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Promotion of Smart Community Strategy in Vietnam’s
Binh Duong Province

Tetsuro Saisho

Tetsuro Saisho

Abstract

Vietnam’s Binh Duong Province is located in southeastern Vietnam, immediately to the 
north of Ho Chi Minh City (HCMC). The province constitutes the southern economic 
zone of Vietnam, and many Japanese companies—mainly manufacturing enterprises, 
including small and medium enterprises—are investing there. Becamex IDC Corp (a 
Vietnamese state-owned developer) and Tokyu Corporation (a Japanese company) 
established Becamex Tokyu, a joint venture company, in March 2012. As a smart commu-
nity strategy, Becamex Tokyu is promoting Tokyu Binh Duong Garden City, which is a 
development plan integrating new urban development. The Becamex Tokyu Bus, which 
is a wholly owned subsidiary of Becamex Tokyu, operates the new transportation sys-
tem KAZE Shuttle. In addition, Binh Duong Province has developed a smart community 
strategy centered on energy establishment in urban development, information and com-
munications technology infrastructure development and utilization, the elimination of 
physical waste in infrastructure construction, and smart traffic. In this chapter, by using 
his field work as a basis, the author examines the current status of, and issues faced by, 
development of the smart community strategy in Binh Duong Province in Vietnam.

Keywords: digital transformation society, new city, regional development, smart 
community, Vietnam

1. Introduction

A smart community is a social system that introduces information and communication tech-

nology (ICT) such as the promotion of energy conservation, the diversification of energy 
sources, the reduction of CO

2
 (carbon dioxide) emissions and the use of electric vehicles, and 

combines advanced and comprehensive cutting-edge technologies.
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A smart community actively utilizes new technologies such as renewable energy and energy 

management systems (EMSs) to achieve more efficient use of energy. A smart community 
implements new urban development, investigates urban environmental problems, introduces 

local transportation systems, optimizes residents’ lifestyles, and conducts regional develop-

ment in the form of housing, buildings, factories, and new urban areas [10].

In recent years, the emerging country of the Socialist Republic of Vietnam has concentrated 

its efforts on regional and urban development, based on the concept of smart communities, in 
various parts of the country [6].

There have been a very few studies of smart communities (including Smart Cities) in Asia 

(including Vietnam), although this is a valuable research area. This type of development is 

Therefore, in this chapter1, the author considers the current status of new urban development 

in Vietnam’s Binh Duong Province from the perspective of smart communities.

2. Outline of Binh Duong Province and urban development

2.1. Outline of Binh Duong Province

Vietnam’s Binh Duong Province is located 17 km north of Ho Chi Minh City (HCMC) in 

southeastern Vietnam and consists of one city, four towns, and four prefectures (Figure 1) [2].

The provincial capital of Binh Duong Province is the city of Thu Dau Mot, with an area of 

2694 km2. In 2015, the population of the province was about 2 million (of which 60% work) 

and the gross domestic product growth rate is 14.5% [2].

As of December 31, 2016, in Binh Duong Province, there were a total of 3050 approvals for 

foreign direct investment (FDI)2 (composition ratio 13.5%), with a cumulative total investment 

of 26,600 million USD (composition ratio 9.1%) [12, 13].

The current (2017) monthly minimum wage3 of workers in Binh Duong Province is 7.15 mil-

lion VND (about 17,300 yen) in the same area as HCMC and Hanoi. This figure was 3.5 million 
VND (about 16,100 yen) in the previous year and has thus increased by about 50% in a year. 

Binh Duong Province, along with Dong Nai Province (mainly HCMC) and Ba Ria-Vung Tau 

Province, constitutes the Southern Focal Economic Zone of Vietnam.

In Binh Duong province, a number of Japanese companies (large enterprises and small and 

medium enterprises) are entering the market, mainly in the manufacturing industry (Table 1) 

In March 2012, Tokyu Corporation (a Japanese company) and the Investment and Industrial 

1This chapter has been drawn up and modified from a large part of the author’s paper, A Study of the Smart Community 
in Vietnam: Case of Binh Duong Province in the Southern Regional City; “Information Management · 73rd National 

Conferences Proceedings” [Autumn Edition] [11].
2
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Development Corporation (abbreviated Becamex IDC Corp)4 (a Vietnamese state-owned 

developer) established Becamex Tokyu Co., Ltd.

2.2. Binh Duong Province and urban development

With a capital of 8600 billion VND (about 32.7 billion yen), Becamex Tokyu is promoting a 

unified development plan for new city development and new region development5 in Binh 

Duong Province. The core facility for the development is Tokyu Binh Duong Garden City in 

Binh Duong New City.6

The development plan for Binh Duong New City includes a huge project to set up SORA gar-

dens, which include low-, middle-, and high-rise condominiums and will cover about 71 ha 

of a 110-ha site owned by Becamex Tokyu. In addition, SORA gardens will have a commercial 

building with a Hikari shopping precinct along with residential buildings and business and 

commercial facilities.

4Established in 1976, Becamex IDC Corp, as a developer, is investing in, developing and managing 100% Vietnamese 

government capital in industrial parks, residential areas, urban areas, and development of traffic infrastructures [17].
5Tokyu Group utilizes the railway line development know-how that the company has accumulated over many years to con-

-

Figure 1. Location of Binh Duong Province. Source. Created from the HP material of Binh Duong Province.
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Company name Industry Business contents Industrial park

1 Sakata Inx Vietnam 

Co., Ltd. Head office
Other products Production of printing ink Vietnam 

Singapore 

Industrial Park 2

2 Asti Electronics 

Corporation

Electronic products Two-wheel wire harness, four-wheel 

wire harness, electric control board 

for home appliances

Dong An St., Tan 

Dong Hiep Ward, 

Di An Town, Binh 

Duong Province

3 Vietnam LSI Cooler 

Co., Ltd.

Electric machine Production of heat sink Vietnam 

Singapore 

Industrial Park 2

4 Astee Horie VN Co., Service industry Plastics painting/vapor deposition/

printing/ASSY

Dong An 

Industrial Park

5 Iwai Plant Tech 

Vietnam Co., Ltd.

Machinery products Designing, manufacturing, selling 

and repairing food manufacturing 

machines, pharmaceutical 

manufacturing machines and 

chemical manufacturing machines

Manufacture, procurement, 

construction, sale, service of general 

equipment mainly comprising 

machinery for food manufacturing, 

pharmaceutical manufacturing 

machinery, and chemical 

manufacturing machinery

My Phuoc 3 

Industrial Park

6 Inter Art Saigon Co., 

Ltd.

Construction industry Interior design, construction Viet Hung 1 

Industrial Park

7 Uchihashi Vietnam 

Co., Ltd.

Electronic products Manufacture of electronic equipment Vietnam 

Singapore 

Industrial Park 1

8 MHI Engine System 

Vietnam Co., Ltd.

Machinery products Manufacture and sale of general 

purpose machines and special 

vehicles

Vietnam 

Singapore 

Industrial Park 1

9 Ohmori Vietnam 

Co., Ltd.

Electric appliances Parts processing for semiconductor 

devices, part machining for machine 

tools

Vietnam 

Singapore 

Industrial Park 2

10 Oda Vietnam Co., 

Ltd.

Other products Production and sales of ready-

made curtains, product exports by 

Vietnamese fabric

Dong An 

Industrial Park

11 Kubota Vietnam 

Co., Ltd.

Machinery products Manufacture and sale of tractor/

combine and its implementation

My Phuoc 3 

Industrial Park

12 Saigon Stec Co., Ltd. Packaging COF assembling/inspection for 

camera module/liquid crystal driver

Vietnam 

Singapore 

Industrial Park 2

13 Sakai Chemical 

(Vietnam) Co., Ltd.

Plastic products Production of scientific materials for 
plastic products

My Phuoc 3 

Industrial Park

14 Taisei Bijutsu Pulp and paper Print services to Japanese companies My Phuoc 3 
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Company name Industry Business contents Industrial park

15 Daido Vietnam Co., 

Ltd.

Clothing industry Button production 145/46 Tan Hoa 

Blk, Dong Hoa 

Ward, Di An 

Township, Binh 

Duong Province

16 GF Vietnam Co., 

Ltd.

Clothing production Clothing production Song Than 2 

Industrial Park

17 Hayabusa (Vietnam) 

Co., Ltd.

Other products Manufacture of fishing tackle My Phuoc 2 

Industrial Park

18 Vina Kraft Paper 

Co., Ltd.

Pulp and paper Manufacture and sale of cardboard My Phuoc 3 

Industrial Park

Manufacture of parts and finished 
products such as mobile phone parts, 

desktop holder, PDA charger, and 

so on.

My Phuoc 2 

Industrial Park

20 Fujiya 

Manufacturing 

Vietnam Co., Ltd.

Metal products Manufacture of pliers, nippers My Phuoc 3 

Industrial Park

21 Vietnam Success 

Co., Ltd.

