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Abstract 
Stockholm is a city in constantly development and growing. By 2030, Stockholm’s population will 
increase by 300 000 inhabitants. This growth will not be only in the inner city, but also in the regional 
cores, affecting the structure of the city. Many years ago, Stockholm was a monocentric city with a 
dominant city inner city, but now, due to the population’s growth, this situation is changing. The fact 
that Stockholm is becoming a polycentric county (with stronger regional cores) makes it necessary to 
adapt its public transport network. 

Nowadays, 60% of the trips between regional cores are done by car. The improvement of the public 
transport system should decrease this number as it would become more attractive to people. 

In this thesis, the idea of implementing a new line which links all of the regional cores will be studied 
using the Visum tool. This new line pretends to strengthen the regional cores and create a more 
polycentric public transport network. Alternative one will follow the current way of planning the lines 
in the regional cores, with buses with a distance between stops of around 400 meters. Alternative two 
will plan for polycentrism, with higher speeds and a distance between stops of around one kilometer. 
In addition, different routes will be studied for each alternative. Finally, all of these alternatives and 
subalternatives will be compared between each other and the reference scenario to find the one that 
will effectively improve the multi-core structure of Stockholm. 
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Definitions 
Bus Rapid Transit or BRT: it is a bus system with sophisticated vehicles, high speed and frequency, 
distinctive image and comfort, inflexibility and high quality that achieves high capacity by canalizing 
passenger flows in a system of segregated busways.  

Center of population: the center of population of a region is a geographical point that describes a 
centerpoint of the region’s population.  

Comprehensive plan (översiktsplan): it is a strategic document describing development policies and 
plans enacted by a Swedish municipality that is unbinding by law. 

District: it is physical territory that corresponds to neighborhood and catchment areas within one 
public transport node. District is one of the urban elements by Kevin Lynch. 

Heavy as attribute to busway or railway: complete or full separation from other traffic that railways 
naturally carry. In Swedish context heavy busway translated to bussbana or bus railway, or only 
railway or bana. 

Light as attribute to busway or railway: shortening from light volume of traffic. The light attribute 
is used for public transportation infrastructures that are partially segregated from other traffic and 
cannot achieve high volumes or speeds. Light in Swedish context refers to rapid bus and light rail 
transit. 

Light rail transit or LRT: LRT as BRT operates sophisticated trams or short trains on partially or 
fully segregated railways at ground level, on elevated railways or subways and occasionally on streets 
(TRB, 1989). LRT is a modern tram.  

Line: is a journey that a vehicle does between two points, regardless of the direction. Bus lines for 
example are named by numbers. 

Line route: is a journey that a vehicle does between two points but taking into consideration the 
direction. A bus line route can be for example 174 direction up. 

Multimodality: is a policy and paradigm to mix different transport modes in one infrastructure or 
different transportation infrastructures between urban areas in one urban region to enable multiple 
transportation choices. 

Node: nodes are stops or foci of the transportation. They can be stops, intersections or termini. Node is 
one of the urban elements by Kevin Lynch. 

Path: physical facilities for different transport modes. Path is one of the urban elements by Kevin 
Lynch. 

Stockholm commuter rail (pendeltag): passenger trains operated on main line railroad track to carry 
riders to and from work in city centers. The system is an important part of the public transport in 
Stockholm, and is controlled by Stockholm Transport; the tracks are state-owned and administered by 
the Swedish Transport Administration. 

Transport maximum capacity: is defined by the maxim number of passengers in different 
transportation infrastructures or vehicles. 

Transport infrastructure: physical facilities that link urban areas in urban regions. 
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Trunk line: transportation system (as a railroad or highway) handling more long-distance through 
traffic. It can also be the backbone of a public transport network. 

Urban density: The urban density in Sweden is seen in two fundamentally different ways as 
population density or as density of buildings. Population density is calculated as number of inhabitants 
in one area, whereas density of buildings includes either number of buildings in one urban area or 
floor area ratios (FAR). 

Urban core: is characterized by higher population density and vast human features in comparison to 
the areas surrounding it. Urban areas may be cities, towns or conurbations, but the term is not 
commonly extended to rural settlements such as villages and hamlets. 
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1. Introduction 

Background 
Stockholm nowadays is the consequence of the development and the planning strategies that have 
been done during the last century. 

Stockholm was, many years ago a mono-centric county with a totally dominant central urban core. 
The main activities, as many work-places, cultural offering and entertainment were concentrated on 
Stockholm’s inner city. Up until the 20th century, Stockholm was a synonymous with the inner city.  

It was not until the public transport was improved, when urban development could spread to the 
suburbs, at first slowly with tram lines. 

From the 1960s, with the car as mean the transport for private individuals, there was a rapid increase 
of the urban development at the suburbs. This is known as suburbanization1, a development outer with 
dense urban cores. 

Now, Stockholm is growing very rapidly. By 2030, Stockholm’s population will increase by 300 000 
inhabitants. This growth will be in the inner city and in the regional cores. 

According to the Regional Development Plan, RUFS 2010 the region is expected to grow by an 
average 22.000 residents and 13.000 workplaces annually. The figure 1 shows it. 

 

 

 

 

 

 

 

 

 

 

 

These increases in population are the cause of Stockholm is becoming a polycentric city which needs 
land for building, transport infrastructure and technical supply systems. The region must be developed 
such that the parts (structure, water structure, green structure, urban and transport infrastructure) 
cooperate, contribute and complement one to another. 

                                                      
1 Suburbanization is a term for dispersed urban grow that is largely the result of increased opportunities to 
commute.  

Figure 1: Changes in population and workplace per transport district  
(Source: Traffic Plan 2020) 
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As far as transportation is concerned, it is needed strengthened links between the urban cores in order 
to create efficient public transport.  

Development of the city 

In the twenties, Stockholm city started to provide affordable housing to people. The strategy was to 
separate land for recreation and areas for developing purposes. Modernistic ideals inspired this 
division between business and work. In the following years, a city comprehensive plan was created to 
plan the new suburbs along the metro lines. This new suburbs had a commercial and social core. Also, 
the water today is clean due to the investments that the government made in the 1950s. The public 
transport system was developed based on a network of commuting trains and metro lines in order to 
provide people a way to go to work in the inner city or in the workplaces (Pemer, 2001). 

The figures 2, 3, 4 and 5 show the typical pattern of carefully planned suburbs along the metro and 
train lines. 

 

Figure 3: Stockholm between 1870 and 1910. The industrial city 
(Source: Stockholms Stad. City planning administration) 

Figure 2: Stockholm between 1930 and 1945. The tram city 
(Source: Stockholms Stad. City planning administration) 

Figure 4: Stockholm between 1945 and 1975. The metro city 
Source: Stockholms Stad. City planning administration. 
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These planning strategies that were made in the 
1950s have served to the development of 
Stockholm until the last decade of the nineteen 
century, but they don’t satisfy today’s 
environmental necessities that appeared due to the 
increase of the car traffic. 

That is why new planning strategies were needed 
to create a modern sustainable city for the next 
decades. The City Council answered this in 
October 1999 with the Stockholm City Plan 99. 
 

 

 

 

 

“The aim of the City Plan 99 was achieving sustainable urban development in accordance with the 
commitments of the international community reflected in the Habitat Agenda (paragraph 43)“ (Pemer, 
2001) 

The City Plan 99 has been developed in broad collaboration with City departments and companies.  

Current plans 
City’s population has increased dramatically in recent years and this makes a new plan for the city 
needed. The premise is that an increase in population in Stockholm is a fundamental prerequisite for 
positive economic development and increased welfare.  

PROMENADSTADEN is the name of Stockholm plan. It describes 
the strategies for development the city that makes possible for 
Stockholm to continue to develop. In order to embrace the growth 
that the city faces, strategies were needed. Promenadstaden describes 
how it can be done, including by linking the city parts and build 
denser in varying degrees while we uphold the fine qualities that the 
city already has.  

On March 2010, the City Council sanctioned “Promenadstaden-City 
Plan for Stockholm”. The city is now working to realize 
Promenadstaden’s intentions. 

Also, there is a national plan, RUFS. There is a consistency between 
the documents of these Plans.  

Long –term sustainable community development is largely a process, 
rather than a desired future state. Ongoing cooperation between City departments and companies as 
well as with many other players is essential to sustainability and to the different perspectives and 
interests, which can be accommodated and balanced. Besides, the broad dialogue during consultations 

Promenadstaden 

Figure 5: Stockholm between 1975 and 1990. The metro city 
Source: Stockholms Stad. City planning administration.  
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has been valuable. This increases the possibilities to implement its intentions and enhance dialogue 
when the city council decided on the next plan. 

RUFS2 2011 determined in its version of 2001, that the region 
should develop a polycentric urban structure with outer regional 
urban cores as a complement to the central regional core.  

The six challenges which the region must meet are: 

1. “A growing population which feels even better. 
2. Being a small but internationally leading metropolitan 

region. 
3. Increasing security in the region at a time when the world 

is seen as increasingly unsafe. 
4. Reducing climate impact while promoting growth. 
5. Tackling capacity as needs continue to growth.  
6. Opening up the region and reducing exclusion.” 

(RUFS, 2010) 

RUFS has a short-term perspective, up to 2030, and a long-term perspective, up to 2050. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
2 Regional Development Plan for the Stockholm Region 

RUFS 2010 
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Objective and scope 

Problem formulation 
As stated previously, Stockholm has undergone many modifications in its urban structure. It started as 
a monocentric county with a dominant central urban core but due to the growth of the population and 
the evolution of transport networks; it is now becoming a multiple-core city.  

The population of the regional cores is increasing their population as well as their number of 
workplaces. They have emerged: 

- From older towns that have grown;  
- From new sub centers that appeared because they are nodes of a transport network. 

This change in the structure of the city requires stronger connections between the regional cores. Here 
is where the public transport plays an important role. Most of the trips between these suburbs are made 
by car and this habit should be changed by make the public transport system more attractive.  

A good development of the regional cores is needed to make them an alternative to the inner city, 
which today has congestion problems. Trips to the city center should be changed to trips between 
suburbs.  

Stockholm government is working with this problem with the city plan Promenadstaden 2010 and 
RUFS 2010. 

Purpose 
The purpose of this thesis is to research about Stockholm’s actual public transport network, the growth 
of the population and the future network. The connections between the regional cores will be 
improved with the proposal of a new line that crosses the most important suburbs.  

The objective is to use the Visum tool to find the best alternative possible to make this core structure 
more functional and stronger.  

Approach 
The steps that have been followed in this thesis are: 

- Research about monocentric and polycentric concepts in Stockholm and in other cities around 
the world.  

- Collection of information about the distribution of workplaces and population in Stockholm, 
the current situation of the most important regional cores, today’s public transport network in 
Stockholm and the plans for the future. 

- Tests of several scenarios to see if there are particularly important measurements that support 
the multi core structure. 

- Proposal of a chosen solution among many alternatives which will be studied meticulously. 
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Scope 
The scope will be the Region of Stockholm, which include all the SL networks in the zones A and B. 

 
1.95 million inhabitants 
800.000 dwellings 
90.000 summer-houses 
6.500 km2 
277 persons/km2 
180 km from north to south 
26 municipalities 
14% developed land 

 

Limitation 
- The maritime public transport network is not going to be studied as a parameter of the 

network. 
- Costs are not included in the optimization. 

 

 

 

Figure 6: Public transport network map in Stockholm 
Source: UrbanRail.Net 
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2. Theoretical basis and literature review 

2.1. Monocentrism and polycentrism 
In this section and to begin with the background, concepts and models of monocentrism and 
polycentrism are going to be studied. It will help to know what is the situation of Stockholm today and 
in the future. 

a. Monocentric city 
A monocentric city is one that has a dominant urban core. This core concentrates the main activities, 
shopping centers, entertainment and many workplaces.  

The residents generally live in the suburbs but a lot of workplaces are in the inner city, so there are 
high commuting flows into the city center on radial routes. 

