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Preface

With the rapid development of urbanization and motorization, China has
entered a new era of forging ahead with eco-cities, new urbanization, and
green transportation system construction, during which opportunities and chal-
lenges coexist. For a modern society with highly developed science and tech-
nology and material progress, the questions about what kinds of cities to
build, what kinds of transportation systems to build, and what kinds of living
environments to create are directly related to use of the earth’s energy and
resources, maintaining a good ecological environment, and achieving sustain-
able development. This is a golden age when cities and transportation infra-
structures are constructed on a large scale, with the opportunity to build
efficient and convenient, livable, safe, and healthy cities, that also have excel-
lent ecological qualities and provide welcoming people-friendly environments.
How can this goal of green transportation and eco-city development be
achieved? These questions above have been researched for a long time, but
they urgently need to be answered and solved in the field of urban transporta-
tion planning and construction in China.

Advice from others may help in answering these questions. The author
and his team have studied cases of foreign cities in depth and systematically
for over a decade with academic exchanges and special research. By learning
from analytical summaries and comparative studies of other countries, they
hope to provide experience and references for eco-cities and green transpor-
tation systems constructed in China.

Since the first city was created, people have been in constant pursuit of a
more convenient, more comfortable, safer, more livable, and better urban
environment. Ebenezer Howard, a British social activist, published an excel-
lent book with far-reaching influence, To-morrow: A Peaceful Path to Real
Reform, in 1898, the title of which was changed to Grande City of
Tomorrow in the second edition published in 1902. Howard had experienced
significant changes to the urban landscape and urban life during the course
of capitalist industrialization in the Industrial Revolution. What’s more, he
saw the many problems of urban expansion, such as excessive population
concentration, environmental pollution, a wide poverty gap, and urban slums,
his answer to which was the garden city. He envisaged future cities that not
only experienced prosperity and convenience, but also blue skies with white
clouds, fresh air, quiet woods, and green glass, as found in rural areas. The

xiii



xiv  Preface

city is a place where people can work efficiently, but what is more important
is that it should be a livable environment with an elegant landscape and eco-
logical harmony that offers its inhabitants a healthy and relaxing life.

In 1933 the Athens Charter proposed that cities should be studied as a
whole, including their surrounding areas. It was pointed out that the key for
urban planning was to balance the four functions of the city: housing, work,
recreation, and transportation. In addition, the importance of a better urban
living environment was emphasized and the concept of urban planning con-
sidering functional zoning was proposed.

In 1978 the Charter of Machu Picchu comprehensively summarized the les-
sons learned from urban development since the publication of the Athens
Charter. On the basis of confirming most of the principles of the Athens
Charter, it highlighted that it should be endeavored to create a comprehensive
multifunctional living environment rather than the excessive pursuit of func-
tional zoning that resulted in the sacrifice of the organic organization of a city.
The idea of transit-oriented transportation and paying attention to the develop-
ment of transportation while considering environmental and energy issues was
then proposed.

In 1999 the 20th World Congress of Architects adopted the Beijing
Charter, drafted by Professor Liangyong Wu, a member of the China
Academy of Sciences and China Academy of Engineering, and also a winner
of the Highest Science and Technology Award. Based on the generalized
architecture and sciences of human settlements theory, the Beijing Charter
advocated all-round development integrating architecture, landscape, and
urban planning. The Beijing Charter is a program of action guiding urban
and rural construction in the 21st century, thus establishing our architects
and planners’ leading positions in the field of architecture and urban plan-
ning in the world today.

Due to the large scale of the urban system and the complex influencing fac-
tors, it is difficult to carry out large-scale experimental research in a city.
However, the continuous exploration and practice of outstanding cities around
the world has provided us with practical experience in urban transportation
planning and construction. To summarize, by referring to these cases, clarifying
their development background and experience characteristics, utilizing their full
ideological essence, development goals, ways of implementation, and policy
orientation, we are better able to realize our ambition of planning a new type of
urbanization with eco-cities and green transportation systems. Therefore this
book highlights the analysis of foreign cities in a development context, includ-
ing their natural environments, traffic demand characteristics, planning and con-
struction processes, and policy backgrounds. These can enlighten us, enabling
us to think deeply and thoroughly understand the importance of the disciplines
and goals of planning, the impact of traffic planning to city development, and
the correlation among city, transportation, energy and environment, ecology,
and living quality. On the one hand, this can help us to draw fully on
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international experience and on the other, it helps us avoid blindly copying or
incomplete imitation. What should be clarified is that not all of these case
studies are perfect and not all are eco-cities following the concept of green
transportation. There are advantages as well as disadvantages in these, and the
experience to be gained includes lessons of what to avoid in some cases.
However, as these cities have accumulated experiences and developed with
special features, they can inspire us to build upon their good work.

In short, the case studies provided in this book are not merely sources for
imitation, their relevance more significantly lies in stimulating our innovative
thinking, broadening our horizons, and helping us to build more efficient, con-
venient, ecological, healthy, livable, and beautiful cities in China. It is hoped
that this book can be a reference for my friends and colleagues in the field of
city planning, and I invite readers to submit their comments and criticisms.

As this book is about to go to press, I would like to express my sincere
gratitude to Ms. Wenjie Zhao of Barton Wilmore, the United Kingdom, who
arranged intensive visits to six European countries to facilitate our investiga-
tions, and Ramboll Company, the United Kingdom, and Letchworth Heritage
Foundation, which provided some of the case studies presented herein.

Thanks are also expressed to Professor Yoshitsugu Hayashi of Nagoya
University, Professor Bush of Munich Technical University, Professor Robot
Cevero of University of California, Berkeley, Professor Ben Akiva of
Massachusetts Institute of Technology, and Loh Chow Kway, Dean of
Singapore Urban Transportation International Department, and many collea-
gues, who are too many to mention, for your help in the investigation and
research into these case studies over the years.

In addition, some of the city density data and transportation mode rates
were provided by Professor Yoshitsugu Hayashi of Nagoya University,
Professor Haniwa Kim of South Korea, Dr. Ilina Irina of the University of
Amsterdam, Dr. Rau of the Technical University of Munich, Dr. Doulet in
France, Dr. Nelson of the University of Paulo Sao, Brazil, and Dr. Jiangping
Zhou of the State University of Iowa, the United States, and I express my
deep appreciation to all of you. Thanks also to Professor Liren Duan for the
invaluable photos of the changes to Seoul City Hall Square and the traffic
space configuration of the Han River Diving Bridge.

Finally I would also like to thank Dr. Jing Yang (cases about Rio de Janeiro,
Carmel, San Carlos), Dr. Yu Ding (Paris, Malmo, New York, Los Angeles), Dr.
Zhiyuan Sun (London, Letchworth), Dr. He Ma (Copenhagen, Madrid), Mr.
Wenbo Kuang (Stockholm, Amsterdam, Seoul, Tokyo), Dr. Jin Wang (San
Francisco), Dr. Yang Lu (Singapore), Dr. Jing Wang (Curitiba), and Pei Su (St.
Petersburg, Munich), for your help with the first draft of this book.

Huapu Lu
Tsinghua University, Beijing, P.R. China
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1.1 Overview of the city

Copenhagen is the capital, largest city, and largest sea port of the Kingdom
of Denmark, and is also the largest city in Nordic countries. It is the home of
the famous fairy-tale writer Andersen, a historical and cultural city, and the
political, economic, and cultural center of Denmark. Hovedstaden is located
in eastern Denmark, including Copenhagen city, Copenhagen county,
Frederiksberg city, Frederiksberg county, Roskilde county, and Barnhdm
region, etc. “Copenhagen city center” refers to the central city of
Copenhagen (i.e., the old town), that is, the “Indre By” part of Fig. 1.1.
“Copenhagen city” refers to the area of Copenhagen city center and its sur-
rounding suburbs, all of which are shown in Fig. 1.1. “Copenhagen county”
and “Copenhagen city” both belong to the region of Copenhagen, but do not
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FIGURE 1.1 Map of Copenhagen city area. From http://zh.wikipedia.org/wiki/Copenhagen.

overlap in administrative division. Copenhagen county is an aggregation of
other small towns. Copenhagen city is the most active and representative city
in the region of Copenhagen. Without special explanation, “Copenhagen”
refers to “Copenhagen city” in the common sense in this book [1].

The areas, populations, and densities of Copenhagen’s regions are shown
in Table 1.1. GDP statistics for different years in the region of Copenhagen
are shown in Table 1.2.

1.2 Urban mobility development and motorization policy

Statistical data in 2010 show that the number of motor vehicles in
Copenhagen was 2.1 million, with a private car ownership rate of 22.3%.
According to the latest data from the Copenhagen Police Bureau in 2012,
there were about 312,600 motor vehicles entering and leaving Copenhagen
daily, accounting for only 14.9% of the total vehicle ownership in the city,
which shows that the usage frequency is very low [2].

From 2000 to 2010, the number of motor vehicles in Copenhagen
increased by 17% and the traffic volume in the region of Copenhagen
increased by 8%, while the road traffic volume in the five basins area in the
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TABLE 1.1 List of the populations, areas, and densities of Copenhagen [2].

Region of Copenhagen Copenhagen city
Copenhagen city center

Area (km?) 2553.1 455.61 77.2

Population 1,736,889 1,230,728 562,379

Density (people/ 680 2700 7280

km?)

Source: StatBank, Denmark. Data from http://www.statistikbanken.dk/BEF1A07.

city center decreased by nearly 10%. This is inseparable from Copenhagen’s

TABLE 1.2 Changes to GDP in the region of Copenhagen [2].

Year 2005 2006 2007 2008 2009 2010 2011

Per capita GDP 6.32 6.47 6.69 6.86 6.58 7.14 7.11
(ten thousand dollars)

advocacy of “Green Transportation—by Bicycles” and its restrictive policy
on motor vehicles [3].

In terms of motor vehicle policy, Copenhagen mainly adopts a restrictive
approach. Despite the small motor vehicle traffic volume, the government
continues to impel people to abandon private cars and switch to green modes
of transportation such as public transport, bicycles, and walking. The restric-
tions on motor vehicles in Copenhagen are mainly reflected in two aspects:
car purchase and parking.

As early as World War 1II, the Copenhagen government imposed a ban on
car imports and maintained it for quite a long time after the war. Since the
late 1970s, the Copenhagen government has lifted the tax on private car pur-
chase, with car taxes roughly three times the car price [1].

For parking, the city government has adopted a rather innovative and
politically wise parking policy, which focuses on reducing parking spaces in
the central urban areas. In order to avoid the strong opposition of car owners
by reducing too many parking spaces at one time, the city government had
been taking a gradual strategy in the past decades, insisting on reducing
parking spaces by 2%—3% every year. This approach accumulated signifi-
cantly reduced parking spaces and avoided aggravating social contradictions.
In addition, the parking price is defined by zones, so that the price is linked
to the supply and demand relationship of the parking area and the level of
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public transport service. Furthermore, the city government takes into account
both the increase of parking price and the reduction of parking spaces, so as
to maintain the parking vacancy rate in urban central areas at around 10%,
avoiding complaints from car owners, and thus reducing the resistance to
policy implementation [4].

1.3 Urban structure and land use

Copenhagen’s urban land use and transport corridor structure is known as
“Finger Planning.” The “Finger Planning” principle was first put forward in
1947. The hand-shaped urban skeleton structure is formed with Copenhagen
city as the center of the palm, and five finger-shaped axes extending to the
north, west, and south. The wedge-shaped zones between the fingers serve as
forest, farmland, and open leisure space. For more than half a century,
Copenhagen has steadily improved city planning and construction following
the “Finger Planning” principle. The formal “Five Planning” was formulated
in 2007, clearly pointing out that the direction of urban development was to
build rail transit from the center to the periphery along the finger directions,
to improve public transport facilities, and to build residential areas along the
transport corridor. The wedge-shaped zones between fingers do not incur
construction and development of urban facilities, but maintain the ecological
characteristics of forests and green spaces. The supplementary spaces needed
for urban development and construction of city groups are taken from other
areas [5]. The planning and construction of the city center (palm part)
focuses on improving urban public transport and nonmotorized traffic service
systems, such as walking and bicycles, in order to satisfy short-distance
travel within the city center and the need for green and environmental pro-
tection. The urban periphery areas (finger parts) provide space for urban
expansion and construction of the new town, while rail transit is the main
transportation mode to the city center. The planning and construction of
periphery areas focus on improving infrastructure construction and improv-
ing the level of public transportation services.

1.4 Characteristics of the mode split

Due to the effective implementation of “Finger Planning,” most travel in
Copenhagen relies on green transportation: long-distance travel mainly
depends on rail transit and bus, while short-distance travel within the city
mainly relies on walking and bicycles. According to the latest data from
Statistics Denmark, the citizen travel mode split in Copenhagen in 2011 is as
shown in Table 1.3.

Based on the data above, it can be seen that green transportation is the
main mode of travel in Copenhagen, with private car travel accounting for
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TABLE 1.3 Split of travel modes in Copenhagen (2011) [2].

Transportation Walking ~ Bicycle  Train + light Private Taxi
mode rail + bus cars

Mode split (%) 11 35 22 30 2
Total green 68 - —

transport (%)

30%. A higher modal rate of bicycle use and walking has promoted the
healthy lifestyles of Copenhagen residents, and greatly promoted the forma-
tion of a green, ecological, and sustainable urban environment.

1.5 Urban roads and public transit

Rail transit is the dominant mode of transportation in Copenhagen. Due to
the “Finger Planning” land use principle adopted by Copenhagen, the traffic
corridors supported by the rail transit radiate from the city center to the
peripheral areas in five directions. In the process of the city’s extension to
these peripheral areas, the development and construction of most infrastruc-
ture is concentrated near the railway stations, such as residential buildings
and main roadways. Thus the formation of the “Finger Planning” is formu-
lated. In line with this, the rail transit network also shows a hand (palm and
fingers) shape that matches the urban layout, as shown in Fig. 1.2. It shows
that the implementation of “Finger Planning” in urban planning and con-
struction also promoted the integrated development of the transportation sys-
tem and land use. At present, Copenhagen has nearly 200 km of railway,
including 85 suburban railway stations and 35 urban railway stations. Rail
transit undertakes about 500,000 commuter trips daily, accounting for about
one-third of the total daily motorized trips. It undertakes the traffic demand
of the corridor between the city center and the “finger” areas within a radius
of 40 km [6].

Effective mixed development of land has been implemented along the
railway and around stations during the construction of the rail transit system,
so that people can quickly enter the business, shopping, and residential areas
without transferring to other modes of transportation after exiting the station.
Some station buildings themselves are comprehensive hubs, providing people
with concentrated areas for travel, work, shopping, and living. This is why
people tend to choose rail transit for personal trips. Copenhagen Central
Railway Station, located in the city center, is a very old building, as shown
in Fig. 1.3. The track lines pass under the building without affecting the
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FIGURE 1.2 Copenhagen suburban train map (2011). From http://zh.wikipedia.org/wiki/File:S-
train_diagram_%28dec2011%29.svg.

landscape. Inside the station, there are waiting halls leading to the platforms
as well as a number of shops selling food and small commodities, offering
convenient supplies for travelers including food and basic shopping needs.

Buses, an important part of the public transport, also take a large share of
trips in Copenhagen. Customers use a “swipe card” to get on and off the bus.
Bus stations provide rest benches, bus route signs, city bus network maps,
and real-time arrival time of the next bus. Most buses are large, enabling
more people to ride, including those carrying bicycles with them. This is
convenient for people choosing green transportation.


http://zh.wikipedia.org/wiki/File:S-train_diagram_%28dec2011%29.svg
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FIGURE 1.3 Copenhagen Central Railway Station.

In terms of operation, the three major networks of the suburban railway
system, urban rail transit, and urban bus are effectively combined. Unified
tickets are provided although the three networks despite them belonging to
different companies. The settings of bus stations and rail transit stations are
also designed as a whole to facilitate the transfer of travelers.

1.6 Bicycle traffic system construction

Copenhagen has always been known as the “city of bicycles,” which first
benefits from the Danish people’s overall advocacy for green, environmen-
tal, and fitness concepts. Denmark has a population of more than
53 million, and more than 3 million bicycles. Copenhagen, as the capital
of Denmark, is a model area for bicycle advocacy. About one-third of
commuters in Copenhagen travel by bicycle, including government offi-
cials, business tycoons, and celebrities. Second, the Copenhagen govern-
ment has vigorously promoted bicycle traffic for a long time, increasing
the bicycle lane infrastructure, and building a huge bicycle lane system
with a total length of 350 km. In line with the urban structure of “Finger
Planning,” the regional bicycle lane system in Copenhagen has been
formed in this similar shape. The Copenhagen government has constantly
set new goals for promoting bicycle transportation. The goal for 2015 was
that the modal share of bicycle would achieve 50% for working commuters
and students [7].

To aggressively promote bicycle traffic, the Copenhagen government and
relevant agencies have taken the following effective measures.
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1.6.1 Construction of green corridors for bicycles

There are 40 km of bicycle green corridors in Copenhagen [8], which are
completely separated from motor lanes, as shown in Fig. 1.4. When there is
a bus stop in front of the road, the bicycle green passage is designed to turn
naturally to the right, then around the back of the bus stop, finally arriving
back to the left direction parallel to the motor vehicle lane after the bus stop,
as shown in Fig. 1.5. This alignment design enables bicycles on the green

FIGURE 1.4 Target and right-turn signs on the bicycle green passage.