Machine parts 

production

Manufacture of mechanical parts Dong An 

Industrial Park

22 Honda Logicom 

(Vietnam) Co., LTD.

Warehouse/transport 

related business

Warehouse and commodity storage 

service, transportation agency service

Vietnam 

Singapore 

Industrial Park 2

23 Yamaken Apparel 

Vietnam Ltd.

Clothing production Clothing production Dong An 

Industrial Park

24 Yamaken Concrete 

Vietnam Co., Ltd.

Other products Production of concrete Song Than 3 

Industrial Park

25 Makita Vietnam Co., 

Ltd.

Electric appliances Sales of electric tools, air tools, 

engine tools and parts and after-sales 

service

Vietnam 

Singapore 

Industrial Park 1

26 Maruichi Sun Steel 

Corp

Steel Manufacture and sale of steel pipes DT743Rd., Dong 

Tac Quarter, Tan 

Dong Hiep Ward, 

Di An County, 

Binh Duong 

Province

27 NSK Precision Co., 

Ltd.

Precision mechanical 

equipment

Manufacture of rotating equipment 

for dental use

Vietnam 

Singapore 

Industrial Park 2

28 Yamaichi Special 

Steel Vietnam Co., 

Ltd.

Metal products Sales, processing, heat treatment of 

special steel

Dong An 2 

Industrial Park

29 Eon Mall Vietnam 

Co., Ltd.

Service industry Retail, sales No. 01 Dai Lo, 

Khu Pho Binh 

Giao, Thuan Giao 

Ward, Thuan An 
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The total cost of this project (the whole development project) is about 100 billion yen. 

15 ha), SORA gardens II (Core City, covering about 15 ha), and SORA gardens III (Garden 

City, of about 40 ha). In March 2015, SORA gardens I, which is a high-rise apartment building 

and is the first project, was completed, and in January 2015, a commercial Hikari containing 

food courts and family marts began operating.

SORA gardens I has a total land area of 9082 m2, a total floor area of 31,287 m2, 24 floors, 406 
houses, and a total of about 1500 apartments. The permanent facilities and facilities of SORA 

gardens include lounges, gyms, rooftop pools, rooftop gardens, parking lots, and motorbike 

storage. The final development will have business parks, financial centers, international con-

ference halls, commercial facilities, and universities on the premises. By about 2020, the com-

plex will house 120,000 people and, including the surrounding industrial park, there will be 

about 400,000 people as part of the plan to develop a new city.

In December 2014, Becamex Tokyu Bus Co., Ltd., a wholly owned subsidiary of Becamex 

Tokyu, began operating the KAZE shuttle as a route connecting the provincial capital city 
of Thu Dau Mot and Binh Duong New City. In the KAZE shuttle, we have brought Japanese 
bus operation know-how to Vietnam. As part of this novel transportation system, we provide 

thoroughly safe operation, scheduled operations based on timetables posted at bus stops, 

polite customer service, clean bus interiors, comprehensive safety and accident prevention, a 

user-friendly riding method7, and detailed user guidance.

On March 5, 2016, Becamex Tokyu Bus opened five bus routes connecting the major parts of 
the region and the surrounding areas from the center of Binh Duong New City. Along with 

this expansion of bus lines, we have newly established a bus terminal in front of Hikari, a com-

mercial facility in Binh Duong New City. With the bus terminal as a transport hub, we have 

connected major sites in the provincial capital Thu Dau Moy and Binh Duong New City via a 

bus route to improve the convenience of travelers in the area.8

The bus business in Binh Duong Province is a new form of public transport that is easy for 

local residents to use and is an indispensable function of advanced town planning. The bus 

route has become indispensible as a means of travel for the administrative staff of Binh Duong 

7

Company name Industry Business contents Industrial park

30 Becamex Tokyu Co., 

Ltd.

Urban development Real estate development/real estate 

sales/real estate leasing

Lot C18, Hung 

Vuong Boulevard, 

Hoa Phu ward, 

Thu Dau Mot 

city, Binh Duong 

Province

Table 1. Major Japanese companies expanding into Binh Duong Province. Source. Created from materials such as 

[18–48].
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new government center and administrative center, visiting officials at the administrative cen-

ter, and commuting local residents.

2.3. Urban development in Binh Duong New City and the surrounding area

In the vicinity of Binh Duong New City, Korea’s Lotte Vietnam Shopping Center (Lotte 
Mart) opened its fifth Vietnam shop on November 23, 2013 (Figure 2) [2]. Lotte Mart plans to 
increase the number of its domestic stores in Vietnam to 60 by 2020.

On November 1, 2014, AEON Vietnam Co., Ltd., a Vietnamese corporation of the Japanese 

company AEON Group, implemented its dominant store strategy9 in Binh Duong Province. 

Following the opening of AEON Mall Tan Phu Celadon on January 11, 2014, the corporation 

opened a suburban-type AEON Mall Binh Duong Canary, its second Vietnamese store [7].

AEON Mall Binh Duong Canary has shopping facilities, amusement facilities, and a Japan 

Zone area, providing a style of shopping mall that encourages customers to stay and empha-

sizes Japanese quality and enhanced services.

In addition, Vietnam Singapore Industrial Park 1 (VSIP 1) was founded in 1996 in the vicinity 

of the Binh Duong new city. VSIP 1 is an industrial cluster of the largest Japanese companies 

Figure 2. Facilities of Binh Duong Province. Source. Created from the HP material of Binh Duong Province.
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3. Binh Duong Province and smart community

3.1. What is a smart community?

The Japan Smart Community Alliance (JSCA)10 defines a smart community as “a commu-

nity where various next-generation technologies and advanced social systems are effectively 
integrated and utilized, including the efficient use of energy, utilization of heat and unused 
energy sources, improvement of local transportation systems, and transformation of the 

everyday lives of citizens“[5].

The Agency for Natural Resources and Energy11 and the Ministry of Public Management, 

Home Affairs, Posts and Telecommunications define the smart community as “an energy-

batteries, as well as electricity and heat and traffic” [14].

In Vietnam’s Binh Duong Province, “a community that realizes integrated management and 

optimal control of all infrastructure, including electricity, water, transportation/logistics, 

medical care, information, etc.,” is regarded as “a community of the next generation” [18].

At the moment, the definition of a smart community has a variety of interpretations by indus-

try, academia, and government, and an academic definition has not been established.

Promoting energy conservation by improving the efficiency of energy use12, diversifying 

energy sources by introducing renewable energy, reducing CO
2
 emissions, and introducing 

electric vehicles) by using an energy management system (EMS), which is a social system 

that combines energy in a comprehensive and comprehensive manner throughout the region.

EMS13 utilizes ICT. This type of management system includes, for example, visualization 

of electricity consumption, equipment control for energy saving and CO
2
 emissions reduc-

tion, and control of renewable energy and electric storage (Figure 3) [9]. EMS encompasses 

fields such as HEMS (housing), BEMS (building), FEMS (factories), and CEMS (communities), 
depending on the objects to be managed (Table 2) [1].

In the residential field, as part of the home energy management system (HEMS), household 
electrical products are connected to a home area network (HAN) to manage energy in the 

home. The HEMS may include the concepts of the net zero energy house (ZEH) and mansion 

energy management system (MEMS), depending on the home management target.

In the building field, a building energy management system (BEMS) includes responses to 
the monitoring of electricity demand. The energy management system of the entire building 

10The Smart Community Alliance (JSCA), established in April 2010, is the secretariat of the New Energy and Industrial 

Technology Development Organization (NEDO).
11The Agency for Natural Resources and Energy, an external agency of the Ministry of Economy, Trade, and Industry 

established in 1973, is an administrative agency of the national government as stipulated by the National Administrative 

Organization Act and the Ministry of Economy, Trade and Industry Establishment Law.
12Energy is classified into electrical energy, atomic nuclear energy, thermal energy, light energy, stationary energy, 
sound energy, dark energy, and so on according to its forms of movement and preservation.
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monitors and controls the amount of power used by building distribution equipment, air-con-

ditioning equipment, lighting equipment, ventilation equipment, and office automation (OA) 
equipment. The BEMS may include the concept of the zero energy building (ZEB), depending 

on the building management target.

In the factory field, the factory energy management system (FEMS) includes the response to 
the monitoring of electricity demand. FEMS is an energy management system for the entire 

factory and controls the amount of power used by, for example, power distribution and dis-

tribution facilities in the factory, air-conditioning and sanitation equipment, lighting equip-

ment, utilities, and manufacturing and production facilities. The FEMS may also include a 

manufacturing management system (MMS), depending on the plant management target.

The regional community energy management system (CEMS) involves the mechanism of the 

smart grid, which is a power grid with added communication and control functions. The CEMS 

is used to manage the energy of an entire region and monitors and controls the power supply to 

the area, including the power managed by the HEMS, BEMS, and FEMS. CEMS may also include 

a regional energy management system (REMS), depending on the regional management target.

