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4. Comparison of metro planning for both cities 
 
The first chapter of the thesis talks about a theoretical frame of the tools used for the 
traffic planning. Second and third explain the Copenhagen and Barcelona’s metros, 
analyzing both, the actual and the future networks and discussing the pros and cons of 
each one. 
This last chapter is about the planning process giving real data and how to obtain them. 
Although it is more difficult to study both cities together and compare them due to the 
different characteristics of each one, it will be tried, as it is one of the aims of the thesis.  
Basically, this chapter is divided in four sections : 
 

• Initial data and mode choice 
• Passengers’ estimations 
• Stations and catchment’s area 
• Political decis ions 

 
The first one is the first step of the planning system. Planners need to obtain real data to 
see whether the infrastructure will be profitable or not and which are the neediest areas 
in terms of public transport. 
Hence, they have to analyze the posit ive or negative effects that the new transport mode 
will make over the others. However, the market shares of Copenhagen and Barcelona 
are not the same and they change quite different, just due to the citizens’ behaviour. 
 
Based on the surveys and the data obtained about how many people will use the new 
infrastructure, planners make prognosis of different scenarios. For example, these 
prognoses are useful to compare possible alternatives. Besides, they give an idea of the 
passengers, even though there are a lot of changing factors which make it a difficult task. 
 
Secondly, the situation of the stations is really important to give a good access to the 
people. Hence, the configuration of the entrances, as well as the analysis of the 
catchment’s area for each station is essential in order to provide the population with the 
best service. 
Moreover, it is necessary to know how big is the catchment’s area according to the 
characteristics of the territory such as the slope, the configuration of the urban streets, 
the mode choice, etc. These studies are necessary to realize of the importance of each 
station. 
 
Although all these studies of traffic, passengers, stations, market shares and so on are 
indispensable to find out the best layout for the metro, such an expensive infrastructure 
is determined at the end by political reasons. Hence, the pressures of the local city 
councils to pass the metro through some areas are so strong that sometimes there is no 
option. Moreover, there are different governments involved in the project and they have 
different ideas. 
The funds to pay an infrastructure like a metro line is sometimes a big problem and it 
will be explained how Copenhagen and Barcelona pay off their infrastructure. Each city 
use different ways, but both have some restrictions in the layout determined by political 
decisions. 
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4.1. Initial data and mode choice 
 
The trip generation, which is the first of the fourth step model explained in the chapter 
one, obtains the number of trips generated and attracted in each zone. However, it does 
not deal with how to obtain this number of trips. 
Everybody has been asked now and then about their trips, destinations, transport modes, 
etc. Hence, data are obtained from surveys. 
Although this process is not easy, it is the best option to ge t reliable information as fast 
as possible, by a small margin. 
They can be done in the street, during the trips by public transport or even from home 
by telephone. Moreover, depending on what the planners want to get, the surveys can be 
done everyday, on a normal day, on weekends, every month, etc, there are a lot of 
variants. 
In the case of Barcelona, the demand of the L9 was studied by two different surveys, 
both belong to the RMB: 
 

• Everyday Mobility Study (EMQ), 1996 
• Obliged Mobility Study (EMO), 1996 

  
The EMQ 1996 has a sample of 25500 people older than 13 years old and all of them 
residents in the RMB. This survey is made by telephone and it gathers all the trips in a 
normal week, including the transport mode that is used. Besides, it is based on 301 
zones of the RMB, which only 38 are from Barcelona city. This is not enough, as the 
metro analysis is basically Barcelona and surrounding cities such as Badalona, 
L’Hospitalet de Llobregat, Santa Coloma de Gramenet and Sant Adrià de Besós. Hence, 
it is necessary a new division in more zones to have a higher precision in the analysis. 
The EMO 1996 considers all the population of Catalonia. It takes into account the first 
obliged trip done in a working day. It means home-work and home-study trips. 
This survey has about 200 zones in Barcelona, which is pretty good to analyze. 
However, as EMO analyzes only the first trip, sometimes it has too little information. 
Thus, for the L9 study is used the number of zones provided with the EMO divisions in 
Barcelona city. The rest of the territory uses the EMQ division. 
In short, there are 523 zones, which 284 are really interesting. (Ref: PDI) 
 
Normally, it is more representative to take data in a working day, as there are much 
more trips. In the Barcelona Metropolitan Region, the 81.9 % of all the trips are made 
from Monday to Friday. 

 
Fig. 46. Trips’ division in a week in the RMB. (Ref: EMQ 2001) 

 
Aside from the modified EMO and EMQ, other tools are used in the L9 planning. In 
some stretches like Zona Universitària more mobility studies are done in order to 
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complement the surveys. Moreover, ATM has socioeconomic data as well as future 
prognosis. 
The airport requires also an independent analysis of the passengers, especially for non 
resident people. Hence, there are two types of surveys: for residents and for foreigners, 
such as tourists, businessman, etc. 
 
The type of trip is also asked in the surveys, distinguishing the obliged trips between the 
non obliged ones. 
 