FIGURE 1.5 Alignment design of the green passage around bus stops.
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passage not only to avoid affecting buses stopping and passengers getting
on/off, but also to maintain the continuity, rapidity, and safety of bicycle
traffic.

1.6.2 “Lifted” bicycle lanes

The construction level of Copenhagen’s bicycle lanes is high and the mainte-
nance system has been perfected and is well developed. As shown in
Fig. 1.6, the pavement of bicycle lanes is lifted to 7—12 cm higher than that
of vehicle travel lanes. The separation zone between the bicycle lane and
vehicle lane is built with a curbstone, and there is an independent drainage
system, which helps with the maintenance of bicycle lanes. The speed of
bicycles on special roads can be comparable to that of cars. Pedestrians or
other vehicles are not allowed to pass or stop on bicycle lanes, whose traffic
priority is the same as that of vehicle lanes.

1.6.3 Dedicated signal lights and special waiting areas for bicycles

In Copenhagen, bicycles have the highest travel priority. Special waiting
areas are set for bicycles at intersections. As shown in Fig. 1.7, pedals are
also set up in some places to facilitate cyclists resting. In terms of signal
configuration, longer green time is designed for bicycles: not only special
signal lights are set for bicycles, but also bicycle “green wave” signal link-
age control is adopted for roads with higher bicycle traffic. The roadway net-
work makes bicycle traffic faster and more convenient.

FIGURE 1.6 Cyclists on bicycle lanes.
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FIGURE 1.7 Cyclists waiting for signals at intersections.

FIGURE 1.8 Bicycle parking lot near a residential area.

1.6.4 Construction of bicycle parking spaces

In response to the growing demand for bicycle parking, the Copenhagen gov-
ernment has adopted a gradual increase method in the construction of park-
ing facilities. For residential and office areas where the contradiction
between supply and demand is prominent, owners are allowed and encour-
aged to reform their vehicle parking spaces into bicycle parking spaces, as
shown in Fig. 1.8. For general streets, bicycle parking facilities are designed
to be added to the corners of sidewalks. For commercial streets, where land
is scarce and expensive, street-facing shopkeepers are allowed to use the
remaining space of the sidewalk to build bicycle racks.



Copenhagen, Denmark Chapter | 1 11

1.6.5 Integration of bicycles and buses

In order to support the mass use of bicycles, the connection between public
transport and bicycles is almost perfect in Copenhagen. Near the bus stop,
bicycle parking lots are well equipped to facilitate the transfer of cyclists tak-
ing buses. Bicycle placement devices are equipped on buses, so that bicycles
can be taken by bus and rail transit, providing as much convenience as possi-
ble for cyclists.

1.6.6 Public bicycle rental system

Bycyklen (The City Bike), which has been in operation since 1995, is the
main public rental bicycle project in Copenhagen. The project is operated
jointly by the government and the private sector. It is open to the public and
tourists free of charge. There are 110 bicycle rental stations and more than
2000 public bicycles in operation, and they have achieved good results [8].

For quite a long time, Copenhagen has aggressively promoted the
advanced concept of bicycle transport, invested heavily in the construction
of bicycle transportation infrastructure, and given preferential policies and
high-level management to bicycle transportation. All these efforts have made
bicycle riding in Copenhagen fashionable, creating a rich “bicycle culture.”
Whether it is sunny or rainy, cyclists’ excellent skills, fast speed, and stead-
fast figure form a beautiful landscape, which inspires other people to also
engage in the activity. Walking in the streets of Copenhagen, when you acci-
dentally stray into a bicycle lane, the cyclist may roar past you just as you
hear their crisp bell sound, soon disappearing at the end of the street.
Copenhagen deserves the title of “Bicycle City.”

1.7 Pedestrian traffic system in the old town

The old town of Copenhagen has a long history and rich cultural heritage.
Many traditional residential and commercial buildings, and cultural facilities
are centrally located there. Its population density is about 2.7 times the aver-
age population density of Copenhagen. In order to solve the traffic problems
as well as maintain the traditional human landscape and ecological environ-
ment in old districts, green transportation modes such as walking, bicycles,
and buses are actively promoted by the Copenhagen government. Pedestrian
system construction is carried out in traditional old districts also.

In 1962, Copenhagen began to renovate its pedestrian-only streets and
pedestrian-priority streets. Vehicle traffic was banned in the busy old streets,
and the world’s first commercial pedestrian-only street was built, namely,
Strgget Street, as shown in Figs. 1.9 and 1.10, and Gammeltorv Square
(Fig. 1.11). The commercial pedestrian-only street, which runs from the City
Hall to the canal connecting the Baltic Sea, is lined with shops on both sides
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FIGURE 1.10 Strgget Street, Copenhagen (2).

of the street. These create a haven of leisure shopping for Copenhagen resi-
dents and tourists. For nearly half a century, Copenhagen has insisted on pro-
moting its pedestrian transportation system, especially pedestrian system
construction in the old town areas and commercial streets. In view of the
characteristics of the narrow width and dense road network of the central
street in the old town areas, the diversion of people and vehicles is imple-
mented to form a pedestrian network in the central area of the city. Hence
the historical design has been retained.
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FIGURE 1.11 Gammeltorv Square, Copenhagen.

1.8 Exploration and innovation of the modern architectural
design

In the process of moving toward becoming a modern city, Copenhagen, on
the one hand, vigorously develops green transportation, and controls the
development speed of motorization and the use of cars to within a reasonable
range. On the other hand, Copenhagen pays attention to the construction of
ecological cities, as well as the protection and inheritance of traditional
buildings and cultural landscapes in old town areas. Innovative architectural
designs are explored and new districts are developed with environmental pro-
tection, energy savings, and a beautiful environment, creating a livable city.
The following cases are worth learning about.

1.8.1 8-TALLET

The 8-TALLET is located in the new area of Amieu Island, Copenhagen,
adjacent to the canal system, and is a group of community residential build-
ings. Named after its “8” shape from the aerial view, the total area of resi-
dential buildings is 61,000 mz, including 476 units whose areas range from
65 to 144 m?. The design purpose is to be affordable for households with dif-
ferent levels of income, in order to promote mixed living of wage earners
with different salaries. About 10,000 m* of shops and office areas are pro-
vided within the buildings. The 8-TALLET is a group of apartments for
average wage earners. Designed by the Danish architectural firm BIG (Bjake
Ingels Group), the building was named “Best Building” at the Barcelona
World Architecture Festival in 2011 [9].
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The 8-TALLET is an enclosure building group, with each household able
to share the green landscape of the residential area (Fig. 1.12). An open-air
corridor with a slight slope is designed from the first floor to the top floor.
Residents do not need to take elevators or climb stairs. They can walk along
the corridor or ride bicycles to all floors and directly to their homes, as
shown in Fig. 1.13. There are small open-air gardens in front of each
entrance, and the entrance is directly connected with the outer corridor.

FIGURE 1.13 Walking or cycling along the gentle ramp corridor to reach each floor.
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FIGURE 1.14 Open-air gardens in front of each entrance, which is directly connected with the
outer corridor.

This design provides every resident with the feeling of living on the ground
floor and being in touch with nature at any time (Fig. 1.14). At the same
time, it has increased the space and opportunity for residents to meet and
communicate with each other, avoiding the drawbacks of modern people liv-
ing in closed unit buildings with few personal exchanges. The delicate con-
ception and humanized design highlight Danish people’s respect for nature
and full consideration of pedestrians and bicycle users. In addition, the 8-
TALLET is a multifunctional mixed development community, which
includes various functional spaces such as public rental housing, shops, and
office space.

A rainwater collection system, a large reservoir, and river course have
been built into the 8-TALLET. The rainwater collected forms natural lakes
and rivers. This not only makes use of rainwater resources effectively, but
also creates hydrophilic space and beautiful scenery for the community, as
shown in Figs. 1.15 and 1.16.

1.8.2 Pursuing the individualized design of architecture

“No two identical buildings” is Denmark’s unique architectural concept, and
also a challenging requirement for architects. In addition to meeting people’s
functional needs and aesthetic pursuits, no building can simply repeat other
architectural designs. In order to guarantee the novelty and uniqueness of
architectural design, as well as the comprehensive performance of energy
saving, environmental protection, and ecological resources, competition is
usually adopted to selecting architectural design schemes. Because of this,



16 Eco-Cities and Green Transport

FIGURE 1.15 Waterfront housing with a rainwater lake.

FIGURE 1.16 Beautiful community environment with a rainwater river.

every building in Denmark has its own unique style, no matter whether it is on
an old street or a new one, or if it is a modern residential area or a commercial
pedestrian-only street. However, the overall landscape effect is very coordi-
nated. As shown in Fig. 1.17, these two residential buildings in the same area
have the same architectural style. The facades adopt different colors and the
geometric lines of the balcony are slightly changed to avoid simple repetition
and show a lively design. A single-color group of residential buildings is shown
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FIGURE 1.17 Color changes are used to avoid simple repetition for neighboring buildings
with the same architectural style.

FIGURE 1.18 Architectures of the same style and color are located high and low to avoid
monotony.

in Fig. 1.18, which avoids monotony by means of high—low scattering and bal-
cony position change. Fig. 1.19 shows a common residential building. The bal-
cony is made of transparent glass, while it is designed as a triangular balcony
instead of the conventional rectangular form. One would feel like standing on
the deck of a ship when standing at the top corner. Meanwhile, it is a bold idea
to stagger the upper and lower balconies so as to increase the permeability of
the residents on the balconies.
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FIGURE 1.19 Transparent glass, triangular balcony, similar to the deck of a ship.

FIGURE 1.20 The circular dormitory building of the University of Copenhagen.

The personalized design of each building is also pursued for public build-
ings in Copenhagen. The student dormitory building of the University of
Copenhagen on Amieu Island is shown in Fig. 1.20. The circular architecture
is inspired by the design of the Tulou dwelling house in Fujian Province,
China. The wooden facade gives a simple and heavy landscape effect.
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FIGURE 1.21 Copenhagen Concert Hall building.

The floor windows of each room can be fully illuminated to create a spa-
cious, bright, and vibrant student accommodation space. The concert hall
building is shown in Fig. 1.21, with no special features in shape for the large
space and steel structure building. However, the translucent plastic material
layer decorating the facade of the building can be replaced or opened. At
night, different color effects can be achieved by lighting operations in the
plastic layer. The famous Bella Sky Hotel is shown in Fig. 1.22. There are
two 76.5 m high towers, bending in opposite directions with an inclination of
15 degrees, creating a lissome appearance. Each guest room is designed with
an open view into the building. In order to increase the natural landscape of
the building, plant walls (Fig. 1.23) are set up in the lobby entrance. Guests
hence feel as though they were in the natural environment, and the building
is closely integrated with the ecological nature.

1.8.3 Emphasis on landscape construction after deindustrialization

In order to build a city with a beautiful environment and natural ecology,
great importance is attached to landscape construction and ecological restora-
tion of industrial waste sites in Copenhagen. As shown in Fig. 1.24, a pictur-
esque park was built on desolate industrial land after the industrial
production function had been removed. Sports facilities, leisure seats, and
entertainment space are provided for citizens. Every spring, cherry trees
blossom on both sides (Fig. 1.25), creating an excellent place for citizens to
spend their holidays and enjoy flowers.
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FIGURE 1.22 Architectural shape of the Bella Sky Hotel.

FIGURE 1.23 Plant wall in the Bella Sky Hotel lobby.

1.8.4 Protection of the traditional architecture and humanistic
landscape in the old town

The traditional architectural style of the old town has been well preserved
while the new city is under construction in Copenhagen. The New Harbor
Canal, built in the 17th century, connects the shopping street of the old town
with the Erle Strait. The fairy-tale buildings, with an over 300-year-old
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FIGURE 1.24 Park built on a desolate industrial site.

FIGURE 1.25 Cherry trees in the renovated park.

history, are well preserved on both sides of the canal, among which Andersen’s
former residence is located. Nowadays, the people of Copenhagen use the canal
for water transportation and sightseeing. There are many yachts and coffee tea-
houses along the canal bank, giving tourists a picturesque feeling. Here, people
can enjoy coffee and gourmet foods, while enjoying the fairy-tale scenery on
both sides of the canal, as shown in Fig. 1.26.
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FIGURE 1.26 Traditional buildings are on both sides of the New Harbor Canal.

1.9 Summary of the green transport and eco-city
construction experience in Copenhagen

Copenhagen enjoys the reputation of “the most livable city” in the world.
Summarizing the characteristics of Copenhagen in promoting green transpor-
tation and eco-city construction, the following experiences are worth learning
from.

1. Persisting in the guiding role of planning for urban development over the
long term
The “Finger Planning” principle of Copenhagen was put forward in
1947. For more than half a century, the core idea of the original plan has
not been changed, irrespective of the economic situation is or the politi-
cal leaders. In Copenhagen, urban development is guided by transporta-
tion planning, which forms a good urban structure and land use pattern,
and greatly promotes the formation and development of green transporta-
tion. Copenhagen is an excellent model for the integration of transporta-
tion and land use development and the construction of an ecological city.
2. Taking comprehensive measures to promote the development of green
transportation
First, the mixed development of urban land is adopted along rail
transit lines, effectively promoting rail transit as a long-distance
travel mode for residents and reducing the frequency of private car use.
Second, bicycles are vigorously advocated, with heavy investment in
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infrastructure construction for the bicycle transportation system, and
many preferential policies for cyclists in transportation management. In
aspects of cultural fashion, the formation of a “bicycle culture” has pro-
moted these efforts. Third, the construction of a pedestrian system in tra-
ditional districts is emphasized, creating a friendly environment for
walking. Comprehensive measures have made Copenhagen a modern city
dominated by green transportation.
Pursuing architectural art, paying attention to environmental protection
and energy conservation, and promoting the construction of an eco-city
in every aspect

Pursuing novel architectural designs, vigorously advocating symbiosis
with nature, attaching great importance to environmental protection, and
energy conservation have a huge part in the urban development of
Copenhagen. While developing and building new cities, Copenhagen
pays attention to protecting traditional buildings and old city blocks, pre-
senting a people-oriented, sustainable, and ecological city example.
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2.1 Overview of the city

Located on the west bank of the Baltic Sea, Stockholm is the capital of
Sweden and its largest city. The Stockholm metropolitan area consists of
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26 cities, of which Stockholm is located in the central part. It is the most
densely populated and economically active city and the political, economic,
and cultural center of Sweden. Table 2.1 shows the population, area, and
population density data for Stockholm and the Stockholm Region. According
to the table, the population density in the urban area of Stockholm is 14
times the population density of the Stockholm region.

The city of Stockholm is spread over 14 islands and a peninsula. Parks
and green areas account for 33% of the city’s area. The city, which is known
as the “Venice of the North,” is surrounded by water with a healthy ecologi-
cal environment. Fig. 2.1 shows the distribution of green belts and built-up

TABLE 2.1 Population, area, and population density in the Stockholm
metropolitan region and Stockholm city (2012) [1].

Stockholm region Stockholm city
Population 2,127,006 881,235
Area (km?) 6526 188
Population density (people/km?) 326 4687

FIGURE 2.1 Distribution of green belts and built-up areas in Stockholm. From Stockholm:
European Green Capital 2010.
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FIGURE 2.2 Beautiful buildings on Riddarholmen Island in Stockholm. From Stockholm:
European Green Capital 2010.

areas in Stockholm. There are many islands throughout the blue sea, with
beautiful buildings on the islands. The green trees and surrounding blue
waters form a beautiful picture (Fig. 2.2).

2.2 Urban structure and land use

Stockholm has distinctive urban planning and construction features. After
World War II, Stockholm focused on a public transport-oriented land use
model and a suburban development strategy of “large dispersion and small
concentration” in the urban master plan [2], building several new towns
around the central city. These new towns, which have independent city func-
tions, are separated by open ecological corridors. Therefore the urban devel-
opment model can be seen as “central city + new towns,” as shown in
Fig. 2.3. Under the division of the ecological corridor, all parts of the city
are surrounded by green belts. At present, half of the population lives in the
central city, with the other half in the new towns. The new towns are con-
nected to the city center through a fast, radial regional-level rail system [4].
On the other hand, the traffic development model provides effective support
for urban land development along the rail transit route.

The construction of new towns in Stockholm can be roughly divided into
two phases. The first generation of new towns was typical ABC towns
(A = housing, B =jobs, C = services), combining residence, employment,
and service function. At the same time, the “half and half” population and
employment planning principles were proposed, that is, half of employed
people live in the new town, with half of its residents also working in the
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FIGURE 2.3 Central Stockholm and the distribution of its new towns [3].

new town. In the development process of the first generation of new towns,
there were two problems. First, although the ratio of employment to resident
population in the first generation of new towns reached 1.02, only one-third
of the residents worked in these new towns, which did not meet the expected
goals. Second, the design of the new towns is similar. The second generation
of new towns replaced the concept of realizing the balance of living and
employment within an independent new town by achieving an overall bal-
ance between all new towns [4]. At the same time, it presents a variety of
characteristics in urban planning and construction.