Monocentric city models 

The monocentric model was developed from an approximation of Von Thünen (1863). He described 
the relation between farmland values and accessibility. Later, it was improved by Alonso (1964), Muth 
(1967) and Mills (1967; 1972). This monocentric model has been a very useful instrument due to its 
simplicity, exactitude and capacity to be contrasted empirically. One of its bigger achievements has 
been to explain the residential decentralization process that occurred in most of the urban systems 
since the beginning of the XX century. Also it can explain the economic organization of the cities. 

The objective of the first models was to analyze the residential 
location. The assumption that these models did was that all of 
the workplaces were in the inner city and the families would 
compete for the houses with better access to the inner city. This 
appears in the bid-rent theory and explains how the price of 
land increases when the distance from the centre decreases. The 
bid-rent theory is based in the fact the more profitable areas are 
the more accessible.  

This theory distinguishes some zones depending on the 
closeness to the inner city. In the city center the shopping zone, 
then the commercial and office zone and further the residential 
area. It can be seen in the figure 7. 

When people live far from the city center, transportation’s costs increase. Therefore, the prizes offered 
for the houses are lower to compensate this fact. There is an equilibrium point where land prices offset 
the lower costs of transports of houses close to the inner city. 

The differences in the prize of the land in the inner city and in the suburbs explain the high-rise 
apartments in central locations and the garden apartments and townhouses in the places further from 
the inner city. 

 

 

 

Figure 7: Bid-rent theory 
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Evolution of a monocentric city 

The evolution of a monocentric city can be summarized in these steps: 

- They emerge usually from a square, where the more important religious and political 
authorities live around. 

- Some villages become neighborhoods. The growth of the city is acquire from the extension of 
the streets. 

- Finally, it appears the shopping areas. 

b. Polycentric city 
The origins of the polycentrism 

The monocentric city model, with its assumption of a single concentration of employment, has been 
criticized on the ground that the cities it explains are from a different era. 

“As they grow in size, the original monocentric structure of large metropolises tends with time to 
dissolve progressively into a polycentric structure. The CBD loses its primacy, and clusters of 
activities generating trips are spreading within the built-up area. Large cities are not born polycentric; 
they may evolve in that direction. Monocentric and polycentric cities are animals from the same specie 
observed at a different time during their evolutionary process” (Bertaud 2003) 

In the figure 8 it can be appreciate the differences between monocentric and polycentric models. 
Monocentric models cannot explain the organization and configuration of the big cities. They cannot 
explain the existence of centers where people are willing to pay higher rents than in other areas closer 
to the city center. 

 

 

 

 

 

 

 

 

There are forces of agglomeration and dispersion that make a polycentric city emerge. Also, changes 
in the climate, in the demography and challenges of globalization impact how societies evolve. 

Bertaud (2003) argued that in the last years of the 20th century, there was dispersion in the 
employment. The percentage of works in the inner city decreased over time and the new companies 
were located outside the CBD of the cities. 

The structure of many cities have diverged from the monocentric and many daily trips have been 
expanded randomly over a wode are outside the inner city (Romein, 2005) 

Figure 8: Rents levels at various distance from the city center in a monocentric and polycentric model 
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2.2. Monocentrism and polycentrism in other cities in the world 
Stockholm is not the only city that has to be developed in a monocentric or polycentric way. The 
structure and distribution of population of a city has a direct connection to the way of planning the 
transport network. 

There are some cities that from the beginning have had a polycentric structure and have adapted its 
transport network to this fact; others that, due to the population growth and the establishment of this in 
new areas, have been forced to restructure the network to adjust it with the changings needs of the 
populations and others that are monocentric and its transport network too. 

Thus, it can be found these types of cities: 

- Cities with polycentric structures (with some external cores) with a transport system adapted 
to this fact  

- Cities with polycentric structures (with some external cores) without a transport system 
adapted to this fact  

- Cities that not have a lot of external cores and a more monocentric structure with a 
“polycentric” public transport node structure. 

- Cities that not have a lot of external cores and a more monocentric structure without a 
“polycentric” public transport node structure. 

In this section, different cities around the world will be shown and classified.  

a. Lima 
Gonzales (2012) argues that the transformation of Lima from a monocentric into a polycentric city has 
been one of the most significant changes in its urban structure. The main reasons for the appearance of 
the outer cores in Lima have been the institutional changes, the accelerated process of capital 
accumulation and the demographic changes. 

Due to the adjustment of the public transport to this new urban structure and the better residential 
location of the workers, reductions of costs of travel time and money have occurred. 

Public transport in Lima 
One of the current major problems of the city of Lima is the public transport congestion. That is why 
they have begun to develop systems such as the Metropolitan Transportation System, which aims to 
improve the safety and the quality of transport services in Lima. 

� Metropolitan Transportation System 

Metropolitan Transport System is a BRT system, with special integration with the other public 
transport modes. The length of this trunk line is 26 km and there are 28 stations. It benefits 700.000 
passengers. 

� Metro 

Lima’s metro is an underground railway that runs through the city of Lima. It has 26 passenger 
stations, located at an average distance of 1.2 km. 
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� Bus 

The bus transport system is composed served by buses, microbuses and combis, and also the “Sistema 
Integrado de Transporte Urbano”, which Lima Council operates since 2014. 

 

As it can be seen in the figure 11, there is not common point of confluence of all the lines in the metro 
network. It can be clearly seen the polycentric structure of the transport system because there is not 
any core more important than another. 

Integration is a very important aspect in PT systems. That is why the Integrated Transport System in 
Lima (SIT) exists. This transport system is motivated by the Metropolitan Municipality of Lima, and it 
is in process of implementation. SIT’s objectives are to reduce the current number of transport routes, 
to renovate the fleet of vehicles and to integrate with the rest of transport services as the Metropolitan 
Transport System and the Metro. 

Conclusions from scientific studies 

A study to establish what the centers which organize the economical activity in Lima has been done. 
After a theoretical review, a polycentric model has been specified and checked empirically to the case 
of Lima.  

Employment centers has been identified by a combination of methodologies (Giuliano and Small, 
1991 and Mc Donald y Prather, 1994) 

The polycentric model has made possible to analyze the economic density related with the distances 
and its effects in the location of economic activities.  

Take statistic data about gross density of employment, in the late 30 years, the urban structure of Lima 
has stopped being organized around a center and has formed a polycentric city with four centers 
consolidates and other in the course of consolidation. The new centers have been emerging because of 
the urban densification. (Gonzales de Olarte and del Pozo Segura, 2012). 

 

 

 

Figure 12: Network of the metro of Lima (Source:  Figure 11: Network of the Metropolitan Transport System of Lima 
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b. Curitiba 
Curitiba presented between the 50’s and the 90’s 
one of the highest rates of annual growth 
comparing with the other Brazilian capitals. The 
model adopted by the regulatory plan (1966), 
changed the radial conformation proposed by the 
previous plan for a linear model of urban 
expansion. Transport public, land use and 
integrated road system, they became used as 
instruments for the realization of that goal. 

Curitiba is a city that was designed by an architect. 
However, the architect was also the mayor, so the 
necessity of being reelected tempered his design 
utopia. In terms of employment, Curitiba is a 
monocentric city, but recent construction of a ring 
road contributed to an increase in job dispersion. 

Planners conceived Curitiba zoning as a design tool 
that would force the city’s shape into a pre-
designed mold; the resulting shape was planned to 
be deliberlately different from the one produced by 
the self organizing principle described by Alonso, 

Mills and Muth. (Bertaud, 2001) 

Public transport in Curitiba 
There are only buses in the public transport network of Curitiba. The world’s first BRT system was 
opened there. 

� Integrated Transport Network 

It is a BRT system implemented in 1974. The fleet of Integrated Transport Network amounts to 2160 
buses of various types. It has 72 km of exclusive lines for buses. The stations are easily identifiable by 
a tube. 

Curitiba is therefore a city with radial structure but with a polycentric structure of the public transport. 

c. Moscow 
Moscow is the second most populous city in Europe 
and the 8th largest city proper in the world. 

“Moscow will get a new master plan by 2015 to 
reflect its forthcoming transformation into a 
polycentric city, in which peripheral areas become 
alternative hubs for work and cultural activities.” 
(Smirnova, 2013) 

 

 

Figure 13: Integrated Transport Network in Curitiba 

Figure 14: Aereal view of the city of Moscow (Source: Google 
Maps, 2014) 
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The city´s chief architect, Kuznetsov (2012) argued that was very important to make people aware that 
the periphery is not a place only to sleep, also it can be an area where they can have an exciting life. 
People’s opportunities need to be expanded to spend more time in places close to their houses. 

(Bertaud, 2001) said that employment in Moscow is currently strongly monocentric. It is due its radial 
network of roads and because all the metro lines converge toward the inner city.  

Public transport in Moscow 
The city is served by a network which includes 
numerous trams, a monorail system and a metro 
network. 

� Metro 

The Moscow Metro had when it first opened in 1935 
only two lines. Nowadays, it has 12 lines and 188 
stations. 

� Tram 

Moscow tram opened in 1899. The newest line was 
built in 1984. Today the use of the tram is low, but 
they work as metro feeders in some parts of the city 
and also provide cross links between metro lines.  

 

 

d. Barcelona 
The Metropolitan Region of Barcelona (RMB) has been repeatedly characterized as a polycentric 
urban area (Font, 1999). Barcelona is administratively divided into ten districts. Each district functions 
as an entity politician own competencies, which help to decentralize city politics. The growth of the 
city was following the expansion plan designed by Ildefonso Cerdá, with the now famous orthogonal 
grid with chamfered crosses. 

Public transport in Barcelona 
Barcelona is served by a comprehensive local public transport network that includes a metro, a bus 
network, two separate modern tram networks, a separate historic tram line, and several funiculars and 
aerial cable cars. 

� Bus 

Buses in Barcelona are a major form of public transport, with extensive local, interurban and night bus 
networks. There are 150 lines circulating. 

� Metro and tram 

Metro has 11 lines and a length of 123.5 km, is the second metro largest in Spain after Madrid, and 
since December 2009, the first Spanish metropolitan railway network that has fully automated lines.  

Figure 15: Metro network in Moscow 
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Barcelona is a polycentric city with an adapted public transport network. The public transport network 
has planned in a homogeneous and logic way in order to get a rational, comfortable, affordable and 
sustainable system that contributes to improve the quality of life trying to respect the natural 
environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e. Madrid 
The metropolitan area of Madrid is the third or fourth bigger in the world, behind Paris and London. 
According to the modern concept of metropolitan area, there are classified some regions with different 
intensity in their urban relations: metropolitan urban area, metropolitan suburban area and expansion 
area. 

Public transport in Madrid 
It includes 13 metro lines, more than 170 bus lines and 10 lines of Cercanias (local trains that link the 
city center with the suburbs).  

� Metro 

The Madrid Metro is one of the most extensive and fastest-growing metro networks in the world. It 
currently runs over 283 km and comprises 13 lines. There are 238 stations. 

� Bus 

This railway network is ably supported by an ever-expanding network of city buses. The network has 
more than 2.000 vehicles and 194 lines. 

Figure 16: Metro network in Barcelona 

Figure 17: Bus network in Barcelona 
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2.3. Stockholm 
The structure of the public transport network and the features of the regional cores of Stockholm will 
be investigated in this section with the purpose of know Stockholm profoundly. 

Stockholm’s public transport analysis 
This concept of polycentric transport network, which has been seen in the previous point in other cities 
around the world, has already been planned in Stockholm lately by different lines with a ring structure. 

Some rings around the city center have already been projected, with different radius but in a short 
distance from the city center, by the blue bus line 4 and the Tvärbanan L22. So now a new question 
appears, what is the shortest distance to plan another ring to help on the poly centric transport concept?  

 

The line that is going to be proposed in this thesis should be integrated in the current Stockholm public 
transport network. It is important to know all the characteristics of this network, to plan the line in the 
best way possible.  

Current public transport network  
Every day around 700 000 people travel by public transport. This shows that more than 73 percent of 
the workers choose public transport to commute. Stockholm is one of the cities in the world with more 
percentage of people using public transport.  