 

Type of trips  Percentage (%) 
Work 19,8 
Study 4 

Obliged mobility 23,8 
Everyday shopping 5,6 
Extraordinary shopping 1,3 
Doctor/hospital 2,3 
Visit friend/family 3,2 
Accompany other people 5,9 
Personal formalities 3,9 
Leisure time 4,8 
Meals  0,5 
Walk around 3,6 
Second residence 0,2 

Non obliged mobility 31,3 
Back home 44,9 

Table 10. Type of trips. Shares in RMB. (Ref: ATM) 
 
 
Once the data of the surveys are obtained, it is necessary to calculate the percentages of 
the whole population and obtain the O-D matrix for each zone. 
After that, more tools are needed to make a deeper analysis. For example, the market 
shares of the different transport modes. 
Anyway, several parameters take part when choosing these transport modes. Here, four 
examples are given: 
 

• Urban space 
• Costs 
• Time savings 
• Commercial speed 

 
The urban space is a valuable good for the population. Sometimes people do not realize 
that cars occupy almost 20 times the space needed for a metro line. 
For example, it is necessary a street of 175 metres wide to transport 50000 people per 
hour and direction by car. 
On the other hand, 35 meters are needed when using bus services, but only 9 meters for 
a railway line. 
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Fig. 47. Urban space between different transport modes. (Ref: UITP) 

 
 
Aside from the urban space, cars are much more expensive than public transport. Next 
table shows some of these differences: 
 

 
COSTS Public transport Private transport 

Direct operations (M€) 365,66 620,27 
Indirect operations (M€) 299,09 3999,69 
Time (M€) 2061,56 2826,66 
Externals (M€) 81,02 935,23 
Total transport (M€) 2807,34 8381,85 
Passengers – km (Million) 5442 10242 
€ / passenger – km   0,51 0,82 

Table 11. Cost per kilometre (no taxes) between public and private transport  (year 2000) in the RMB. 
(Ref: www.atm-transmet.org) 

 
Moreover, comparing the evolution of the costs through the years it can be observed 
that the increasing for the private transport is higher than the public. 
 
 

COST Public transport Private transport 
1998 0,51 0,77 
1999 0,51 0,79 
2000 0,51 0,82 

Table 12. Evolution of the costs  (€/passenger-km). (Ref: www.atm-transmet.org) 
 
 

The costs can be divided in more detail by direct and indirect costs:  
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Costs per kilometre by car 
Direct Costs (€) 

Fuel 0.02 
Lubricants 0.01 
Tires 0.01 
Maintenances and repairs 0.02 
Ownership 0.15 
MOT 0.01 
IVTM 0.01 
Insurances 0.07 
Parking 0.06 
Fines 0.01 
Tolls 0.05 
TOTAL DIRECT COSTS 0.42 

Indirect Costs (€) 
Travel time 0.15 
Infrastructures’ investments  0.03 
Access and waiting period 0.07 
Increasing of  congestion  0.06 
Accidents 0.06 
Air pollution 0.02 
Acoustic pollution 0.01 
TOTAL INDIRECT COSTS 0.40 
  

TOTAL COST 0.82 
Table 13. Car´s costs. (Ref: Guia Zona Franca) 

 
 
The time savings are pretty important when choosing the transport mode. Normally, for 
the same capacity, a metro line is more used than a bus line with the same route, due to 
the congestions. 
For example, comparing the travel time between bus and metro for the future metro line 
in Copenhagen, the City Circle Line, it can be observed that bus doubles the time of the  
metro for the same route: 
 

 
Fig. 48. Comparison of travel time between bus and metro in Copenhagen. (Ref: www.m.dk) 
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Fig. 49. Layout of the City Circle Line with the two alternatives. (Ref: www.m.dk) 

 
 
The time savings can also be given in percentages of improvements. For example, next 
table shows the improvement that new metro will give, comparing the actual travel time 
in minutes and the travel time by metro. As it can be observed, the improvements are 
sometimes really important, around 75 %, which is a great saving. 
 
 

 
Table 14. Travel time savings with city circle line between different stations. (Ref: www.m.dk) 
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Finally, the commercial speed is also important when choosing the transport mode, even 
though it is related to the time savings. 
 

Transport 
mode 

Commercial speed 
(km/h) 

Metro 28 
Tramway 20 
Bus 13 

Table 15. Commercial speeds. 
 
In short, all these factors take part to choose the best transport mode for each one. 
Looking at the figure 49, there are two main alternatives for the layout. The blue one is 
the Forum alternative and the green one is the Frederiksberg alternative. Hence, when 
planning the infrastructure, they studied both alternatives, for market shares, prognosis, 
passengers’ estimations, etc. 
Aside from the two alternatives, the basic scenario was also analyzed, which did not 
consider the new metro line. 
A prognosis done for the year 2015 has these results: 
 
 

Transport mode  Basic 
Scenario 

Forum 
alternative 

Frederiksberg 
alternative 

Car 3386000 3364000 3364000 
Bike 1235000 1211000 1212000 
Walk 1263000 1252000 1253000 
Public transport 1100000 1161000 1159000 
TOTAL 6984000 6988000 6988000 

Table 16. Everyday passengers in 2015 in the Copenhagen Metropolitan Region. (Ref: www.m.dk) 
 

As it is considered the whole Metropolitan Region, car has a high market share. On the 
other hand, bike, walk and public transport have a similar share. 
Dividing the public transport between different modes, it can be observed that City 
Circle Line would have approximately everyday 280000 passengers, against the 
interests of bus service, which would lose 150000 passengers. 
Moreover, the implementation of the City Circle Line would increase the whole public 
transport in approximately 120000 passengers. 
 
 

Public Transport Basic 
Scenario 

Forum alternative 
(comparing Basic) 

Frederiksberg alternative 
(comparing Basic) 

Bus 736000 -149000 -152000 
Suburban train 475000 +17000 -18000 
Regional train 170000 +2000 +2000 
Local train 22000 0 0 
Metro airport 286000 +6000 +3000 
City Circle Line 0 +283000 +276000 
TOTAL 1689000 +125000 +111000 

Table 17. Passengers of different public transport modes comparing the basic scenario and the two 
alternatives. (Ref: www.m.dk) 
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Two tables above have different results as they come from different studies. 
 