Figure 3. Smart community overview. Source. Ministry of Economy, Trade and Industry, “Smart Grid/Smart Community.”
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facilities, organizations, and functions in a modern information society, and it manages the 

coordination of energy among these elements. Through the cooperation of these various ele-

ments, the EMS can be used to achieve excellent overall functionality, effects, and reactions in 
homes, buildings, factories, and regions.

EMS supports a wide variety of forms of power, such as hydroelectric power generation, wind 

power generation, solar power generation, geothermal power generation, thermal power 

generation, nuclear power generation, wave power generation, and pumped storage power 

generation.

EMS utilizes ICT to combine all elements (generation, conversion, accumulation, transmis-

sion, consumption) organically, from power generation to power transmission, electric power 

conversion, and distribution, and ultimately to electric power consumers. Through collabora-

Field System name Overview

House Home Energy 

Management System 

(HEMS)

Connect various home electric appliances and household OA equipment 

existing in the household to the network and control energy used in the 

home in conjunction with HAN.

Net Zero Energy House 

(ZEH)

It is a house that generates energy such as photovoltaic power generation 

and consumption of fuel energy such as petroleum and coal used at home is 

almost zero (net zero) annually

Mansion Energy 

Management System 

(MEMS)

Measure and accumulate the electricity consumption of the condominium, 

make it visible, control the connected equipment such as air conditioning 

and lighting equipment, and suppress and control the demand peak.

Building Building Energy 

Management System 

Monitor and control the amount of electricity used in buildings such 

as power distribution equipment, air conditioning equipment, lighting 

Zero Energy Building 

(ZEB)

Reduce energy consumption at building operation stage through energy 

conservation and use of renewable energy and limit energy to zero as much 

as possible.

Factory Factory Energy 

Management System 

(FEMS)

Monitor and control the amount of power usage such as power distribution 

and distribution facilities in the factory, air conditioning/sanitation 

equipment, lighting equipment, and so on, and control the energy used in 

the whole factory.

Manufacturing 

Management System 

(MMS)

Respond to the monitoring and control of production facilities in various 

fields within the factory, realize improvement in production efficiency in the 
factory, and control the reduction of energy consumption.

Region Community Energy 

Management System 

(CEMS)

Monitor and control the amount of power supply at power plants including 

renewable energy within the region, and control the energy used throughout 

the region.

Regional Energy 

Management System 

(REMS)

Optimize and improve energy use of target area, control energy 

consumption and CO
2
 emissions, and control energy cost reduction.

Table 2. Classification of energy management system (EMS). Source. Created by the author.
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3.2. Binh Duong Province and power energy

Ahead of other cities in Vietnam, Binh Duong Province is promoting a smart community 

strategy that is an innovative approach to energy, local transportation, industrial waste, and 

water treatment.

Electricity demand has continued to increase in Vietnam, despite the 2008 global economic 

crisis. In Binh Duong Province, priority is being placed on the installation of power transmis-

sion lines and distribution lines from newly constructed power plants in order to cope with 

the electric power demand within the area. As a consequence, there has been no progress 

in the expansion of the existing electric power system, which integrates power generation, 

electric power conversion, power transmission, and power distribution to customers. In other 

-

tion equipment is rising in Vietnam.

Binh Duong Province therefore has the same problems with electrical energy as in other 

regions of Vietnam. To address these problems, the province is making a number of efforts. 
The system average interruption duration index (SAIDI) for individuals and organizations is 

about 70 h a year. In addition, the system average interruption frequency index (SAIFI) is as 

high as 17 times a year. As described earlier, power supply reliability has been poor for a long 

time because of frequent occurrence of power failures.

About 90% of Binh Duong’s electric power SAIDI and SAIFI have human impacts due to acci-

dental blackouts and repair blackouts. SAIDI and SAIFI are used to evaluate the reliability of 

supply of Binh Duong’s electric power; efforts are being made to improve the reliability of the 
electricity supply by decreasing the numerical values of these indexes.

In Binh Duong Province, in buildings in which importance is placed on the reliability of 

power supply (such as factories, hospitals, provincial government buildings, government 

offices, and schools) measures such as the installation of in-house power generation facilities 
are being taken. In the province, there are many foreign companies entering industrial clus-

ters such as industrial parks, and the demand for electricity is remarkable.

For this reason, Binh Duong Province is taking measures to ensure that the infrastructures, 

such as the new establishment, expansion, or renewal of transmission lines, substations, and 

substations, are adequate.

In addition, Binh Duong Province is working on energy conservation measures based on the 

“Law on Economical and Efficient Use of Energy and Measures for its Implementation,”14 

which came into force in 2011. For example, a reduction target of 2% of electricity consumption 

compared with the previous year has been set, and each month, the Ministry of Commerce 

and Industry of Binh Duong Province announces the degree of achievement of the target. In 

14Government Ordinance No. 21 gives the details and enforcement method of the Energy Conservation Law of Vietnam 

(21/2011 / ND-CP), as applied to energy-intensive facilities, factories, agriculture, and transportation agencies (over 

1000 petroleum-equivalent tons). Large-scale customers with energy consumption corresponding to that of offices (500 
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addition, Binh Duong Province has implemented measures to support the companies that 

promote energy conservation.

The following support is provided as part of the Binh Duong Province company support 

policy:

1. Provide subsidies to small- or medium-sized enterprises that conduct energy audits (the 

upper limit is 50 million VND.)

2. Provide subsidies for introducing energy-saving equipment [30% of the renewal cost in 

the case of renewal of the facility (the upper limit is 70 million VND) and up to 100 million 

VND for new installation)].

Regional issues such as electrical energy requirements, local transportation, industrial waste, 

or water treatment do not require individual solutions. We need the concept of a smart com-

munity to deal with regional problems by tackling them in a complex and comprehensive 

way. In response to the smart community concept, we need to improve the reliability of power 

supply in buildings such as buildings, factories, hospitals, provincial government buildings, 

government offices, and schools and in neighboring areas.

For example, as part of the promotion of a smart community in Binh Duong Province, the Bus 

Rapid Transit (BRT)15 project is being developed. Other examples in Binh Duong New City 

are the establishment of high-quality electricity in urban development, the development and 

utilization of ICT infrastructure, the elimination of physical waste in constructing infrastruc-

ture, and the development of a smart community strategy by introducing smart traffic.

3.3. Smartization in Binh Duong New City

Tokyu Corporation has used an abundance of know-how in its urban development at Tama 

Denen on the Tokyu Denen Toshi Line. Tokyu Corporation takes advantage of its own know-

how, exploring its strategies for building towns and new cities’ and making its town planning 

packages smart [15].

In smartization by using the Tokyu Corporation city development package, we aim to contrib-

ute to town development by forming convenient infrastructure and comfortable communities.

We are exploring the following applied packages [7]:

1. City development that coexists with nature is surrounded by nature. In our urban develop-

ment, we provide a rich urban space surrounded by water and greenery, and an environ-

ment that can interact with nature.

2. In city planning centered on public transportation, the station (or bus terminal) is the 

 center. In this type of urban development, we concentrate urban functions, create comfort-

able environments, and introduce low-carbon type traffic.
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3. As part of resource recycling in town development, water and wastes are recycled. In this 

type of city planning, we provide safety and security, towns that are resistant to flooding 
and rising waters, and cities that are strong against disasters and have little crime.

4. Utilization of state-of-the-art technology in energy-saving town planning. In town devel-

opment, we explore the relevant technologies based on the concept of regional traditions 

and climate, utilization of renewable energy, and optimum use of energy.

To establish energy and high-quality electricity supply and to improve the reliability of sup-

ply in Binh Duong Province, we need to explore state-of-the-art technology.

To establish a reliable energy supply, it is necessary to establish a company that provides an 

-

the entire region, and use renewable energy.

As part of the core technology of a smart community, on-site combination of EMS, smart 

meters,16 power storage devices, and renewable energy generation (such as solar, wind power, 

hydropower, geothermal, solar heating, atmospheric heating, natural heating, and biomass17 

power generation) is needed. Both power supply and demand must be controlled.

In the development and utilization of ICT infrastructure in Binh Duong New City, smartiza-

tion has been applied to the information network by using a new Wi-Fi system.18 In addition, 

there is a need to build a Wi-Fi system that can disseminate the Internet and improve the 

processing speed of computers. It must also be able to handle the huge and complicated big 

data19 generated by an information society.

Smartization can also be applied by using artificial intelligence (AI)20 functions. In addition, 

by improving the efficiency of data collection and introducing surveillance cameras, a system 
can be constructed that eliminates waste by using personal identification functions.

