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Abstract 

The public transport system of a city is often related to the urban form. The urban form 
of Barcelona is grid-shaped, which also results in a grid-shaped bus network. 
Encouraging transfers is the theme of the Barcelona network revolution. Unlike previous 
thinking, Barcelona encourages transfers to reduce stress on buses, shortens travel time 
for passengers, and reduces travel costs. The line network revolution has improved the 
service level while reducing lines. In this regard, we can learn from China's national 
conditions. 
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1. Introduction 

Barcelona is the capital of Spain's Catalonia and the second largest city in Spain. It is located on 
the northeast of the Iberian Peninsula and borders the Mediterranean Sea. Its geographical 
coordinates are (41.023'N, 2.011'E). The city covers an area of 101.9 square kilometers. In 2012, 
the urban population was approximately 1.61 million. If the total area is 4 million, it is second 
only to the capital, Madrid, and it is also one of the most densely populated cities in the world. 

Barcelona's urban public space planning has been relatively successful. Urban public space is 
an important part of a city. How to design it to be humane and suitable for people's living is the 
core of the value that we must always adhere to. This method of transforming urban leisure 
space is called the “Barcelona model”. 

The Barcelona City Authority does not promote the collection of buildings, but seeks the 
continuity of one-by-one city intervention projects implemented in a series of well-designed 
processes. Every construction project must strictly ensure consistency with urban planning 
strategies and policies, while responding to a unique set of new situations and challenges facing 
the contemporary world. The most special thing about these projects is that they can meet a 
series of goals at the same time, and the small public space regeneration plan is the starting 
point of Barcelona's urban renewal movement. This plan is also known as "urban acupuncture 
therapy", which is based on adapting to the existing urban texture and using a limited amount 
of funds to transform a large number of small-scale public spaces in a short period of time. 
Regional public vitality, strengthen public confidence, and lay the foundation for follow-up 
projects.[1] 

2. Current Status of Public Transportation  

Public transportation in Barcelona includes subways, private subways, trams, suburban short-
distance trains and buses. Rail transit lines are divided into 6 areas. Metro (subway) runs from 
line L1 to line L5 and L11 is a state-owned, FGC (private subway) ) It mainly includes L6, L7, 
and L8. It is operated by another company. Renfe (suburban train) is equivalent to domestic 
urban railways. It radiates far from the city center to the suburbs (crossing 6 districts, R1-R4 
line) Drive on the ground, enter the city and go underground. Renfe's driving interval is not as 
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frequent as the subway. It runs every 10-15 minutes during peak hours and 40-50 minutes in 
the evening. Tram (tram) currently has 4 lines, the tracks are paved on the grass, spacious, clean, 
stylish and environmentally friendly. 

Prior to the bus network revolution, the Barcelona ground bus system consisted of 63 main bus 
lines and several auxiliary lines. The new bus line network Nova Xarxa has only 28 main bus 
lines. The new bus line network consists of 8 horizontal lines, 17 vertical lines, and 3 diagonal 
lines. The first two form a chevron-shaped grid, and the latter crosses the main road along three 
oblique roads in the road network and is superimposed on the grid. Barcelona's bus network 
consists of 1,140 vehicles, all of which are wheelchair-friendly, with a total of 101 routes 
covering more than 800 kilometers between Barcelona and 10 cities in the surrounding 
metropolitan area. 

 

 

Fig 1. Barcelona public transport data 2019[2] 

 

Barcelona bus lines are also more scientific. There is an interchange point for every 5 stops in 
the same direction. Passengers can change trains horizontally without walking. To make 
transfers easier, there are transfer guidance signs on the streets and on buses. The transfer 
node posted clear guidance signs, including: the bus line direction, destination, station location, 
and recommended walking interchange route of the transfer node. 
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Fig 2. Interchange guide flag set at the transfer node 

3. Optimization Method 

3.1. Optimization 1 

By optimizing the structure of the line network and encouraging passengers to transfer, it can 
instead attract more people to choose public transportation, and improve the passenger flow 
of public transportation. 

In order to achieve the best results, the “transfer-type” bus line network should have the 
following three attributes: 1) comprehensive line coverage, easy transfer, straight lines and no 
detours, 2) easy identification and understanding of the network (eg Glyph grid structure), 3) 
high departure frequency. Meeting these three attributes will reduce people's aversion to 
transfers and encourage more public transit.[3] 

Barcelona has launched such a new bus line network. The new line is implemented in multiple 
stages, gradually replacing the old line. The study found that under the new network, whenever 
a new batch of bus lines is implemented, the passenger flow of existing lines will increase 
significantly. The increase in passenger flow is closely related to the increase in transfer 
behavior-as of the end of 2015, Barcelona's bus transfer coefficient reached 1.26 (0.26 
passengers per trip on average), of which V7 reached 1.57. After the new line network is fully 
realized in 2018, the transfer coefficient is expected to reach 1.44 to 1.66. In contrast, the 
multiplier factor for other cities is usually only 1.01 to 1.16. A comparison of the old and new 
bus lines is shown in Figure 1. Compared with the old line network, the new bus line network 
still maintains the city's coverage, and the line direction is obviously more straightforward.  
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Fig 3. Old bus line network 