In Barcelona, the market shares are different depending on the area analyzed. Hence, it 
is not the same the whole RMB and Barcelona city. Inside the city there are more 
opportunities to catch the public transport, so it has a higher share than outside. 
Next table shows these changes in the market shares for different transport modes 
between RMB and Barcelona. The data has been obtained from the Everyday Mobility 
Study of 2001: 
 

TRANSPORT MODE RMB 
(%) 

Barcelona 
(%) 

Walk 38,2 28,1 
Renfe 3,1 4,7 
Metro 9,9 20,5 
FGC 2,1 3,2 
Bus TMB 6,0 12,7 
Other buses 3,9 2,2 
Other public modes 1,3 0,5 
Taxi 0,5 0,8 
TOTAL PUBLIC TRANSPORT 26,7 44,6 
Car (1 pax) 21,9 15,4 
Car (more than 1) 9,1 7,1 
Motorbike (1 pax) 2,9 3,7 
Motorbike (2 pax) 0,3 0,3 
Other privates 0,9 0,9 
TOTAL PRIVATE TRANSPORT 35,2 27,4 

Table 18. Market shares between RMB and Barcelona city. (Ref: EMQ 2001) 
 
Looking at the different shares it can be observed that public transport in Barcelona city 
is almost doubling the whole RMB share. This is due to the increasing of metro and bus 
TMB services inside the city. In consequence, private transport reduces its share, as a 
lot of people can use public transport, which is more economic, less damaging to the 
environment and even faster, especially in peak hours. 
 
On the other hand, 91.5 % of the trips made in RMB are using only one transport mode.  
 

 
Fig. 50. Distribution of the trips in the RMB. (Ref: EMQ 2001) 
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However, the multimodal share has increased a little from 2001 to 2006, as it was the 
beginning of the integrated fare system implemented by ATM and people were not used 
to catch more than one mode. After five years, more people use two or more public 
transport modes to travel around Barcelona. 
 
Aside from the unimodal trips, the rest of the trips use two or more different transport 
modes to get the destination. Next figure shows the distribution within the bimodes’ 
trips. 
 
 

 
Fig. 51. Distribution of the bimodal trips in the RMB. (Ref: EMQ 2001) 

 
As it can be observed in table 18, metro has a share of 20%, which is the highest value, 
aside from walk. Metro is the fastest mode to move through Barcelona, and there are a 
lot of possibilities with all the metro lines. 
However, not all of them have the same share and there are some lines more used than 
others. Studies made by ATM for the first semester of 2005 show these differences 
between metro lines in Barcelona: 
 

Line Length  
(km) 

Train – km 
(Million) 

Trains/peak hour 
(1 direction) 

Trips 
(Million) 

L1 20,7 8,1 16 36 
L2 12,4 4,7 16 30,2 
L3 16,6 7,0 17 51,9 
L4 17,2 6,2 13 26,5 
L5 16,6 6,7 20 35,6 
L11 2,3 0,2 9 0,4 

Table 19. Trips’ characteristics of the metro lines in Barcelona. (Ref: TransMet Xifres) 
 
Basically, L9 will help to increase the share of public transport, as the re will be more 
connections and possibilities in some districts that now are weakly served. 
 
In the northern part of Barcelona L9 will have a noticeable importance, going against 
the interests of the bus, specially the lines 70, 72 and 74, which will lose some part of 
their passengers. 
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4.2. Passengers’ estimations  
 
After doing the surveys and obtaining the initial data, matrix OD are obtained in order 
to distribute the trips according to the different traffic zones. Later on, prognoses about 
how many passengers will have the infrastructure are made to have an idea. 
However, these prognoses, which are made for maybe 15 years later, are not precise and 
the results can change year by year. 
Anyway, these estimations are necessary to calculate the infrastructure, the capacity 
needed by trains, the measure of the stations, the length of the platforms, etc. 
 
In Copenhagen, the actual metro has a prognosis for 2007 and another one for 2010. 
The first one says that when metro reaches the Airport and the line is finished, 80 
million passengers will use the line. This is approximately 6500000 passengers per 
month. 
Looking at the next figure, which is real data obtained every month about the 
passengers, it can be observed that at this moment the demand is really far from the 
prognosis. However, the actual metro has not reached the airport yet. 
It’s expecting that in 2007 the metro will double the passengers, as now there are 
approximately 3000000 passengers per month. 
 

 
Fig. 52. Passenger’s data about the actual metro of Copenhagen. (Ref: www.m.dk) 

 
 
There are also fluctuations depending on the seasons. For example, from April to 
August, with a good weather in Copenhagen, the demand of the metro decreases, as a 
lot of people move by bike or other transport modes. 
 
The City Circle Line has an estimation of 275000 passengers everyday. Planners 
analyzed different alternatives and finally the Frederiksberg one was the chosen. 
Next figure shows the two main alternatives with the passengers each one between 
stations. Although the Forum alternative (blue line) has more passengers in the different 
stretch, the Frederiksberg option offers best numbers in the common stretch. This is 
København H, the city center, Østerport and Nørrebro district. 
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Fig. 53. Everyday passengers’ estimations between alternatives in the City Circle Line. (Ref: www.m.dk) 
 
Other studies, analyzing the demand with and without City Circle Line, were made 
using Arc GIS. 
Figure 54 shows the influence that City Circle Line will give to the actual metro line 
and the differences between two alternatives. 
 