Stockholms Lokaltrafik (SL) is organizes the public transport network. It is owned by the Stockholm 
County Council. Although it is marketed as SL to the customers, there are contractors that operate the 
traffic as MTR, Busslink, Nobina, Tågia, Stocklmståg, Veolia Transport… The boat traffic is managed 
by Waxholmsbolaget. 

The global network is made up of several lines. It consists of:  

 Bus line: there are lot of bus lines in Stockholm County. In the SL network, there are around 
500 bus lines with numeration from 1 to 981.   
They are divided in two types: the classic red buses and the blue buses (Blåbussar or 
Stombussar). 
The red buses cover all the Stockholm County. 
 
 

Figure 20: Itinerary of the bus line 4 Figure 19: Itinerary of the Tvärbanan line L22 
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There are 18 blue bus lines divided in two types: 
o Inner-city blue buses (1 to 4 lines).  
o Suburban blue buses, with high frequency (the rest of them). 

These blue buses are part of the trunk lines in Stockholm. That is why they are blue, as pendeltåg. The 
first digit identifies the district and the second digit identifies a trunk when this digit is 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The role of the buses 
As disadvantages, buses have problems because their low capacity compared with trams or metros, 
which makes them not suitable for areas with high transport demand. Furthermore, by operating in the 
same way as cars, many jams that increase the travel time, especially in rush hour, occur. The bus lines 
can also be affected by any work on a driveway or road closures. 
 
Buses, however, offer many advantages such as the lower cost of the infrastructure, vehicles and 
maintenance compared to metro or tram. Times of implementation of the new lines are also much 
shorter compared with the need for more than five years for the construction and implementations of a 
new subway line. 

This is related with the advantage of the flexibility. Rerouting some lines for growth and changes in 
the city can be solved more quickly than in the metro or tram. It also enables to reach the most remote 
places and serve to towns with a low demand. 

This is closely linked to the case of poly centrism. The Stockholm metro network is radial, as already 
mentioned. Therefore, the role played by buses has been and is a crucial factor, as it serves to provide 
public transport to these places that are far from the metro lines. Thus, buses work as metro network 
feeders, linking the towns with the nearest metro stops.  

The planning of the bus lines has not been done in order to form a perfect ring with only one line. 
Each line takes a journey according to the needs of the area and assembling all the lines themselves 
can be seen this ring covered. 

Table 1: Trunk lines in Stockholm. “Blue bus lines” 
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 Pendeltåg or commuter train. This system is also part of the trunk line system in Stockholm. 
 

The role of the commuter train 
This is the commuter rail system in Stockholm. A commuter rail also is called suburban rail and its 
purpose is to operate between the city center, and the middle to outer suburbs, commuter towns or 
other locations that draw large numbers of commuters (people who travel on a daily basis). 
Trains operate every 30 minutes from 5 am to 1 am every day, with 15-minute intervals during the 
daytime. Additional trains are used during rush hours. Line J37 and outer parts of line J35 are served 
less frequently, with up to two hours between trains on weekends. 

What makes the difference between pendeltåg and other public means of transport is the speed. The 
commuter train reaches an average speed of 60km/h, making difficult to fight this speed with another 
mean of transport, although the route is shorter. 

In the situation of the figure 21, the speed of the 
pendeltåg is more than half of the speed of the bus. This 
means that although the bus line goes directly from A to 
B and the distance is shorter, the travel time decreases if 
the pendeltåg is used going from A to C and then from C 
to B. 

So in many cases must have the pendeltåg into account, 
because it makes unprofitable add buses with a low 
speed. For this thesis, to study the influence of pendeltåg 
in some parts is essential. 

 
 

 Metro (called Tunnelbana: T-bana or just T): consists of three groups of lines. The metro 
network is the most important part of the trunk lines in Stockholm.  

  

(More detailed in the NodeXL analysis) 

 

Table 3: Metro line routes 

Figure 21: Comparison between the speed of the pendeltåg 
and of the bus. 

Table 2: Pendeltåg line routes 
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 Spårväg or light railway: 

Tvärbanan connects the western and the southern suburbs directly without passing through the 
center of Stockholm. Its name in English is Crossways line.  

 Lokalbanor or light rail:  

  Roslagbanan network connects Stockholm Östra station to the north- eastern suburbs like Täby, 
Österåker and Vallentuna. 

 Boat: there are several boat lines to go to the archipelago in Stockholm County, but this 
boat line (80), goes in central Stockholm and the SL travel cards are valid on this one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Boat line routes 

Table 4: Spårväg line route 

Table 5: Lokalbanor line route 
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Existing and planned lines around the regional cores 
This section is going to be divided in three parts to find out in detail what is the current public 
transport situation in these cores and which are the plans for the future. 

Western part 

Current situation 
Currently, and as far as public transport is concerned, there isn’t any line connecting the southern part 
(Skärholmen, Kungens Kurva…) with the northern part (Vallingby, Kista…). The islands of Lovön 
and Ekerö are connected to the rest of the city by the highway 261, which connects Brommaplan with 
the western suburbs, by bus lines 176 and 177. 

There is also a maritime connection between Ekerö and Slagsta, but it has low traffic volume. 

 

 

 

 

 

Plans for the future 
- Stockholm bypass, north-south connection 

It appears in RUFS 2010 and the E4 is the Stockholm bypass. 
The new link will connect the northern and the southern parts of 
the Stockholm County, relieve the arterial roads and the inner 
city of traffic and reduce the vulnerability of the Stockholm 
traffic system. 

A lot of different alternatives have been studied. To reduce the 
impact, just 18 km of the total of 21 km are in tunnels.  

This bypass will serve to new bus line routes. SL has plans to 
build a BRT line between Skärholmen station and Helenelund 
station. 

When the link opens for traffic it will be one of the longest road 
tunnels in the world. By 2035, the Swedish Transport 
Administration (Trafikverket) estimates that it will be used by 
approximately 140.000 vehicles per day. (Trafikverket, 2014) 

 

 

Figure 23: Bus line 176 route, between Mörby station and 
Stenhamra 

Figure 22: Bus line 177 route, between Mörby 
station and Skärvik 

Figure 24: Bypass map 
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Northern part 

Current situation 
Bus lines: 

As mentioned previously, the role of the buses is very important in these cross-connections. That is 
why it has been detailed in the appendix the route of this kind of lines in the northern part. There are, 
currently, 13 bus lines that are cross-connections. To summarize, the most resemble lines what it is 
sought are the bus line route 178, between Mörby station and Jakobsberg station and the bus line route 
518, between Vällingby and Kista Centrum.3 

Plans for the future 
Tunnelbana: Akalla – Barkarby  

This extension of the tunnelbana 
will go underground from Akalla to 
Barkarby station. Barkarby will 
offer good connections with the 
commuter rail station and the 
planned bus terminal. 

The construction of the new stretch 
will start in autumn 2016, after a 
consultation period in spring 2015. 
It will be finished by 2021. 

 

 

Light rail Ulvsunda-Kista 

 

North light rail (Kista branch) is a planned extension of the light 
rail. It starts after the stop Norra Ulvsunda in Bromma and 
extend to Helenelund commuter station in Sollentuna. 

  

The goal is start the construction in 2016 and finish it in 2021. 
This requires some agreements with the local authorities. 
Negotiations are underway right now in terms of responsibility 
and costs. 

 

 
 

                                                      
3 See map in the appendix 

Figure 25: Metro line route between Akalla and Barkarby 

Figure 26: Spårvagn line route between 
Alvik and Kista 
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Southern part 

Current situation 
Bus lines 

The most resemble lines what it is sought are the bus line route 163, between Bredäng and Kärrtorp 
and bus line route 172, between Norsborg and Skarpnäck.4 

Plans for the future 
- Spårväg Syd: Älvsjö – Fruängen – Skärholmen – Flemingsberg 

It is a cross connection that links the regional cores of Flemingsberg, Kungens Kurva-Skärholmen  and 
Fruängen.  

Another route between Älvsjö-Högdalen and Norra Sköndal-Skärpnäck via Farsta or Örbyleden is 
being studied. The planners’ idea is that Spårväg Syd should support the urban development and allow 
increasing regional transport. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
4 See map in the appendix 

Figure 27: Spårväg line route between Älvsjö and 
Flemingsberg 
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Regional cores 
The outer cores of Stockholm are sometimes called suburbs or commuter towns. Let’s start by 
clarifying this concept. 

Distinction between suburbs and commuter towns 

On one hand, a commuter town is a small city where the residents don’t work. The population lives 
and sleeps there but then they have to travel to go to work, in other works they have to commute. Also, 
it is called with the words bedroom town, dormitory town or dormitory suburb.  

On the other hand, a suburb is a town with less size, political power and/or density. Economically, the 
function may change for example, industrial suburbs, railway towns… 

Commuter towns and suburbs are frequently the same place, but sometimes not. The main difference 
is that the commuter town has a predominant economic function. Normally, suburbs are developed 
close to big employment centers, such a town or a city. Commuter towns can be in semi-rural or rural 
areas with separation from the city and most of their residents have to commute. 

Travel patterns in the suburbs and commuter towns 
Also the travel patterns in suburbs and commuter towns aren’t the same.  

Most of the travels in the suburbs are between them and the city center. The suburbs are not developed 
enough to cover all the needs of their population, so they have to travel to the city center for example. 
However, commuter towns are more independent and most of the travels are around each town 
because they don’t need to go to the city center frequently. Most of the travels outside the commuter 
towns are commute travels.  

This can be seen in the next figure: 

 

 

In Stockholm, in most of these outer cores live people that work mainly in the inner city and in the 
other suburbs. They mainly are the amenities offered by the life away from the heavy congestion of 
the city centre, and the fact that the houses are cheaper; there is less noise, less pollution…  

Travel patterns in the commuter towns Figure 28: Travel patterns in the suburbs 
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Now that the population is increasing, more housing is needed and a lot of people are moving to the 
outer cores, causing a growth of the population that requires a development of the transport system 
and adaptation to the new requirements. 

The regional development plan for Stockholm region RUFS (2010), builds on the strategy for the 
region to develop a multi-core structure with outer regional city centres complementary to the central 
region of the core. The plan identifies eight outer regional town centres. The idea is to make them an 
attractive complement to the central region, by discouraging the spreading of homes and workplaces 
and also by being able to offer favourable business conditions and a good living environment. The 
outer cores should be able to balance the rapid growth in the centre in a way that is sustainable in the 
long term.  

The orientation towards a polycentric region was decided already in connection with the development 
plan, RUFS 2001.  

The multi-core structure has received great support from local and regional players. The outer regional 
centres have good locations and are selected because they have or can obtain high availability in the 
county. They serve as hubs in the transport, where the radial roads and trails faced cross-connections.  

RUFS (2010) shows that accessibility will increase for all the regional cores up to the year 2030. The 
average travel times for commuters will decrease for journeys by car, but above all for journeys by 
public transport for the majority of the cores. They will strengthen the competitiveness of regional 
cores in relation to the central regional core. 

Due to the current population in the suburbs, the growth of the population predicted for 2030, and the 
possibilities of both commercial growth and workplaces, these are the most important regional cores in 
Stockholm for Stockholms County Council:5 

Arlanda-Märsta and Södertälje are not inside the scope of this thesis, so they are not going to be 
studied. 

 

 

 

 

 

 

 

 

                                                      
5 All of this information is shown in the appendix 

Figure 29: Regional cores in Stockholm 
(Source: Stokholms läns landsting) 
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In terms of population, the most populous 
centre is Kista-Sollentuna-Häggvik, followed 
by Barkarby-Jakobsberg. The least populated 
core is Flemingsberg. 

In the central region lives 23% of the 
county’s population and in the outer regional 
cores live over 6% of the county’s 
population. 

 

Growth has been very high in Flemingsberg, 
greater even than Central Stockholm.  

The lowest population growth has occurred in 
Täby centrum-Arninge. 

 

 

It can be shown in this figure that the greater house potential is in Kista, Skärholmen and Älvsjö. 

The total residential potential is approximately 150.000, which is distributed: 39.000 at the focal 
points, 49.000 in the central city expansion and 62.000 homes in the rest of the city. (Stockholms stad, 
2013). 

