieve consistency between all the 

layers. 
 

3.2.1. Transportation Network 

Any type of model (traffic, public transport or 

pedestrian) needs a framework from which it can 

carry out its analyses. As previously mentioned, for 

this master dissertation a vector model was adopted, 

which the results lays on lines and points (normally 

mentioned as arcs and nodes). 

Given the characteristics of the model, along 

with the fact that there is currently a database 

available at the OpenStreetMap.org website 

(regarding the transport infrastructure), it was 

defined as a starting point of the model all the lines 

and points extracted from that source. The 

OpenStreetMap.org is no more than an online map 

repository based on free access by the entire 

community, where the same community has a very 

active role in updating its features. Of course, such a 

database will contain some errors and omissions due 

to the absence of a rigid 'surveillance', however, 

based on professional experience, it can be said that 

in a network of this size, these inconsistencies have 

an insignificant impact in the final results.  

For this model, the network selected in 

OpenStreetMap.org and later imported into the 

software, covered the all area from Lisbon 

Metropolitan Area. As expected, the density of the 

imported network is much higher in urban areas 

compared to the rest of the area. 
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3.2.2. Pedestrian Network 

When a person decides to take a trip, whether on 

a leisure or work basis, he briefly reflects on how to 

do it. Frequently, especially when it comes to public 

transport, the focus is only on the actual journey 

itself, perhaps neglecting the biggest factor in the 

planning process of a trip, namely the "last mile" 

(expression associated to the initial journey from 

home to the public transport stop or vice versa). It is 

for this reason that the reproduction of this 

phenomenon was considered as essential for this 

study, since the way an individual reaches the points 

of access to public transport will certainly influence 

his modal choice.  

Taking advantage of the network imported into 

the road infrastructure, it was verified that it could be 

used also for the pedestrian network. However, 

opening the network to the pedestrian mode cannot 

be done right away, since there are several 

restrictions to take into account when talking about 

pedestrians. The most significant restriction is 

related to the link type, since there are arcs that can’t 

be used by pedestrians, for example, motorways or 

expressways.  

Another restriction to take into consideration, are 

the slopes of the modeled network, that is, the 

decisions made by a person in his modal choice are 

greatly influenced by this question. Since the 

modeled network did not have any type of altimetric 

information, it was necessary to develop a 

methodology to prepare the network with this type 

of information. 
After an exhaustive research on this type of 

information, a database was found with the altimetric 

information, under the authority of the United States 

Geological Survey (USGS). However, this database 

was only available in raster format, which led to the 

need to perform some changes in order to make the 

information compatible with the model. 

Despite the allocation of the slopes to each one 

of the links that generated the modeled network, this 

feature alone will not have any kind of influence on 

the results. As already mentioned, the index 

proposed to assume the impedance "role" was the 

travel time, so it was necessary to give the slopes 

attributes an active role in the travel time, and 

consequently on the impedance. It was with this 

purpose that the Tobler's Hiking function was 

chosen, equation (3), quantifying this way the 

influence that the slopes of the modeled network will 

have in the pedestrian speed and the total travel time 

and modal choices. 

 
𝑊 = 6 × 𝑒−3,5×|

𝑑ℎ
𝑑𝑥

+0,05|
 (3) 

The graph illustrated in Figure 2 was estimated 

through the use of the previous equation, where the 

pedestrian speed is calculated according to the slope. 

This is an exponential function whose pedestrian 

speed for a null slope situation is set at about 5.0 

km/h, slightly above the usual 3.6 km/h assumed as 

the default value. 

 
Figure 2 – Tobler’s Hiking Function 

 
This way, the subject related with the “last mile” 

which as high importance in the case of public 

transport, since a large part of the accesses are 

carried out by pedestrians, is guarantee in the results 

estimated. 

 

3.2.3. Statistic Data 

We have already detailed the transport and 

pedestrian network, however it is necessary to 

express from where the agents in the simulation 

came and/or to where they go, this is defining all the 

origins and destinations of the modeled network. On 

a more macro level, and since the object of study 

focuses on the Lisbon Metropolitan Area, all 

municipalities belonging to AML were taken as an 

integral part of the model: Alcochete, Almada, 

Amadora, Barreiro, Cascais, Lisbon, Loures, Mafra, 

Moita, Montijo, Odivelas, Oeiras, Palmela, Seixal, 

Sesimbra, Setúbal, Sintra and Vila Franca de Xira. 