Both alternatives will increase the passengers of the actual metro between Kongens 
Nytorv and Vestamager. However, the stretch going to the airport has different results. 
While Forum alternative increases the number of passengers, it is not the case of the 
other alternative. 
Looking at the København H station, the Frederiksberg alternative has more passengers. 
This station will give a better connection between metro and regional trains going to 
Sweden via Kastrup airport. Hence, probably more people will catch the train instead 
the metro. 
 
On the other hand, the influence of a circular line in the city is reflected on the other 
lines. A circular line uncongests the lines that pass through the center, saving travel 
times. 
Nowadays, the central stretch of the actual metro is pretty congested, especially between 
Kongens Nytorv and Frederiksberg. 
Both alternatives uncongest the central part, especially at Nørreport station, but 
Frederiksberg alternative has better results. 
 
Hence, Nørreport would be aside, as Central Station would be the main metro station in 
the city due to the better connections. 
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---------------------------------------------------------------------------------------------------------- 

 
Fig. 54. Passengers’ prognosis of the metro network in 2015 with the City Circle Line. Forum and 

Frederiksber alternatives. (Ref: www.m.dk) 
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Fig. 55. Passengers’ prognosis of the actual metro line in 2015 without City Circle Line. (Ref: www.m.dk) 
 
 
Finally, the Frederiksberg alternative was chosen for different reasons: 
 

• A better uncongestion of the actual metro at Nørreport station, where there are 
some capacity problems during rush hours. Frederiksberg alternative will ensure 
5000 people less than the Forum one. 

• More passengers will be served in Nørrebro, Østerbro and Vesterbro districts, 
with København H as the main metro station. 

• Although there will be less passengers from Nørrebro to Tove Ditlevsens Plads 
stations than the Forum alternative, more users will take the actual metro to go 
from Frederiksberg to Vanløse. 

• The final political decision, as Frederiksberg city council is involved in the 
metro development. The Frederiksberg alternative is much better for the 
Frederiskberg town. Their stations are much central and Frederiksberg station 
would have connection with the actual metro line. 
Hence, Frederiksberg would have a better connection and some areas would take 
advantage of this situation. For example, the shopping center of Frederiksberg. 
Besides, more people could use the metro to go to Frederiksberg Park, which is 
the main park in Copenhagen, but also it wouls be useful for students, as there is 
the main business university, the Copenhagen Business School (CBS). 
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For each station, there are also passengers’ estimations. Moreover, it can be studied the 
origin of the trips before taking the metro, depending on the different modes.  
Next figure and table show this analysis: 
 
 

 
Fig. 56. Modal distribution at the stations of the City Circle Line. (Ref: www.m.dk) 

 
 
Kongens Nytorv and Frederiksberg have a lot of demand coming from the actual metro, 
approximately 70 or 75 %. 
København H, Østerport and Nørrebro have people coming from suburban lines, as 
these stations act as changeovers. 
However, Central station is not the most used even though it is the only one that has a 
connection with regional trains. Kongens Nytorv has a higher number of people due to 
the central location in the city and the connection with the actual metro line, which is 
going to the airport. 
Finally, Nørrebro is the station which has the highest bus’ share. 
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Station Walk, bike 
and car Bus Suburban 

train 
Regional 

train 
Metro 
airport TOTAL 

København H 9020 520 17515 8360 0 35415 
Rådhuspladsen 7890 2050 0 0 0 9940 
Christiansborg 11235 0 0 0 0 11235 
Kongens Nytorv 14850 380 0 0 26745 41975 
Frederikskirken 16140 90 0 0 0 16230 
Østerport 9760 220 6780 1450 1050 19260 
Trianglen 18785 60 0 0 0 18845 
Poul Henningsens 16190 815 0 0 0 17005 
Vibenhus Runddel 8950 2100 0 0 0 11050 
Rådmansmarken 9330 2340 0 0 0 11670 
Nørrebro 10760 7215 6240 0 0 24215 
Nørrebros Runddel 9870 1030 0 0 0 10900 
Landsarkivet 6435 470 0 0 0 6905 
Aksel Møllers 6170 1955 0 0 0 8125 
Frederiksberg 2935 15 0 0 7805 10755 
Frederiksberg Alle 8035 50 0 0 0 8085 
Tove Ditlevsens 14030 370 0 0 0 14400 
TOTAL 180385 19680 30535 9810 35600 276010 

Table 20. Passenger’s flow coming from other modes of the City Circle Line. (Ref: www.m.dk) 
 
 
In Barcelona, the analysis of passengers for the L9 was quite similar, but with some 
special features. For example, the studies were carried out dividing the layout in four 
stretches in order to analyze different alternatives: 
 

1. Airport – Zona Franca 
2. Zona Franca - Sarrià 
3. Sarrià – Sagrera 
4. Sagrera – Gorg/Can Zam 

 
Here, each stretch has its demand’s study, as it is easier to carry on. Later on, the four 
stretches are joined to find out the demand in the whole line. 
Finally, two alternatives were analyzed. Looking at the figure 40, the stretch between 
Collblanc and Sarrià stations had two alternatives. Hence, the studies of demand and 
passengers’ flow are concentrated in these two variants. 
 
The results obtained thanks to the surveys EMO and EMQ 1996, and the new zone 
division in Barcelona, together with the actual railways network (metro, FGC and Renfe) 
are simulated with the EMME/2 program. It permits to representate different scenarios 
of the network, for different alternatives of the L9 and different years. 
Besides, not only passengers’ flow can be obtained, but also matrix of costs, obtaining 
saving times and induced traffic. 
 