In terms of employment, the 
number of employed in 
Stockholm County increased 
by 117.000 between 2000 
and 2010. It represents an 
increase of 12%. Central 
Region increased 
employment by 13% and in 
the outer regional cores only 
10%.  

 

Almost half of the increase 
in external regional town 
centres took place in Kista-
Häggvik-Sollentuna, where 
the number of employed 
increased by 23%. 

Figure 30: Population in the different cores in 2011 

Figure 31: Population increase between 2001 and 2011 
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Figure 33: Employment in 2010 
Figure 32: Change in employment between 2000 and 

2010 (percentage) 
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Stockholm case study 
Stockholm hasn’t this grid network. As said before, the structure is radial or polar grid, also called 
“spider web”, where the city center assumes all the importance. But it works well enough as a standard 
grid. It can be done to double the frequency of the radial network or create new lines between the 
radial lines that work as the new lines in the figure before. 

 

 

 

The different between the grid line and this radial line structure is that at first, from one point you can 
travel to all the rest of the stops. Doubling the frequency, you can travel faster and creating the new 
lines around the city center, less travel time is needed to travel between stops than in the other 
alternatives. 

The spider web is only effective if the suburbs’ population can justify the huge amount of service 
converging there. In Stockholm the population in these zones is expected to grow a lot in the next 
years, so it will justify this new network in a few years. 

To make the new structure more effective than the pure spider structure it must have fast circular lines. 
Otherwise it may be faster to use the radial trunk lines to center core and then back to the periphery. 
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2.5. Cities and environment 
The environment is a factor that cannot be put aside in the planning of cities. The growth of cities and 
the increase of problems caused by noise, pollution and high consumption of resources occur at the 
same time. 

Besides, the environment problems of cities affect also to the regions where the resources are 
extracted, not only to the surroundings of the city. 

This section describes the environmental advantages and disadvantages of the monocentric and 
polycentric cities. 

Monocentric cities 
Monocentric cities tend to have shorter trips and more amount of population than polycentric cities.  

Disadvantages 
Bertaud (2009) argues that the monocentric structures, with high density, tend to decrease the amount 
of pollutant that is emitted by transport, compared to low density polycentric structures. Although the 
trips are shorter, the level of pollution exposure in monocentric city centers can be higher because the 
traffic is slower and more intense. To decrease high pollution exposure in the city centers, new 
measures are needed. 

 Nowadays the level of vehicles emission has been reduced and these emissions are not the most 
important problem of the intense and slower traffic. Traffic congestion has a huge number of negative 
effects like noise, crowding, congestion, traffic safety and bad health due to the lack of exercise. 

 

 

 

 

 

Polycentric cities 
Next figure shows the different ways to organize a city, in a monocentric or polycentric way. In a 
polycentric structure a lot of land is occupied. That makes the trips to reach the city center longer, and 
that more ground will be exposed to the pollution generate by the travels. Urban design practices and 
city planning take an important role to avoid future traffic congestion. 

 

Figure 34: Patterns of commuting trips generates by the spatial distribution of jobs and population (Source: 
Bertaud, A; 2009) 
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Disadvantages 
As noted by Gonzalez (2007), massive urbanization carries a high land use that destroys natural 
vegetation, agricultural lands, forests, wetlands, waterways or spaces of the coastal strip. This causes 
fragmentation and sometimes loss of faunal habitats and plant species.  

“The amount of air pollution generated by urban transport depends on the length, speed and number of 
motorized trips and the type of vehicles. For a given urban population, the length and number of 
motorized daily trips are closely correlated with the average population density in built-up areas and 
the spatial distribution of trip destinations and origins” (Bertaud, 2009). 

Therefore, if the density is low, as in polycentric cities, there are more motorized trips and the 
distances are longer than in more monocentric structures. 

Advantages  
The advantage of the polycentric city is that although there are more emissions because the trips are 
longer, the pollution is less concentrated and therefore, it less damaging for health. 

Burgalassi (2010) argues that the polycentric regions consume less amount of energy. 

Conclusions 
In a polycentric city, the travels by car increase because it is faster and more attractive for people who 
want to travel between outer cores. If the public transport network could be made more attractive, it 
would be a reduction of car trips. 

Pollution in the inner cities has been linked to asthma, hardening of arteries, heart attacks, birth 
problems, and even lung cancer.  

From this point of view, this big amount of pollution is not healthy for the people who live in the city 
centers, as Beijing for example. On the other side, if all the cities were polycentric, the pollution 
would be expanded a lot of and it is bad too. 

Thus, the  thing is to adapt the structure of a city to the number of inhabitants that live in it, the way 
they live, the most important activities in the city and the municipalities that there are around it. City 

Figure 35: Schematic representation of different distributions of density (Bertaud, A; The 
Spatial Organization of Cities; 2004) 
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planning and urban design have to avoid traffic congestion using for example transit-oriented 
development6. 

In low and moderate income cities it is better to maintain or even reinforce the degree of 
monocentricity of a city, otherwise a lot of land will be used and a lot of pollution will cause more 
damage to the faunal habitats and plant species in this land. When a city become very large, the degree 
of monocentricity is bound to decrease, the pollution in the city center could be dangerous for the 
residents and for the Earth and is necessary to avoid all the problems related to the traffic congestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
6 Transit-oriented development (TOD) is a mixed-use residential and commercial area designed to maximize 
acess to public transport, and often incorporates features to encourage transit ridership. (Effect of Smart Growth 
Policies on Travel Demand, Transport Research Board, SHRP 2 Report S2-C16-RR-1, 2014) 
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Degree Centrality 
Degree centrality is the number of links incident upon a node. 

Degree 1 indicates the node is an OD station. 

Degree 2 indicates a stop station. Most of the stations in the network 
are stops stations. (11 stations)  

Degree 3 indicates the station is the intersection of two lines. (8 
stations) 

Degree 5 indicates the station is the intersection of three lines. (1 station) 

 

Betweenness Centrality 
Number of times a node acts as a bridge along the shortest path 
between other nodes. Most of the stations have certain contribution to 
the network, and a small part of the stations has huge effect on the 
whole network. 

 

 

Closeness Centrality 
Farness is the sum of the natural distances that one node to all other 
nodes in the network. Closeness is the inverse of the farness, which 
shows how long a node will take to spread information from itself to 
all other nodes sequentially. The maximum closeness centrality is 
only 0.001, which means all stations are not well- connected. 

Table 8: Degree centrality 

Table 9: Betweenness centrality 

Table 10: Closeness centrality 



� Optimization of the public transport network for a multiple-core city: Stockholm  
 

50 KTH Gracia López Ferri  

Clustering coefficient analysis 
A clustering coefficient is a measure of the degree to which nodes in a graph 
tend to cluster together. The local clustering coefficient of a node in a 
network quantifies how close its neighbors are to being a clique. 

 

 

Eigenvector centrality analysis 
Eigenvector centrality is a measure of the influence of a node in a network. 

 

 

 

 

Discussion of this analysis 
Stockholm’s subway network covers most of the urban area with one single line from each direction. 
There are many stations which not are transfer stop/stations. The connections between lines are not 
enough. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11: Clustering coefficient 
analysis 

Table 12: Eigenvector centrality 
analysis 
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More complex models contain travel generation, trip distribution and mode choice. In an iterative 
process, the result of the assignment is the input to the different step in the demand model. 

In this thesis, the only model available at KTH the time of this thesis was route choice. This model 
works with a static Origin-Destination matrix (OD matrix). The number of zones is approximately 
1400 in the SL application for Stockholm. More zones would make the analysis slower. 

Data collection 
The input data that should be introduced in Visum is the demand matrix and the network supply. 

Demand matrix 

The demand matrix used is an origin-destination matrix provided by SL. This matrix shows the 
number of trips that people want to do between zones. The matrix from SL only describes the trips by 
public transport, with running times and dwell times determined from the timetable.  

All of the data is for the morning hours, 6am to 9am. This period includes the hours with more density 
of travel (peak hours, from 7am to 9am approximately), which means that the period is suitable for 
example to identify capacity problems in the network. The demand is equal across the entire period. It 
means that it doesn’t take into account what time travelers want to travel. 

The matrixes that are available are a base demand matrix for 2008 and 2014 and the forecasted 
demand for 2030. In this thesis, 2030 matrix will be used because it is necessary to know the 
population forecasted for 2030 in order to plan a new line that conforms to the demand when it comes 
into operation. 

Works with the demand matrix 

In Stockholm’s city center, 62% of trips are made on foot and 6% by bicycle. In the past decade, the 
number of bicycles has increased by 75%. 25% of trips in the city center are made by public transport, 
but this figure rises to 78% during rush hour periods. (ICLEI, 2012) 

Between the suburbs, the percentage of public transport use is much less than this 78% of trips though 
the city center. Around 40% of the travelers do it by public transport. (SL, 2012) 

This map shows the Stockholm’s different parts. In blue, the city center which is surrounded by the 
congestion tax cordon7. Stockholm Municipality is represented in orange and blue colors. The whole 
area that is shown in the picture corresponds to Stockholm Region. 

                                                      
7 Congestion tax is a congestion charge that cars have to pay to enter and existing to the Stockholm’s 
center. It was implemented in 2007. The main purpose is to reduce the pollution in the city center.  

 

Table 13: Percentage of travels by car or by public transport in Stockholm 
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LuTrans was used with VISUM but due to problems that arose during the development of this thesis 
with this program the expected results weren’t obtained. 

Other option was to change the matrix by hand. It is very difficult to predict now how people in 15 
years will change their traveling habits and if new houses will be built and where, so in this thesis the 
matrix will not be changed, but this future variations in the demand will be taken into account in the 
analysis and conclusion parts. 

Network supply 

Network supply consists of the public transport system network for 2030 in Stockholm (with the line 
routes, timetables, number of vehicles and frequency of each line). This is not a fixed network. 
Modifications on the plans for 2030 could be done to test the current plans. 

SL started using VIPS and they changed to VISUM after. This model comes from the model that SL 
had in VIPS. VIPS didn’t have as detailed model of the supply as VISUM have. It makes for example 
that the lines go in straight lines between the stops, but the real length of the lines is implemented in 
VISUM. 

Data processing 
Data was introduced in VISUM with the suitable format. After that it was verified that the data fits to 
the real network and demand. SLs public transport network supply had some lines routes missed, so it 
was necessary to add them.  

Reference scenario 
The reference scenario is also called a “do nothing” scenario. The supply and the demand will be 
referred to 2030.  

Data analysis 

Procedure sequence 
After implementing the scenario that has to be analyzed, the data has to be processing to obtain the 
results from VISUM, which is going to be analyzed after that.  

There are three possible assignments: Transport system-based, headway-based and timetable-based 
assignment. 

The model from SL uses the Headway based assignment. It means that the headway for the lines is 
used instead of the current departure times. This procedure is suitable for urban networks with short 
headways and for long-term plans where the timetable for the period that is being analyzed is 
unknown yet. (Andersson, 2014) 

For this headway based assignment, is needed to introduce some impedances. The impedance of a 
route is a linear combination of the perceived journey time and the fare. 
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The fare in headway based assignment is the 
sum of all fare points of all links that are used 
in the connection. 

The perceived journey time is a linear 
combination of times and coefficients. The 
values for the coefficients that have been used 
are which are in the next figure. 

The value of walking time depends on the 
habits of the people. In some countries, 
walking time is not a nice activity. 

In Sweden, some people prefer walking to 
waiting. For young people the perception of the 
walking time is close to the travel time. This is 
not the same for old people, so the impedance 
for walking time will be 1.5 instead of 2.  

 
 

Output data from VISUM 
Flow bundles 

In a model with a calculated assignment a Public transport flow bundle can be used to extract and 
display only those assignment paths which match certain criteria. Thus, it can be displayed for 
example only those paths which use a selection of network objects such as stops, links or zones. 

Stop catchment areas 

VISUM offers the ability to visualize stop catchment areas graphically. This gives a first impression 
about the general accessibility of stops. 

 Isochrones 

With isochrones you can view the travel times from one part of the net to the rest of the net. 
Isochrones can be used to examine the accessibility of network objects. 