There is a need to eliminate waste in the physical (real world) as well as in cyberspace.21 For 

example, we need to avoid wasting fuel and time by preventing traffic congestion on the 
roads, install wide roads that will not need to be expanded in the future, and improve infra-

structure by eliminating future waste from a variety of perspectives.

3.4. Smartization target of Binh Duong New City

Completion of the smart community in Binh Duong New City is planned for 2022 and sets 

the following objectives:

16Unlike the conventional analog inductive watt-hour meter, the smart meter visualizes electricity by digital measure-

ment. The smart meter is a next-generation watt-hour meter managed by a communications function in the meter.
17Biomass is a concept representing the amount of biological resources; it is a renewable organic resource that excludes 

fossil resources.
18Wi-Fi is a network based on the standard of the industry group Wi-Fi Alliance in the USA.
19“Big data” refers to large capacity digital data generated as the Internet spreads and computer processing speeds 

improve.
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1. Introduction of supervisory control and data acquisition (SCADA)/distribution manage-

ment systems (DMSs) to distribution companies in Binh Duong New City, and installation 

of smart meters (with automatic meter reading) to all major customers.

With smart meters, electricity customers can digitally measure their power consumption at 

30-min intervals and can thus understand their electricity usage.

2. Achievement of a 10% reduction in SAIFI in Binh Duong New City.

By understanding the SAIFI of Binh Duong New City, we can respond by comparing, ana-

lyzing, and evaluating the figures for Vietnam as a whole.

3. Achievement of a 20% reduction over 5 years in SAIDI in Binh Duong New City.

analyzing, and evaluating the numerical values for Vietnam as a whole.

4. Reduction in the number of workers at substations in Binh Duong New City.

The minimum wage in Binh Duong Province is classified as the “first type22” (highest) 

among domestic workers. By creating a smart electric power service, we can reduce the 

labor costs of electric power workers at the domestic wage level in Vietnam.

5. Improvement of the power supply/demand prediction in Binh Duong New City to realize 

a 2% peak cut in electric power supply and demand.

To do this, we will create a demand monitoring system and demand control system that 

uses advanced metering infrastructure (AMI).

By introducing the demand monitoring system, electricity consumption is measured in 

real time. Power demand is realized and monitored such that it does not exceed a set 

amount of electricity.

Also, when demand control system is introduced, an attempt will be made to reduce elec-

tricity charges by lowering the maximum value of demand electricity in the region.

6. Reduction of transmission and distribution losses in Binh Duong New City.

In electric power transmission and distribution to customers via electric wires, loss of power 

occurs because of electrical resistance and is accompanied by transmission/distribution loss.

Also, when power is transmitted and distributed to distant places, the voltage drops; power 
is converted to heat and is lost.

As ways to reduce transmission and distribution losses, the following have been imple-

mented: a method of generating electricity locally, in the vicinity of the area where it was con-

sumed; a method of reducing the electrical resistance by thickening the electric power cables; 

and a method of high-voltage transmission to reduce the electrical resistance by increasing 

the electric power.

22
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In addition to these goals, it is necessary to utilize a smart grid,23 to promote the domestic 

production of smart-grid-related products in Vietnam, and to visualize electricity usage by 

using smart meters in association with renewable energy systems.

4. Conclusion

In the Binh Duong new city developed by Tokyu Corporation (Japanese Company), we aim 

to form a smart community that utilizes the know-how that has been realized in regional 

development in Japan, exporting smartization by city planning package.

Generally, with the promotion of the smart community, development using existing build-

and facilities in developing new urban areas from the ground, so it is possible to promote an 

optimal and ideal smart community.

Unlike smartization in Da Nang City, which transforms existing old facilities and facilities, 

the Vietnam’s Binh Duong Province smart approach facilitates the development of new cities. 

Also, unlike HCMC and Hanoi’s major cities, in the Binh Duong Province, where population 

is low, development of new cities is easy to promote.

Furthermore, in the control of energy centered on the EMS by the Binh Duong New City, the 

neighborhood area is also a great merit to utilize its convenience. Therefore, the Binh Duong 

Province has attempted new attempts to develop industrial cities and new urban areas includ-

ing neighboring areas.

The smart community strategy in the Binh Duong province has only just begun. At the present 

time, it is a situation in which it is impossible to make a judgment on the success or failure of 

the smart community strategy. Future tasks include strict capital planning accompanying the 

smart community strategy, and the inability of SORA gardens to sell real estate.

Meanwhile, in real estate in the high-class residential area of PHU MY HUNG in HCMC 7 

ward, the sale did not proceed at first.

However, PHU MY HUNG attracted attention after 5 years; there are cases where urban 
development advanced. Also, in Hoa Lac Hi-Tech Park in Hanoi, there are cases where the 

urban development advanced more than 10 years ago. For the future development of new 

urban areas, it is necessary to promote a smart community strategy that cannot be confirmed 
by immediate earnings and to evaluate future potential.

In Vietnam, dynamic economic activities and corporate actions not seen in industrialized 

countries have shown that the activities of companies and related organizations showed active 

movements and showed high economic growth. One of the sources of economic growth in 

Vietnam is the effort to form a smart community (Smart Community Strategy).

23The smart grid is a next-generation electric grid that has a mechanism to constantly optimize the demand and supply 

of electric power by utilizing ICT. In the smart grid, we aim to build a power supply system with high efficiency, quality, 
and reliability by controlling existing power-generation facilities such as hydropower and thermal power plants and 
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The smart community strategy in Vietnam’s Binh Duong Province is urban development uti-

lizing “know-how” realized in regional development in Japan. In addition, the smart commu-

nity strategy of Vietnam’s Binh Duong Province has just been developed, and it is a situation 

in which it is impossible to make a judgment of the right or wrong at the present moment.

However, the development of smart community strategy in the future is a very useful refer-

ence not only in Vietnam but also in urban development of developed countries and emerg-

ing countries, and it can be a useful urban accumulation model. Vietnamese smart community 

research is a very valuable research content, including not only Vietnamese literature but also 

English literature from other countries. In addition, smart community research in emerging 

countries has few approaches so far and is a very valuable field as a research area.

Lumpur (Malaysia), and so on is remarkable. The scenery of major cities in emerging coun-

tries is comparable to that of Tokyo, Beijing, Shanghai, Seoul, Taipei, and other big cities.

In the large cities of emerging economies, problems of environments and energy due to enor-

mous urban areas are getting worse, and both have similar problems. The promotion of the smart 
community strategy in Vietnam’s Binh Duong province, along with Hanoi and Ho Chi Minh 

City in Vietnam, is one example of a solution to the big city problem of emerging economies.

Research on smart communities, so far, mainly focuses on technical contents such as energy, 

environment, and electric vehicle (EV). In this chapter, we examined the smart community of 

Vietnam’s Binh Duong Province from the viewpoint of social science. Studies of smart com-

munities in Asian countries are hardly approached and have great academic contributions.
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Scaling in Urban Complex Systems: Mexico City
Metabolism

Aida Huerta-Barrientos

Aida Huerta-Barrientos

Abstract

Large cities are usually wealthier, denser in terms of population, more expensive, more 
congested but also more productive culturally and technologically. Mexico City is one 
of the most dynamic cities of the global economy but also presents the highest crime 
and congestion levels on the road network. The socio-metabolic approach interprets cit-
ies as a socio-metabolic system that interacts with systems in the natural environment. 
Although considerable progress has been made in studying cities as complex adaptive 
systems using such approach, many important issues such as social and innovation 
dimensions remain unexplored, mainly in Mexico City context. The principal purpose of 
this study is to analyze the metabolic scaling of socio-cultural and technological aspects 
in the context of Mexico City in order to predict the energy necessary to maintain the city 
socially connected and to estimate the impact of such social connections on the socio-
economic-environmental indicators. We take into account the total population, the cul-
tural infrastructure, the social cohesion, the traffic congestion level, the cost of fuel car,
the minimum income, and the number of patents in the analysis as the agglomeration 
effects in Mexico City. We consider this study can support the design of public policies
using the metabolic approach.

Keywords: urban complex systems, urban economy, urban population, scale

1. Introduction

Large cities are usually wealthier, denser in terms of population, more expensive, more con-

gested but also more productive culturally and technologically. Mexico City is one of the 

most dynamic cities of the global economy. It is Latin America’s financial center and Mexico’s 
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political, economic, and cultural capital. Mexico City also provides the most important access 

to markets and clients. One of the main reasons to invest in Mexico City is the capital’s enor-

mous potential to be an active and leading competitor in the new global market. According 

to [1], Mexico City recorded 4.1 million workers during 2016, mainly in commerce and pro-

fessional, financial, and corporate services. Following [1], in respect to the national level, the 

state represented 8.5% of the workers in commerce and 18.0% in professional, financial, and 
corporate services; the gross domestic product (GDP) of Mexico City was 2.9 trillion pesos in 

2015, contributing with 16.7% of national GDP; tertiary sector, which includes trade and real 

estate services, contributed with 89% of the state’s GDP in 2015. Mexico City has 281 km of 

railways. It also has an international airport. Out of 115,695 students with completed studies 

from engineering, manufacturing, and construction in Mexico, 13,796 are from Mexico City. 

health sciences [1].