It is interesting to obtain the attraction from other transport modes. At the moment, 37 
% of the passengers of FGC and Renfe use also the metro network. However, L9 will 
increase this share, as it will have a mesh effect. It is estimated that in 2010 this share 
will increase until 53 %. 
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As EMME/2 obtains travel times’ matrix, it is assumed that the demand attracted by 
other transport modes is proportional to the time reduction: 
 
?Dij is the increase of the metro’s demand of the relationship i - j 
e is the elasticity of each transport mode 
dTij is the time reduction between i and j in the new scenario 
 

 Bus Private vehicle Walk and bike 
Elasticity e -1 -0,35 -0,2 
Table 21. Elasticities depending on the transport mode. (Ref: PDI) 

 
 

 
Fig. 57. Base network simulated in EMME/2 program 

 
In short, the different shares between modes are obtained.  
 

Stretch Metro 
(%) 

Bus 
(%) 

Car 
(%) 

Walk 
(%) 

Induced 
(%) 

Airport – Zona Franca 33 27 27 1 12 
Zona Franca – Sarrià 38 25 23 2 12 
Sarrià – Sagrera 57 22 10 5 6 
Sagrera – Gorg/Can Zam 57 22 9 6 6 

Table 22. Attraction coming from other modes to the L9 in each stretch. (Ref: PDI) 
 
These shares are different depending on the stretch. For example, Sarrià – Sagrera and 
Sagrera – Gorg/Can Zam have 57 % coming from the metro and only 10 % coming 
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from the car. On the other hand, the other two stretches are really tied to the car, and the 
dependence of the metro is not as much as the others. 
This is due to the configuration of these zones. Airport – Zona Franca has a low density 
of population and at the moment there is any metro line. Hence, people move by private 
transport. 
The northern part of Barcelona has some metro lines such as L3, L6 and L7. Also in 
Badalona and Santa Coloma de Gramenet L9 will have connection with some metro line. 
 
Hence, approximately 70% of the total share will come from metro and bus. From this 
70%, 30 % will be new demand coming basically from the weakly districts. The 30 % 
of the rest will come from private transport such as cars and motorbikes, as well as trips 
on food and induced traffic. 
 
The estimations of passengers for both alternatives are shown at the next figures. 
The alternative 1 has the connection with L3 at Zona Universitària and Nexus is the 
Campus Nord station. 
On the other hand, the alternative 2 connects L9 and L3 at Maria Cristina station. This 
alternative has, in general, more passengers and the load is higher. 

Fig. 58. Passengers’ load on a day for alternative 1. (Ref: PDI) 
 

Fig. 59. Passengers’ load on a day for alternative 2. (Ref: PDI) 
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Comparing both alternatives it can be observed that alternative 2 has approximately 
30000 passengers more than alternative 1. 
 

 
Table 23. Passengers and load at each station of the L9 for both alternatives. (Ref: PDI) 

 
More data about passengers between stations can be observed in the attached document 
at the end of the thesis. 
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This difference between alternatives of 30000 passengers is basically due to three 
reasons : 
 

• Maria Cristina and Prat de la Riba stations, which are the alternative 2, have 
19000 passengers more than Zona Universitària, Campus Nord and Manuel 
Girona (Alternative 1). 

• The alternative 1 has destinations less attractive, so there are fewer entrances in 
other stations, especially in the central stretch. 

• The alternative 1 is longer and it has one station more. Hence, the travel time is 
higher than the alternative 2. 

 
These two last reasons give 14000 passengers more for the alternative 2. 
 
This study was carried out by ATM in 2000. 
However, another study made by Francesc Robusté and José Magín Campos from UPC 
showed different results between these alternatives. The difference between passengers 
was not as big as the ATM study. 
 
The study was also carried out in 2000 and they used the same data, EMO 1996, EMQ 
1996, as well as other mobility information about the university students and other 
centers. 
 
The methodology followed in the study was the fourth step model, estimating the trips, 
both generated and attracted by each alternative. 
 
They considered a catchment’s area for each station of 500 meters and the total area was 
divided in 6 zones: 
 

 
Fig. 60. Different zones of the area analyzed. (Ref: Robusté, F.) 

 
 

• ZU: Zona Universitària, which its mainly attraction centers are Campus Sud 
(Architecture, Industrial engineering and maths schools), business and fine arts 
schools from UB, as well as the Bruc quarters, the Polo Real Club and the Juan 
Carlos I hotel. 
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• CN: Campus Nord, with all the UPC students in this area and the residential area 

of Pedralbes, which has a low density. 
 

• MG: Manuel Girona. It is basically a residential area, with a higher density than 
Pedralbes. 

 
• MC: Maria Cristina. It has different attraction centers such as the shopping 

centers of El Corte Inglés, Pedralbes Centre and l’Illa Diagonal. This area has 
also a lot of offices like La Caixa, Banca Catalana and BBVA, as well as the 
Hospital of Barcelona. Finally, there is Les Corts, which is a high dens ity 
residential area. 

 
• PR: Palau Reial, which is situated between ZU and MC. It has some university 

centers. 
 

• PdR: Prat de la Riba. It is basically a residential area, as well as some primary 
schools and the Corachan hospital. 

 
After dividing the total area into different zones, they studied the attracted trips by the 
new L9 for each alternative and different transport modes. 
Hence, these modes were metro, bus, FGC, RENFE, private transport, walk/bike and 
tramway. Besides, the induced traffic was also analyzed. 
 
The results were adjusted by different factors. For example, the results obtained from 
the alternative 1 were reduced in a 5% due to the travel time. As this alternative is 
longer than the other one in 905 meters, it means an increasing of travel time about 1,8 
minutes. (Ref: Robusté, F.) 
 
After obtaining the results for the year 2000, they estimated the demand in different 
scenarios, 2010 and 2025, using growing factors from EMQ 1996. The results of these 
forecasts can be observed in the next table. 
 