Congestion: Seat capacity ratio 

Due to the number of travelers and the capacity of the mean of transport, the occupation of the sits is 
calculated. 

Zone indicators: 

- PJT: Perceived Journey Time 

The PJT is the time that Visum uses to decide which connection the assignment shall choose. If the 
PJT is short for a connection it is more likely that the connection will have many travelers. If you 
calculate the skim matrix for PJT you will get a matrix with average PJTs weighted by the travel 
volumes.  

Figure 40: Impedances to headway-based assignment 
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The PJT is an attribute for each connection. Visum aggregates PJT to different levels.  

- TWT: Transfer Wait Time 

TWT shows the time that people have to wait to do a transfer. It will be done with skim matrices. 

Conclusion 
Finally, a summary of how VISUM works is shown in the next figure. 
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Figure 41: VISUM input and output data 
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Alternatives 

First sketch of the line with the four alternatives 
In the literature review part, the most important regional cores were studied. In the following figures, 
the first sketch of the route of the alternatives will be done based in these cores. 

In the northern and the western part, the most important cores and the two alternatives that can be 
studied are: 

 

In the southern part, the cores and the alternatives could be: 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Alternatives for the northern part of Stockholm Figure 43: Western connection 

Figure 44: Alternatives for the southern part 
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First analysis with VISUM 
As said before, the supply for the reference scenario will be SL network for 2030. 

Working with the OD matrix, the cores where more people want to travel from and to can be known. 
With this information and the first sketch of alternatives done before, the final alternatives will be 
defined. 

Figures 45, 46 and 47 show the number of trips that start and end in each zone, which is the sums of 
the rows (origins) and columns (destination) of each zone. It allows seeing what are the cores with 
more demand, and the alternatives will be planned to satisfy this demand.  

The capacity in each zone will be shown in the appendix. It will be also a decisive factor to take into 
account because it is very important to improve the capacity in order to create an attractive public 
transport network.  

Northern part 
There is a lack of capacity between Barkarby, Akalla and Vällingby; also between Akalla, Kista and  
Häggvik (See appendix). 

Finally, only the yellow alternative will be studied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45: Demand of each zone in the northern part 
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Western part 

The capacity in Lovön is between 50 and 80%, so it should be reduced. 

In this part, the red and green alternatives will be studied. Yellow line increases a lot the journey time, 
so it will not be taken into account because none of the more important regional cores that are wanted 
to be linked are in this zone. 

Southern part 
Fleminsgberg has very important capacity problem that should be solved. 

In the southern part, both yellow and red alternatives will be studied in detail. Fruängen and 
Flemingsberg are two important cores that should be taken into account. 

Figure 47: Demand in each zone of the southern part 

Figure 46: Demand in each zone of the western part 
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Choice of the alternatives 
It is needed to introduce some characteristics of the new line in VISUM. In the next paragraphs, the 
values that have been chosen will be justified meticulously. 

Headway 
Headway shouldn’t be lower than 10 minutes. If this value is very low, the line will not be attractive 
enough for people and the population of the regional cores will continue using the car. 

So the headway used in all the alternatives will be 10 minutes. If more headway were needed, it could 
be changed from 5 to10 minutes. 

Distance between stops 
The distance between stops by average in the design of the line has to be fixed. There are several 
alternatives. First, a line with a lot of stops during the entire itinerary can be planned. Besides, it can 
be projected a line with less stops than the first one. Finally, a new line with a lot of stops in the 
centers of the regional cores but without stops between them can be thought. These three alternatives 
are shown in the next figure: 

 

 

 

 

 

 

 

 

Figure 48: Different number of stops between cores 
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Table 15: Advantages and disadvantages of each alternative 
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Finally, the alternative of planning a line that helps in the growth of a polycentric city (alternative 2) 
will be compared with the alternative 1, that follows the current way of linking the regional cores. 
Alternative 3 will not be studied because people who live between suburbs should be able to have 
access to this new line. 

Beforehand, alternative 1 will get more passengers because the walking time is lower and alternative 2 
will make the travel times shorter. 

Means of transport 
Distance between stops is bounded with the mean of transport.  

- Alternative 1 is related to vehicles with low top speed because the stops are very close. Bus 
lines can adapt perfectly to this situation. 

- Alternative 2 is associated with vehicles with more top speed as blue buses, metro, BRT or 
LRT. 

Speeds, capacities and length of the different vehicles will be compared in the next lines:  

Pendeltåg (commuter train):  (Snabb) spårvag:  

- 214 m length   - 60 m length 
- 60 – 80 km/h   - 20 – 30 km/h 
- 28 000 pass/h   - 8 000 pass/h  

Lokalbanor (light rail)   BRT: 

- 120 m length   - 24 m vehicle  
- 40 – 60 km/h   - 20 – 60 km/h 
- 13 000 pass/h    - 3 000 pass/h  

Tunnelbana (metro) 

- 140 m length 
- 30 – 40 km/h          
- 21 000 pass/h 

Thus, the speeds introduced in VISUM will be: 

 

 

 

 

 

 

 

 

Table 16: Speed of the different means of transport introduced in VISUM 
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(*) For the buses there are differences: 

- Buses in the inner city: 15 km/h 
- Buses in the suburbs: 20-30 km/h 
- Buses on motorway trunk lines: 60 km/h (for example line 676 to Norrtälje) 

Also, capacities of LRT and BRT are compared in the next figure. 

 

 

 

 

 

 

 

To get the capacity of one metro, it is needed 6 LRT or trams and 8 BRT. The capacity of LRT is 
greater than BRT.  

Conclusion 
After comparing speeds, attractiveness, capacity and costs, the alternatives that are going to be studied 
will be: 

- Alternative 1: line with a lot of stops. The vehicle will be a blue bus (trunk line). 
- Alternative 2: line with few stops. The vehicle will be also a blue bus (trunk line), but with 

more speed than in the alternative one. 

Inside each alternative, the possible routes will be considered to get the best solution. 

 

 

 

 

 

 

 

 

Figure 49: Capacity per two minutes and number of vehicles for different modes of 
transport. Multiply by 30 to get the hourly capacity (Source: Kottenhof, 2014) 
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5. Results and analysis of the alternatives 
Two planning alternatives will be analyzed and compared in this section. On the one hand, the plan 
that exists today for regional cores is formed by some lines with a lot of stops, as alternative one. It 
makes easier for people to get a bus and walking time is reduced. But on the other hand, alternative 
two plans for polycentrism and reduces travel time between cores removing stops. This change of 
travel time also could attract people to use this line. 

Alternative 1 
As said before, the alternative one follows the plan that exists today. As a reference, it was decided to 
use bus lines 173 and 172. Both of them are trunk lines with mean speed of 30 km/h. The frequency is 
10 minutes in rush hour and the maximum volume of passengers is around 550 per three hours. 

Therefore, the vehicle in this line will be a blue bus, with a mean speed of 30 km/h.  

This line has started with the lines 173 (alternatives 1.1 and 1.2) and 172 (alternative 1.3) and then the 
itinerary has been extended until the “ring” was finished. 

Alternative 1.1 
The alternative 1.1 will follow this type of planning and the route will be the sum of the yellow one in 
the southern part, the green one in the western part and the yellow one in the northern part (defined in 
the figures 45, 46 and 47). This includes Fruängen but does not include Ekerö. It can be seen in the 
next figure: 

 

 

 

 

 

Figure 50: Alternative 1.1 line route 
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Alternative 1.2 
The line route of the alternative 1.2 will be the sum of the yellow one in the southern part, the red one 
in the western part and the yellow one in the northern part (defined in the figures 45, 46 and 47). Ekerö 
will be included in this alternative. It is shown in the next figure: 

 

 

Alternative 1.3 
The alternative 1.3 will join the red alternative in the southern part, the green one in the western part 
and the yellow one in the northern part (defined in the figures 45, 46 and 47). It means that 
Flemingsberg is included instead of Fruängen and Ekerö is not involved. It can be seen in the next 
figure: 

 

 

Figure 51: Line route for alternative 1.2 

Figure 52: Line route for alternative 1.3 
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Analysis of alternative 1 

Alternative 1.1 
The next figure shows the boarding and alighting passengers of this alternative in the direction up and 
down. 

 

 

 

 

 

 

 

 

 

 

 

 

 

There is a dip in the amount of passengers between the northern and the southern part. The mean speed 
for the entire line route is 30 km/h, but when the bypass will be crossed the distance between the links 
is long (6.7 km) and the speed will be higher than 30 km/h. Therefore, the speed to cross the bypass 
will be changed to 60 km/h. 

The results that are shown from here will take this change of the speed into account. 

Alternative 2 
Alternative 2 follows the planning for polycentrism. Line routes of buses 172 and 173 will be taken 
into consideration but the number of stops will be reduced. The speed will be increase to 40km/h. The 
selection of the removed stops was done like this: 

The distance between two stops and the sum of the passengers boarding and alighting in each stop 
point were the two factors taken into account to decide the stops of the new line. The next figure 
shows the methodology for the alternative 2.1: 

Figure 53: Boarding and alighting passengers per 
line route in the alternative 1.1 (down) 

 

Figure 54: Boarding and alighting passengers per 
line route in the alternative 1.1 (up) 
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In the third column, the sum of travelers boarding and alighting in each stop is categorized by colors 
depending on the amount of travelers. Thus, it can be easily seen what the most important stops are 
(red color). A purple cell appears when there is more than 1 km between two stops.  

Therefore, those alternatives will have the same route than alternative 1 but with fewer stops. 
Alternative 2.1 will have the same line route as alternative 1.1, alternative 2.2 will have the same line 
route as alternative 1.2 and alternative 2.3 will have the same route as alternative 1.3. 

In the appendix are shown which stops have been removed. 

 

 

 

 

 

 

 

 

Table 17: Methodology for alternative 2.1 
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Analysis of the results 
The parameters that are going to be analyzed and compared will be the total perceived journey time 
per zone, the amount of passengers boarding, alighting and crossing each stop of each alternative and 
the total volume of people in each line route. These values will be compared with the reference 
scenario and later between alternatives to find the one that fits better to the goals of this thesis. 

Alternative 1.1-Reference scenario 

Column chart 
After the changes in the speed of the tunnel, the column chart of the line route is shown in the next 
figure for the direction “down”. The direction “up” can be shown in the appendix.  

The maximum number of passengers has increased comparied to the reference scenario. Also an 
increase of travelers in the western part can be seen due to the rise of the speed in this stretch. Now the 
number of passengers is better-adjusted.  

The structure of the direction “up” is the same than this one (see appendix). 

Volume 
In the next figure appears in red the links that have lost passengers and in green the ones that have 
won. The volume of passengers through this line route has increased, especially in the western 
connection and in the north. Volume crossing Stockholm central has decreased. This is good because 
it means that this line can help reducing the congestion problems in the city center. 

 

 

 

Figure 55: Boarding and alighting passengers and volumes in the alternative 1.1 
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Perceived Journey Time 

 

 

Total Perceived Journey Time (TPJT) of the reference scenario is 468276 hours. In this alternative, the 
TPJT is 455533 hours. That means that it has been reduced by 12743 hours. 

The size of the point shows the magnitude of the number in absolute value and the color if it is 
positive (reduced) or negative (increased).  

In this alternative all the dots are green. This means that all zones have reduced the PJT. This is 
reasonable because only one line has been added and none has been removed. The zones with more 
reduction of the PJT are central Stockholm, Flemingsberg and some zones of Sollentuna. 

Figure 56: Difference of volumes between alternative 1.1 and reference scenario. 

Figure 57: Differences in PJT between alternative 1.1 and reference scenario 

<= 14.000 
 

<=12.000 
 
<=10.000 
 
<=8.000 
 
<=6.000 
 
<=4.000 
 
<=2.000 
 
 
<=0 
 
 
<=-2.000 
 
<=-4.000 
 
<=-6.000 
 
<=-8.000 
 

<=-10.000 
 
<=-12.000 
 
<=-14.000 



Optimization of the public transport network for a multiple-core city: Stockholm � 
 

Gracia López Ferri KTH 69  

Alternative 1.2-Alternative 1.1 
Now the comparison between the alternative 1 and the reference scenario is done. The rest of the 
alternative has the same structure than the first one but the route has changed a little. Therefore, it is 
more interesting to compare between alternatives instead of comparing with the reference scenario. 
Alternative 1.2 will be compared with alternative 1.1 to choose which option is better. 