Since the objectives of this dissertation were to 

analyze some indexes “closer” to reality, it was 

necessary to increase the scale of zoning to a certain 

point of equilibrium, this is, on one hand having as 

many zones as possible allows for a finer analysis, 

but the results will ask for a much higher 

computational effort coupled with the lack of data at 

that level, on the other hand a very small number of 

zones makes the analysis more inaccurate and 

ambiguous. Thus, by weighing all these subjects 

(zoning and existing data), the statistical sections 

used in the Geographic Bases of Information 

Reference (BGRI) of the 2011 census by the 

National Statistics Institute (INE) prove to be the 

most adequate zoning for the model. The choice for 

the statistical sections resulted in a model with 4521 

zones, balancing the computational effort required 

for the proposed analysis with the existing and 

available data. The "inputs/outputs" of each created 

zone were quantify by creating a new element, the 

centroid of the polygon. After all centroids were 

defined, new lines were inserted in the modeled 

network, establishing the connection between the 

centroid and the nearest network element (line or 

point). 
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3.2.4. Transit Operators 

Since it was not feasible to introduce all 

operators into the model, for database reasons, it was 

assume only the sixteen public transport operators, 

considered as essential to the characterization of the 

reality with the model built. As elements of the 

transport system, the sixteen operators considered to 

be the most significant in the AML transport system 

were the following ones: CP, Fertagus, 

Metropolitano de Lisboa, Transtejo, MTS, Carris, 

TCB, Sulfertagus, TST, Scotturb, Vimeca, Boa 

Viagem, Mafrense, Barraqueiro Oeste and 

Ribatejana. 

 

3.2.5. General Transit Feed Specification 

The requirement to stablish an online mapping 

type of information similar for all public transport 

operators result in the General Transit Feed 

Specification (GTFS), a set of interconnected files 

that compile all the essential information for a 

correct display of the public transport system in any 

geographic information system. 

The terminology adopted by each one of the files 

prove to be very intuitive to understanding its 

framework, being presented below: 

  Agency; 

 Calendar; 

 Calendar_Dates; 

 Frequencies; 

 Routes; 

 Shapes; 

 Stop_Times; 

 Stops; 

 Trips. 

 

In Figure 3 its show the relationship diagram of 

the files that compose the GTFS system for this 

model.   

Figure 3 - Diagram of relations between the files that compose 
the GTFS system 

 

3.2.5.1 Data Collection  

Through the analysis of GTFS system it is 

possible to understand straightforwardly that the 

composition of this data set is a complex and 

exhaustive task. For this reason, a model that has a 

very robust GTFS system is a model from which it 

will be possible to extract numerous sets of 

information and solid analysis. For this reason, the 

process of built and validate GTFS files took some 

significant time from all the time applied in the 

development of this master dissertation. For the 

Portuguese reality, namely Lisbon Metropolitan 

Area, it was possible to collect some information in 

GTFS format through the Transporlis website, an 

online multimodal information system to AML.  

Since this subject has some impact on the 

development of the model, it was necessary to divide 

the work carried out in two phases. In the first stage, 

the work required the analysis of the data available 

on the GTFS files. In order to simplify the data 

validation process, a methodology was developed in 

Microsoft® Excel® software allowing the change of 

the data into a more comprehensible language 

through the eyes of those who verified the data. 
In a second phase of data processing, where the 

transit operators didn’t have GTFS data available, it 

was crucial to create this same information, a process 

quite exhaustive and time consuming, since it was 

necessary to manually enter all the data associated 

with these same operators in the methodology 

developed in Microsoft® software Excel®.  

All the information used to update the developed 

methodology was gathered through the research of 

the operators' own official addresses.  

However, with the help of a colleague it was 

possible to reduce and optimize the amount of work 

required by using an undocumented webservice, 

from which it was possible to read the source code 

of the respective page that makes the web service 

available, in this case schedules. In other words, the 

undocumented webservice functionality (allows to 

obtain data through internet requests in an abstract 

way, this is the page is not formatted to provide such 

information in a direct way) made possible the 

access to information in a more interesting way, in 

particular through tables or unformatted text, 

allowing to work and compatibilized the data in the 

Microsoft® Excel® software methodology, a much 

easier and faster way according to the chosen terms.  

This same method, of accessing the data via 

webservice, allowed to obtain the location of the 

stops of each of the operators, as well as the 

respective routes of each one of the routes.   

After the treatment and compilation of all the 

databases related to the public transport of 

passengers in GTFS format and its addition into the 

model, the conclusion of the construction process 

was confirmed.  