 STATION 2000 2010 2025 
Zona Universitària 12837 13036 14806 
Campus Nord 3752 4067 4477 
Manel Girona 19891 18276 21514 

Alternative 1 

TOTAL 36479 35379 40896 
Maria Cristina 24417 24112 27310 
Prat de la Riba 14475 13558 15614 Alternative 2 

TOTAL 38892 37670 42924 
Table 24. Entrances of passengers in different stations between alternatives. (Ref: Robusté, F.) 

 
 
Here, the difference between these alternatives is only 2000 passengers, and not 19000 
from the study carried out by ATM. 
The alternative 2 has more demand than the other option, but it is only 6% more. 
However, the initial data came from 1996. Nowadays, the activity of UPC in Campus 
Nord is higher due to new buildings such as Vertex, Nexus II, the library, etc. 
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In a future, the non obliged mobility will increase in university areas due to the different 
lifestyles. Students will spend more time in Campus, even in weekends.  
 
In short, the alternative 2 has a higher demand and the Cost-Benefit analysis is also 
better. 
However, the future estimations and development of universities, as well as some 
qualitative factors and some geological problems in Maria Cristina were the main 
reasons to choose the first alternative.  
 

4.3. Stations and catchment’s area 
 
The planning of the stations is one the most important tasks of a new metro line. Their 
location, accessibility and functionality have to be analyzed in detail in order to provide 
a good service to the population. 
 
The analysis of each station over the territory is done by its catchment’s area. It is the 
area around the station which is able to attract passengers. Normally, this area has a 
circular shape to make easier its representation, but depending on different factors it has 
different shape and size: 
 

• Configuration of the streets 
• Slope 
• Age considered 
• Transport mode 
• Etc 

 
The configuration of the streets changes the shape. For example, if the urban mesh is a 
grid, the catchment’s area becomes a rhombus. If the streets are concentrics, then the 
area has like a star shape 

 
Fig. 61. Catchment’s area depending on the streets. (Ref: Conejero, A.) 

 
 



Planning system of metro networks. Comparison between Copenhagen and Barcelona 

Jordi Frigola Almar 99 

The slope can also influence on the catchment’s area, distorting its shape. Copenhagen 
has no slopes in the entire city, which make easier the analysis of the stations, but 
Barcelona, especially in the northern part, has slopes of even 10 % or more. 
Hence, these slopes have to be taken into account when planning the entrances and the 
location of the stations. 
Besides, the slopes distribute the passengers’ flow in a different way depending on the 
trips. People can walk farther to catch the metro if the slope goes down. In the return 
trip, it is possible to use another station to have the return way to home in a slope down 
as well. 
Next illustration shows that the passenger uses the station A to catch the metro and the 
station B for the return trip when goes back home. In both situations the user takes 
advantage of the descent. 

 
Fig. 62. Illustration of the behaviour to catch the metro when there is slope. (Ref: Conejero, A.) 

 
Hence, this behaviour tends to distort the circular shape of the cathcment’s area. For the 
same station, it has not the same shape if the trip is one way or return trip. 
 

 
Fig. 63. Distorsion of the catchment’s area depending on the type of trip. (Ref: Conejero, A.) 
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Fig. 64. Distorsion of the catchments’ area depending on the type of trip. (Ref: Conejero, A.) 

 
The age of the people influences also in the catchment’s area. The older is the people, 
the smaller is this area, as old people are not prepared to walk as much as young people 
to reach the station. 
 
Finally, the transport mode used to get the station is also important. Basically, it can be 
distinguished between walk and bike. Of course, the catchment’s area is pretty much 
bigger by bike. 
Hence, the great amount of bikes in Copenhagen makes the catchment’s area really 
different than Barcelona. 
 
Next figure shows the catchment’s area of the City Circle Line, but this circle has a 
radius of 600 m. It seems too small considering the bicycle custom existing in 
Copenhagen and too big for the pedestrians. 
However, as Copenhagen is a flat city and the only obstacles are the lakes, it can be 
considered that people can walk 600 meters to reach a metro station. 
If the transport mode considered is the bike, the catchment’s area could have 
approximately 1 kilometer of radius. Then, the accessibility is much higher for the 
population. 
The problem is then the overlap of the different catchment’s area. The bigger is the 
radius, the more overlap there is. 
 

 
Fig. 65. Catchments’ area of the City Circle Line with a radius of 600 meters. (Ref: www.m.dk) 
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However, the catchment’s area has not exactly a circular shape, neither in Copenhagen. 
To make deeper studies about this area, planners analyze the population, but also the 
work and study places. These three groups define the final catchment’s area for each 
station, as in the next figure, where there is the City Circle Line and a radius 
approximately for each station of 700 meters. Hence, it would be between walk and bike. 
 
 

 
Fig. 66. Catchments’ area of the City Circle Line with 700 meters of radius. (Ref: www.m.dk) 

 
 

The Barcelona’s case is pretty different than Copenhagen. In Barcelona there is not the 
bicycle custom, and people go to the stations on foot. Hence, the catchment’s area is 
smaller. Moreover, some districts have big slopes, especially in the northern part of the 
city. These slopes cause the distortions of the catchment’s area, as it has been explained 
before. 
 
Anyway, in general, the catchment’s area for the Barcelona’s metro can be considered 
400 or 500 meters around each station. 
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Fig. 67. Catchments’ area of 400 meters of the actual metro network in Barcelona. (Ref: www.wefer.com) 

 
However, the catchment’s area can change if considering the access time to the stations. 
L9 will have deep stations of even 70 meters underground. It means an unusual access 
time, even though there will be powerful elevators. Such a depth can lose the confidence 
of the population in terms of safety system and it is possible that some people use other 
transport modes instead taking the new metro, reducing the catchment’s area. 
 