In contrast, Mexico City presents the highest congestion level on the road network at global 

level, causing more than 90% extra travel time for citizens during busy hours [2]. The traffic 
congestion affects directly on the quality of life. But citizens prefer to use private transporta-

tion instead of the public transport network because it offers a poor coverage and a lack of 
modal transfer centers. Additionally, the general crime rate in Mexico City is above the U.S. 

national average, and crime varies widely. Armed robberies, kidnappings, car thefts, credit 

card fraud, and various forms of residential/street crime are daily concerns. Thefts of the 

vehicle’s operating computer and sound systems are also common crimes.

Due to their inherent complexity, Mexico City problematic cannot be studied using traditional 

approaches of science based on the Physics reductionism perspective because this approach 

breaks down the problems in their parts, analyzes them taking into account only the most rel-

evant variables and then extrapolates the results to understand their overall behavior. Certainly 

in the past, in very specific contexts, the Physics reductionist approach was very successful 
and allowed for great achievements and the scientific and technological advance that we know 
today. However, the reductionist approach is no longer enough to face the challenges of the 

21st century. The decision-making of Mexico City government every day face unpredictable 

situations that change over time, formed by complex systems of problems. Therefore, it is neces-

sary to use modern science tools based on complex systems paradigm whose methodological 

framework is complexity science. The complex systems perspective considers open subsystems 

interacting with their environment, non-reversible energy, and information processes, dynamic 

states of entities and subsystems far from equilibrium as well as teleological analysis, in the 
case of human and social subsystems [3]. This approach indicates that phenomena are not 

the result of a cause-effect chain in which the result can be proportional and predictable only 
with the knowledge of the parts, but rather, that the systems behave in a non-linear way [4]. 

Thus, the complex systems approach supports the development of our skills needed to deal 

with problematic and complex situations so that we are able to change them holistically. In the 

application of the complex systems approach, the most important feature of study is the emer-

gent properties of complex systems [5] due to a process of self-organization. Such  emerging 
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 properties cannot be determined by analytical methods or models [6], but rather by using simu-

lation, an experimental tool essential in modern science.

Although it is true that a large number of definitions of a complex system have been proposed 
from different fields of science such as Biology, Physics, Sociology, and Economics, there is 
no precise formal definition accepted by the scientific community. Broadly speaking, such 
proposals co-exist in defining a complex system as a system composed by interrelated ele-

ments that generate information and whose operations are based on simple rules. From the 
interrelations of its elements, new properties or collective behaviors are generated at different 
scales. To the above, we add that a complex system is increasingly complex as human actions 

are explicitly considered.

yield insight into urban structure and dynamics. From the complexity perspective, cities are 
complex adaptive systems characterized by heterogeneity, interconnectivity, scaling, circu-

lar—causality, and development as follows [8]:

• Heterogeneity: diversity of people and organizations.

• Interconnectivity: everything is connected in networks.

• Scaling: cities of different sizes have different problems.

• Circular—causality: cause and effect are mixed.

• Development: cities change in open-ended ways.

As discussed by [9], cities are the first large social networks. It means cities are not just large 
collections of people instead they are agglomerations of social links. Following [9], space, time, 

and infrastructure play a fundamental role in enabling social interactions in allowing them to 

become open-ended in terms of increased connectivity, and sustainable from the point of view 

of energy use, such interactions imply cost of people, material, energy, and information flows 
through decentralized networks of infrastructure that are built gradually as the city grows. In 

this direction, cities, to realize the full socioeconomic potential, need to expand connectivity 

per person and of social inclusions [9]. Rapport [10] states that the bio-physical approach of 

studying and quantifying urban material and energy flows, which draws on approaches in 
the field of industrial ecology, is the predominant interpretation of urban metabolism that 
has strong connections to the field of industrial ecology which look for ways to optimize the 
metabolism of industrial systems through industrial symbiosis. Following [10], studies of urban 

material and energy flow are often used to identify ways to improve the environmental and 
economic performance of an urban area. The socio-metabolic approach interprets the society 

as a socio-metabolic system that interacts with systems in the natural environment. Although 

considerable progress has been made in studying cities as complex adaptive systems using the 

metabolic approach, many important issues such as social and innovation dimensions remain 

unexplored, mainly in Mexico City context. The principal purpose of this study is to analyze 

the metabolic scaling of socio-cultural and technological aspects in the context of Mexico City 
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in order to predict the energy necessary to maintain the city socially connected and to estimate 

the impact of such social connections on the socio-economic-environmental indicators.

The book chapter is divided into five main sections. In Section 2, the socio-metabolic approach 
applied to the study of urban complex systems is reviewed. In Section 3, the analysis of the 

metabolic scaling of cultural and technological issues in the context of Mexico City is pre-

sented. The energy necessary to maintain the Mexico City connected and its impact on the 

socio-economic-environmental indicators is evaluated in Section 4. The concluding remarks 

are drawn in Section 5.

2. The socio-metabolic approach

Human society has been maintained culturally and biophysically. In the first case by a flow 
of self-referential communication, organized in subsystems of society each with its own 

codes, while in the second case by a continuous flow of energy and materials from/to natural 
environment (social metabolism), and by deliberate interventions into the environment [11]. 

Geddes [12] explained that from the biology perspective, a city can be conceptualized as an 

organism, opposed to a mechanical system, made of complex and intricate processes that 

keep it alive, in a regional balance where the relation between the city and the surrounding 

agricultural economy is symbiotic [13].

The social metabolism is a concept from biology and transferred to the world of relations 

between society and nature [14]. The concept of social metabolism has not only proven a use-

ful metaphor to stress the biophysical foundation of social systems and their economy, but it 

has emerged as a key analytical concept in sustainability science [15]. Associated with the con-

cept of social metabolism, we find the notion of socio-metabolic transition to describe funda-

mental changes in socio-economic energy and material use that occur in the course of human 

history; in some cases, such transitions have implied the multiplication of metabolic rates, for 

instance, the transition from agrarian toward industrial society, and in other cases, such tran-

sitions have implied the emancipation of the energy systems from land use, for example, the 

transition from a solar energy system tapping into renewable flows of biomass toward a fossil 
fuel powered energy systems based on the exploitation of large stocks of energy resources 

[15]. One interesting study about the potential of the social metabolism approach to study the 

industrialization of the agriculture is presented in [14]. It provides information about how 

the socio-ecological transition took place in agriculture. In this context, Bringezu et al. [16] 

make the point that in industrial ecology and ecological economics interdisciplinary fields, 
sophisticated methods and tools have been developed to study material and energy flows 
in socio-economic systems in order to contribute to the design and implementation of more 

sustainable types of industrial metabolism.

The concept of urban metabolism was first introduced by Abel Wolman in the middle sixties 

to compare and organism and a city. In his seminal study, Wolman used national data on 

water, food, and fuel use, along with production rates of sewage, waste, and air pollutants 
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urban metabolism is fundamental to developing sustainable cities and communities. In this 

direction, cities, like organisms, need energy and resources as inputs to sustain life, which are 

processes and ultimately released to the environment as wastes.

Urban metabolism may be defined as the sum total of the technical and socio-economic 
processes that occur in cities, resulting in growth, production of energy, and elimination 

of waste [17]. In [18], an extended concept or urban metabolism is presented where the 

metabolic inflows and outflows are its central dimension, but urban quality the biophysical 
processes determining the environmental impacts associated with environmental sources 

and sinks as well as urban drivers, patterns, and lifestyles are conceptually interlinked 
in a holistic approach while economic and social inflows and outflows such as informa-

tion, cultural goods, and employment are also covered. In this context, urban metabolism 

-

ment, whose use involves focusing on material flows within the city as a potential way to 
uncover environmental, social, economic, and political aspects of resource distribution in 

a holistic way [19].

According to Hyman [20], material flows are the key intervention point to achieve urban sus-

tainability. Castán Broto et al. [21] note that there is considerable optimism about the oppor-

tunities that urban metabolic analysis opens for more sustainable and more just cities.

3. Analysis of the metabolic scaling of cultural and technological issues

In this section, we present the analysis of the metabolic scaling of socio-cultural and tech-

nological aspects in the context of Mexico City. We use per capita indicators, which on one 

hand, conflate general effects of urbanization [22], and on the other hand, are ubiquitous 
in official statistics and policy documents compiled by Mexican governmental agencies and 
international bodies worldwide. Mexico City’s society has been maintained culturally and 

biophysically along many hundreds of years. In the first case by a flow of self-referential 
social communication (information) organized in subsystems of society each with its own 

codes; while, in the second case by a continuous flow of energy and matters from/to natural 
environment, and by deliberate interventions into the environment to uncover environmen-

tal, social, economic, and political aspects of resource distribution (see Figure 1).