2.3 Urban traffic system and traffic demand characteristics

In 2012, there were 318,131 motor vehicles in Stockholm, equating to 361
vehicles per 1000 people [1]. In terms of quantity, the level of motorization
in Stockholm is relatively high, but from the perspective of its development
of motorization, Stockholm’s public transport-led development is worth
learning from. From 1980 to 1990, per capita motor vehicle travel distance
decreased by 229 km/year. The number of motor vehicles held by 1000 peo-
ple remained stable, but the proportion of public transport use continued to
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grow [5]. This is unique in the context of the rapid increase in motor travel
around the world.

There is a large demand for transportation between the central city of
Stockholm and the new towns. In October 2005, the average traffic volume
in and out of the downtown area reached 528,000 vehicles per working day
[6]. Since August 2007, in order to alleviate the traffic congestion in the cen-
tral city and reduce the environmental pollution caused by transportation,
Stockholm has implemented a congestion fee system in the central city. The
congestion fee area is controlled by 18 tollgates. Fig. 2.4 shows the scope of
the congestion fee in Stockholm. The fee collection period is from 0630 to
1830 on weekdays. According to different time frames when entering the
central city, each travel into the congestion fee area costs 10—20 Swedish
krona.

The implementation of the congestion fee system in the central city has
changed residents’ mode of choice of travel. The public transport sharing
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FIGURE 2.4 Stockholm’s congestion fee collection region. From Analysis of traffic in
Stockholm with special focus on the effects of the congestion tax.
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FIGURE 2.5 Changes in traffic sharing rates before and after congestion charges (fall 2008 vs
fall 2005). From Analysis of traffic in Stockholm with special focus on the effects of the conges-
tion tax.

rate in travel to the central city during the working day has generally
increased by 7% [7]. Fig. 2.5 shows the specific data on the changes in the
travel-sharing rate for cars and public transport entering and leaving the cen-
tral city in different directions. The effect of the congestion fee collection
system has gradually changed people’s perceptions of the congestion fee.
After several years of implementation, the overwhelming majority of the
public have accepted and welcomed this policy.

2.4 Public transportation

Stockholm is the national railway center in Sweden, with the central railway
station being the busiest railway station in the Nordic region. Stockholm is
also the hub of the Nordic highway, and has the largest public transport sys-
tem in the Nordic region.

Stockholm has developed an advanced public transport system. Table 2.2
lists the status of the Stockholm public transport system. There are 3 subway
lines and 105 subway stations in Stockholm, with a total length of 108 km.
There are 4 commuter rail lines and 78 stations with a total length of
257 km. There are 9 light rail lines and 110 stations with a total length of
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TABLE 2.2 Stockholm public transport system status [8].

Type Condition

Subway Three groups of lines, 105 stations with a mileage of 108 km;
average station spacing 1.03 km; passenger turnover of 1.796 billion
person-km, annual passenger traffic of 320 million passengers, line
load intensity of 0.81 million person-km/day (2012)

Bus Passenger turnover of 1.83 billion person-km (2012)
Commuter Four lines, 78 stations, mileage 257 km, average station spacing
railway 3.29 km; passenger turnover 13.37 billion person-km, annual

passenger traffic 76 million passengers, line load intensity 0.08
million person-km/day (2012)

Light rail Nine lines, 110 stations, mileage 113.1 km; average station spacing
1.03 km; passenger turnover 278 million person-km, annual
passenger traffic 45 million passengers, line load intensity 0.11
million person-km/day (2012)

113.1 km. Transferring between the subway and other modes of transporta-
tion is convenient [9]. City metro, suburban railway, light rail, and bus ser-
vices are operated by Storstockholms Lokaltrafik (SL).

The service level of public transport in Stockholm is very high, and
mainly reflected in the four aspects: departure frequency, on-time rate, in-
vehicle facilities level, and station coverage.

First, the departure frequency of the Stockholm subway is about 6 min,
the bus frequency is about 8 min, the frequency in nonpeak hours is about
15 min, and the buses operate till 2 a.m., with convenient frequency and ser-
vice time. Second, all buses depart and operate on time. The punctuality rate
is high, with each station having a bus schedule stating the bus arrival time.
Third, public transportation facilities are advanced, the load intensity is not
high, and buses are comfortable. Fourth, the station coverage is high. The
distance between metro stations in Stockholm city is only 1 km, and the bus
stations are more dense. In the city, a bus station can be located within no
more than 300 m. It is very convenient for people to travel by public
transport.

Therefore, the share of public transport in Stockholm is high. Fig. 2.6
shows the share of commuter traffic in Stockholm according to whether they
live and work in the same part of the city. It can be seen from the data in the
figure that more than 60% of commuters who work and live in different parts
of the city use public transportation to travel to and from work. The public
transport share exceeds 61%. Commuters living and working in the same
new town are more likely to walk or ride a bicycle to and from work. The
share of walking and bicycle traffic is as high as 51.1%.
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FIGURE 2.6 Stockholm commuting traffic share [S]. From Robert Cervero. The Transit
Metropolis [M]. USA: Island Press, 1998.

FIGURE 2.7 Bicycle-only road on the main road of the city.

2.5 Walking and cycling traffic

While promoting the development of public transport, Stockholm also
attaches great importance to the development of nonmotorized modes of
transportation such as bicycles and pedestrian traffic.

In order to increase the proportion of bicycle travel, creating a good rid-
ing environment is a must. Stockholm has actively promoted the construction
of bicycle roads. As shown in Fig. 2.7, on main roads, a bicycle-only road is
constructed in parallel with the motor vehicle road. There are clear bicycle
road signs on the road, and up and down lanes are separately set. Bicycle
roads are separated from motorway and pedestrian roads, without interfer-
ence from motor vehicles or pedestrians; independent lights for bicycles are
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FIGURE 2.8 Special signal lights for bicycle roads at intersections.

FIGURE 2.9 An elegant, tree-lined bicycle-only road.

set up at intersections, as shown in Fig. 2.8. In some areas, bicycle roads and
motor vehicle lanes are completely separate, with the bicycle road having an
elegant environment and green trees, as shown in Fig. 2.9, with obvious
bicycle signage. The construction of these road facilities ensures the safety,
comfort, and speed of bicycle traffic.

In addition, Stockholm also has a public bicycle rental system,
Stockholm City Bikes, which has more than 100 bicycle rental stations



34 Eco-Cities and Green Transport

FIGURE 2.10 Stockholm City public bicycle rental station. From http://www.flickr.com/
photos/question_everything/450953112/.

throughout the city. People can choose to buy quarterly or 3-day cards to
rent bicycles (Fig. 2.10).

Stockholm also gives careful consideration to walking safety. A pedes-
trian refugee island is usually set up in the middle of crosswalks, as shown
in Fig. 2.11, providing a safe waiting space for pedestrians. In some old his-
torical blocks or shopping streets, pedestrian-only roads are set up, as shown
in Fig. 2.12. Some pedestrian roads and leisure seats are set up in waterfront
areas, as shown in Fig. 2.13, creating a warm and comfortable walking envi-
ronment for pedestrians.

2.6 Case study of a new town construction

2.6.1 Stockholm’s first generation of new towns—Vallingby
community as a representative example

The construction of new towns in Stockholm began in 1945. At the start, the
concept of “ABC town” was proposed, namely, the construction of a new
town of residence, employment, and service. Markelius’s “half and a half”
population planning principles guided the construction of Stockholm’s first
generation of new towns, and Vallingby is a typical representative example.
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FIGURE 2.11 A safe island in the middle of the street to provide a safe space for pedestrians
crossing the street.

FIGURE 2.12  Stockholm pedestrian-only shopping street.

Built in 1950—54, Vallingby community was the first new town built
after World War II in Stockholm. It covers an area of 170 ha and is built on
a mountain. It is located 13 km west of the city center and is connected to
the city center by metro. As mentioned earlier, the designers of the first gen-
eration of new towns have two expectations: first, the new city should
become a self-balancing community with balanced employment and
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FIGURE 2.13  Stockholm waterfront walking path.

AL

FIGURE 2.14 Aerial view of the Vallingby community. From http://www.white.se/en/project/
90-vallingby-city/slideshow.

residence, reducing the cross-regional traffic; second, the new town and the
central city should rely on rail transit.

Fig. 2.14 is the view of Vallingby community. It can be seen that the
Vallingby community center business district is built around a subway sta-
tion, surrounded by residential buildings. The business district has about 125
commercial retail stores, 7000 m? of community service spaces, more than
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FIGURE 2.15 Shop street near Vallingby subway station.

30 restaurants and entertainment venues, dozens of retail suppliers, and more
than 10,000 m? of office space. These commercial facilities have attracted a
large number of people to the Vallingby community, which has boosted the
vitality of the community and provided jobs that ensure job—housing bal-
ance. Fig. 2.15 shows a shopping street near Vallingby subway station.

Although Vallingby finally failed to fully achieve the goal of job—housing
self-balance, through this first-generation new town construction, Stockholm
planners gradually realized that it is difficult to achieve a complete balance
in an individual community. Therefore in the second generation of
new towns, all of the towns stand as a whole to achieve job—housing
balance.

Vallingby community has a total population of 25,000 people, with the
houses distributed over a 170-ha area around the commercial center. If you
work in Vallingby, the walking time from home to work is generally less
than 15 min. According to Stockholm statistics, about half of the travels in
the new town are walking and cycling, with around 25% of travelers using
public transportation, and only a quarter using cars. It can be seen that the
construction of a new town with balanced employment and residence can
greatly reduce the motor vehicle transportation and so reduce the pressure on
urban traffic. On the other hand, more than 70% of cross-regional trips from
or to the city center use public transportation [3], which shows that public
transport is preferred for long-distance travels.

However, there are also some problems in the Vallingby community. The
design of community buildings is relatively casual. Most are high-rise apart-
ment buildings, as shown in Fig. 2.16. Most residents who live in the
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FIGURE 2.16 High-rise residential apartment in Vallingby community.

community are low- or middle-income groups. There is a considerable
amount of garbage (including cigarette waste) in the commercial area, and
the community environment management is relatively poor.

2.6.2 Model of a sustainable community—Hammarby community

Hammarby community is located 6 km southeast of central Stockholm. The
site of this community was originally the old industrial and port area. In the
1980s, Stockholm planned the Hammarby area as a modern new town on
the waterfront. The community emphasizes ecological environment protec-
tion. The community began construction in 1997 and is expected to be
completed in 2020. It had completed 75% of its construction by 2015, and
has preliminarily formed a beautiful environment with waterways in the
community, as shown in Fig. 2.17.

The Hammarby community had a population of 28,000 and a working
population of 10,000 in 2015; the area is 204 ha (of which the land area is
171 ha). It has 11,500 sets of housing, with 33% for public rental housing,
and 67% for commercial housing. Living houses generally have two bed-
rooms, primarily for family living.

The construction of energy-saving and environmental protection facilities
in the Hammarby community has unique characteristics. At first, the commu-
nity construction planning requires the regional impact on the environment
to be reduced by 50%. The community has successfully transformed a harsh
industrial and port land into a modern sustainable urban space. The
Hammarby community also proposes the concept of “SymbioCity” (symbi-
otic city), which is a coordinated whole of landscape planning, water supply



Stockholm, Sweden Chapter | 2 39

FIGURE 2.17 The beautiful environment and waterways in Hammarby community.

and water quality assurance, waste utilization, building energy conservation,
energy supply, and transportation. The Hammarby community also served as
a demonstration project for Stockholm’s bid to host the 2004 Olympic
Games.

In order to create a sound ecological environment, the community has
designed a rainwater-collecting system and waterfront landscape. The water
system flows along each building so that all residents can enjoy the water-
front space, as shown in Fig. 2.18. Fig. 2.19 shows the fountains in the com-
munity and the green environment around the buildings. The Central Green
Park, shown in Fig. 2.20, enhances the landscape quality of the entire com-
munity and provides a place for residents to communicate and rest.

The Hammarby community has a tram line connection to the central
area of the city, as shown in Fig. 2.21. The tram line has been developed
and constructed with the community construction process. The idea of con-
structing compliance into the plan and public transportation-oriented devel-
opment has been implemented. At present, 75% of Hammarby community
journeys are by public transport, with 12.5% relying on private cars, and
12.5% using bicycles and walking. There is also a ferry service from
Stockholm city center to the Hammarby community. Energy efficiency is
improved due to the relatively short water distance and large carrying
capacity. The community has also introduced car-sharing and car rental ser-
vices. Fig. 2.22 shows a vehicle that provides the service. Through ferry and
car-sharing services, the community motor vehicle usage rate has been
reduced by 40%. A public transport-led and green transportation concept
has been implemented.
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FIGURE 2.18 Each building in Hammarby community enjoys a waterfront space.

FIGURE 2.19 Fountains and green landscapes in Hammarby community.

The Hammarby community has consistently pursued the goal of reducing
the negative impact on the environment by half during construction and
operation. Biogas from the community facilitated through garbage collection
is used for community heating and residential kitchen fuel. At the same time,
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FIGURE 2.20 Waterfront landscape and walking path system in Hammarby community.

FIGURE 2.21 Tram line between Hammarby community and the city center.

eco-powered vehicles powered by biogas (Fig. 2.23) make full use of these
resources. In the practice of trash classification, the community uses vacuum
pumps to collect garbage. As shown in Fig. 2.24, each household only needs
to classify the trash into different pipelines, and the community automati-
cally uses the vacuum pipeline to collect the trash. In terms of water saving,
the community has strengthened the construction of water-saving facilities,
increased public awareness, and effectively reduced the per capita water
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FIGURE 2.23 Stockholm biogas fuel bus.

consumption of the community from 200 to 150 L/day. It is quite difficult to
achieve such low water consumption in Stockholm, a city surrounded by
water. The per capita water consumption of cities in southern China, such as
Shanghai and Guangzhou, is more than 200 L/day. Through the all-round
promotion of community energy saving and environmental protection, the
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FIGURE 2.24 Waste recycling vacuum facility.

per capita energy consumption of the Hammarby community has decreased
by 30%—40% compared with other parts in Stockholm. Although there is
still a gap to achieving the goal of halving this consumption, the progress so
far has been quite significant.

The Hammarby community attaches great importance to public participa-
tion in planning and construction, and has set up a planning exhibition hall
at the core of the community. As shown in Fig. 2.25, the model is used to
display the layout of the community, and there is staff present to introduce
the community to visiting residents, thus helping residents to understand
and participate in the community planning and construction.

2.7 Summary of the characteristics and transportation
experience in Stockholm

1. Full implementation of the concept of job—housing balance
In the process of the development of European cities, gradual differ-
entiation of urban functions has generally appeared. The high value-
added and competitive industries, such as business and service industries,
have entered the central area of cities, and raised the land price in this
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FIGURE 2.25 The planning exhibition hall in Hammarby community.

part of cities, causing residential areas to gradually move outward. The
gradual differentiation of urban functions has led to huge amounts of
commuting traffic between urban areas, which has brought enormous bur-
dens to these cities.

The fundamental issue to improving urban transportation lies in a
rational urban land use structure. Stockholm had already begun to prac-
tice this in the construction of new towns in the 1950s. Through
job—housing balance in the community and new towns, people’s cross-
regional traffic has been greatly reduced.

Give priority to public transportation

Stockholm attaches great importance to improving the service level of
public transport and promoting public transport priority. Stockholm relies
on high-level public transport services and time-based congestion fee pol-
icies to increase the public transport share. Figs. 2.26 and 2.27 show the
trams in Stockholm.

Solidly promote bicycle traffic

Through the construction of bicycle lanes and bicycle rental services,
Stockholm has improved the cycling environment, and promoted bicycle
traffic development.

. Pay attention to public participation in urban planning and construction

In European cities, urban and community construction projects are the
result of the participation of the government, planners, and the public.
All projects will ultimately serve the residents and employees in the com-
munity. Therefore the building form and functions should be based on
the needs of people who live or work in that community. Based on this



Stockholm, Sweden Chapter | 2 45

FIGURE 2.27 Stockholm tram.

principle, in today’s European cities, the development of each community
is basically generated by the continuous communication among govern-
ment, planners, and the public. Public participation in urban planning and
construction is a very valuable European experience. The key to achiev-
ing public participation is to build a platform for communication among
the government, planners, and the public.
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First, it is a must to build a platform displaying information to the
public. The government has set up planning exhibition halls or exhibition
rooms in Hammarby community in Sweden, Almere community in the
Netherlands, and the Hafencity industrial transformation area in
Hamburg, Germany. The planning drawings and planning models for the
next development of the community are placed in the pavilion. Citizens
can visit them, and make an appointment with the staff to have them
explained. These venues have built a platform for people to learn about
regional planning, so that the public can understand the ideas and meth-
ods of the planners and the government, which is the basis for
communication.

Second, a platform is need for the exchange of opinions. There are
usually a number of government representatives on duty in the planning
pavilion. The public’s opinions on the planning can be directly fed back
to the staff on duty and submitted to the government and planners for ref-
erence. For major planning matters, government departments need to
hold hearings to understand the suggestions and requirements from the
people. In France, all new construction and renovation projects need to
be recognized by the people around the project. In many cases, the most
time-consuming work in European planning and construction is continu-
ously seeking the opinions of the relevant public and obtaining their con-
sent to the project construction.