Column chart 
The column chart of the direction down is shown in the next figure. 

 

It can be seen that the number of people that go through Ekerö and Lövo is around 100. This number 
is lower than the travelers in the alternative 1.1 (around 450). This means that fewer people want to 
travel crossing this western part because the rise of the line’s length increase the travel time between 
southern and northern part. Also the total volume of passengers has been reduced. 

Volume 
 

The differences in the volume of passengers between alternative 1.1 and alternative 1.2 are displayed 
in the next figure 

The volume of travelers between Skärholmen and Vällingby has been quite reduced while the number 
of passengers through Ekerö is greater. 

Also connections between central Stockholm and the northern part have been improved. 
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Perceived Journey Time 
Total Perceived Journey Time of the alternative 1.1 is 455533h. In this alternative, the TPJT is 
455617h. That means that it has been increased by 84h. This is not a big increase but neither a 
reduction.  

As it can be seen in the previous figure, the PJT in Ekerö has been reduced considerably (big green 
point) and in the city center a lot of zones have also seen their PJT reduced. Nevertheless, in most of 
the regional cores the PJT has increased (red points) 

It means that for people of Ekerö the impact of this new line is very positive but not for the purpose of 
this line, that is to link the regional cores. 

 

Figure 58: Differences in volume between alternative 1.2 and 1.1 

Figure 59: Differences in PJT between alternative 1.2 and alternative 1.1 
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Alternative 1.3-Alternative 1.1 
Alternative 1.3 will be compared with alternative 1.1. Alternative 1.2 is not the best alternative for its 
purpose because it doesn’t improve the travel time between the regional cores as much as alternative 
1.1 does. 

Column chart 
The column chart of the direction “down” is shown in the next figure. For direction up see appendix. 

 

 

 

 

 

 

 

 

In this alternative, the maximum number of passengers has increased from 1000 to around 1800. But 
this rise has only occurred in the southern part, due to the importance of Flemingsberg. It means that it 
will be more difficult to adapt the number of vehicles to this changeable demand. 

Volume 
In this comparison there are not as many differences in magnitude as there were in the comparison 
before but the number of travelers in the route 173 have decreased and in this new line have increased 
in the southern part. 

No changes have occurred in the western part. In the northern one there is a rise in the number of 
passengers in one of the radial routes. 

 

 

 

 

 

 

 

 

 

Figure 60: Colum chart of alternative 1.3. Direction down 

Figure 61: Differences in volume between alternative 1.3 and alternative 1.1 
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Perceived Journey Time 
Total Perceived Journey Time of the alternative 1.1 is 455533h. In this alternative, the TPJT is 
467617h. That means that it has been increased by 12084h.  

This increase in the TPJT is confirmed in the next figure.  

Most of the zones have seen their perceived journey time increased except some zones around 
Flemingsberg.  

 

 

 

 

 

 

 

 

 

 

Alternative 2.1-Alternative 1.1 
The second alternative will be compared with the same line route as in the first alternative. In this way 
it could be seen if the new way of planning improve or not the current one.  

Column chart 

 

In the previous chart, it can be seen that the number of travelers in most of the important stops is 
almost the same than the alternative one. In the direction up this difference is bigger than in the 
alternative one (2200 against 1400). It shows that this new line is more attractive to people than the 
alternative one was. 

Figure 62: Perceived journey time between alternative 1.3 and alternative 1.1 
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Also, the amount of travelers in the northern and southern part is well-balanced and the number of 
people that cross the western part is around 500. 

Volume 
The volume of passengers in the southern and northern parts has increased.  

In the radial routes, this amount of people has decreased compared to the alternative 1.1 

 

 

 

 

 

 

 

 

 

Perceived Journey Time 
Total Perceived Journey Time of the alternative 1.1 is 455533h. In this alternative, the TPJT is 
455218h. That means that it has decreased by 315h.  

All of the zones have less perceived journey time, as it can be seen in the next figure. The dots are 
bigger than in the other alternatives because the same scale has been used and the amount of time has 
changed a lot. 

 

 

 

 

 

 

Figure 63: Diferences in volumes between alternatives 2.1 and 1.1 

Figure 64: Differences in PJT between alternative 2.1 and alternative 1.1 
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Alternative 2.2-Alternative 1.2 

Column chart 

 

The maximum amount of people passing through a stop has increased from around 600 to more than 
900. Also the number of people who go through the western zone has increased from around 75 to 
almost 300 people. 

Volume 
The volume of travelers, as in the previous comparison, has increased in the southern and northern part 
from the alternative 1.2 to the alternative 2.2 and has decreased in the radial routes (see in the 
appendix). 

Perceived Journey Time 
Total Perceived Journey Time of the alternative 1.2 is 455617h. In this alternative, the TPJT is 
455275h. That means that it has decreased by 342h.  

In this comparison, PJT has decreased a lot in Ekerö, Sollentuna and Fruängen but has increased in 
central Stockholm. 

 

Figure 65: Differences in PJT between alternatives 2.2 and 1.2 
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Alternative 2.3-Alternative 1.3 

Column chart 

 

As in the previous comparisons, the amount of people is higher in the alternative 2 than in the 
alternative 1. 

It can be seen an imbalance between the passengers in the northern and the southern part. 

Volume 
As in the comparisons between alternatives 2 and 1 that have been done before, the volume of people 
increase in the new line and decrease in the radial routes. 

Perceived Journey Time 
Total Perceived Journey Time of the alternative 1.3 is 455617h. In this alternative, the TPJT is 
467617h. That means that it has decreased by 619h.  

As it can be seen in this figure, the PJT increases a lot in all the zones. 

 

Figure 66: Differences in PJT between alternative 2.3 and alternative 1.3 



� Optimization of the public transport network for a multiple-core city: Stockholm  
 

76 KTH Gracia López Ferri  

Conclusions 
After all these results and the analysis that has been done, it can be seen that the planning for 
polycentrism (alternative 2) is better than alternative 1 (today’s planning). The results have shown that 
the PJT has been reduced, the volume of people through the city center have decreased (avoiding 
congestion), people that cross the bypass is more than in the alternative one and the trips in the 
southern and northern part are well-balanced. 

Also, between the three sub-alternatives, the table 18 shows that the best is the first one (alternative 
2.1). The TPJT is the lowest and this line route is more attractive for people because the volumes are 
bigger than in the rest of sub-alternatives. The comparison of the TPJT of all the alternatives is shown 
in the next figure: 

 

 

 

 

 

 

 

Thus, the alternative chosen will be alternative 2.1.  

Number of buses and frequency 

The number of buses and the headway for this line have to be defined. There are different ways to 
know the number of buses that are needed. The two main ways of calculating the number of buses are 
the business-economic way (less amount of buses you can to satisfy the demand) and one based in the 
quality of the service. 

Kottenhoff (2014) says that, as a rule for planning, practical capacity means that the 50% of the 
standing places are used in an average rush hour. In practice, some vehicles will be crowded and 
overfilled if it is tried to plan for 100% capacity. 

In this thesis, the number of buses will be calculated considering bad comfort (100% seating and 40% 
standing) for rush hours and fairly good comfort (100% seating and 20% standing) for the rest of the 
hours in the day.  

 

Table 18: Comparison of the TPJT of all the alternatives 
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The vehicle used will be, as said before, a blue bus. It will be MAN LC G or Stombuss ytterstaden 
(18m length, articulated bus). The headway is 10 minutes. 

In this new line, the maximum number of passengers per three hours is 1000 in the direction down and 
2250 passengers in the direction up. It means that if the distribution of the trips in the three hours is the 
same the number of passengers per hour should be 750. Taking into consideration that the rush hour 
occurs between these three hours, 900 passengers will be the number to work with. 

In the direction down, there are 334 passengers per hour and it can be increased to 500 in the rush 
hour. 

It means that with the frequency and the vehicle previously defined, only the line in the direction down 
carry out the requirements. The frequency should be increased to 6 minutes in the rush hour in the 
direction up to meet the number of passenger’s requirement. The amount of travelers will increase due 
to the increase in the frequency and this new frequency can meet this need.  

 

 

 

 

Table 19: number of passengers in each type of bus per hour (Sources: Trafikplan 2020 SL and Djoko, Emeric. Evaluation 
of the feasibility of a new North-South Metro line in Stockholm from an infrastructure and capacity perspective, 2014) 
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Conclusion 
This thesis was made in order to study what should be the best way to improve the public transport 
network in the suburbs, making the multiple-core structure more functional and stronger. Stockholm 
region is growing by around 20 000 people per year and it makes necessary to adapt the public 
transport network to this fact in order to get a more cohesive city with strength connections between 
the regional cores. Both PROMENADEN and RUFS have been working in this task, trying to plan 
more integrated suburbs with reinforced connectors and to further develop a dense, multi-center 
region. Thus, Stockholm needs to develop a good public transport system to support a polycentric and 
densely populated structure. In this thesis both political and engineering interests are taken into 
consideration. 

Stockholm is being more polycentric but this does not only mean that there are some differences in the 
density pattern (there are a lot of regional cores). It is needed that these cores represent real unifying 
elements of urban subsystems. This difference was shown when Madrid and Barcelona were compared 
in the literature review. Madrid has a lot of suburbs (see metro network map) but they are not 
specialized to attract people of other cores. Barcelona, on the other hand, has the same number of outer 
cores than Madrid but they can work by themselves. That is why Barcelona is considered a polycentric 
city and Madrid not. Stockholm nowadays is closer to the structure of Madrid than the structure of 
Barcelona. The city should be planned in a future being aware of this situation. Regional cores of 
Stockholm have almost the same structure and need to be developed in different ways to attract more 
people of other suburbs. This development will avoid travels to the city center that will help reducing 
congestion problems that exist currently there. In short, and according to RUFS 2011, the outer cores 
need to become more metropolitan in character. 

But also, improving the accessibility is a prerequisite for this development in the regional cores. Cross 
links like the line that is planned in this thesis will help to strength this connection between the outer 
parts of Stockholm. After the comparison of the two main alternatives, it was shown that planning for 
polycentrism has more advantages than the plan that exist today. Travel times were reduced and it 
attracted more people. Also, the number of users of this line will be more in a future because as said 
before, this program does not take into consideration people that could change their travel habits and 
would choose traveling by public transport instead of traveling by car if the new line is attractive 
enough.  

Alternative 1 gives more accessibility to the people who live between cores because it has more stops 
but the travel time decreases and it does not help to the polycentric concept. Fewer travelers are 
attracted to go through the western connection because it is faster to use pendeltåg or metro and cross 
the city center. Therefore, this alternative does not support the polycentric concept. A vehicle with 
higher speed is really needed if the connections between cores are wanted to be improved. 

Alternative 2.1 gets more travelers, more people crossing the western connection than the other 
alternatives and the amount of travelers between north and south is well-balanced. It also increases the 
travels between the suburbs and decreases the amount of people that travel to the city center, what 
helps avoiding congestion in the inner city. The perceived journey time is reduced by around 13 000 
hours from the “do nothing” alternative. Also the costs are not going to increase a lot because the new 
line is a bus line and follows the route of other buses that already do these routes. The problem of this 
alternative compared with the alternative 1 is that people who live between cores have fewer facilities 
to use this line. Thus, to make this line working better, it is necessary to have some lines that work as 
feeders to the main line. 
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As the region grows, there is a need for more connections on cross and diagonal routes to offer 
alternatives to the car (RUFS 2011). It has been demonstrated how this new line improves the planned 
network for 2030. 

Further Studies 
LuTrans working with VISUM would be a good tool to know approximately what will be the number 
of people that could be attract for this new line and will change traveling by car to traveling by public 
transport. Also working with the four step model of VISUM, not only the route choice step could help 
in this work. In short, any tool that allows working with a non-static matrix will offer more accurate 
results. 