According to the INEGI [23], based on the surveys conducted from 1900 to 2010 as well as on 

the Intercensal Survey in 2015, Table 1 and Figure 2 show the population growth in Mexico 

City from 1900 to 2015. It is important to note that the exponential population growth started 

in 1950 and continues in 1970.

Mexico City has a 1000-year-old cultural richness in which various expressions give it its own 

cultural identity. In this direction, the Mexican city is an intercultural mosaic of ethnic variet-

ies in which indigenous communities, indigenous peoples, and communities from different 
origin interact all together every day. These groups and their worldview through different 

24
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is reflected in the diversity of archeological, historical and artistic monuments, expressions 
of popular culture, gastronomy, festivities, traditions, and normative systems that coexist in 

the same geographical space [24]. According to the Atlas of Mexico’s cultural infrastructure 

2010 [25], in this year, there were 310 archeological sites in this city, 5 of them open to the 

public, and an estimated universe of 7000 historical monuments from the 16th to the 19th 

centuries, and 11,071 which were characterized by the National Institute of Fine Arts as artistic 
monuments of the 20th and 21st centuries. As for the natural heritage, in Mexico City there 

are geographically located 23 natural areas protected by local and national laws and 33 gullies 

Figure 1. Conceptual model of Mexico City as a complex adaptive system with metabolic and reproductive subsystems.

Millions of inhabitants Year

0.7 1900

1.2 1930

3.1 1950

6.9 1970

8.2 1990

8.6 2000

8.8 2010

8.9 2015

Table 1. Total population in Mexico City from 1900 to 2015.
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On the other hand, the measurement of social cohesion estimated by the CONEVAL [26] 

incorporates indicators that help to know the level of economic and social inequality of the 
population at national, state, and municipal levels, as well as indicators of support networks 

and social exchange at the state level. This allows us to approach the level of equity and 
solidarity that exists in a society. To measure the degree of social cohesion, CONEVAL uses 
Gini coefficient that measures the economic inequality of a society, by exploring the level of 
concentration that exists in the distribution of income among the population. The Gini coef-

ficient takes values between 0 and 1; a value that tends to 1 reflects greater inequality in the 
distribution of income. On the contrary, if the value tends to zero, there are greater conditions 

of equity in the distribution of income. Table 3 shows the Mexico City social cohesion values 

estimated by CONEVAL for three years: 1990, 2000, and 2010. We observe that the social cohe-

sion in Mexico City has decreased from the last 27 years, with the consequences associated.

Agglomeration effects in Mexico City are manifested, on one hand, as an increase in overall 
travel times when compared to a free flow situation, and on the other hand, as the increase 

Figure 2. Total population in Mexico City between 1900 and 2015.

Cultural infrastructure Per capita in 2010

Archeological sites 0.0000352

Historical monuments from the 16th to the 19th centuries 0.0008

Historical monuments from the 20th to the 21st centuries 0.0013

Table 2. Cultural infrastructure per capita in Mexico City, 2010.

Social cohesion Year

0.536 1990

0.505 2000

0.439 2010
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in the cost of public transportation. For the first case, Figure 3 shows the evolution of the 

congestion level in Mexico City considering the TomTom Traffic Index [27]. For example, a 
congestion level of 57% in 2010 corresponds to 57% extra travel time for any trip, anywhere 

in the Mexico City, at any time compared to what it would be in a free flow situation. The 
TomTom Traffic Index is based on speed measurements from TomTom’s historical traffic 
database. These speed measurements are used to calculate the travel times on individual road 

segments and entire networks. By weighting based on the number of measurements, busier, 
and more important roads in the network have more influence than quieter, less important 
roads. Figure 4 shows the evolution of the congestion level versus the population growth in 

Mexico City. In this case, the congestion level suddenly rises as well as population along time.

Analyzing the cost of public transportation relative to the minimum income, we can see in 

able to stay socially connected, due to the cost of transportation, leading to expected decreases 

Figure 3. Congestion level evolution in Mexico City.
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in their socioeconomic production as suggested by [9]. Additionally, in 2013, the cost of public 

transport represented almost the 9% of the minimum income in the case of Metrobus. For the 
same year, the cost of Metro represented almost the 8% (see Figure 6).

It is important to note that citizens in Mexico City prefer to use private vehicles for mobility 

purposes instead of the public transport networks, such as Metro and Metrobus, because 

these networks offers a poor service coverage, a lack of modal transfer centers and a high 
vulnerability in terms of connectivity and accessibility [2]. The big problem using private 

vehicles is the cost of fuel associate (see Figure 7). In general, the sheer distance to everyday 

destinations means some families spend 25% of their income on transport so Mexico City’s 

greenhouses gas (GHG) emissions by up to 70% and cost USD 2.5 billion (33 billion Mexican 

pesos) each year in lost economic productivity [28].

Figure 5. Evolution of public transportation cost versus minimum income in Mexico City.
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As suggested by [28], one solution for this situation is the development of mixed-use areas, 

were we can find housing, restaurants, services, schools, cultural facilities, parks, and more, 
so under this scenario if connectivity in Mexico City is increased, the need for private vehi-

cles will be reduced, thus increasing the viability of public transport, walking, and bicycling. 

Figure 7. Evolution of cost fuel car versus population growth in Mexico City.

Patents Year

166 2000

215 2001

206 2002

167 2003

179 2004

212 2005

181 2006

219 2007

219 2008

233 2009

321 2010

308 2011

427 2012

390 2013

337 2014

367 2015

Table 4. Patents requested by Mexico City as residence of the inventor between 2000 and 2014.
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Following [28], other benefits of mixed-use areas are the shared community spaces that foster 
interactions among community members: interactions that would not be possible under a 

car-centric model, and the saving individuals money on transportation by reducing the length 

and number of every day trips and eliminating the need for car ownership. In short, mixed-

use areas support local business.

Other agglomeration effect in Mexico City is manifested as increase in per capita temporal 
rates of socioeconomic activities, such as innovation [22]. One dimension of technological 

aspects in Mexico City is the number of patents [29]. Table 4 shows the evolution in the 

number of patents requested by Mexico City as residence of the inventor from 2000 to 2014. 
Figure 8 shows the relationship between the patents requested by Mexico City as residence 
of the inventor and the population growth for three different years, 2000, 2010, and 2015. We 
observe that as increase in in population size corresponds to an increase in the number of 

patents requested.

4. The energy necessary to maintain the Mexico City connected

In this section, we present the estimation of energy necessary to maintain the city con-

nected as well as the impact of social connections on the socio-economic-environmental 

indicators. We use the data from UN-HABITAT Global Urban Observatory [30]. For the 
period 1999–2004, transport was the highest consumer of energy in Mexico City followed 

by industry and residential and commercial buildings (see Figure 9).

Residential buildings include all energy used for activities by households, except for 

transport. Industry includes a combination of all industrial sub-sectors, such as mining 

and quarrying, iron and steel, and construction. Energy used for transport by industry 
is not included, but is reported under transportation. Transport includes all fuels used in 

road vehicles and non-road transport. In the first case, military, as well as agricultural and 

Figure 8. Patents requested versus population growth in Mexico City.
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industrial highway use are included. The second case includes transport in the industry 

sector and covers railways, air, internal navigation, fuel used for transport of minerals 

by pipeline and non-specified transport. In 2008, the annual per capita energy consump-

tion tendency in Mexico City was major than 1900 kilowatt-hours (KWh) and included 
transport, public lighting, and water pumping (see Figure 10). Demand for water has dou-

bled every 20 years, at a rate exceeding that of population growth suggesting that losses, 

increased connections to the water supply network and increased per capita consumption 

all play a part [32]. According to Valdez [33], to meet demand for water, Mexico City has 

to withdraw water from ever more distant sources, often over 100 km away. This situation 

imposes a considerable energy cost on the system: at 4.5 kWh/m3, water transported from a 

distance uses almost 20 times the amount of energy as the withdrawn from aquifers below 
the city [32].

Figure 9. Energy consumption in Mexico City, data from various sources 1999–2004 [30].
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5. Concluding remarks

The principal purpose of this study was to analyze the metabolic scaling of socio-cultural and 

technological aspects in the context of Mexico City in order to predict the energy necessary to 

maintain the city socially connected and to estimate the impact of such social connections on 

the socio-economic-environmental indicators. Agglomeration effects in Mexico City are mani-
fested, as an increase in population, on overall travel times when compared to a free flow situ-

ation, in the cost of public transportation, in the number of patents, in the demand for water, 

and as a decrease in social cohesion. We observed that the exponential population growth in 

Mexico City started in 1950 and continues in 1970. Based on the social cohesion values esti-
mated by CONEVAL for three years: 1990, 2000, and 2010, we observed that the social cohesion 

the sheer distance to everyday destinations means some families spend 25% of their income on 

transport. Demand for water has doubled every 20 years, at a rate exceeding that of population 

growth. All these socio-economic outputs of Mexico City are proportional to the number of 

social interactions realized per unit time. Mexico City to realize the full socioeconomic poten-

tial need to expand connectivity per person and of social inclusions but the big problem is that 

such connectivity is supported in many cases by transport causing high congestion levels. We 

consider that an initiative to expand the connectivity in Mexico City need to be based in the use 

of the Information and Communication Technologies (ICT’s) and updating the use areas from 

non-mixed-use to the mixed-use approach in order to favor the social interactions.