A thesis made by Conejero analyzed the catchment’s area of Barcelona’s metro. He 
obtained these areas for L3, through surveys around each station to the users, asking 
them their point of departure and destination, age, etc. 
Hence, the points of departure defined each catchment’s area and there were two areas: 
The red one, with a good accessibility, and the pink one, which its accessibility was 
weakly in some cases. 
Next figure shows the Zona Universitària station of the L3 and its catchment’s areas. It 
can be observed that approximately the red area has a radius of 500 meters, giving a 
good service to the station. 
 

 
Fig. 68. Catchment’s area of the L3 in Zona Universitària. (Ref: Conejero, A.) 
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But the interesting point is to see how this area changes with the L9. Looking at table 23 
it can be observed that Lesseps station is one of the most loaded. Lesseps is also an L3 
station and there will be a lot of transfers between both lines. 
For that reason it is essential to study the entrances to the metro. A study of viability 
was carried out in order to build the northern access to Lesseps for L9 and L3. 
This study was based on a survey of 411 people in Gracia and Sarrià-Sant Gervasi 
districts. 
Would people use this new access? Well, the results show that there would be 35 % of 
potential users. Besides, 51,3 % of the users consider necessary the construction of the 
new access. 
 
 
 

 
Fig. 69. Results about the intention to use the new access in Lesseps. (Ref: www.gencat.net) 

 
 

 
Fig. 70. Different reasons to construct the new access. (Ref: www.gencat.net) 

 
Aside from the users’opinions and considerations, it is really important the saving times 
of this new access, as well as the analysis of the demand and catchment’s area of the 
station. 
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The new access will safe more than one minute to catch the metro. 
According to the studies of the demand of the L9 in 2010, it is estimated that Lesseps 
station will have the next demand on a working day: 
 

• Entrance to the L3: 10000 passengers 
• Entrance to the L9: 14200 passengers 
• Transfers: 9400 passengers 

 
 Length (m) Speed (m/s) Time (s) 

Pedestrians using the actual access from the surface 
Horizontal 134,6 1,20 112,2 
Stairs  35,8 0,60 59,7 
Waiting the crosswalk 0,0 0,00 24,2 
Crossing the crosswalk 15,6 1,35 11,6 

TOTAL TIME 207,7 
Pedestrians using the new access 

Horizontal 74,5 1,2 62,1 
Stairs 47,3 0,6 78,8 
Waiting the crosswalk 0,0 0,0 0,0 
Crossing the crosswalk 0,0 0,0 0,0 

TOTAL TIME 140,9 
SAVING TIME 66,8 

Table 25. Saving times of the new L9 access at Lesseps station. (Ref: www.gencat.net) 
 
Taking into account that 48400 passengers will use Lesseps station everyday (one way 
and return trips included) and that the new access will ensure a saving time of 43,2 
seconds per trip for both lines, which means  17122 hours per year, it is calculated that 
the profit for saving times in 2008 will be 148.616 €. (8,68 €/h) 
If the investment to construct the new access is 1,5 million € and the maintenace costs 
are approximately 25000 €/year, the Return Internal Rate (TIR) for 30 years is 6,8%, 
which is considered an enough profitability for these kind of constructions. (Ref: Gencat) 
Next figure shows both catchments’ areas fo r L3 and L9 in Lesseps station. 
 

 
Fig. 71. Catchment’s area for L3 (left) and for L9 (right). (Ref: www.gencat.net) 
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Analyzing the population of the district and the work and study places, L3 catchment’s 
area covers approximately 16540 people, while the L9 one will cover 19480. 
 
The configuration of the entrances to the stations is more important than it seems. The 
planning of these accesses is basic to provide users with a good service. For that reason, 
stations must have different entrances in strategic points. 
 
However, some stations in Copenhagen do not have this configuration and it is a bad 
point in the planning system. 
For example, some underground stations of the actual metro have only one entrance (see 
figure 17). Aside from that, the way out is sometimes situated in squares, so then users 
has to cross the street, losing time at the pedestrian crossings. 
Next illustration shows the actual configuration of the underground stations and their 
entrances, and how they could improve the efficiency opening more entrances. The third 
entrance at the right picture is a good solution to avoid the street. 
 

 
Fig. 72. Underground stations in Copenhagen. Actual configuration (left). Possible solution (right). 

 
There is a similar problem with the elevated stations in Copenhagen. Stairs connect the 
street with the platform for only one point. 
With a different configuration of these escalators, the catchment’s area could be bigger 
and the accessibility easier for the users. 
 
 

 
Fig. 73. Elevated stations in Copenhagen. Actual configuration (left). Possible solution (right). 

 
However, it seems that this problem will be also in the City Circle Line. For example, 
next figures show these conflicts. 
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Fig. 74. Future metro station at København H. (Ref: www.m.dk) 

 
 

At Central Station, new metro station will have different entrances, but the connection 
between metro and train stations could be improved constructing one on top the other. 
 
Another example is the Rådhuspladsen station. This square is one of the most important 
of Copenhagen for its central location and connection with the bus station. 
However, the configuration of this station is an error from the beginning. The entrances 
to the station will be in the middle of the square with a good connection between metro 
and bus, but with a bad service to the population, as they will have to cross the streets to 
reach the entrances. 
Besides, Andersens Boulevard has four or five lanes aside from the bike paths, which 
means an extra time to cross the street. 
 