 

 

Fig 4. New bus line network 

 

The Barcelona research team also proposed in a follow-up study (2016) that the “transfer-type” 
bus line network is not suitable for all urban forms. After simulating and analyzing the three 
types of radial, direct, and transfer line networks, the researchers found that the radial line 
network is more suitable for a single-center urban form; the direct line network is more 
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suitable for a strong downtown but the travel needs are moderately dispersed The urban form 
of the city; the mixed transfer line network is more suitable for urban forms with scattered 
travel needs. For high-density, single-city centers, the radial line network is the lowest cost line 
network mode, but the number of passengers and transfer distances will rise rapidly with the 
development of the city and the dissolution of functions. The direct line network avoids these 
transfers and ensures the shortest passenger distance, but the expansion of the number of lines 
will be restricted by the financial budget. For large cities with a large range of downtown areas, 
high density, and scattered activities, a hybrid line network dominated by transfers is the most 
efficient line configuration for resource allocation. At this time, the city center needs a grid-like 
"change Multiplied "line network to meet demand. However, when the population density is 
high enough, these places will have sufficient passenger demand and can also be used to 
properly support more direct routes.[4] 

 

 

Fig 5. Comparison of sharing rates among various appearance modes 

 

It can be seen from the above figure that after the new bus line network is completely completed 
in 2018, the sharing rate of various modes of travel has changed significantly, especially the 
reduction of motor vehicles by 21%, and the sharing rate of pedestrian and non-motor vehicles 
also increased. "Transfer-type" bus network greatly reduces the distance between the terminal 
and the destination, and people are more willing to choose walking or non-motorized modes of 
travel. 

 

Table 1. Comparison of departure frequency between old and new line networks 

Period Current average 
departure frequency 

Plan departure 
frequency 

5-7 15.0min 12min 

7-8 13.1min 4min 

8-9 9.4min 4min 

9-13 10.6min 4min 

13-20 10.5min 4min 

20-21 11.1min 4min 

21-23 13.4min 12min 
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The departure frequency of a line is another indicator for evaluating the line network. For 
passengers, the higher the departure frequency of a line, the better. In the figure above, the 
departure frequency of the new line network is significantly higher than that of the old line 
network. Reasonable arrangements are made for the departure time intervals during peak 
hours, which not only meets the large passenger flow during peak hours but also avoids waste 
during off-peak hours. 

3.2. Optimization 2 

Barcelona has launched such a new bus line network. The new line is implemented in multiple 
stages, gradually replacing the old line. 

 

 

Fig 6. Main indicators of each line of the new bus network and the old lines replaced 

 

The solid line in (a) is the monthly card swipe amount of the new bus line. As the new line is 
put into operation in batches, the total passenger flow is getting higher and higher, which is 
normal. If you look at the implementation batches separately, each time a new phase of the line 
is implemented, the passenger flow of the lines implemented in the previous phases will 
increase to a new level as a whole. In order to compare the year-on-year changes in passenger 
flow, (b) shows the total passenger flow of the first phase of the route over the years; (c) shows 
the total passenger flow of the second-phase routes over the years. 

The jump in passenger flow shows that the implementation of the new route has increased the 
passenger flow of other routes. This phenomenon is most likely due to the emergence of new 
transfer possibilities; with one transfer, more points of departure and destination are 
connected. In other words, when high-frequency bus lines cover the city and form a network, 
the increase in passenger flow also presents a network effect. This conclusion is reliable. The 
jump in bus passenger traffic is unlikely to be due to seasonal factors, as all months have seen 
significant growth. Among them, after the implementation of the second and third phases, the 
passenger flow of the lines implemented in the first phase increased by 31.7%. 
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Fig 7. Trend of monthly passenger flow for newly implemented routes 

4. Conclusion 

Compared with Shanghai, Barcelona has a smaller urban area and a smaller population, and its 
urban planning is also different. Barcelona's bus system is dominated by conventional buses, 
while Shanghai's bus system is dominated by subways, supplemented by conventional buses. 
In terms of regular buses, Barcelona encourages transfers, which are “transfer-type” buses, 
while Shanghai ’s regular buses are considered for one more arrival and are “direct” buses. 
Barcelona's "transfer" buses can shorten the distance between the terminal and the destination, 
attracting more people to use public transport. On the other hand, "transfer-type" buses can 
also greatly reduce travel time and reduce time wastage caused by bus detours. Barcelona has 
reformed its bus network to make bus travel comparable to car accessibility. 
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