Third, a platform is needed for public monitoring. The public has the
right to choose their living or working environment. They can reflect
their opinions and suggestions on the urban transformation and develop-
ment projects through various channels, and fully monitor and constrain
the project developers. Planning projects cannot be implemented without
the recognition of the people in the surrounding areas of the project.

Public participation in European urban planning depends not only on
good platforms, but also on the civic awareness of public participation.
These experiences in Europe are well worth learning from.

. Highlight cultural protection and urban characteristics, protect charac-

teristic buildings and blocks

As an ancient city-state in northern Europe, the Swedish architectural
style is greatly influenced by neoclassicism. A large number of Gothic
buildings exist and form their own unique style. Leaning against the
mountains, facing the sea, Stockholm has a variety of distinctive water-
front buildings. Today, although Stockholm has high-rise and modern
buildings, there are still many Gothic buildings in the city, which high-
light the characteristics of the Nordic city and reflect the city’s history.
As shown from Figs. 2.28—2.32, the old buildings and streetscapes of the
country’s romanticism in the early 20th century, such as the old water-
front buildings, the Stockholm City Hall, the heavy stone buildings, the
slate pavements, etc., are well preserved. These buildings absorb the
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FIGURE 2.28 Buildings along the lake.

FIGURE 2.29 Waterfront historic buildings.

characteristics of western and southern European architecture, and they
blend in with local traditional decoration. The body is thick, the propor-
tion is well-balanced, and the details are exquisite. All of them greatly
enhance the collective beauty.
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FIGURE 2.31 Streetscape with distinctive architecture.

Stockholm has always attached great importance to the protection of
architecture and culture. The city further demonstrates its deep historical
heritage by retaining a number of historical buildings. European cities
have put a lot of effort into the protection of historic buildings and urban
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FIGURE 2.33 Stockholm waterfront leisure space.

features. The public is also very aware of the protection of ancient build-
ings, and people have actively support the protection programs. Each city
retains its unique characteristics bringing a great deal of tourism to
Europe. Fig. 2.33 shows the Stockholm waterfront leisure space, where
people share these landscape resources with comfort, leisure, and plea-
sure. Fig. 2.34 shows a streetscape dotted with flowers and trees.
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FIGURE 2.34 Green beautified roads and community environment.

6. Energy-saving and environmentally  friendly —urban community
construction

Stockholm’s awareness of energy conservation and environmental
protection is very strong. Many urban practices of energy conservation
and environmental protection have been carried out by its communities.
The practice of energy conservation and environmental protection is car-
ried out jointly from community planning concepts, community construc-
tion and operation processes, high-tech applications, and public education
guidance.

Taking the Hammarby community in Stockholm as an example, plan-
ners first proposed energy conservation and environmental protection
goals to reduce the environmental impact. After that, people adhered to
this goal in the construction and operation of the community. Through
comprehensive measures such as trash sorting, trash collection, water-
saving facilities construction, and community water-saving publicity, the
community has effectively reduced energy consumption and adverse
impacts on the environment. The community has become a world model
for energy-saving and environmentally friendly urban community.
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3.1 Overview of the city

The Republic of Singapore (Singapore for short), located at the southernmost
point of the Asian continent, is the fourth-largest financial center in the
world after New York, London, and Hong Kong, and its port is one of the
five busiest in the world. In 2012, Singapore covered an area of 715.8 kmz,
with a total population of 5,312,400 and a population density of 7422 peo-
ple/km?. Instead of dividing into provinces and cities, Singapore is divided
into five administrative regions, namely, Central Region, North Region,
West Region, East Region, and North-East Region, in a manner consistent
with urban planning.

3.2 Urban structure and land use

Singapore is small and lacks natural resources such as fresh water and miner-
als. It has been a long-term goal for Singaporeans to develop and utilize land
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efficiently and reclaim land as much as possible to increase its land area.
According to the Singapore Urban Redevelopment Authority (URA), the
total population of Singapore will increase to 6.5—6.9 million by 2030.

Urban land planning in Singapore is regularly formulated and implemen-
ted by the URA. Urban land development planning consists of two parts: the
Concept Plan and the Master Plan. The Concept Plan is a strategic land use
and transportation development plan to ensure that future land use patterns
can meet the needs of population growth and economic development; the
Master Plan is a more detailed and concrete implementation plan formulated
after the Concept Plan has been determined, which specifically guides and
regulates the development and use of urban land.

According to the 2010 Urban Master Plan, urban land planning data for
Singapore in 2010 and 2030 are shown in Table 3.1. As can be seen from
this table, with the population growth, there has been a housing, industrial,
and commercial land increase of nearly 3%, while the road traffic infrastruc-
ture land has been controlled with a growth of 0.9%, and recreational and

TABLE 3.1 Comparison of land planning in Singapore in 2010 and 2030 [1].

2010 2030 Percentage
ariation
Land type Area Percentage  Area Percentage vanat
(km?) (km?)
Housing 100 14.3 130 17.0 2.7
Industrial and 97 13.8 128 16.7 2.9
commercial land
Natural reserve 57 8.1 72.5 9.5 1.4
Community, 54 7.7 55 7.2 - 0.5
institutional, and
entertainment land
Urban power and 18.5 2.6 26 3.4 0.8
gas supplies
Impoundment 37 5.3 37 4.8 - 0.5
Road traffic 83 11.8 97 12.7 0.9
infrastructure
Waterport, airport 22 3.1 44 5.7 2.6
National defense 133 19.0 148 19.3 0.3
land
Other 100 14.3 28 3.7 -9.6

Total 701.5 100 765.5 100
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FIGURE 3.1 Singapore land planning map 2030 [1].

water storage land have been reduced by 0.5%. Therefore, continuing to con-
trol the use of cars and vigorously promoting green transportation are daunt-
ing tasks facing Singapore’s urban land planning for the next 20 years.

Fig. 3.1 details the distribution of different types of land use in each plan-
ning area in Singapore in 2030. The light yellow indicates residential land,
blue is commercial land, purple is industrial land, and green is open space or
entertainment land. As can be seen from this figure, commercial land in
Singapore is mainly concentrated in the south of the central area, with indus-
trial land mainly concentrated in the south of the western area, although it is
well dispersed, while residential land is scattered throughout the various
planning areas, with open space or entertainment land mainly concentrated
in the north and western areas, and a waterbody in each green park.

In 1971, Singapore formulated the first Concept Plan for urban land
development, which identified the location of Changi airport and the proto-
type of the network structure of the urban rail transit system (Singapore
Mass Rapid Transport, SMRT) and the highway system, laid the foundation
for the planning of the public transport infrastructure in Singapore, and
developed the Singapore future development model of “ring-shaped” land
use: with the central aquifer as the center, and a number of high-density sat-
ellite cities being developed in a circular manner. Each satellite city has a
commercial center, and a residential and light industry around the commer-
cial center, which makes the satellite city a mixed area of commercial, resi-
dential, and light industries. Two adjacent satellite cities are separated by
green spaces, parks, or open spaces to ensure a certain percentage of green
space is retained. With the implementation of the “ring-shaped” plan, the
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central region of the southern coastline has gradually developed into an inter-
national economic and commercial center.

In 1991, Singapore revised its first-generation Concept Plan. On the basis
of the original concept, it put forward a land use hierarchical decentralization
strategy, to disperse the regional centers, subregional centers, and fringe cen-
ters at a hierarchical level across the island. The mixed commercial, residen-
tial, and industrial development reduced the average distance between
residential areas and workplaces, achieving job—housing balance and allevi-
ating urban congestion. The goal of the Concept Plan is to build Singapore
into an island city with the functions of nature, beautification, and urban
modernization, suitable for people’s life, work, shopping, leisure, culture,
and entertainment. After nearly 20 years of implementation, Tampines
Regional Center and the Novina Fringe Regional Center are relatively suc-
cessful cases in terms of job—housing balance and mixed land development.

In 2011, based on its forecast that the population would increase to
6.5—6.9 million by 2030, the URA proposed a future strategy for sustainable
development in its Concept Plan, in order to maintain a high-quality living
environment for Singaporeans, including the following main elements:

Provide affordable housing subsidized by the government;

Introduce green vegetation into living areas;

Increase traffic mobility and network connectivity;

Provide good employment opportunities and maintain a vibrant economy;
Ensure future growth space and a good living environment.

At present, the Singapore government and related departments are work-
ing to implement new planning tasks under the framework of the future strat-
egy for sustainable development.

3.3 Urban traffic system and traffic demand characteristics

As an economically developed island country, after nearly 50 years of devel-
opment, Singapore has formed an urban transport system dominated by pub-
lic transport systems (including subways, light rail, and bus) and a well-
developed high-speed road system.

3.3.1 Rail transit system

The Singapore rail transit system comprises the subway (Singapore Mass
Rapid Transport, MRT) and the light rail (LRT), which share about 2.65 mil-
lion passengers per day, accounting for about 37.3% [2] of Singapore’s total
daily passenger transport. Fig. 3.2 is a map of the MRT and LRT lines. In
2012, the total length of the MRT lines was 148.9 km, with 99 stations; the
total length of the light rail lines is 28.8 km, with 34 stations [3].
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FIGURE 3.2 Rail transit system map of Singapore in 2012.

Singapore Mass Rapid Transport (MRT) consists of five main lines,
namely, the North South Line (red), East West Line (green), North East Line
(purple), Circle Line (orange), and Downtown Line (blue; under construc-
tion). Singapore MRT hub adopts the mode of comprehensive development
transportation and land development, through the combination of transporta-
tion planning and land use, urban residents can not only complete seamless
transfer between different lines and modes of transportation at the hub, but
also carry out daily activities such as shopping, dining, and leisure. The
Transit-Oriented Development (TOD) model of comprehensive development
of transportation and land integration has been excellently realized.

As can be seen from the MRT network map, Singapore rail transit net-
work layout has a number of small loops that are not available in other cities.
It is this small loop in large residential areas that supports the high-intensity
development of a bedroom community in Singapore. Generally speaking,
urban planning should avoid sleeping city construction. However, it is diffi-
cult to build more houses and realize mixed land use in the central area of
Singapore. With this special background, Singapore has successfully solved
the traffic problems caused by the superintensity land development by adopt-
ing branch rail transit to distribute the powerful traffic demand of large-scale
residential areas, and it is also a problem-solving idea which is closely com-
bined with Singapore’s actual conditions.
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FIGURE 3.3 Daily passenger volume changes of the three public modes (MRT, bus, and taxi)
in 2010—12 [2].

Fig. 3.3 shows the daily passenger volume change of MRT, bus, and taxi
from 2010 to 2012, showing that Singapore’s daily passenger volume was
increasing slowly.

3.3.2 Bus system

In addition to a sound rail transit system, Singapore also has a bus network
that extends all over the island. Singapore buses are operated by two major
companies, the SMRT and Singapore Bus Service (SBS). There are 344 ser-
vice lines and more than 4600 bus stops on the island. According to the sta-
tistical data from 2012, bus travel accounts for about 50% of total public
transport [2], which is even higher than that of the rail transit system.

In order to further improve the service quality of the public transport sys-
tem, the Singapore government began to modernize the management of the
public transport system in 2010, aiming at enhancing the service quality of
the public transport system and reducing the use of private vehicles. The
measures include two aspects: establishing a more effective bus priority sys-
tem and intelligent bus toll and inquiry system. The bus priority system
includes setting up dedicated bus lanes, bus priority signal lights, and com-
pulsory signs for car concessions at bus stops.

3.3.3 Vehicle ownership and road network

By 2012, Singapore had 969,910 motor vehicles, including 535,233 private
vehicles. The Singapore road network consists of nine main expressways,
arterial roads, collector roads, and local access roads, with average daily
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TABLE 3.2 Total length of roads by functional class in the
Singapore road network (2012) [3].

Road type Length (km)
Expressways 161

Arterial roads 652
Collector roads 561

Local access roads 2051

TABLE 3.3 Average daily passenger-journeys and average journey distance
in Singapore [3].

2004 2012
Average daily passenger-journeys (10,000 trips) 310 413
Average journey distance (km) 9.4 9.7

traffic volume reaching 300,000. Table 3.2 shows the length of all functional
classes of roads in 2012, of which the total length of expressways is 161 km.

The Singapore road system is equipped with a comprehensive intelligent
transportation sensing and detection system. By integrating loop detectors,
video detectors, and floating car data, the Singapore Land Transport
Authority (LTA) provides real-time road network flow and speed informa-
tion (within 5 min). In addition, the Singapore government has adopted vari-
ous intelligent transportation technologies to reduce traffic congestion and
improve service quality. Among these, the most notable achievement is elec-
tronic road pricing (ERP), which adjusts the spatial and temporal distribution
of traffic flow through dynamic toll collection.

3.3.4 Travel characteristics of residents

According to the data from the household interview travel survey 2012
(HITS 2012), from 2004 to 2012, Singapore traffic demand increased by
almost 13%. As shown in Table 3.3, average daily passenger-journeys
increased by 33.2% during the 8-year period, however, the average journey
distance barely increased. This indicates that Singapore has achieved good
results in promoting mixed land development, job—residence balance, and
reducing resident travel distance.
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TABLE 3.4 Share of different modes of transport in Singapore urban
areas [4].

Mode of Buses  MRT/ Taxis  Private Total public
transport LRT vehicles transport
Share 28.8% 20.7% 7.2% 43.2% 49.5%

HITS 2012 also shows that the share rate for private vehicles increased
by 29% from 2004 to 2008, while the share rate of public transport increased
by only 13% during the same period. However, from 2008 to 2012, the share
rate of private vehicles slowed significantly to 9% from 2008 to 2012, com-
pared to the previous 4 years, while the share rate of public transport
increased by 14% in the same period. In the peak period of 2012, the share
rate of public transport reached 63%. It can be seen that through the continu-
ous improvement of the public transport system and modern traffic manage-
ment measures such as ERP, the Singapore government has effectively
controlled the private vehicle use rate, thus ensuring the service level of the
whole urban transportation system.

Table 3.4 lists the shares of different modes of transport in 2012. Among
these, the private vehicle share is 43.2%, the total public transport (including
bus and MRT/LRT) share is 49.5%, and the taxi share is 7.2%.

3.4 The concept and measures of the green sustainable
transportation plan

Although Singapore already has a very well-developed transportation system
and road congestion has been controlled to an extent, due to the limited land
resources, 12% of the land area has been used for road transportation-related
infrastructure construction. In the next 20 years, the Singapore government
will no longer be able to use more land for road transportation infrastructure.
Therefore the government is focused on building a green sustainable trans-
portation system. A green sustainable transportation plan has been proposed,
which mainly includes strengthening the public transportation system, and
improving the energy utilization rate and the utilization of clean energy.
Strengthening the public transportation system includes: increasing the
capacity of the existing rail network, a plan to double the total length of rail
lines by 2020, implementing public transportation priority measures, and
realizing a seamless transfer system between rail transit and bus, with a
planned public transportation share of 70% in the peak period by 2020. In
terms of transportation energy, the government will continue to control the
growth of cars aiming to control the annual growth of cars at 1.5%. Through
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further improving the ERP system it is also planned to regulate and suppress
the use rate of motor vehicles in peak hours.

At present, Singapore plans to implement ERP-II system in the future.
The system will be upgraded according to the existing ERP system and real-
ize dynamic charging according to the distance traveled and area, in order to
reduce traffic congestion more effectively. The use of clean energy is another
important aspect of the sustainable development mode. The Singapore gov-
ernment plans to realize the concept of green transportation from two
aspects. One is to strengthen the detection and control of vehicle exhaust
emissions. The other is to build more nonmotorized lanes to encourage trave-
lers to use green transportation, such as bicycles and walking. In order to
realize this green sustainable transportation plan, the Singapore government
has formulated and implemented three specific plans: the Compulsory Bus
Priority Plan, the ERP system, and the National Bicycle Plan.

3.4.1 Compulsory Bus Priority Plan

The Singapore LTA began to implement the “Compulsory Bus Priority Plan”
in 2008 to improve the speed and reliability of buses. That is, when an ordi-
nary car approaches a bus stop, the driver first sees a sign indicating to give
way to buses, as shown in Fig. 3.4. At this time, the driver of an ordinary car
needs to slow down, pay attention to whether there is a bus exiting the sta-
tion, and if a bus is exiting, the driver of the ordinary car must stop or
change lane before the line of giving way, so as not to affect the bus exit. If
found to be in breach of this, ordinary car drivers will be fined S$130. The
Compulsory Bus Priority Plan aims to greatly reduce the bus exit time, thus

FIGURE 3.4 Compulsory bus priority sign in front of a bus stop.
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FIGURE 3.5 Cars give way to buses at bus stops.

shortening the bus travel time and improving their reliability and service
quality. By February 2013, 218 bus stops were covered by this plan, and
Singapore will add 150 more bus stops in this plan in the next 2 years.
Fig. 3.5 shows that cars passing through bus stops give way to avoid affect-
ing bus priority exiting.

3.4.2 Electronic road pricing system (electronic road pricing)

The predecessor of the ERP system was the regional license system, which
had been implemented since 1975. This system charged a uniform conges-
tion fee for all vehicles entering the Central Business District (CBD) area.
Since 1998, this system has been replaced by the modern ERP system, which
uses a more scientific, reasonable, and comprehensive congestion charging
system. Singapore congestion pricing is based on Radio Frequency
Identification (RFID) technology.