A study of how should be developed the regional cores as a group have to be done in order to decrease 
trips between regional cores and the inner city and to help in the change to polycentrism. 

If the number of passengers grows a lot it will be a good idea to plan a BRT/LRT line between these 
regional cores. The advantages of this change of the vehicle will be: 

- More speed, less travel time 
- Good frequency and low headway 
- More comfort than normal buses 
- Intelligent transportations systems (ITS) 
- Fewer delays, more reliability 
- Less traffic problems 
- Reduction of urban sprawl and congestion 

It has been implemented in almost 200 cities in the world and the reviews are very positives. It has 
attract a lot of people and now around 31 million passengers per day use currently BRT in the world. 

This line is planned for the suburbs, so there will not be as many land problems as it can be in the city 
centers. The costs also are not as high as building a metro line.  

Thus, a future study of this line with BRT/LRT is really recommended. 
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Appendix 
Bus line routes 

- Northern part 
113: Blackebergs gård – Sundbyberg – Solna centrum 
117: Brommaplan-Flysta-Spånga stn 
118: Hallonbergen –Rissne-Spånga stn-Vällingby 
157: Danderyds sjh – Rissne –Spånga stn – Lunda industri 
158: Vällingby – Spånga stn 
178: Mörby stn – Danderyds sjh – Helenelunds stn – Kista C- Akalla – Jakobsbergs stn 
179: Vällingby – Spånga stn – Tensta – Kista C – Sollentuna stn 
514: Häggviks handelsplats – Sollentuna stn – Husby – Kista C – Rinkeby – Tensta – Spånga stn 
517: Spånga stn – Lunda industri – Hjulsta – Akalla – Husby – Kista C 
518: Vällingby – Bakarby stn – Kista C 
567: Jakobsbergs stn – IKEA – Barkarby handelsplats – Barkarby stn – Sollentuna stn 
609: Danderyds sjh – Roslags Näsby tpl – Gribbylund – Täby kyrkby – Vallentuna stn - Rosengården 
627: Kista C – Sollentuna stn – Täby C – Åkerby  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

- Southern part 
144: Fruängen – Långsjö torg – Älvsjö stn – Juliaborg – Gullmarsplan 
161: Midsommarkransern – Älvsjö stn – Bandhagen – Svedmyra – Skogskyrkogården - Bagarmossen 
163: Bredäng – Fruängen – Älvsjö stn – Svedmyra – Blåsut – Kärrtorp 
165: Liljeholmen – Västberga – Örby – Högdalen – Fagersjö – Farsta C 
172: Norsborg – Hallunda C – Fittja – Huddinge sjh – Huddinge stn – Högdalen – Gubbängen – 
Hökarängen – Norra Sköndal – Skarpnäck 

Figure 68: Bus line route 179, between Vällingby and 
Sollentuna station 

Figure 67: Bus line route 178, between Mörby station and 
Jakobsberg station 

Figure 69: Bus line route 627, between Kista Centrum 
and Åkerby 

Figure 70: Bus line route 518, between Vällingby and Kista 
Centrum 
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173: Skarpnäck – Norra Sköndal – Bandhagen – Älvsjö stn – Fruängen – Kungens Kurva - 
Skärholmen 
703: Fruängen – Segeltorp – Snättringe – Stuvsta stn – Huddinge C - Sörskogen 
704: Björnkulla – Fleminsbergs stn – Visättra – Flemingsbergs stn – Huddinge sjh – Huddinge stn – 
Källbrink – Segeltorp - Fruängen 
709: Huddinge stn – Sundby – Gladö kvarn – Ådran – Lissma – Länna handelsplats 
710: Skärholmen – IKEA – Upplevelsecenter – Kungens Kurva – Segelstorp - Snättringe – Stuvsta stn 
– Huddinge C - Sörskogen  
740: Kungens Kurva – IKEA – Skärholmen – Vårby gård – Masmo – Huddinge sjh – Huddinge stn 
742: Huddinge sjh – Flemingsbergs stn – Huddinge C – Sofieberg – Farsta strand – Trångsund – 
Skogås C – Östra Skogås 
865: Handenterminalen – Lissma – Balingsnäs – Huddinge sjh – Skärholmen 

 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 74: Bus line route 163, between Bredäng and Kärrtorp Figure 71: Bus line route 144, between Fruängen and 
Gullmarsplan 

Figure 72: Bus line route 710, between 
Skärholmen and Sörskogen 

Figure 73: Bus line route 172, between Norsborg and 
Skarpnäck 

Figure 75: Stockholm's population density (red = over 150 
persons / ha) at present. 
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Capacity in the northern part 
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Capacity in the western part 
 

 

 

 

 

 

 

 

 

 

 

 



Optimization of the public transport network for a multiple-core city: Stockholm � 
 

Gracia López Ferri KTH 87  

Capacity in the southern part 
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Boarding and alighting passengers and volumes of the alternative 1.1 (direction “up”) 

 

 

 

 

 

 

 

 

 

Boarding and alighting passengers and volumes of the alternative 1.2 (direction “up”) 

Boarding and alighting passengers and volumes of the alternative 1.3 (direction “up”) 
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Stops removed in the alternative 2.1 

Code Stop point 
Travelers 

boarding and 
alighting 

Distance 
between 
the next 

stop 

Stop of 
the new 

line? 

Distance 
betweeen 

stops 

26202 Enhagsv 77.562927 0.4 YES 
1.51 25313 Österängsv 14.434326 0.79 NO 

25311 Eneby T 6.727637 0.32 NO 
25321 Skolv 39.937431 0.48 YES 0.92 
25302 Fenixv 15.646824 0.44 NO 
25301 Enman V 3.348328 1.2 YES 1.2 
25182 Dandberg 70.357845 0.2 YES 

0.81 25181 Rinkeby N 24.173387 0.22 NO 
25251 Rinkeby V 7.739925 0.39 NO 
25252 Handelsv 6.193887 0.41 YES 

1.2 25253 Danaröv 0.004441 0.23 NO 
25254 Jaktskb 5.327687 0.56 NO 
25255 Sätra 5.093055 0.6 YES 

1.69 25256 Sätra Gå 2.875287 0.53 NO 
22401 Sjöberg 45.528538 0.56 NO 
22402 Kärrdalssk 101.469696 0.47 YES 

2.04 22403 Na Kärrdal 33.916533 0.57 NO 
22272 Rösjön 1.034548 1 NO 
22271 Kvarnskogen 40.153253 0.48 YES 1.13 22242 Edsbergsskol 82.854642 0.65 NO 
22221 Malla Sv 105.185743 0.78 YES 1.13 22213 Djupdalsv 38.610814 0.35 NO 
22191 Edsbacka 77.734751 0.46 YES 

1.66 22152 Strandv 11.560821 0.21 NO 
22153 Sollenva 2.833359 0.5 NO 
22151 Sofielsk 34.270737 0.49 NO 
22141 SollStnBÖ 141.517827 0.75 YES 1.24 22146 Aniarapl 27.26636 0.49 NO 
22092 Lillhersv 43.778404 0.49 YES 

1.96 22094 Manhemsv 12.612264 0.4 NO 
22062 Kummelbyv 41.4325 0.61 NO 
22011 Snickarev 20.668884 0.46 NO 
22032 Anhaltsv 47.525759 1.45 YES 1.45 
22013 HelStnB2 506.62098 0.72 YES 0.72 
16142 Grönlgån 319.098096 0.5 YES 1.13 
16141 Torsnäsg 27.337376 0.63 NO 
16101 KistaC 461.157564 0.71 YES 

1.3 16173 Tönsbg 3.202073 0.31 NO 
16172 Bergeng 34.551758 0.28 NO 
16171 Trondhg 79.061942 1.58 YES 1.58 
16201 AkallaCB 119.432538 2.57 YES 2.57 
20051 JärfKy 37.988312 1.37 YES 1.37 
20083 Veddesta C 128.631577 0.67 YES 0.67 
20081 Kontov 170.246751 1.21 YES 1.86 
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20035 Lärkv 25.721749 0.44 NO 
20031 Byleden 20.822246 0.21 NO 
20023 Budkavlev 98.184097 0.33 YES 

1.32 20022 Skillingv 4.308853 0.2 NO 
20021 SkälbyIP 1.370896 0.49 NO 
20013 Tellusv 0 0.3 NO 
20012 Neptuniv 119.352731 0.59 YES 

1.53 20011 Zenitv 13.46583 0.5 NO 
15781 Snårvindev 29.298912 0.44 NO 
15753 Åkermyntan 114.821277 0.45 YES 

1.9 15754 Smedshagsv 83.686515 0.39 NO 
15755 Toppklgr 33.860496 0.36 NO 
15623 Rädisv 46.257806 0.7 NO 
15624 Astrakg 134.671038 0.57 YES 

1.63 15584 Krossg 61.445944 0.76 NO 
15561 Bergslagpl 119.147884 0.3 NO 
15565 Bergslagspl(rbuss) 111.18929 6.7 YES 6.7 
19024 LovöEdeby 132.841124 5 YES 5 
14561 Skärholmen 174.089106 0.68 YES 1.09 14562 Ekholmsv 14.186659 0.41 NO 
14581 Lindholmsb 92.719198 0.56 YES 

1.16 14582 Lammholmsb 4.130816 0.6 NO 
37681 Lindvreten 172.763099 0.45 YES 

1.65 37683 Apoteksbol 0.342757 0.38 NO 
37685 Pyramidb 34.671498 0.66 NO 
37687 Månskärsv 6.181264 0.16 NO 
37671 Kungens Kurva 136.157627 0.66 YES 1.56 
37674 Jägerhorns v 18.350325 0.9 NO 
37611 Vårdkasev 25.168943 0.39 YES 1.66 37612 Fornminnesv 13.002056 1.27 NO 
37603 Segeltorps ind 194.508887 0.66 YES 1.21 14463 Dr Widerströms g 8.887545 0.55 NO 
14461 Fruängen 307.176838 0.31 YES 

0.9 14431 Fredrika Bremers g 94.569172 0.31 NO 
14464 Västerängv 93.910734 0.28 NO 
14465 Kvarnh 67.34389 2.7 YES 2.7 
14374 KämpetSk 16.180208 0.7 YES 1.25 14384 Älvsjögå 55.53527 0.55 NO 
14381 Älvsjö sta 495.698427 3 YES 3 
14353 Juliaborg 116.029812 1 YES 

1.98 13744 Skebokvv. 29.799219 0.57 NO 
13741 BandhBu 219.46612 0.41 NO 
13742 Örbyleden 85.088695 2.13 YES 2.13 
13511 HökarängBu 224.104876 0.79 YES 1.96 13521 Söndagsv 95.71219 1.17 NO 
13461 N Sköndal 176.559432 1 YES 

1.68 13463 StSköndalV 5.835924 0.34 NO 
13092 Horisontv 66.21622 0.34 NO 
13096 Skarpnäck 14.951136 YES 
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Stops removed in the alternative 2.2 

Code Stop point 
Travelers 

boarding and 
alighting 

Distance 
between 
the next 

stop 

Stop of 
the new 

line? 