Acknowledgements

The author appreciates the partial support by National Council for Science and Technology of 

Mexico (CONACyT) (SNI number 65477).

Author details

Aida Huerta-Barrientos1,2*

*Address all correspondence to: aida.huerta@comunidad.unam.mx

1 Faculty of Engineering, National Autonomous University of Mexico, Mexico City, Mexico

2 The Complexity Sciences Center, National Autonomous University of Mexico, Mexico 

City, Mexico

References

Urban Agglomeration: From Theories to Practice 

32



[2] De la Mota I, Huerta-Barrientos A. Simulation-optimization of the Mexico City public 
transportation network: A complex network analysis framework. In: Mujica Mota M, 

Flores De La Mota I, editors. Applied Simulation and Optimization 2. 1st ed. Switzerland: 
Springer; 2017. p. 43-80. DOI: 10.1007/978-3-319-55810-3_2

[3] Lara-Rosano F. Teoría, métodos y modelos de la complejidad social I. In: Seminario de 
Investigación; CCADET; 2012

[4] Caballero L. La Búsqueda del Comienzo: El Pensamiento Complejo en Biología. Ciudad 
de México: CopIt ArXives; 2008

[5] Boccara N. Modeling Complex Systems. 1st ed. New York: Springer-Verlag; 2004

[7] Padgham M. Are Cities Complex? 2017. Available from: http://huckg.is/gisruk2017/
GISRUK_2017_paper_79.pdf [Accessed: September 01, 2017]

[8] Bettencourt L. Cities as Complex Objects. USA; Santa Fe Institute; 2012

[9] Betterncourt LMA. The kind of problem a city is. SFI Working Paper: 2013-03-008; 2013

[10] Rapoport E. Interdisciplinary perspectives on urban metabolism. A review of the litera-

ture. UCL Environmental Institute Working Paper; 2011

[11] Fisher-Kowalski M. Social and ecological systems interacting: Historical and future tran-

sitions. In: Proceedings of the HENVI Science Days, 2011; Helsinki, Finland; 2011

[12] Geddes P, Ferreira J, Jha S. The Outlook Tower: Essays on Urbanization in Memory of 
Patrick Geddes. Popular Prakashan: Bombay; 1976

[13] Geddes P. Cities in Evolution: An Introduction to the Town Planning Movement and to 
the Study of Civics. London: Williams & Norgate; 1915. Available from: https://archive.
org/stream/citiesinevolutio00gedduoft#page/n9/mode/2up Accessed: August 15, 2017

[14] Gonzalez de Molina M. A guide to studying the socio-ecological transition in European 
agriculture. DT-SEHA No. 10-06; 2010

[15] Krausman F. The socio-metabolic transition. Long term historical trends and patterns 
in global material and energy use. Social Ecology Working Paper No. 131; Institute of 
Social Ecology; 2011

[16] Bringezu S, van der Sand I, Schütz H, Bleischwitz R, Moll S. Analysing global resource use 
of national and regional economies across various levels. In: Bringezu S, Bleischwitz R, 
editors. Sustainable Resource Management. Global Trends, Visions and Policies. Sheffield: 
Greenleaf; 2009. p. 10-52

[17] Kennedy C, et al. The study of urban metabolism and its applications to urban planning 
and design. Environmental Pollution; 2010. DOI: 10.1016/j.envpol.2010.10.022

Urban Agglomeration: From Theories to Practice 

33



Prepared by Technische Universität Berlin and Stockholm Environment Institute; Climatecon 
Working Paper No. 01/2011; Technische Universität Berlin; 2011

[19] Guibrunet L, Castán-Broto V. The sustainability of the informal city: An urban metabo-

lism approach. In: Proceedings of the 11th International Conference of the European 
Society for Ecological Economics (ESEE); 30 June–3 July, 2015; Leeds, UK; 2015. Available 
from: http://www.esee2015.org/wp-content/uploads/2015/10/0220.pdf

[20] Hyman K. Urban infrastructure and natural resource flows: Evidence from Cape Town. 
The Science of the Total Environment. 2013;461-462:839-845

[21] Castán Broto V, Allen A, Rapoport E. Interdisciplinary perspectives on urban metabo-

lism. Journal of Industrial Ecology. 2012;16(6):851-861

[22] Bettencourt LMA, Lobo J, Strumsky D, West GB. Urban scaling and its deviations: 

revealing the structure of wealth, innovation and crime across cities. PLoS One. 

2010;5(11):e13541

[23] INEGI. 2017. Available from: http://cuentame.inegi.org.mx/monografias/informacion/
df/poblacion/dinamica.aspx?tema=me [Accessed: September 01, 2017]

[24] Secretaría de Cultura de la Ciudad de México. Programa de Fomento y Desarrollo Cultural 
2014-2018. México; 2014

[25] Consejo Nacional para la Cultura y las Artes (Conaculta). Atlas de Infraestructura y 

Patrimonio Cultural de México 2010. In: Sistema de Información Cultural (SIC). 1st ed. 
Ciudad de México: Conaculta; 2010

[26] CONEVAL. 2017. Available from: http://www.coneval.org.mx/ [Accessed: September 03, 
2017]

[27] TOMTOM. 2017. https://www.tomtom.com/en_gb/trafficindex/city/MEX [Accessed: 
September 10, 2017]

[28] WRI. 2017. Available from: http://www.wri.org/blog/2014/07/people-oriented-cities-mixed-
use-development-creates-social-and-economic-benefits [Accessed: September 01, 2017]

[29] INEGI. 2017. http://www3.inegi.org.mx/sistemas/sisept/default.aspx?t=etec11&s=est&c= 

19173 [Accessed: September 01, 2017]

[30] UN-HABITAT. State of the World’s Cities 2008/2009. Harmonious Cities. Earthscan, 
London, UK; 2008

[31] Barnés F. Taking action on energy efficient cities: The Mexico case. In: International 
Conference on Energy Efficiency in Cities; Centro Mario Molina; 2016

[32] International Energy Agency - IEA. Mexico Energy Outlook. OECD/IEA, Paris, France; 

2016

[33] Valdez M, et al. The water-energy-carbon nexus: Optimising rainwater harvesting in 

Urban Agglomeration: From Theories to Practice 

34



Do Degradation of Urban Greenery and Increasing
Land Prices Often Come along with Urbanization?

Yu-hsin Tsai, Jhong-yun Guan and Yu-Hsin Huang
Yu-hsin Tsai, Jhong-yun Guan and Yu-Hsin Huang

Abstract

In the wake of urbanization, driven by a variety of individual and socio-economic mer-
its, human’s basic residential needs and standard of living may be compromised in the 
urban areas, as the population agglomerates. However, the knowledge of the associations 
of urbanization with urban greenery and residential land prices is still in the pursuing 
process. This empirical research aims to contribute whether the degradation of essential 
living conditions is a trade-off for the pursued urban life. Hence, Taiwan is selected as the 
case to analyze the associated relations primarily between 1976 and 2016. The research 
methods involve descriptive statistics, the panel data analysis, and the cluster analysis. 
The panel data analysis demonstrates that degraded urban greenery and increasing resi-
dential land prices came along with the urbanization in Taiwan between 2001 and 2016. 
Policy implications include rethinking of the building coverage rate for renewed buildings 
for more plant-friendly ground, the adoption of building setback policy for more acces-
sible mid-air mini-parks, and avoiding residential units as an investment commodity.