Since 2008, road detection and toll collection devices (ERP system) have
been installed in the designated urban central area, as shown in Fig. 3.6. At
the same time, traffic laws stipulate that if a motor vehicle needs to use toll
roads, it must install a S$150 (about 750 RMB) in-vehicle unit to pay for
congestion. The ERP system detects the 85-percentile speed of motor vehi-
cles on the road as a criterion for deciding whether to charge congestion fees
or not. When the speed on a highway is lower than 45 km/h, and the speed
on an urban main road is lower than 20 km/h, the ERP system starts conges-
tion charging. The ERP system is not only helpful in controlling traffic flow
at peak times, but also can balance the temporal and spatial distribution of
traffic flow in the network. It can improve the overall performance of the
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FIGURE 3.6 Singapore urban road network ERP system.

network by encouraging vehicles to move to a route with less traffic flow
density and higher speed.

3.4.3 National Cycling Plan

The National Cycling Plan, a representative project of the Singapore green
sustainable transport plan, has been implemented since July 2010 with the aim
of increasing the share of bicycles for short-distance journeys. As a successful
case, Tampines Town has built an excellent bicycle-dedicated road network
and achieved seamless connection with MTR and bus hubs. In the next 2
years, the Singapore government plans to build dedicated bicycle lanes in
seven towns (Tampini, Yishun, Taman Jurong, Sembawang, Pasir Ris,
Changyi Simei, and Bedok) and Marina Bay, and connect bicycle lanes to
major transport hubs (such as MTR stations and bus transfer stations). There
are now 440km of cycling paths in Singapore. It is planned to expand the
cycling path network to 750km by 2025, and triple cycling network by 2030.

3.5 Garden city construction

Singapore has a reputation as a “garden city.” Almost half of the city is cov-
ered by green vegetation. With the population growth in recent years, the
Singapore government has integrated land use, environmental construction,
and transportation planning, and put forward the goal of building a modern
city of “garden and water” in the future. The proposal includes the construc-
tion of national parks and natural leisure areas, vigorous advocacy of “high-
rise vegetation,” the development and utilization of reservoirs, and
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enhancement of biodiversity. It has established new goals and implementa-
tion strategies for building further garden cities, and has achieved positive
initial results.

3.5.1 National park construction

Singapore plans to build another 900 ha of national parks on the basis of
existing parks by 2030, reaching 4200 ha by 2020, and achieving an aver-
age of 0.8 ha per thousand people by 2030. In order to combine leisure
and recreation spaces with green vegetation, the construction of new
national parks will become the main mode of development in Singapore in
the future.

Garden By the Bay, built in 2011, is a representative achievement of the
Singapore national park construction plan. Situated on the southeast side of
Marina Bay Sands, this 2-km?® park is built entirely on reclaimed land. The
shellfish-shaped indoor botanical garden (Fig. 3.7) in the park is well coordi-
nated with the coastal geographic environment. Creative manmade towering
trees stand on the ground, exposing metal materials. Singaporeans have
begun to cultivate green vegetation at the roots and facades of manmade
trees, as shown in Fig. 3.8. These will take on a completely natural appear-
ance after several years and include green lawns for people to enjoy
(Fig. 3.9). Garden By the Bay, which is integrated with Marina Bay Sands
and shopping mall, is a good place for citizens to spend their holidays, shop-
ping, catering, recreation, and exercise. In the next 20 years, Singapore will
continue to build national parks to make Singapore a real garden city.

e > -—

FIGURE 3.7 Singapore Garden By the Bay.
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FIGURE 3.8 Cultivating green vegetation at the roots and facades of manmade trees.

FIGURE 3.9 Green lawn for the leisure and recreation of citizens and tourists.
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3.5.2 Promoting vegetation in high-rise buildings and walls to
create a three-dimensional green space

Singapore is an international metropolis with scarce land resources and dense
population. Most of its urban land is occupied by high-rise buildings and
transportation infrastructure. In order to increase the greening of the urban
central area and high-density residential areas and to maintain the good eco-
logical environment of the city, Singapore has put forward the concept of
“skyrise greenery” and vigorously advocated greening of the roofs and eleva-
tions of buildings. “Skyrise greenery” can also be divided into rooftop green-
ery and vertical greenery, as shown in Fig. 3.10A and B, respectively.

As shown in Fig. 3.11, the famous Marina Bay Sands and shopping mall,
whose architectural design is like a giant ship sailing in the Pacific Ocean,
has 55 floors. It is a landmark building in Singapore. On the roof of the
building, a green garden was built at a height of 198 m. It can be regarded as

FIGURE 3.10 Two types of “skyrise greenery” [5]: (A) rooftop greenery; (B) vertical
greenery.
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FIGURE 3.11 High-rise greening: Marina Bay Sands Sky Park.

FIGURE 3.12 Wall surface greenery.

a representative of Singapore in promoting high-rise greening, and is a very
innovative architectural design.

At present, the concept of “skyrise greenery” has been adopted by many
buildings in Singapore. As shown in Figs. 3.12 and 3.13, it has achieved
good results in reducing the “heat-island effect,” absorbing noise, improving
the landscape, and avoiding the phenomenon of an “urban desert.”
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FIGURE 3.13 Vertical greenery of buildings.

3.5.3 Building a cozy walking system

In view of the local climate characteristics, intense sunshine, and muggy and
rainy weather, the government and relevant departments attach great impor-
tance to the construction of corridors, sunshade roofs, and other facilities
between public facilities, such as buildings, bus stations, and subway stations,
so as to create a continuous and comfortable walking system for citizens.
Many commuters barely need to walk in the open air when commuting, and
often do not need to take umbrellas during rainy days. The government and
relevant departments pay attention to the landscape design of the pedestrian
system to provide comfortable walking conditions for pedestrians.

Fig. 3.14 shows a corridor between two buildings. Pedestrians can reach
another building through the air corridor between two buildings, thus avoid-
ing outdoor sunshine and heat, and cross roads using bridges which separate
pedestrians and motor vehicles. Fig. 3.15 shows a building corridor, half in
the open air, providing convenience for pedestrians to shelter from the sun
and rain. In the high-rise central business district, there are many such air
corridors and outdoor corridors constructed on the buildings themselves.
Fig. 3.16 shows a bus stop located at the bottom of a building. The upper
building makes a wide sunshade roof. Travelers can enter office buildings or
shops after alighting from a bus without being affected by the sun or rain.
Figs. 3.17 and 3.18 are open sidewalks with shade roofs that are exposed to
nature on both sides. Pedestrians thus make contact with nature while avoid-
ing sunshine and rain.

In Singapore, there are various designs of pedestrian walkways. In addi-
tion to considering the physical needs of shelter from sunshine and rain, there
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FIGURE 3.15 The corridor of the building itself.

are many pedestrian walkways that are architectural works of art, and which
are not only pedestrian transport facilities, but also landscape factors for a beau-
tiful city. Fig. 3.19 shows the spiral walkway across the water between the
Youth Olympic Park and the Art Museum in the Marina Bay area. The metal
skeleton and transparent organic roof create a fashionable and modern atmo-
sphere. The pedestrian walkway shown in Fig. 3.20 is decorated with flowers,
which makes for a pleasant pedestrian experience. Figs. 3.21 and 3.22 are
walkways with trees that bring in cool air in hot weather.
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FIGURE 3.16 A broad sunshade roof above a bus station connected to a building.

FIGURE 3.17 Sunshade roof above a sidewalk.

3.5.4 Creating an approached-water space to provide citizens with
a comfortable leisure environment

Fig. 3.23 shows the boardwalk built along the water in the Marina Bay area.
In some sections, the boardwalk far over the water to provide sufficient
waterfront space for the public (Fig. 3.24). Fig. 3.25 shows fans set up in the
park leisure space, which provide cool wind for residents and tourists in hot
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FIGURE 3.18 Sidewalk with access to nature.

FIGURE 3.19 Spiral metal walkway.

weather. It can be seen that the Singapore government, urban planners, and
designers have given careful consideration to the pedestrian environment.
The people-oriented design has achieved good results in green vegetation,
beautifying the environment, and creating a comfortable walking environ-
ment and waterfront space.
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FIGURE 3.20 Flower-decorated sidewalk.

FIGURE 3.21 Walkway with trees.

3.6 Summary of the eco-city and green transport
development experience in Singapore

Through the above examples, we can see that Singapore has advanced con-
cepts, bold innovation, and effective practice in green transportation and
eco-city construction, which provide inspiration and reference points.
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FIGURE 3.22 Walkway with trees outside the building.

FIGURE 3.23 Boardwalk along the water.

1. Integration of transportation and land use planning and implementation
of integrated development. Singapore integrates residential, commercial,
and industrial facilities with the rail transit system, building a compact
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FIGURE 3.24 Boardwalk far over the water.

FIGURE 3.25 Fans in the park.

city, emphasizing the job—housing balance, with schools and offices
located nearby, and shortening the travel distances of residents. Due to
the lack of land resources in Singapore, a commercial development mode
in the central area has been selected. Residential areas are also developed
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in high floor area ratios, high density, and on a large scale. This form of
development is not advisable and usually leads to unbearable traffic
demand, however it is required by the extremely scarce land conditions
in Singapore. In order to achieve high-intensity land development while
also solving its traffic problem, Singapore has achieved the perfect inte-
gration of a transportation system and land use development, and adopted
branch rail transit to distribute the significant traffic demand of large-
scale residential areas. This is an innovative integration of land use and
transportation system (the spatial characteristics of rail transit lines in
Singapore are unique). Singapore’s three-dimensional pedestrian system
has very smooth coordination with the urban design stage. For example,
when setting up an air corridor between two buildings, the government
coordinates the relevant buildings to determine the location of the air cor-
ridor and the division of construction work, which is then incorporated
into the normal development process with strict planning control, to
ensure the realization of the walkway and architecture integration in the
planning, design, and construction stages.

. Implementation of public transport priority policy has resulted in the gov-
ernment taking rail transit as the transport backbone, expanding bus cov-
erage, and ensuring a seamless connection among the various modes of
transport through bus hubs, in order to improve the share of bus and rail
transit. In the development of large residential areas, simultaneous con-
struction of public transport provides options and guarantees for citizens
to give priority to the choice of public transport modes.

. According to its limited land resources, in the interests of the whole
country, Singapore has steadfastly implemented traffic demand manage-
ment, restrained the ownership and use of private vehicles, and imple-
mented congestion charging and safety management for vehicles by
using advanced technology of intelligent systems, achieving remarkable
results.

. The Singapore pedestrian system is quite out of the ordinary. In urban
built-up areas in Singapore, pedestrian space is a three-dimensional
pedestrian system connected by air corridors, public space plaza plat-
forms, large shopping malls, and overpasses. Due to the hot and rainy cli-
mate, canopies are often in place. This type of design is a unique choice
in cities with a high density of buildings and scarce land.

. Despite its limited land resources, Singapore attaches great importance to
the establishment of an ecological environment and green space. It has
not only set up large-scale parks in the Marina Bay area, but also has
shady and flourishing airport roads. Singapore pays attention to high-rise
vegetation, three-dimensional greenery, and has created a livable city
with ecological environment protection and beautiful scenery. The
Singapore design philosophy is to move from a garden in the city to a
city in the garden.
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4.1 Overview of the city

Curitiba is located in the highlands of Serra do Mar Mountain in southern
Brazil at an altitude of 900 m. Founded in 1654, it was originally a gold min-
ing area and became the capital of Parand in 1854. With an urban area of
430.9 km?, it is the seventh largest city in Brazil. Curitiba city has a popula-
tion of 1.9 million, a population density of 4418 people/km?, and 400 motor
vehicles per thousand people, as shown in Table 4.1. As early as the 1980s,
Curitiba was hailed as the cleanest city in Brazil. In 1990, Curitiba was
awarded the highest environmental award by the United Nations, and in
2001 it was ranked as having the highest living index in Brazil by the United
Nations. Curitiba, together with Vancouver, Paris, Rome, and Sydney, was
named “the most suitable city for human settlements” by the United Nations
in the first batch.

4.2 Characteristics of the city
4.2.1 Green city

Curitiba is one of the greenest cities in the world, and is known as an eco-
logical city. There are 30 large parks and forest parks, and as many as 200
street parks and green spaces. The per capita green area of Curitiba is 51 m?,
more than three times the United Nations standard of 16 m?/capita. Its urban
greening adopts a method of combining artificial planting with the natural
ecology. Natural grassland can be grazed without fear of being walked on by
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TABLE 4.1 Basic data list for Curitiba.

Urban area 430.9 km?

Urban population 1.9 million

Population density 4418 people/km?

Car ownership per thousand people 400 vehicles per thousand people
Green space area per capita 51 m?

Annual income per capita 2500 US dollars

people and animals. Artificial grassland uses native grass species that have
strong vitality and adaptability. The grasslands are all directly connected by
roads and walkways, and are skillfully integrated with urban buildings. In
addition, great importance is attached to the reuse of waste mines and gar-
bage dumps by transforming them into ecological parks, which greatly
improves the landscape environment of the city and creates a good living
environment for residents.

4.2.2 Bus city

Curitiba is internationally recognized as a model city for public transport.
Reflecting its unique situation, the city has built an integrated public trans-
port system at reasonable cost. This system has been planned and con-
structed since 1972. The first north—south axis, with a total length of
20 km, was completed in 1973, and the line was put into operation in 1974.
The terminals at both ends of the line are connected to the Bus Rapid
Transit (BRT) through a 45-km bus barge line, with an average daily pas-
senger flow of about 45,000. In 1978, the southeast axis, about 9 km, was
built to form a new development axis. The concept of an integrated public
transport network was created in 1979.

At that time, the service through the urban area was relatively weak, and
so the interregional transport services was put on the agenda. The initial
interregional service was a 44-km ring line that contacted three BRT axes
through the intermediate hubs. In 1980, there were nine intermediate and ter-
minal stations where passengers could transfer between express lines, barge
lines, and interregional lines, with an average daily passenger flow of more
than 200,000. In 1991, all five radial axes were completed, with two con-
necting lines being added to the south to connect two axes. The total length
of the bus lanes reached 72 km. From 1974 to 1994, the average annual pas-
senger flow growth rate in the public transport system was 15%, which was
four times the population growth rate. The proportion of commuting trips
using public transport increased from 8% to 70%. Most of this growth was
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attributed to the express lines that opened in the 1970s, the interregional and
district lines that opened in the 1980s, and the direct lines that opened in the
1990s.

With the expansion of the BRT line network, the number of hub stations
has also increased constantly. There are currently 33 hub stations. The bus
network connected to the hub is expanding, and the area covered by the inte-
grated public transport system is also expanding. At present, the Curitiba bus
system consists of more than 390 routes and almost 2200 buses, with a daily
passenger volume of more than 2 million, covering more than 1100 km of
roadways in Curitiba. After more than more than 30 years of continuous
improvement, a Metrobus (BRT) system with sound functional hierarchy and
clear division of labor has finally been formed. The system is currently com-
posed of five lines with different service functions. The functions of each
line and operating vehicle characteristics are described in Table 4.2.

TABLE 4.2 Functional hierarchy of the Metrobus system.

Line name Function and operation Vehicle characteristics
characteristics

Express line Connecting the downtown area Red dual-articulated vehicle
with the integrated hub station, it operation
runs on a dedicated road, and the
entry and exit stations are realized
through a cylinder station

Barge line Connecting the integrated hub Orange vehicle operation
station and its vicinity

Interregional Connecting several surrounding Green vehicle operation,

line urban areas and integrated hub long single locomotive and
stations, not reaching the central articulated vehicle
area

Direct line As a supplementary line to express Silver single locomotive
lines and interregional lines, the operation

average distance between stations
is 3 km, and the entry and exit
stations pass through cylinder

stations
Main line Connecting the integrated station Yellow vehicle operation,
with the central area, using general with standard, long, and
roads articulated vehicles
Conventional Connecting the surrounding cities Yellow vehicle operation,
line with the central area, there is no with standard and long
integration with other public vehicles

transport
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The layout of dedicated bus lane in Curitiba is closely integrated with the
overall planning of the developing city. Five radiation lines of the rapid tran-
sit system constitute the main development axes of the city. The dense resi-
dential and commercial areas are concentrated near the bus stops and are
developed along the bus line. The floor area ratio of areas along the four of
five radiation lines are 6, while that of areas along other bus lines are 4. The
farther away from the bus line, the lower the floor area ratio is. The integra-
tion of land use, road system, and rapid transit has been realized.