Distance 
betweeen 

stops 

26202 Enhagsv 77.562927 0.4 YES 
1.51 25313 Österängsv 14.434326 0.79 NO 

25311 Eneby T 6.727637 0.32 NO 
25321 Skolv 39.937431 0.48 YES 0.92 
25302 Fenixv 15.646824 0.44 NO 
25301 Enman V 3.348328 1.2 YES 1.2 
25182 Dandberg 70.357845 0.2 YES 

0.81 25181 Rinkeby N 24.173387 0.22 NO 
25251 Rinkeby V 7.739925 0.39 NO 
25252 Handelsv 6.193887 0.41 YES 

1.2 25253 Danaröv 0.004441 0.23 NO 
25254 Jaktskb 5.327687 0.56 NO 
25255 Sätra 5.093055 0.6 YES 

1.69 25256 Sätra Gå 2.875287 0.53 NO 
22401 Sjöberg 45.528538 0.56 NO 
22402 Kärrdalssk 101.469696 0.47 YES 

2.04 22403 Na Kärrdal 33.916533 0.57 NO 
22272 Rösjön 1.034548 1 NO 
22271 Kvarnskogen 40.153253 0.48 YES 1.13 22242 Edsbergsskol 82.854642 0.65 NO 
22221 Malla Sv 105.185743 0.78 YES 1.13 22213 Djupdalsv 38.610814 0.35 NO 
22191 Edsbacka 77.734751 0.46 YES 

1.66 22152 Strandv 11.560821 0.21 NO 
22153 Sollenva 2.833359 0.5 NO 
22151 Sofielsk 34.270737 0.49 NO 
22141 SollStnBÖ 141.517827 0.75 YES 1.24 22146 Aniarapl 27.26636 0.49 NO 
22092 Lillhersv 43.778404 0.49 YES 

1.96 22094 Manhemsv 12.612264 0.4 NO 
22062 Kummelbyv 41.4325 0.61 NO 
22011 Snickarev 20.668884 0.46 NO 
22032 Anhaltsv 47.525759 1.45 YES 1.45 
22013 HelStnB2 506.62098 0.72 YES 0.72 
16142 Grönlgån 319.098096 0.5 YES 1.13 
16141 Torsnäsg 27.337376 0.63 NO 
16101 KistaC 461.157564 0.71 YES 

1.3 16173 Tönsbg 3.202073 0.31 NO 
16172 Bergeng 34.551758 0.28 NO 
16171 Trondhg 79.061942 1.58 YES 1.58 
16201 AkallaCB 119.432538 2.57 YES 2.57 
20051 JärfKy 37.988312 1.37 YES 1.37 
20083 Veddesta C 128.631577 0.67 YES 0.67 
20081 Kontov 170.246751 1.21 YES 1.86 



� Optimization of the public transport network for a multiple-core city: Stockholm  
 

92 KTH Gracia López Ferri  

20035 Lärkv 25.721749 0.44 NO 
20031 Byleden 20.822246 0.21 NO 
20023 Budkavlev 98.184097 0.33 YES 

1.32 20022 Skillingv 4.308853 0.2 NO 
20021 SkälbyIP 1.370896 0.49 NO 
20013 Tellusv 0 0.3 NO 
20012 Neptuniv 119.352731 0.59 YES 

1.53 20011 Zenitv 13.46583 0.5 NO 
15781 Snårvindev 29.298912 0.44 NO 
15753 Åkermyntan 114.821277 0.45 YES 

1.9 15754 Smedshagsv 83.686515 0.39 NO 
15755 Toppklgr 33.860496 0.36 NO 
15623 Rädisv 46.257806 0.7 NO 
15624 Astrakg 134.671038 0.57 YES 

1.63 15584 Krossg 61.445944 0.76 NO 
15561 Bergslagpl 119.147884 0.3 NO 
15565 Bergslagspl(rbuss) 111.18929 6.7 YES 6.7 
19024 LovöEdeby 132.841124 0.94 YES 0.94 
19025 Tillflktn 0 0.91 YES 

2.79 19026 LindöLada 0 1.31 NO 
19027 Malmvik 0.116798 0.57 NO 
19104 Färentv 58.39173 0.72 YES 0.72 
19103 EkeröC 54.831477 0.2 YES 0.55 19112 Brandstn 1.423338 0.35 NO 
19111 Fredrstrv 29.486775 0.36 YES 

0.77 19123 Trädg 0.389617 0.23 NO 
19122 BryggaGå 0.079884 0.18 NO 
19121 BryggaInd 50.346538 0.27 YES 

6.025 

19175 Ekebyhb 0 0.35 NO 
19174 Herredv 0 0.51 NO 
19176 Bokv 0 0.34 NO 
19181 Gällstaö 0 0.29 NO 
19177 Parksidan 0 0.32 NO 
19182 JungfrusVa 0 0.44 NO 
19188 Jungfrusun 0.009377 3.505 NO 
14561 Skärholmen 174.089106 0.68 YES 1.09 14562 Ekholmsv 14.186659 0.41 NO 
14581 Lindholmsb 92.719198 0.56 YES 1.16 14582 Lammholmsb 4.130816 0.6 NO 
37681 Lindvreten 172.763099 0.45 YES 

1.65 37683 Apoteksbol 0.342757 0.38 NO 
37685 Pyramidb 34.671498 0.66 NO 
37687 Månskärsv 6.181264 0.16 NO 
37671 Kungens Kurva 136.157627 0.66 YES 1.56 37674 Jägerhorns v 18.350325 0.9 NO 
37611 Vårdkasev 25.168943 0.39 YES 1.66 37612 Fornminnesv 13.002056 1.27 NO 
37603 Segeltorps ind 194.508887 0.66 YES 1.21 14463 Dr Widerströms g 8.887545 0.55 NO 
14461 Fruängen 307.176838 0.31 YES 0.9 
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14431 Fredrika Bremers g 94.569172 0.31 NO 
14464 Västerängv 93.910734 0.28 NO 
14465 Kvarnh 67.34389 2.7 YES 2.7 
14374 KämpetSk 16.180208 0.7 YES 1.25 14384 Älvsjögå 55.53527 0.55 NO 
14381 Älvsjö sta 495.698427 3 YES 3 
14353 Juliaborg 116.029812 1 YES 

1.98 13744 Skebokvv. 29.799219 0.57 NO 
13741 BandhBu 219.46612 0.41 NO 
13742 Örbyleden 85.088695 2.13 YES 2.13 
13511 HökarängBu 224.104876 0.79 YES 1.96 13521 Söndagsv 95.71219 1.17 NO 
13461 N Sköndal 176.559432 1 YES 

1.68 13463 StSköndalV 5.835924 0.34 NO 
13092 Horisontv 66.21622 0.34 NO 
13096 Skarpnäck 14.951136 YES 

 

Stops removed in the alternative 2.3 

Code Stop point 
Travelers 

boarding and 
alighting 

Distance 
between the 

next stop 

Stop of 
the new 

line? 

Distance 
betweeen 

stops 
26202 Enhagsv 77.562927 0.4 YES 

1.51 25313 Österängsv 14.434326 0.79 NO 
25311 Eneby T 6.727637 0.32 NO 
25321 Skolv 39.937431 0.48 YES 0.92 25302 Fenixv 15.646824 0.44 NO 
25301 Enman V 3.348328 1.2 YES 1.2 
25182 Dandberg 70.357845 0.2 YES 

0.81 25181 Rinkeby N 24.173387 0.22 NO 
25251 Rinkeby V 7.739925 0.39 NO 
25252 Handelsv 6.193887 0.41 YES 

1.2 25253 Danaröv 0.004441 0.23 NO 
25254 Jaktskb 5.327687 0.56 NO 
25255 Sätra 5.093055 0.6 YES 

1.69 25256 Sätra Gå 2.875287 0.53 NO 
22401 Sjöberg 45.528538 0.56 NO 
22402 Kärrdalssk 101.469696 0.47 YES 

2.04 22403 Na Kärrdal 33.916533 0.57 NO 
22272 Rösjön 1.034548 1 NO 
22271 Kvarnskogen 40.153253 0.48 YES 1.13 22242 Edsbergsskol 82.854642 0.65 NO 
22221 Malla Sv 105.185743 0.78 YES 1.13 22213 Djupdalsv 38.610814 0.35 NO 
22191 Edsbacka 77.734751 0.46 YES 

1.66 22152 Strandv 11.560821 0.21 NO 
22153 Sollenva 2.833359 0.5 NO 
22151 Sofielsk 34.270737 0.49 NO 
22141 SollStnBÖ 141.517827 0.75 YES 1.24 
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22146 Aniarapl 27.26636 0.49 NO 
22092 Lillhersv 43.778404 0.49 YES 

1.96 
22094 Manhemsv 12.612264 0.4 NO 
22062 Kummelbyv 41.4325 0.61 NO 
22011 Snickarev 20.668884 0.46 NO 
22032 Anhaltsv 47.525759 1.45 YES 1.45 
22013 HelStnB2 506.62098 0.72 YES 0.72 
16142 Grönlgån 319.098096 0.5 YES 1.13 16141 Torsnäsg 27.337376 0.63 NO 
16101 KistaC 461.157564 0.71 YES 

1.3 16173 Tönsbg 3.202073 0.31 NO 
16172 Bergeng 34.551758 0.28 NO 
16171 Trondhg 79.061942 1.58 YES 1.58 
16201 AkallaCB 119.432538 2.57 YES 2.57 
20051 JärfKy 37.988312 1.37 YES 1.37 
20083 Veddesta C 128.631577 0.67 YES 0.67 
20081 Kontov 170.246751 1.21 YES 

1.86 20035 Lärkv 25.721749 0.44 NO 
20031 Byleden 20.822246 0.21 NO 
20023 Budkavlev 98.184097 0.33 YES 

1.32 20022 Skillingv 4.308853 0.2 NO 
20021 SkälbyIP 1.370896 0.49 NO 
20013 Tellusv 0 0.3 NO 
20012 Neptuniv 119.352731 0.59 YES 

1.53 20011 Zenitv 13.46583 0.5 NO 
15781 Snårvindev 29.298912 0.44 NO 
15753 Åkermyntan 114.821277 0.45 YES 

1.9 15754 Smedshagsv 83.686515 0.39 NO 
15755 Toppklgr 33.860496 0.36 NO 
15623 Rädisv 46.257806 0.7 NO 
15624 Astrakg 134.671038 0.57 YES 

1.63 15584 Krossg 61.445944 0.76 NO 
15561 Bergslagpl 119.147884 0.3 NO 
15565 Bergslagspl(rbuss) 111.18929 6.7 YES 6.7 
19024 LovöEdeby 132.841124 5 YES 5 
14561 Skärholmen 174.089106 0.68 YES 1.09 14562 Ekholmsv 22.75612 0.41 NO 
14581 Lindholmsb 76.808568 0.56 YES 1.16 14582 Lammholmsb 10.516217 0.6 NO 
37681 Lindvreten 143.193838 2.25 YES 2.75 
37701 Hamnv 12.154518 0.5 NO 
37713 VårbyC 392.130794 0.31 YES 2.65 37712 Masmo 413.812662 2.34 NO 
37563 GustAdolfv 340.399527 1.98 YES 1.98 
37523 Kästadalsv 132.2529 0.63 YES 0.63 
37513 FlembC 293.000906 0.2 YES 0.2 
37512 Huddsjh 837.975617 0.34 YES 0.74 37511 Novum 239.483496 0.4 NO 
37502 Hälsov 656.832919 0.55 YES 2.45 
37501 Vårdkasen 122.79366 1.9 NO 
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37381 Huddstn 548.981164 1.78 YES 1.78 
37241 Huddinge gymn. 922.264175 1 YES 1 
37213 Ågestav 212.103858 1.43 YES 1.43 
13831 Rågsved 306.495058 1.23 YES 1.23 
13751 HögdalenBu 548.68961 0.63 YES 

1.31 13762 Högdaldepå 0 0.33 NO 
13773 HögdalInd 0 0.35 NO 
13772 Kvicksundv 158.348915 0.35 YES 

1.62 13771 Selaöv 0 0.44 NO 
13444 GubbängIp 0 0.54 NO 
13443 Getfotsv 0 0.29 NO 
13441 Gubbäng 196.240915 0.35 YES 1.14 13511 HökarängBu 261.098692 0.79 NO 
13521 Söndagsv 143.709921 1.17 YES 1.17 
13461 N Sköndal 382.69677 1 YES 1 
13463 StSköndalV 9.106885 0.34 NO 0.34 
13092 Horisontv 141.618474 YES 
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Boarding and alighting passengers and volumes of the alternative 2.1 (direction “up”) 

 

 

 

 

 

 

 

 

 

Boarding and alighting passengers and volumes of the alternative 2.2 (direction “up”) 

 

 

 

 

 

 

 

 

 

Boarding and alighting passengers and volumes of the alternative 2.3 (direction “up”) 
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Volume differences between alternative 2.2 and alternative 1.2 

 

Volume differences between alternative 2.3 and alternative 1.3 
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