 

 
Fig. 75. Future metro station at Rådhuspladsen. (Ref: www.m.dk) 
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Fig. 76. H. C. Andersens Boulevard with its high road traffic. 

 
 

Aside from these problems of the entrances, the configuration of the stations has more 
characteristics. 
A good configuration means comfort, fast and safe access from the street to the platform 
and enough capacity for the passengers. 
 
As it was explained before, the Copenhagen’s metros have a capacity of 300 people. L9 
trains will have capacity for almost 1000 people. The length of the trains is 39 and 100 
meters, respectively. 
What about the capacity at the platforms?   
In Copenhagen, short trains mean short platforms of 45 meters, but the high frequence 
of the metros and the island platforms ensure an enough capacity, even though if there 
are some delays in one direction. The problems come up sometimes at Nørreport due to 
the short dwell times of the metro, which make difficult the entrance to the train, 
especially in peak hours. 
L9 will have longer platforms, as metros are much longer, but there will not be island 
platforms (see figure 38). Stations such as Lesseps, Torrent de les Flors or Guinardó, 
which will be the most used for passengers, could have some capacity problems if there 
are some delays. 
 
However, the most discussed point of the configuration of the L9’s stations is not the 
capacity of the pla tforms. The great depth of the stations of even 70 meters underground 
has generated some controversy. 
On one hand, the access and exit time from the station will be pretty high comparing 
with other metro lines, even though there will be powerful lifts to transport passengers. 
On the other hand, such a depth will make the trip from the street to the platform less 
comfortable for the passengers. Besides, the evacuation of the passengers will be more 
difficult if there is some accident. 
 
In short, the island platforms are more comfortable. They have bigger capacity, as 
people going to one direction can use also the other part. Besides, it is easy to control 
the station. 



Planning system of metro networks. Comparison between Copenhagen and Barcelona 

Jordi Frigola Almar 108 

4.4. Political decisions  
 
The planning system of a metro is always determined by political decisions. In general, 
infrastructures are an important part of the economy of a city, region and even the whole 
country. 
Aside from the traffic planning tools for the metro, such as estimations about passengers, 
analysis about stations, behaviours and future prognoses, the political discussions are 
also another point to take into account. 
Economy and investments are linked between them, but also politics. 
 
The actual metro of Copenhagen, which is the first automatic railway system in 
Denmark, was a challenge not only for Copenhagen’s City Council, but also for the 
Danish Government. For that reason, both created the Ørestad Development 
Corporation. Aside from planning the infrastructure, ØDC was in charge to join 
political associations at different scale. 
The layout was determined for its central location and the arriving to the airport, but 
also for the development of a new district, Ørestad. 
The Danish Government handed over the Ørestad lands to ØDC in order to develop the 
urban district and repay the loan given to the ØDC to build the new metro line. 
Moreover, the metro line was probably not the best alternative for Copenhagen. As it 
has been explained before, a light rail system would have adapted better to the 
conditions and necessities of the city in terms of public transport. 
 
Hence, this situation is clearly a political decision helped by the development of a new 
urban district and estate especulation. 
On the other hand, without this political manoeuvre, metro could not be paid, or what is 
the same, the Copenhagen’s metro could not be a reality. 
This metro has an investment of about 11,5 billion DKK, which is approximately 1500 
million Euros. Some people say that this number is not enough and that the final 
investment is about 2000 million Euros. 
Such a big amount needs for sure a political instrument in order to make possible the 
payment of the infrastructure. 
The City Circle Line has a similar interpretation. Although there are districts really 
needed by some railway system, the new metro line will be really expensive. Finally, 
the pressures of the Frederiksberg city council decided the final layout between the two 
main alternatives. 
However, there will not be any new urban district to repay the loan. 
 
The city of Barcelona has a different interpretation than Copenhagen. Barcelona has a 
wide metro tradition for more than 80 years, but unfortunately it is not the capital of 
Spain.  It is unfortunately because Barcelona does not recive the same money from the 
Spanish Government to construct new infrastructures and develop the public transport 
as Madrid. 
 
Initially, L9 was planned to give service to the northern part of Barcelona and it was 
thought as a transverse metro line as L1 and L5. 
Later on, the arrival of the high speed train to La sagrera answered the door of the metro 
to arrive to the Aiport. 
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However, this longer line was too expensive for the Catalan and local Governments to 
face the investment. Thanks to the funds coming from the European Union the idea to 
connect the new metro line to the Airport and the high speed train came up again. 
After that and when the layout was initially described, the local governments of 
different cities appealed this layout to profit from other local alternatives. 
 
For example, the main two alternatives in the upper Diagonal street part, where there 
were Zona universitària and Maria Cristina stations as the two options. 
The first one was good for the students even though the studies of demand showed 
fewer passengers. On the other hand, Maria Cristina station was initially the best option, 
with a higher share as it is a commercial and business area, attracting more passengers, 
not only at this station, but also at the nearer ones. 
Finally, the Barcelona’s city council decided to construct the metro for Zona 
Universitària station claiming the difficulty of the construction in Maria Cris tina due to 
the soil conditions, but also because other mobility analyses show that both alternatives 
were quite similar in terms of passengers. 
Actually, this is not the best conviction, as the TBM can bore whatever the terrain is. 
This is an example, but each station has its appeals made by the population, associations 
or the same city council. 
 
The investment done for the construction of L9 will be more than 2000 million Euros. 
Actually, nobody knows the exactly investment of these kind of infrastructures. 
 
The difference between both cities when talking about political decisions is the time. In 
Copenhagen, there is much more time to develop an infrastructure, both for plan and 
project. In Barcelona, the political pressures to build as fast as possible are a bad point 
to develop better infrastructures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