In terms of the road system, the integrated road hierarchy system con-
sists of three levels: urban axis, urban main road, and urban branch road.
Among these, the urban axis is the main traffic corridor for the city, the
urban main road is the axis to distribute urban traffic, and the urban branch
serves all kinds of land use. Curitiba’s axial road system adopts a “trinary”
structural concept: each axis is composed of three parallel extended arterial
roads. One of the arterial roads leads to the city center and the other departs
from the city center. The two one-way road spaces are designed for vehicles
entering and leaving the city center. They connect the city center of
Curitiba with other major areas and surrounding areas of the city. They play
the role of express lines and allow for easy transfer to express lines. Motor
vehicles and silver buses run on them. The third road is the central road
between two one-way roads. Roads are separated by standard urban blocks.
Three parallel lanes are compactly arranged on the central road, with the
BRT system in the middle, providing fast public transport services, and a
pair of one-way fast arterial systems on both sides, providing fast lanes for
motor vehicles. The BRT lanes are separated from the one-way motor lane
on both sides by green belts. In the integrated public transport network,
there are large bus stations at the junctions of the BRT and cycle lines.
Large transit bus stations provide separated boarding and alighting platforms
for different lines, and connect these platforms using underground passages,
so that passengers can transfer between the central roads. At the end of the
structural axis, large terminal bus stations can satisfy passengers’ transfer
needs, generally in the area of 1500—1800 m”. In order to make the
Metrobus system play a better role in a large-capacity transportation system,
266 transparent tubular plastic bus platforms (Fig. 4.1) with 500—1000 m
spacing were designed. These platforms are on the same level as the buses
(800 mm off the ground). After the bus arrives, the doors are opened auto-
matically and the elevation-free pedals covering the gap between the bus
floor and the platform are unfolded. Passengers get on and off the bus con-
veniently (see Fig. 4.2). As in the subway, passengers can buy tickets from
the conductor in advance when waiting on the platform, and then transfer
freely to the system without having to buy additional tickets. Passengers get
on and off at the same speed as the subway, in only 15—19 seconds. The
efficiency of the BRT is very high, with about 75% of commuters choosing
to take the bus, and the number of trips per capita is 350 per year.
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FIGURE 4.1 Curitiba tubular bus platform.

FIGURE 4.2 BRT vehicle and tubular bus platform.

Therefore, although the city has a high motor vehicle ownership rate, with
an average of 400 motor vehicles per 1000 people, there is no traffic con-
gestion. The journey time from the city center to any destination within the
city is less than 1 hour, and the overall traffic condition of the city has
reached a high level. In addition, due to the developed bus system,
Curitiba’s transportation fuel consumption is 25% of that of similarly sized
cities. Compared with other cities in Brazil, Curitiba saves about 7 million
gallons of fuel a year, reducing vehicle fuel consumption by about 30%, and
urban air pollution is much lower than that of other similarly sized cities.
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4.3 Summary of successful experiences in Curitiba

4.3.1 Government guides scientifically and solves problems
systematically

Before the 1970s, like most Brazilian cities, Curitiba faced serious social and
environmental problems including population congestion, poverty, unem-
ployment, environmental pollution, etc. However, since the 1990s, Curitiba
has become famous globally as an ecological and livable city. In this trans-
formation process, the scientific management and guidance from the govern-
ment have played a major role. Among these, Jaime Lerner (December 17,
1937), who served as mayor three times (1971-75, 1979—-84, 1989—-92),
has played an important role in supporting Curitiba to achieve substantial
leaps in sustainable development. When he became mayor, he adhered to the
new concept of sustainable development and supplemented by a small
amount of government investment, inspired the public by describing and
implementing the systematic development strategies of “multidepartment
management,” “creativity and efficiency,” “people-oriented,” “respect for
citizens, regarding citizens as owners and participants of all public assets and
services,” “green city,” etc. With the imagination and enthusiasm of the pub-
lic, in only one generation, under the premise of protecting and developing
the ecological environment, it has fundamentally improved the urban land-
scape and greatly improved the quality of life of residents. It has also gained
the consensus and support of the people and successive mayors, which has
made Curitiba move toward the goal of sustainable development. In 1990,
Curitiba became the only city in the developing world named by the United
Nations as “the most suitable city for human settlement” (the other four cit-
ies being Vancouver, Paris, Rome, and Sydney). It is also one of the greenest
cities in the world, and is known as the ecological city of Brazil. After more
than 30 years of miraculous sustainable development, the citizens of Curitiba
generally believe that they live in one of the best cities in the world, putting
to shame many cities in developed countries. In the process of creating the
miracle of substantial leaps forward in the sustainable development of
Curitiba, it was faced many difficulties. Mayor Jamie Lerner has shown
remarkable systematic thinking. He has always emphasized that “we cannot
solve one problem, but cause more problems. We should try to link all pro-
blems into one problem, treat them systematically, and solve them by means
of comprehensive planning.” His famous saying “City is not a problem, city
is a solution” is widely known throughout the world.

ELINNT3

4.3.2 Policies for classified garbage recycling

In order to control environmental pollution and cope with the increasing
shortage of landfill capacity, in 1989, the municipal government of Curitiba
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put forward the slogan “garbage is not waste, garbage is also resources,” and
launched a campaign called “Garbage that is Not Garbage.” Mobilizing fami-
lies in the city to separate recyclable materials from garbage, the municipal
government allocated special funds to implement the “Green Change” pro-
gram in communities throughout the city, guiding citizens to collect paper,
metals, plastics, glass, oil, and other garbage from their homes and send
them to the designated exchange sites. These are exchanged for seasonal sur-
plus products from local farmers such as tomatoes, potatoes, garlic, and
bananas. The exchange standard is that 4 kg of garbage can be exchanged
for 1 kg of food, in addition to bus tickets, stationery, and toys. The imple-
mentation of this program not only protects the urban environment, but also
meets the daily needs of citizens, and increases farmers’ income. It can be
said that it kills three birds with one stone. Currently, there are 95 exchange
sites in Curitiba, which are located in various communities around the city.
The sites are open every 15 days, from 9 am. to 11 a.m. According to the
figures provided by the municipal government of Curitiba, the classified gar-
bage recycling rate of Curitiba has reached 70%, with 85% of the citizens of
Curitiba having participated in the classified garbage recycling scheme since
the implementation of the “Green Change” program 24 years ago. The
recycled garbage is classified and sold to special recycling companies for
reprocessing, which effectively realizes the reduction and resource utilization
of closed-circuit recycling garbage. So far, the amount of waste paper
recycled has been equivalent to 1200 trees/day. A local landfill was already
nearly saturated 15 years ago. However, due to the implementation of the
“Green Change” program it was used for another 15 years. Curitiba classi-
fied garbage recycling is not limited to this—under the guidance of the gov-
ernment, awareness of the treatment of toxic and harmful garbage is also
increasing. Toxic garbage includes four kinds of waste, including electrical
appliances and medical waste. In order to prevent them from polluting the
environment, Curitiba has selected 23 bus stations in the urban area, which
are used from Monday to Saturday, cars arrive at the 23 bus stations to col-
lect the waste free of charge every day. Currently, the amount of toxic and
harmful garbage collected accounts for 22% of the total amount of garbage
recycling. These items are sent to special treatment plants for classification,
which effectively reduces any environmental pollution.

In addition to positive incentives, the municipal government has also
introduced appropriate penalties to ensure the smooth development of classi-
fied garbage recycling: if citizens discard of waste incorrectly, they can be
subject to a minimum fine of 400 reals (about 92.5 US dollars) and a maxi-
mum fine of 65,000 reals (about 15000 US dollars).

Waste treatment is a major challenge facing modern metropolises.
Curitiba has pioneered a new path in this respect. According to its own
national conditions, Curitiba has developed a low-cost, high-efficiency, and
sustainable development path, which provides useful experience for the
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urbanization construction and circular economy development in other coun-
tries, including China.

4.3.3 Successful practice of the bus rapid transit system

Currently, the public transport system in Curitiba is one of the most practical
and best urban transport systems in the world, with a reasonable layout, sci-
entific diversion, and each line having its own responsibilities. It provides a
low-cost, fast speed, and punctual solution for densely populated cities with
a short construction-period, which is worth learning for implementation
elsewhere.

4.3.3.1 System characteristics of the Metrobus

Among the existing modes of public transport, metro, light rail, monorail,
new transportation system, streetcar, and traditional electric bus have their
advantages and disadvantages in terms of transport capacity, scope of appli-
cation, cost, operation speed, and punctuality. Therefore they are suitable for
different types of cities and different levels of social and economic develop-
ment. At the same time, it is possible that mutual integration could further
improve public transport service efficiency.

The Metrobus system is a new type of urban public transport system
developed with this background. It has been successfully practiced in
Curitiba. In order to make the system successful, on the one hand, it
strengthens the system itself, that is, high-capacity vehicles, getting on and
off, and selling tickets quickly and conveniently; on the other hand, it fully
considers the traffic management countermeasures and modernization of traf-
fic management, that is, the exclusive right of roads and the realization of
real bus priority at intersections, as shown in Fig. 4.3.

Overall, the Metrobus system includes seven core parts, namely, modern
public transport, exclusive right of roads, platform-level boarding, station
ticketing, priority at intersection, passenger information, and fleet manage-
ment. The effective combination of these seven parts gives the Metrobus sys-
tem the following characteristics.

4.3.3.1.1 Large capacity

The unique large-capacity bus (see Fig. 4.4) of the Metrobus system
increases its passenger-carrying rate. Meanwhile, exclusive right of roads
and priority at intersections increases the speed of the bus system. Therefore,
the single direction hourly section flow of BRT system is large, and it can
reach capacity close to that of the light rail system under the unique land use
pattern in Curitiba.
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FIGURE 4.3 Curitiba BRT priority.

FIGURE 4.4 BRT large-capacity vehicles.

4.3.3.1.2 Low cost

The Metrobus (Curitiba BRT) system uses roads. It does not need to intro-
duce dedicated rail vehicles, and only needs to reform existing roads with no
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need to build tracks. The construction work is limited, so the initial cost of
the system is low and the construction speed is fast.

4.3.3.1.3 Good flexibility

The Metrobus system does not use tracks, and so a complete dedicated bus
lane network is not needed. In some parts, High-Occupancy Vehicle (HOV)
lanes or even ordinary roads can be used and shared with other modes of
transport. Therefore the line network can be implemented in stages, with pri-
ority at intersections, passenger information systems, and other technologies
also being introduced gradually. At the same time, using roads ensures that
the line can be adjusted or changed more easily, even when the attracted traf-
fic flow reaches the upper limit of the system, as a rail transit system with
higher capacity can be built.

4.3.3.1.4 Fast speed and high reliability

The Metrobus system uses dedicated bus lanes and has priority at intersec-
tions (Fig. 4.3), therefore it is less disturbed by other modes of transporta-
tion, has high travel speed, and it is easy to meet planned schedules. In
addition, the platform-level boarding system and the out-of-car ticketing sys-
tem reduce the waiting time, shorten the travel time, and increase the aver-
age speed.

4.3.3.1.5 User-friendly

The new type of bus is spacious, comfortable, has less noise and vibration,
and is more comfortable. The use of a platform-level boarding system makes
it easier for passengers to board, especially passengers carrying parcels and
those with a lack of mobility. In addition, the use of a passenger information
system enables passengers to have a picture of the bus system and even the
whole traffic system. This reduces uncertainty, and effectively increases pas-
sengers’ trust in the service.

4.3.3.1.6 High security

The adoption of dedicated bus lanes and the granting of priority at intersec-
tions have completely separated the public transport system from other
modes of transportation, and reduced possible rear-end and other collisions
due to congestion. The establishment of safety systems in vehicles and sta-
tions in the fleet management system has further reduced the occurrence of
robberies and other violent acts; at the same time, a vehicle-tracking system
and traffic accident management system have been adopted. These systems
enable timely and prompt rescue when an accident occurs, and increase the
personal safety of bus passengers.
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4.3.3.1.7 Less pollution and less energy consumption

The adoption of a fleet management system facilitates the best use of exist-
ing vehicle resources through effective operation management; the design of
the new buses makes it possible to reduce energy consumption and emis-
sions; at the same time, dedicated bus lanes and priority at intersections
improve vehicle speed, avoid repeated acceleration, deceleration, and parking
in congestion, and can effectively reduce vehicle emissions.

4.3.3.2 Metrobus as a successful practice in Curitiba

Currently, the city of Curitiba has formed a relatively perfect integrated pub-
lic transport system, which integrates different bus lines physically and oper-
ationally into a single network. Physically, the different bus lines are
connected in transfer stations, enabling passengers to transfer easily between
different lines. Operational integration is based on a single toll system, which
allows passengers to transfer freely in all directions, regardless of the length
of their journey. Currently, Curitiba’s integrated public transport system con-
sists of the following components.

4.3.3.2.1 Line characteristics

The 340 routes and 1550 buses in Curitiba’s integrated public transport sys-
tem cover 1100 km of roads throughout the city. Among these, the dedicated
bus lanes are 60 km and the daily mileage of buses is 38,000 km. According
to the service characteristics they can provide, these routes can be divided
into express lines, branch lines, interregional lines, cycle lines, large station
express lines, conventional integrated radiation lines, city central cycle lines,
etc.

4.3.3.2.2 Station settings

There are three types of stations in Curitiba’s integrated public transport
system, namely tubular stations (Fig. 4.5), large bus stations, and tradi-
tional stations. The number of tubular stations is 266, and the distance
between stations is usually 500—1000 m. Its greatest advantage is that it
can greatly speed up passengers boarding and alighting speed. In addition,
it can also protect passengers from inclement weather. Meanwhile, the
platform-level boarding design and the automatic lifting device at the
entrance make it convenient for the elderly and disabled passengers to use
the bus system.

Large bus stations are mostly located on the axis of the integrated public
transport network, and can be divided into transit function and terminal func-
tion. Transit-function stations provide separated boarding and alighting plat-
forms for different lines, and connect these platforms in the form of
underground passages, so that passengers can easily transfer. Terminal-
function stations are located at the end of the structural axis road, and are
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FIGURE 4.5 The inside of a tubular station.

TABLE 4.3 Traffic modes share in Curitiba.

Mode of BRT +bus  Bicycle ~Walking Car  Motorcycle Others Green
transportation transport
Share 45% 5% 21% 23% 5% 1% 71%

equipped with large infrastructure to deal with increased traffic between the
surrounding areas and the city center.

4.3.3.2.3 Public transport share

Although the vehicles in Curitiba’s integrated public transport system run on
ordinary roads, they have many characteristics that are similar to a Metro
system, such as high-capacity vehicles, ticket sales before boarding, rapid
passenger boarding and alighting, and efficient and reliable services, and so
they are often referred to as a “road metro system.”

Because of the high efficiency and convenience of the public transport
system, Curitiba’s integrated public transport system occupies a very impor-
tant position in the urban transport system, with a daily passenger volume of
1.9 million. At the same time, a recent survey shows that 75% of commuters
in Curitiba use buses, which is one of the bases for Curitiba reducing the
impact of the transportation system on the environment and achieving sus-
tainable development (Table 4.3).
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4.3.3.3 Metrobus development experience in Curitiba

In addition to the attractiveness of the Metrobus system, the following fac-
tors also play a decisive role in the development of Curitiba’s integrated pub-
lic transport system.

4.3.3.3.1 Integrated transportation planning and urban land use
planning

The high-density population needs transportation lines with high transport
capacity, and high-capacity transportation lines also need certain traffic
demand along the lines to maximize the benefits of the system operation.
Based on this idea, Curitiba’s public transportation system takes the relation-
ship of land use, road system, and public transportation as the basis of the
public transportation system and even the whole integrated transportation
system. The interaction and development of these three factors led to the
emergence of the main idea of a structural axis, thus providing a flexible,
effective, and low-cost traffic solution.

As far as land use is concerned, the formulation of urban planning in
Curitiba fully takes into account the principle of matching the intensity of
land use with the existing urban structure. Its goal is to adjust the division of
residential areas and land use so as to adapt the traffic demand to the social,
economic, and urban development. Specifically, the concept of a linear city
center is used in the urban planning of Curitiba. The whole city is divided
into several districts, each of which determines a special land use manage-
ment system according to the properties of land use and the intensity of land
development.

At the same time, in order to give each district considerable accessibility,
the urban road network system is also established hierarchically, which
means that the function, characteristics, and capacity of each road in the net-
work are determined to an extent according to its location and importance.

In addition, different land use characteristics also produce different pub-
lic transport needs. In the vicinity of residential and commercial land that
encourages high-intensity land use, the use of dedicated bus roads and dual-
articulated buses enables the bus system to achieve a high transport capacity
that is consistent with the needs of communities. For residential areas with
medium or low population densities, in order to improve operational bene-
fits and the convenience of public transport services, and to enable bus pas-
sengers to easily reach other residential areas or traffic nodes, it is
necessary to plan routes with relatively low transport capacity and high
flexibility.

The land use characteristics of Curitiba linear city make it possible for
the BRT system on an axis to operate efficiently. For general city groups,
such land use characteristics are not usually present, so it is generally diffi-
cult to reach the transport capacity of Curitiba BRT.
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4.3.3.3.2 Successful operational management mechanism

The public transport systems of all countries usually run at a financial loss,
and it is difficult to ensure a balance of revenue and expenditure. This is not
only because a planned public transport network is difficult to better meet
the needs of urban public transport, but also because of the poor operation
and management of public transport systems. The reason that the Curitiba
public transport system has developed so smoothly is also closely related to
its successful operation and management mechanism.

4.3.3.3.2.1 The autonomous rights of the Public Transport
Administration Curitiba Research and Urban Planning Institute (IPPUC) and
Curitiba Urbanization Office (URBS) are at the core of the Curitiba Public
Transport Administration. The biggest difference between them and other
urban organizations is that they have legal autonomy, they can plan and design
urban public transport lines independently, and they have sufficient rights and
abilities to implement their decisions, so that their plans can be implemented
quickly without prolonged review and discussion, which may led to delays.