From now on, it is possible to carry out the 

proposed analysis, taking advantage of a very 

complete and complex model, composed by several 

layers of multimodal information. In the Figure 4 it 

is possible to observe, according to a summary table, 

the level of information present in the GTFS files, 

which reflects the reliability of the results provided 

by the model and its analysis. 
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Figure 4 – Information present in GTFS files  

 

4. CASE STUDY – LISBON CITY/REGION 

With the model completed, a tool is finally 

available to analyze the issues of accessibility, more 

specifically railway mode, for the Lisbon 

Metropolitan Area. The Metropolitan Area of Lisbon 

is characterized for being an intermunicipal entity, in 

which the municipalities of Alcochete, Almada, 

Amadora, Barreiro, Cascais, Lisbon, Loures, Mita, 

Montijo, Odivelas, Oeiras, Palmela, Seixal, 

Sesimbra, Setúbal, Sintra and Vila Franca de Xira 

are part of (Figure 5). 

 
Figure 5 – Lisbon Metropolitan Area Municipalities 

 

This set of municipalities have the objective to 

work together on the development of plans and 

investment programs that focus on the metropolitan 

region, as well as the articulation between the 

different municipalities in questions that are 

transversal to all of them, such as transportation. It is 

with this knowledge that developing a model from 

which it is possible to calculate several accessibility 

indexes, supported by travel time and number of 

trips possible, is a great tool to help decision-making 

by the agents involved. 

 

4.1. Lisbon Metropolitan Area 

The combination of all these elements result in a 

solid model, on which several analyses were carried 

out, given the multiplicity of available data. In a first 

phase, the analysis was performed for all the 

proposed scenarios (which will be discussed below), 

followed by the respective time period (08:00 a.m., 

12:00 a.m., 03:00 p.m., 06:00 p.m., 10:00 p.m.), on 

a Wednesday and for both direction of the movement 

(assuming the zone as origin/destination). After the 

description of the infrastructural offer in the model, 

where the number of stations/stops, number of 

services provided throughout the day, distribution of 

lines per operator, areas of operator coverage or 

number of operator changes were identified, it was 

carried out the analysis for the current situation for 

the Lisbon Metropolitan Area. Unsurprisingly, the 

periods of 08:00 a.m. and 06:00 p.m. revealed a 

greater number of possible trips when compared 

with the other periods, around 7 million trips, about 

36% of the total number of trips possible (Figure 6). 

In the case of average travel time, the analyses 

estimated a value of 53.7 and 54.0 minutes for the 

08:00 a.m. and 06:00 p.m. periods. 

 
Figure 6 – Number of possible trips per statistical section for 

AML (Origins – 08:00 a.m.) 

 

4.2. Lisbon Municipality 

Given the consistency of the model, it was 

possible to increase the scale and carry out analyses 

at the level of the municipality of Lisbon, from 

which it was possible to calculate the indexes of the 

number of possible trips, average travel time and 

accessibility according to the GraBAM 

methodology. The analyses of the results from these 

three indexes has led to the conclusion that, 

regardless of the chosen approach (type of index 

chosen to represent accessibility), it is possible to 

identify a corridor “Campo Grande - Saldanha - 

Marquês de Pombal - Restauradores – Baixa” where 

the accessibility indexes are superior (Figures 7 and 

8). 
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Figure 7 – Number of possible trips per statistical section for 

Lisbon Municipality (Origins – 08:00 a.m.) 

 

 
Figure 8 – Accessibility index according GraBAM 

methodology per statistical section for Lisbon Municipality 
(Origins – 08:00 a.m.) 

 

5. SENSIVITY ANALYSIS 
Another feature possible with this type of model, 

in an easy and fast way, is the possibility of 

conducting sensitivity analyses without the effort 

required to build a model from the scratch. With this 

type of approach, the user has the opportunity to test 

the various scenarios, draw their conclusions and 

choose the intervention most appealing to them. 

Taking into account the diagnosis of the current 

situation and taking advantage of the possibility of 

conducting a sensitivity analysis, five additional 

scenarios, with different assumptions in the railway 

supply (many of them already discussed in the 

sphere of society) have been created, and what 

impact it’s going to have in relation to the current 

situation for Lisbon municipality. It should be noted 

that all additional scenarios were obtained by 

modifying the GTFS files of the affected operators, 

leaving the remaining layers of information intact. 

 

5.1. Railway Supply Range – Absence of CP and 

Fertagus Railway Operators 

The first additional scenario analyzed was 

realized in order to verify the importance of the 

railway system in the AML transport system, this is 

a model was developed where the CP and Fertagus 

operators did not exist. The results estimated by the 

model, similar to the current situation, show that the 

most significant periods where the 08:00 a.m. and 

06:00 p.m. periods. For these periods, the simulated 

model revealed that in a hypothetical absence of the 

railway operators, the number of possible trips will 

decrease approximately one-fifth of the number of 

trips possible for the current situation. Considering 

the population covered by these same journeys, the 

decrease in population is more 0.4% than number of 

possible trips decrease. 
 