4.3.3.3.2.2 Measures of public—private integration Curitiba’s public
transport system adopts both public and private management measures. The
overall urban public transport system is managed by URBS, a public—private
joint urban bus company. This company has jurisdiction over 10 private
companies. Private companies are licensed from URBS to own public trans-
port vehicles and provide public transport services. They own fleets and are
responsible for specific operations. The long-term planning determined by
the public management organization avoids the waste of resources caused by
excessive attention to local interests, which can make the plan network
unreasonable. Private investment in the main construction and operation also
can reduce the financial burden on the government to a considerable extent.

4.3.3.3.2.3 Separation of operation and ticket system The integrated
public transport system in Curitiba is managed by URBS to accomplish a
specific operation. The state government provides many conveniences for
private companies, such as providing guarantees for loans from banks to pri-
vate companies. The ticketing system is run by an integrated bus system
foundation. This foundation has a special organization to study and develop
the ticket system; the management system consists of the municipal govern-
ment to control the operation mileage, private companies to accomplish the
operation mileage, and the foundation to sell tickets.

4.3.3.3.3 Flexible construction measures

Since Curitiba’s public transport system uses public transport vehicles that
can travel on ordinary roads, it is possible to build and implement public
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transport networks in batches and phases. In the case of technical and finan-
cial support, different parts of the system can also be upgraded according to
demand. The implementation process of batch and phased construction is
also convenient for identifying problems in the planning of the public trans-
port network through continuous monitoring during use, so that the original
scheme can be amended continuously in the future planning and construction
process, forming a perfect feedback process, avoiding the huge losses caused
by the one-time decision-making mistakes of large public facilities.

4.3.3.3.4 Adoption of relevant transportation management measures

4.3.3.3.4.1 Priorities of bicycles and walking Bicycles and pedestrian
areas are an integral part of the road network and public transport system.
Curitiba has vigorously built bicycle lanes, while the downtown business dis-
trict also has large pedestrian areas.

4.3.3.3.4.2 Parking measures Parking in Curitiba is restricted by clear
control measures and is strictly monitored and enforced. For example, the
municipal government of Curitiba adopts reasonable parking strategies to
reduce roadside parking, it stipulates that taxis must stop at taxi parking sta-
tions, and signs prohibiting parking are set at intersections to ensure the
smooth passage of public transport at roads and intersections.

4.3.3.3.4.3 Economic policies to encourage the use of public
transport To encourage citizens to use the public transport system to travel,
Curitiba municipal government stipulates that: the elderly over 65 years old
and the children under 5 years old can take public transport without buying
tickets; for Curitiba citizens with wage income, if the cost of public transport
exceeds the wage, the excess part shall be subsidized by the government;
for the poor living in the poor areas, they can use the garbage cleaning in
exchange for bus tickets.

Further reading

<http://ditu.google.cn/maps?client = aff>.
<http://nemopa.blog.sohu.com/148901704.html>.
<http://hi.baidu.com/starbird/item/26e7aaf63eb7fdca531c269d>.
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globally 124
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Tokyo, is the capital, and also the political, economic, and cultural center of
Japan. Tokyo is also one of the world’s most famous megacities. It is com-
posed of 23 districts, 26 cities, 5 towns, and 8 villages, with a population of
13.28 million (2013) in the Tokyo area of 2187.58 km?. The core area of
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Tokyo, which consists of 23 districts, is called the “Tokyo Metropolitan
Area” with an area of 622.99 km? a population of 9.055 million people
(August 2013), and a population density of 14,563 inhabitants per square
kilometer. Chuo city, Chiyoda city, and Minato city are the three core dis-
tricts of Tokyo and are known as the “three districts of the capital center,”
which is the earliest urban center of Tokyo.' The population of the Tokyo
Metropolitan Area varies greatly by day and night, especially in the high-
density commercial centers such as Shinjuku, Ginza, and Tokyo station. In
this area, the daytime population can reach more than nine times the night
population. Therefore the Tokyo Metropolitan Area is densely populated and
lively during the day, but after midnight it becomes almost an empty city.
This is mainly due to the high land and housing prices in the central city of
Tokyo, resulting in the area being used primarily for the development and
utilization of public buildings such as finance, commerce, and enterprises.
Most residents reside in the suburbs, exurbs, and even the surrounding coun-
ties and cities; they work in the center of the Tokyo Metropolitan Area dur-
ing the day but return to their suburban homes in the evening, forming a
strong tidal commuter flow.

Tokyo has extremely strong radiative effects on the economy, industry,
population distribution, and mobility of surrounding cities and counties.
Especially in the morning and evening tidal peaks, the traffic flow shows
obvious characteristics of the metropolitan area. Therefore when it comes to
Tokyo, we must first clearly distinguish the four concepts of the capital cir-
cle, Tokyo capital circle, Tokyo, and the Tokyo Metropolitan Area.
According to the statistics of the capital circle and the statistics of the White
Paper on the Capital Circle issued by the Ministry of Land, Infrastructure,
Transport and Tourism of Japan, the capital circle includes “one city and
seven counties,” namely Tokyo, Ibaraki, Tochigi, Gunma, Saitama, Chiba,
Kanagawa, and Yamanashi. The Tokyo Metropolitan Area covers only the
“one city and three counties” in Tokyo and the capital city, which are the
most developed and geographically close to Tokyo, including Tokyo,
Saitama, Chiba, and Kanagawa. The two major cities of Kawasaki city and
Yokohama city are close to Kanagawa Prefecture. As of April 2012, the pop-
ulation of the Tokyo Metropolitan Area was 37.126 million [1]. The area
and population data of Tokyo, Tokyo Metropolitan Area, and Tokyo capital
circle are shown in Table 5.1.

Tokyo capital circle is the world’s most populous and economically larg-
est metropolitan area, surpassing the world’s second largest—New York eco-
nomic circle. For example, in 2008 Tokyo’s gross national product reached
89.7 trillion yen, or about $1 trillion, 60% higher than New York’s $610 bil-
lion in gross national product [2]. In 2010, the nominal GDP of the Tokyo

1. These data come from Wikipedia and organize the statistics of the Japanese government into
the “Capital Circle,” “Tokyo,” and “Tokyo Metropolitan Area.”
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TABLE 5.1 The populations of Tokyo, Tokyo Metropolitan Area, and Tokyo
capital circle.

Tokyo capital circle (one Tokyo Tokyo
city and three counties) Metropolitan
Area (23 districts)

Land area (km?) 13,559.21 2188.67  622.99
Population 3712.6 (2012 data) 1328.2 905.5 (2013 data)
(10,000 people) (2013

data)
Population 2738 6070 14,563
density
(persons/km?)

Source: Data from Tokyo Metropolitan Government Statistics and Wikipedia.

capital circle area was 160 trillion yen [3], which was about 1.6 trillion US
dollars. In the same year, the gross national product of the New York metro-
politan area was 1.36 trillion US dollars [4].

5.2 Urban structure and land use

Until the end of the 1950s, Tokyo was a single-center city. Many administra-
tive agencies, headquarters of large enterprises, financial organizations, and
commercial organizations gathered in the three core districts of Chuo city,
Chiyoda city, and Minato city, which formed the earliest urban center in
Tokyo. After World War II, with the recovery and rapid growth of the
Japanese economy, the commercial functions of the three core districts of
Tokyo were further developed, and the urban functions were sharply concen-
trated here, causing soaring land prices and housing shortages. The core resi-
dents moved to the suburbs, and there was a sharp increase in commuter
traffic. This caused an increase a series of urban issues. In order to restrain
unrestricted growth at the center and to solve the urban problems caused by
it, in 1958, the Tokyo Metropolitan Government began to establish the three
subcenters of Ikebukuro, Shibuya, and Shinjuku to guide the transition of the
city from a single center to a multicenter structure. In 1982, construction of
the subcenters of Ueno-Asakusa, Osaki, and other cities began. By the end
of the 20th century, Tokyo had built seven subcenters along the circular track
Yamanote Line. The Tokyo Metropolitan Area formed a multicenter urban
structure, as shown in Fig. 5.1. However, the population and industry were
concentrated rapidly due to the rapid growth of Japan’s economy in the
1970s and 1980s. The deputy center and the three core districts are concen-
trated along a line and the inner side of the Yamanote Line, with a diameter
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FIGURE 5.1 Tokyo Metropolitan Area multicenter urban structure. Created according to the
CraftMap basemap, http://www.craftmap.box-i.net/sozai.php ?no = 1009_5.

of about 10 km, and only 5 km distance between each other. Nowadays, the
entire Yamanote Line has been integrated into a high-density and large-scale
urban center. A large number of jobs have been concentrated here. At the
same time, due to the rising land price in the central city, residents began to
migrate to the suburbs, creating a mode of living in the suburbs and working
in the city center. To solve the problem of housing for a large number of
residents, the government and enterprises have built many new cities around
Tokyo. Residential houses have also been built in the surrounding cities and
counties of Tokyo, forcing the urban green belt to retreat. In the 1980s, the
green belt of Tokyo retreated 50 km away from the central city [5] and has
not avoided disorderly expansion.

Rapid economic growth has raised the initially low price of land in urban
centers, and the land use has been very significant. The high-density devel-
opment of public buildings such as commercial, financial, and administrative
offices in urban centers, and the migration of residential buildings to the sub-
urbs, have forced Tokyo to build a strong radial railway to connect resi-
dences and urban centers. This series of joint development and construction
activities has made Tokyo Metropolitan Area into an obvious “circle struc-
ture.” From the center to the periphery, the division of functions in the
urban area is clear. The separation of occupation and residence has serious
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implications. The city center is high-rise and there is a lack of green plant
areas. Some people use the term “Tokyo desert” to describe this high-
intensity development economic city. While some use the phrase “com-
muting hell” to describe the daily commutes of Tokyo Metropolitan Area
residents. Statistics show that the average one-way commute time
for people living in the metropolitan area using railway in 2010 was
68 minutes [6]. The one-way commute distance can be up to 60 km, and
the one-way commute time up to 3 hours.

5.3 Motorization and traffic demand characteristics

In 2008, Tokyo conducted a survey of residents’ travel needs in the metro-
politan area of Tokyo by selecting Tokyo and four prefectures in the capital
circle (Tokyo, Kanagawa, Saitama, Chiba, and the south of Ibaraki) as sur-
vey areas. At the time of the survey, the Tokyo Metropolitan Area had a
population of 36.02 million. The average one-way trip time was about
34 minutes. The average daily travel volume was 84.89 million (2.4 times
greater than Paris), and the average daily travel frequency was 2.37.

Fig. 5.2 shows the sharing rate of residents’ travel modes in the Tokyo
capital circle, Tokyo Metropolitan Area, and some cities. As can be seen
from the data in this figure, the total railway utilization rate in the Tokyo
capital circle is 30%, the bus sharing rate is 3%, and motor vehicle travel
accounts for 29%. The full-time residential travel ratio of railways to buses
is 51%, and motor vehicle travel only 11% in Tokyo Metropolitan Area.

This shows that in the Tokyo Metropolitan Area, more travelers use pub-
lic transportation, and the utilization rate of personal motor vehicles is far
lower than the overall level for the Tokyo Metropolitan Area. The railway
sharing rate of commuter traffic in the Tokyo Metropolitan Area is as high
as 79%. The daily traffic volume of transportation hubs such as Tokyo

Tokyo Metropolitan

Area
Kawasaki ® Railway
= Bus
Yokohama = Car
| = Motorcycle
= Bicycle
Gamms » On foot
Tokyo District
0% 20% 40% 60% 80% 100%

FIGURE 5.2 Tokyo capital circle, Tokyo Metropolitan Area, and some cities total travel mode
sharing rates.
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TABLE 5.2 Traffic mode sharing rates of the Tokyo Metropolitan Area.

Transportation ~ Walking  Bicycle  Rail Bus  Private  Motorcycle  Total green
mode transit car transport
Traffic sharing 23 14 48 3 11 1 88

rate (%)

station and Shibuya station has reached millions of passengers. The daily
passenger traffic of Shinjuku transportation hub is more than 3 million pas-
sengers, ranking first in the world. This shows that the proportion of public
transportation use in the Tokyo Metropolitan Area is very high, as shown in
Table 5.2, which is a typical city dominated by public transportation [7].

The Tokyo Metropolitan Area government is the center of business,
finance, entertainment, and culture in the Tokyo Metropolitan Area. The
office and commercial facilities are highly concentrated. Most citizens live
on the edge of the district or other cities and counties outside Tokyo, form-
ing a clear function for the city. Most citizens live on the edge of the district
or other cities and counties outside Tokyo, forming a clear function of the
city. There is a clear pattern of separation. To cope with the strong commut-
ing traffic demand, the Tokyo Metropolitan Area and Tokyo capital circle
have an impressive railway transportation system that has been in existence
for a long time, making the rail transit system of the Tokyo Metropolitan
Area highly developed. However, it has not been able to solve the severe
commuting traffic problem. As the center of the metropolitan area, the
Tokyo Metropolitan Area has attracted the most travel. Of these, the Tokyo
Metropolitan Area is most closely connected with the surrounding Tama,
Saitama, the northwest of Chiba, Kawasaki, and Yokohama in Kanagawa.
There is a large amount of cross-regional commuting. In 2010, the total num-
ber of commuters in Tokyo was about 9.43 million, of which 3.1 million
entered from peripheral counties, and 3.37 million entered from outside the
district. The peripheral counties are dominated by Saitama, Kanagawa, and
Chiba Prefectures in Tokyo. The one-way average travel time by rail is more
than 1 hour [8]. This shows that the distribution of occupations and resi-
dences in Tokyo is seriously unbalanced, the urban structure is unsuitable,
and commuting traffic is time consuming.

In 2011, the total number of motor vehicles in Tokyo was 3.23 million,
with about 245 motor vehicles for every 1000 people. Of these, the number
of motor vehicles in the Tokyo Metropolitan Area was 2 million and the
number of motor vehicles per 1000 population was about 220. The average
number of motor vehicles owned by 1000 people in other parts of Japan and
other OECD countries is more than 400. The developed public transportation
system in Tokyo has helped control the total number of motor vehicles.
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5.4 Rail transit development

Traffic organization in the Tokyo Metropolitan Area relies heavily on rail tran-
sit systems throughout the city and suburbs. The Tokyo Metropolitan Area is
densely populated with a number of operating companies, primarily including
ordinary railways operated by Japan Railway Company and private railways
operated by a number of private companies. The subway is operated by two
companies, Tokyo Metro and Toei Transportation. In 2011, the total length of
the rail network in Tokyo was 1089.1 km. The Japan Railways system had an
extent of 391 km [9] and the average daily passenger traffic was about 8.84
million passengers. The private railway operating extent was 406.8 km and the
average daily passenger traffic was 7.99 million. The subway operating net-
work was a total of 291.3 km and the average daily passenger traffic about 8.5
million passengers.” The operating mileage and average daily passenger traffic
of each rail system and their proportions are shown in Fig. 5.3.

The JR Line has a wide range of services. The main rail transit lines in the
outer suburbs of Tokyo are mainly operated by the JR Line, with an average
station spacing of 2.77 km. The private railway mainly serves the Tokyo met-
ropolitan area and suburbs. The average station spacing is 1.09 km, which is
less than the average station spacing of the JR Line, and the line load intensity
is also high. The subway lines of the Tokyo Metro and Toei are mainly oper-
ated in the Tokyo Metropolitan Area, with short site spacing and high line
load intensity. The operation of the JR Line in Tokyo in 2011 is shown in
Table 5.3. The basic conditions of the operation of the private railway lines
are shown in Table 5.4. The operation of each subway line operated by the
Tokyo Metro Corporation is shown in Table 5.5. The operation of each sub-
way line operated by the company is shown in Table 5.6.

5.5 Shinjuku transportation hub and surrounding land
integration development case study

5.5.1 Development history of Shinjuku transportation hub

The Shinjuku transportation hub is located in the western part of Tokyo’s
central city. It is about 10 km from the earliest urban core areas such as
Tokyo station and Ginza. It is the gateway to the Tokyo Metropolitan Area
and the western suburbs, cities, and counties, and the western counties of the
Tokyo capital circle. From the earliest underdeveloped suburban railway sta-
tion to becoming today’s modern integrated transportation hub with the
world’s highest passenger traffic, Shinjuku Station has gone through more
than 100 years of development history.

2. Based on statistics from Tokyo Metro and Toei Subway. http://www.tokyometro.jp/corporate/
enterprise/passenger_rail/transportation/lines/index.html;  http://www .kotsu.metro.tokyo.jp/infor-
mation/service/subway.html.
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FIGURE 5.3 Distribution of operating mileage and average daily passenger traffic of various
rail transit systems in Tokyo.

TABLE 5.3 Operation of the JR Line in Tokyo in 2011.

Total number  Line Number Average Average Line load
of railway length of stations  station daily intensity
lines (bar) (km) distance passenger (10,000
(km) traffic passengers/
(10,000 km day)
people)
14 391 141 2.77 883.8 2.26

Source: Data from The Statistical Yearbook of the Tokyo Capital in Pingcheng 23 Years.



TABLE 5.4 Basic conditions of private operating companies in Tokyo in 2011.

Operating company Total Line Number
number of length of stations
railway lines (km)

(bar)

Odakyu 2 26.5 23

Seibu 10 93.4 71

Tokyu 7 60.0 75

Keihin Kyukou 2 18.3 20

Keio 2 77.6 66

Keisei 3 23.9 19

Tobu 4 28.2 28

Hokuso 1 2.0 2

Takao Tozan 2 1.9 4

Tokyo Monorail 1 17.8 11

Mitake Tozan 2 1.1 4

Yurikamome 1 14.7 16

Tokyo Waterfront Area Rapid Transit (TWR) 1 12.2 8

Tamatoshi Monorail 1 16.0 19

Metropolitan Intercity Railway 1 13.2 7

Total 40 406.8 373

Source: Data from The Statistical Yearbook of the Tokyo Capital in Pingcheng 23 Years.

Average
station
distance
(km)

1.15
1.32
0.80
0.92
1.18
1.26
1.01
1.00
0.48
1.62
0.28
0.92
1.53
0.84
1.89
1.09

Average daily
passenger traffic
(10,000 people)

88.66
138.52
179.09

41.29
161.80

35.11

84.45

3.40
0.53
12.10
0.15
8.32
0.00

12.30

13.75
799.23

Line load
intensity (10,000
passengers/km
day)

3.35
1.48
2.98
2.26
2.09
1.47
2.99
1.70
0.28
0.68
0.14
0.57
1.62
0.77
1.04
1.96
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TABLE 5.5 Operation of metro lines of the Tokyo Metro Company in 2011.

Railway
route
name

Ginza
Marunouchi
Hibiya
Tozai
Chiyoda
Yurakucho
Hanzomon
Namboku
Fukutoshin

Total

Line

length

(km)

14.3
27.4
20.3
30.8
24.0
28.3
16.8
21.3
11.9
195.1

Number
of stations

19
28
21
23
20
24
14
19
11
179

Source: Data from Tokyo Metro Co., Ltd.

Average
station
distance
(km)

0.75
0.98
0.97
1.34
1.20
1.18
1.20
1.12
1.08
1.09

Average
daily
passenger
traffic
(10,000
people)
71.17
84.18
84.85
76.45
89.66
66.96
61.75
34.12
21.43
622

Line load
intensity
(10,000
passengers/
km day)

4.98
3.07
4.18
2.48
3.74
2.37
3.68
1.60
1.80
3.19

TABLE 5.6 Operation of metro lines of the Tokyo Metropolitan Subway
Company in 2011.

Railway
route
name

Asakusa
Mita
Shinjuku
Oedo

Total

Line
length
(km)

18.3
26.5
20.7
40.7
106.2

Number

of

20
27
20
38

stations

105

Average
station
distance
(km)

0.92
0.98
1.04
1.07
1.01

Average
daily
passenger
traffic
(10,000
people)
60.77
55.51
62.21
78.29

225.19

Line load
intensity
(10,000
passengers/
km day)

3.32
2.09
3.01
1.92
2.12

Source: Data from The Statistical Yearbook of the Tokyo Capital in Pingcheng 23 Years: Subway
transportation results.
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Shinjuku station was first used on March 1, 1885. The first north—south rail-
way line in Tokyo, the Shinagawa line (Akasu station to Shinagawa station)
was opened. Shinjuku is a stop on this line. Shinagawa Line is also the prede-
cessor to some sections of the JR Yamanote Line today. On April 11, 1889, the
Kaiwu Railway (the predecessor of the section of the JR Central Line) was
opened from Shinjuku to the Tachikawa Line. On May 1, 1915, the Keio
Electric Track (now Keio Electric Railway) Shinjuku station was opened. On
April 1, 1927, the Odawara Express Railway (now Odakyu Electric Railway)
Shinjuku station was opened, enabling Shinjuku to gradually develop into a
prosperous neighborhood. In 1959, the Shinjuku subway station was opened.
The early Shinjuku station was located in the suburbs. When it first opened, the
passenger flow was very small, the land development intensity around the site
was very low, and the development speed was slow. Until the 1930s, with the
gradual expansion of the size of Tokyo and the gradual introduction of Shinjuku
by private railway lines, the traffic volume at Shinjuku station began to show a
continuous growth trend, and the surrounding land development intensity gradu-
ally increased. After World War II, Japan’s economy developed rapidly. In
1958, the Tokyo Metropolitan Government established Shinjuku as a subcenter
of urban development, planned the west side of Shinjuku station as a super-tall
building area, and carried out high-intensity development around the site, focus-
ing on the construction of a number of administrative public facilities including
business, culture, and entertainment ventures, causing the number of passengers
in Shinjuku station to increase rapidly.

5.5.2 Overview of Shinjuku transportation hub

At present, the Tokyo Metropolitan Line, the Shonan Shinjuku Line, the
Narita Express Line, the Central Line, the Yamanote Line, and the Sobu
Line (the main lines are directly connected to the Central Line) operated by
JR East Japan; the Keio Line and the Keio New Line operated by Keio
Electric Railway; Odakyu Line operated by Odakyu Electric Railways;
Marunouchi Line operated by Tokyo Metro; 12 tracks of Shinjuku Line and
Oedo Line operated by Toei Subway enter Shinjuku transportation hub,
including JR East Japan (except JR Yamanote Line) and Keio Electric
Railway. Most of the Odakyu electric railway leads to suburbs, cities, and
counties outside Tokyo, and it is responsible for passenger traffic between
the Tokyo suburbs and the Tokyo Metropolitan Area. The subway line
mainly carries passenger traffic in the Tokyo Metropolitan Area. The above
five rail transit operators set up separate Shinjuku stations, however, these
stations are connected to each other. Passengers can transfer directly between
different lines and different stations, and it purchasing tickets is very conve-
nient. Even the track lines of different operating companies are directly con-
nected, for example, between the Keio Electric Railway New Line and the
Toei Subway Shinjuku Line, passengers at Shinjuku station do not need to
transfer, as there is a direct connection.
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The various orbital routes originating or passing through Shinjuku station
connect the Tokyo Metropolitan Area with many “sleeping cities” in the sur-
rounding areas of the city, creating 3.46 million daily average passengers,
which is a world record for an integrated transportation hub. The daily aver-
age number of passengers on each track line of the Shinjuku transportation
hub in 2010 is shown in Table 5.7.

According to the daily average passenger traffic of each rail transit
line shown in Table 5.7, the proportion of each rail line to the traffic at
Shinjuku station can be calculated, as shown in Fig. 5.4. It can see that
the passenger traffic of JR East Japan Railway, Keio Electric Railway,
Odakyu Electric Railway, and nine other lines accounts for 82% of the
total passenger traffic of Shinjuku station, and most of these lines (except
the JR Yamanote Line) take traffic between Tokyo and other counties and
cities, showing that the bulk of the passenger flow of Shinjuku station is
for external traffic passengers. It can also be seen that for Tokyo,
Shinjuku station plays an important role as a transit hub for internal and
external traffic.

5.5.3 Set up of three-dimensional channels and clear signs in the
transportation hub

Every day, more than 3 million passengers pass through the Shinjuku trans-
portation hub. The passenger flow is high and continuous, but it happens
smoothly and efficiently. This is mainly due to the careful design of the
perimeter of the station, the three-dimensional walking paths raised off the
ground, and clear signage. Within an area of about 2 km?, more than 100
exits have been set up in the Shinjuku integrated transportation hub, so that
travelers are able to use the rail transit for all destinations without leaving
the hub. This design principle of tightly combining rail transit entrances and
exits with surrounding areas means that the rail transit is well served, and
has achieved great success in facilitating travelers and promoting the use of
green transportation.

Fig. 5.5 shows a number of indicating signs above the central passage
in the hub. Clear information is given by a combination of different col-
ors, numbers, characters, and symbols. Passengers are able to see the
tracks to the stations at any time and from any location, including
the direction of travel. Fig. 5.6 shows the names and exit locations of the
buildings around the hub. The passage design also takes into account the
accessibility of surrounding buildings from the hub. A number of exits
can be used. From the hub, passengers can reach the destination building
directly along the underground passage. The large-scale electronic display
screen promptly shows the boarding time and platform for each line, train
to different directions, as shown in Fig. 5.7. The advanced hardware facil-
ities, high-level management methods, and traffic organization design of



TABLE 5.7 Daily average passenger traffic distribution of each track line in Shinjuku Station in 2010.

Railway route name JR East Tokyo Toei Toei
Japan Metro transportation transportation
Shinjuku line Oedo line
Average daily 1,473,430 212,426 266,208 124,166
passenger traffic
(person/day)

Odakyu
electric
railway

483,304

Keio
electric
railway

715,950

Source: Data from These data are based on the number of passengers at each station published by Wikipedia and various railway companies.

Total

3,275,484
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FIGURE 5.4 Proportion of passenger traffic on each track line in Shinjuku station.

FIGURE 5.5 Directional signs in the central passage of the Shinjuku transportation hub.

the Shinjuku transportation hub make this, the world’s largest transporta-
tion hub with the largest passenger flow and the most track lines, safe,
orderly, and efficient.
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FIGURE 5.6 Directional signs to the surrounding buildings in the Shinjuku transportation hub.

FIGURE 5.7 Electronic travel information in the Shinjuku transportation hub.

5.5.4 Integrated development of rail transit stations and
commercial facilities

Five rail transit companies—JR East Japan Railway, Keio Electric Railway,
Odakyu Electric Railway, Tokyo Metro, and Toei Subway—have set up sites
in Shinjuku, which are connected to each other to form the Shinjuku
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transportation hub. These sites are not purely transportation facilities, but
also offer a comprehensive building integrating transportation hub, commer-
cial shopping, and offices. The station, which is usually used as a transporta-
tion hub function, is located underground. The building area above the
station is used as a shopping center, retail, catering, and office building for
general development and management. It provides convenient conditions for
travelers to enjoy meals, shopping, etc., making it a comprehensive transpor-
tation hub.

Many rail lines and integrated transportation hubs create strong demand.
Shinjuku has become a gathering area for a number of people. People travel
there to work, but then create a series of needs for transportation, catering,
shopping, entertainment, etc. In addition to its comprehensive development
and utilization, the land around the Shinjuku transportation hub has also
been developed for larger scale commercial and office facilities, and these
buildings and the hub building are organically connected through under-
ground passages, as shown in Fig. 5.8. Clear signage is used throughout the
station. The passages are clean and bright, and unaffected by natural sun-
light, rain, and snow, creating a warm and pleasant walking environment.
After alighting at Shinjuku station, travelers can easily access the business
districts and office buildings through underground passages that are well
signed.

FIGURE 5.8 Underpass connecting Shinjuku station with the surrounding commercial and
office facilities.
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5.5.5 High-intensity development of Shinjuku as the deputy center
of Tokyo—coexistence of advantages and disadvantages

Since the 1960s, as the deputy center of Tokyo, Shinjuku has carried out
high-intensity development of the surrounding areas of the transportation
hub, driven by the huge rail transit hub. As shown in Fig. 5.9, the four main
blocks of Shinjuku, Nishi Shinjuku, Kabukicho, and Yoyogi are within
500 m of the center of Shinjuku station and have become high-density busi-
ness districts and administrative offices for Tokyo. Economic development
has brought vitality and provided a good foundation for development. Nishi
Shinjuku has become a key area for the development of the deputy center,
forming a super high-rise building area represented by the Plaza Hotel, the
Shinjuku Sumitomo Building, and the Tokyo Metropolitan Government
Building, as shown in Figs. 5.10 and 5.11. These super high-rise buildings
are a symbol of the rapid development of the Japanese economy and the
rapid improvement in the level of modernization. Thanks to the numerous
railway transportation lines, the integrated hub has convenient connections
and evacuation functions, helping these large administrative and commercial
facilities to function efficiently. People working here, arriving from the sta-
tion, can reach the offices or shopping center smoothly within 5 minutes by
accessing the underground passage.

Rail
Large shopping transit
malls owned by trunk

various railway

companies

Walking
corridor

A
Shinjuku {

AN 7

L

City traffic line

high-rise
A

buildings &
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business district

Rail transit
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FIGURE 5.9 Schematic diagram of land use around Shinjuku station.
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FIGURE 5.10 Aerial view of the Shinjuku high-rise buildings from the Tokyo Metropolitan
Administration Building.

FIGURE 5.11 High-rise buildings that can be reached by walking from Shinjuku station via
the underground passage in about 5 min.
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This integrated development mode of the transportation hub and sur-
rounding land reduces people’s travel time, and enables rapid rail transit, and
convenient integrated hub function, prompting people to abandon the use of
motor vehicles and make extensive use of rail transit, which not only meets
people’s travel needs, but is also in line with the development of green trans-
portation. The successful model of integrated development of Tokyo rail
transit and its surrounding land is an important example to others.

At the same time, the high-intensity development of Shinjuku’s deputy
center has also brought about a prominent problem of inadequate supply of
land, meaning there are almost no residential houses here. In the area around
Shinjuku station (with a radius of about 1 km and an area of about 3 kmz),
the proportion of day to night population can be as high as 9.04:1 [10]. In
the three blocks of Shinjuku-Sanchome, Nishi-Shinjuku 1-chome, and Nishi-
Shinjuku 2-chome, which are the closest to Shinjuku station, the area is only
0.84 km?, and the proportion of day to night population is as high as
294.45:1 [10]. It can be seen that the administrative functions and business
of Shinjuku’s deputy center function and living function are highly unbal-
anced. During the day, there are crowds of workers, and there is a clear tidal
traffic flow in the morning and evening, leaving empty and quiet high-rise
buildings at night.

The goal of being an eco-city with green transportation is to meet the
needs of people’s daily work, life, and travel, and to provide
comfortable and fast transportation services while reducing the negative
impacts on the environment. From the perspective of traffic demand charac-
teristics, Tokyo’s urban structure and land form are essentially megacities
with a single center and highly concentrated central functions. In response to
these urban structural and traffic demand characteristics, Tokyo has a well-
developed rail transit system and an integrated transportation hub, which
greatly facilitate people’s work and life travel, achieving high-efficiency
urban traffic in modern megacities. However, the urban structure of a single
center and the excessive concentration of urban functions have also brought
about drawbacks to megacities that are difficult to solve, such as long-
distance commuting. The resulting increase in urban operating costs and the
waste of commuters’ travel time and energy are also enormous. The lessons
from Tokyo in urban development are worth learning from.

5.6 Public transportation guides urban development: a case
study of a new city construction around Tokyo

5.6.1 The transit-oriented development mode and new city
construction in the Tokyo Metropolitan Area

The transit-oriented development (TOD) model is a “public transportation-
oriented development” model. The concept of TOD was first proposed in
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1992 by Peter Calthorpe, a representative of American neo-urbanism. After
World War II, American society experienced a series of problems such as
the car being the main means of transportation, resulting in unrestricted
spread to the suburbs, urban population migration to the suburbs, reduced
land use density, a sharp increase in energy consumption, and an impact on
the ecological environment. After nearly half a century of development, peo-
ple have finally realized the unsustainability of this development model, and
began to seek ways to reduce energy consumption, protect the ecological
environment, and build a warm and harmonious ecological city and commu-
nity. American scholars first proposed the TOD model. The core concept is
to use public transportation such as rail transit and bus trunks as the main
modes of travel, with a bus stop as the center and a radius of 400—800 m to
build a city integrating work, business, culture, education, and residence.
Travel within the community is mainly based on walking. Travel between
the community and the outside is mainly based on public transportation such
as rail or bus, and the organic coordination mode of compact development of
each city group is realized.

Although the TOD model was only proposed in the 1990s, Japan began
to use this model for land development and construction in the 1960s. Due
to the extremely limited land resources in Japan, the postwar economy devel-
oped rapidly, and a huge number of people gathered in large cities with
developed industrial and commercial opportunities. In particular, the popula-
tion density of the three metropolitan areas of Tokyo, Osaka, and Nagoya
increased dramatically. To address the needs of the urban population for liv-
ing and commuting, from the 1950s and 1960s Japan’s radial railways were
built from the center of the city to the periphery. Many new cities were built
around railway stations. People lived in the new city and took rail traffic to
the city center to work. This land development and utilization model has
strong consistency with the TOD model later proposed in the United States.

There are many cases in the metropolitan area of Tokyo that guide the
construction of new cities by public transportation. Tama New Town,
Hachioji, Tachikawa, and Shinsan township are representative examples of
new city development around rail transit sites.

5.6.2 Tama New Town

Tama New Town is located in the Tama hills to the west of the Tokyo
Metropolitan Area, 25—35 km from Tokyo station. In the 1960s with the
rapid growth of the Japanese economy, jobs in the Tokyo Metropolitan Area
were highly concentrated and there was a serious shortage of housing. At the
same time, due to the high land price in the Tokyo Metropolitan Area, it was
difficult for residential construction agencies to obtain land for residential
construction within the district. At that time, the Tama area was in a state of
disorderly development of suburban golf courses and small residential areas.
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To solve the housing problem of those in the Tokyo Metropolitan Area, the
government began to consider the development and construction of large-
scale residential areas with good living conditions. In the early 1960s the
Tokyo Metropolitan Government first proposed the residential development
and construction plan for the South Tama area (1960—61), and planned to
build a collective residential area to house about 150,000 people in about
16 km?, with Tama village and Daocheng village at the center. After several
ye