5.2. Railway Supply Range – Suppression of 

Railway Services 

For the second and third scenario, it was 

proposed the end of rail services in two distinct 

interventions (between Santa Apolónia Station ↔ 

Oriente Station for Intervention nº1 and between 

Algés Station ↔ Cais do Sodré Station for 

Intervention nº2) with the removal of all its railway 

infrastructure. In both cases, the number of possible 

journeys was reduced by 0,5% and 2,0% in the 

critical periods for intervention nº1 and nº2, 

respectively, followed by a similar reduction for the 

population coverage. 

 

5.3. Railway Supply Range – Increase of Railway 

Services 

In a fourth scenario it is considered the 

hypothesis of an increase in the railway supply 

studied, by proposing a generic link between Linha 

de Cascais and Linha de Cintura (linking Belém 

Station to Alcântara-Terra Station), together with the 

suppression of services between Belém Station ↔ 

Cais do Sodré Station. In this case, it was considered 

the extension of the services of Linha de Cascais to 

Entrecampos Station, as well as the end at this station 

of services from Castanheira do Ribatejo Station 

(initially planned to Alcântara-Terra Station). For 

this scenario, the indexes for the number of possible 

trips revealed an increase of approximately 2.0% for 

both periods, a value that is repeated when analyzing 

the population covered by this intervention. It should 

be noted that, in an ideal scenario, the services of 

Linha de Cascais to Cais do Sodré Station should be 

preserved, however, the adjustment of the 

methodology of construction of GTFS files to this 

"split" of services would take some time extra that 

did not fit within the stipulated deadlines for this 

dissertation. 

 

5.4. Railway Supply Range – Increase of Subway 

Services    

Finally, it is suggested to simulate the extension 

of Linha Amarela from Lisbon subway (between 

Rato Station ↔ Cais do Sodré Station), along with 

the construction of two new stations (São Bento and 

Santos). As would be expected, being the 

intervention of the incremental type, the indexes of 
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the number of possible trips increases, without 

present very significant numbers (around 0.2 to 0.3% 

increases for the main periods). The population 

covered, like some of the additional scenarios, 

follows the behavior/value of the indexes for the 

number of possible trips. 

 

5.5. Accessibility Indexes – Final Results 

Looking at the set of results from another point 

of view, for example, combining all of them in a 

single analysis, it is possible to verify the differences 

not only to the current situation, but also between the 

additional scenarios, with changes in the railway 

supply. An example of this approach is the 

distribution of the number of trips possible for each 

statistical section versus the total number of trips 

possible (Figure 9).  

In this index, it can be observed on the current 

situation and the additional scenarios where there are 

no major changes in the infrastructure and rail 

services, the median number of possible trips is 55% 

of the total, with statistical sections showing a 

maximum value of 75% and a minimum of 30%. For 

the first additional scenario, absence of the services 

provided by the operator CP and Fertagus, there are 

already significant changes regarding the medians 

and maximums. Concerning the median, a decrease 

of approximately 5% in the number of possible trips 

is observed, while the maximum value has a 

reduction around 10% compared with the current 

situation. It should be noted that the conclusions 

presented above exclude the outliers, transversal to 

all scenarios analyzed.  

Figure 9 – Number of possible trips variation for 08:00 a.m. 
period (Origins) 

 

With the analysis of all the results, it is possible 

to sustain for this study that the rail supply 

component of AML's transport system is significant, 

where approximately one-fifth of the number of 

possible trips is directly dependent of this transport 

mode over the time period establish for the 

maximum AML trips. 

 

 

6. CONCLUSIONS 
Despite the interesting results and reliability of 

the model built for the development of this master 

dissertation, what remains to be done is even more 

interesting, this is the potential that the model 

offered is enormous. This statement is based on the 

fact that it is possible to bring the model even closer 

to reality, in particular by adding others operators to 

the model. Also associated with the transit operators, 

the design of a new methodology that allows easier 

and intuitive communication between transit 

operators and the model itself, performing updates in 

shortest times, granting the model with a more 

"dynamic" component (often the factor that makes 

the models obsolete).  

Another point, from which it will be possible to 

extract even more potential from the developed 

model, will be the design of a methodology on which 

the assumptions of new interventions to the transport 

system will be developed, allowing to spend less 

time in the analysis.  

The possibility to increase the complexity of 

accessibility indexes is also a reality, allowing them 

to be adjusted according to new requests or scenarios 

for others studies.  

Finally, and perhaps the most important aspect, 

in order to provide the model with some practical 

utility for the real world, is its ability to establish 

itself as a tool to be use in the cost-benefit analysis 

for transport projects. This question, already well 

identified over time, will allow decision-makers to 

quantify the benefits that came from those projects, 

by obtaining indexes, often linked to the unit of time, 

conceiving that way the possibility to measure the 

economic gains that the new project will bring to the 

area under analysis. 
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