Keywords: urban greenery, land prices, urbanization

1. Introduction

The momentum of urbanization driven by a variety of forces is usually beyond the human 

capacity to change or detour. Individual’s demand for moving to the urban areas for better job 
opportunities, standards of living, etc. is a primary force of urbanization. Some policies are also 

implemented to embrace such potential socio-economic benefits of urbanization as the compact 
city of sustainable urban form, and, to the extreme, the politically incorrect policy to contain 

human’s pollution to their settlements. In turn, dealing with likely congestion issues caused by 

the urbanization is significant, which is particularly true since the global urban population is 
predicted to reach 69% in 2050 [1].
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Rising housing costs, a likely issue emerging along with the urbanization, directly affect 
human’s basic residential needs and standard of living. It is listed as one of the most crucial 

targets of the United Nation 2017’s 17 sustainable development goals (SDGs), that is, ensuring 

adequate, affordable housing, inclusive settlements, and equality [2]. The city’s green cover-

age, on the other hand, lays out the foundation of a sustainable urban built environment, 

decisively affecting such city’s capacity as the mitigation and adaptation to climate change 
[3] and purification and maintenance of urban air quality [4]. Growing urbanization may 

drive some areas to thrive while others to shrink that may necessitate specifically customized 
spatial plans and strategies. Nonetheless, past research sheds limited light on the associa-

tion between the urbanization and land/housing prices, and the research of the relationship 

between the urbanization and urban greenery is developing.

conditions is a trade-off for the pursued urban life in the wake of urbanization. The purposes 
of this research are twofold to analyze the impacts of urbanization on the urban green cover-

age and to analyze the association/impacts on land/housing prices. To fulfill these purposes, 
Taiwan is selected as the case to analyze the associated situations primarily between 1976 and 

2016.

2. Urbanization, land/housing prices, and green coverage

This section provides some theoretical background on the urbanization, urban hierarchy that 

is highly associated with the urbanization, the associations of urbanization with land or hous-

ing prices, and the urban greenery.

2.1. Urban hierarchy, urbanization, and standard of living: inputs, outputs, and 

outcome

The urban hierarchy is associated with its service level of living environment and in turn the 

standard of living. The associated capacities of an urban area at certain urban hierarchy may 

include its financial sources, the capacities in administration and maintenance, the mandated 
implementation of spatial plans, etc., which constitute the input factors for formulating its 

built environment as the output. This input may be mandatory, or as a result of urbanization 

to cope with growing population or employment, that is the level of input and supply may 

also be the result of urban agglomeration. In return, the demand for public resources may also 

increase. The input resources and level of demand jointly decide the level of services for the 
public infrastructure of various kinds. Hence, the standard of living in the urban area usu-

ally is higher than that of the rural areas and can largely attribute to the planned result and 
economic agglomeration.

Nonetheless, the concentration of population is likely to cause such issues as congestion, regard-

ing the quality of life, gridlock, the concentration of pollutants, urban heat island, less natural 

environment, and less affordable housing. Theoretically, the higher the degree of urbanization, 
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the deteriorated these conditions could be. In particular, within an urban area, the conditions 

may be even worse in the highly urbanized sub-area, such urban core. Two of the most sig-

nificant effects are degraded green open space and increasing land/housing cost, which deci-
sively affects the fundamental needs for living and natural environment in the urban settings. 
However, little research has been devoted in these regards at the bourgeoning phase of urban-

ization research.

2.2. Urbanization and land/housing prices

The impact mechanism of urbanization on land/housing prices may go from the rural-urban 

migration to natural growth, together with urban plans and the resulted urban form, and 

-

constitute the current rapid urbanization trend. As a result, both urban boundary and urban 

population grow significantly.

The urbanization may affect land and housing prices within a city or city region through a 
few routes. First, at the city region level, the housing and land demand increase as a result 

of population growth. City regions with different level of population growth as a result of 
the different degree of urbanization may experience different impact on housing/land prices. 
Second, the population size, a result of urbanization, of a city region may affect its land prices 
through the course of the overall needs for the land in the city region. Furthermore, density 

can represent the level of the demand or bid [5] for the land, given the land supply is limited, 

and the cap of the floor area is set by the government policy like in the urban plan and by the 
limits of the natural resources. Third, within a city region, the constituent sub-areas may also 

show different levels of urbanization, affecting the level of demand for the land and housing. 
The appearance of the degree of urbanization for a sub-area can be represented by density. 

Additionally, the degree of urbanization can be affected by the socio-economic conditions, 
accessibility, etc.

2.3. Urbanization and green coverage

The urbanized land grows in expanding urban boundary, converting green space in the urban 

area into built environment to house more population, or employment migration from the 

rural area. That is, land is urbanized as a response to the rural-urban immigration, and the 

reduction of green space comes as a price of urbanization. The reduction of green space in and 

around urban areas turns space into less natural, and the resulted negative impacts involve 

such loss of natural or semi-natural environment [6]. The green space loss will lead to the 

loss of low-temperature space [7], emerging urban heat island [8], deterioration of air qual-

ity, noise cancelation, beautification of urban built environment [4], outdoor open space for 

social, sporting, and active-life activities, the green infrastructure for flood mitigation [3], and 

disaster sanctuary, among others. The controversy is that as the urban population grows and 

expected to grow more, the green space would be replaced by the built environment on the 

one hand; while on the other hand, there could be more need for the green space to cope with 
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the negative impacts due to the growing agglomeration of built environment, human activi-

ties such as employment and tourism, or population per se.

3. Research methods

The research methods involve descriptive statistics, the panel data analysis, and the clus-

ter analysis. Two panel data analyses are developed to assess the associations of urbaniza-

tion with green coverage and land prices. With the application of the cluster analysis, such 

constituent units as towns/districts are classified into various groups based on the degree of 
urbanization, green coverage, and land prices. The primary data sources include census data, 

SPSS, and Stata. Urbanization indexes adopted are composed of the Taiwan government’s 

classification definitions and continuous variables to quantify the degree of urbanization. The 
normalized difference vegetation index (NDVI) [9, 10] is applied to extract the green land 

cover data from the Landsat satellite images [11].

4. Urbanization, green coverage, and land prices in Taiwan

This section provides the statistical background of urbanization, green coverage, and land 

prices in Taiwan, dating back as far as 1976, when the earliest data are available. The cross-

analysis is also conducted to provide preliminary knowledge on the associations of the degree 

of urbanization with green coverage and land prices, respectively.

4.1. Urbanization in Taiwan: 1976–2016

This section of urbanization analysis of Taiwan adopts a definition of urbanization to 
develop an urbanization index to conduct a universal comparison with other countries; two 

major concerns are prioritized to serve this purpose: urban and rural areas can be differenti-
ated, and the data for both areas are available. A variety of methods have been developed 

and applied to classify an area as an urban or rural area, based on which population living 

within is classified as urban or rural population. These methods for urban/rural classification 
include the direct dichotomy distinction from existing official documents or the distinction 
derived from the joint consideration of an array of aspects/variables, for example, popula-

tion density, population size, and population growth rate. Among a few possible urban/

rural definitions for the case of Taiwan, a place assigned with a mandatory urban plan is 
selected for defining an urbanized area and vice versa. This definition enjoys the pros of 
the existence of the needed data for this analysis, and furthermore, within the areas public 

infrastructure, well-designed spatial plans are required by law that leads to higher level of 

infrastructure in the urban area. Bear in mind that this polarized definition cannot tell the 
degree of urbanization, which is better for other purposes like the multivariate analysis in 
the following sections.
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Figure 1 shows the urbanization trend in Taiwan between 1976 and 2016. During these four 

decades, the total population grew by some 42% (or an average of about one percentage point 

annually), from some 16 million to some 23 million. During the same period, however, urban 

population grew double the rate of population growth by some 84% (or an average of two 

percentage points annually). Urbanization rate grew from some 61% in 1976 to 80% in 2016, 

among the highly urbanized nations in the world.

Before showing the urbanization situation in the sub-areas in Taiwan, an urban hierarchy 

system is introduced first that can lay up the base for the comparison between the degree of 
actual urbanization and the urban hierarchy defined by the Taiwan government. In a latest 
urban hierarchy system officially defined in the latest nationwide regional plan [13], each 

as the population size, growth rate, and level of public infrastructure on the one hand and 

are applied for spatial planning regarding future goals and strategies regarding infrastruc-

ture’s investment and the level of services, etc. [13]. This urban hierarchy system divides 

Taiwan main island into six city regions (or “region-level living cycles” as literally translated; 

Figure 2) [14]: Taipei City-New Taipei City-Keelung City-Yilan County (01 TNKY), Taoyuan 
City-Hsinchu County-Miaoli County (02 THM), Taichung City-Changhua-Nantou County 

(03 TCN), Yunlin County-Chiayi County (04 YCT), Kaohsiung City-Pingtung County (05 KP), 
and Hualien County-Taitung County (06 HT) [14].

Figure 3 displays the degree of urbanization in 2016 for each of the county/city in the main 

island of Taiwan; the most urbanized county/city is in the cores of North, Central, and 

Southern parts of Taiwan. The most urbanized areas with 90% of the population living in the 

urban areas are located in the cores of the urban hierarchy of the top three city regions, that 

is, 01 TNKY, 03 TCN, and 05 KP, plus Hsinchu City of 02 THM, and Chiayi City of 04 YCT.

Figure 1. Urban population versus rural population in Taiwan (main island): 1976–2016. Data source: [12].
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4.2. Green coverage in Taiwan: 2001–2016

This section analyses the green coverage for Taiwan between 2001 and 2016, during which 

the free-quality satellite images are available for developing the green coverage data for 

this research. The main data source of the satellite image comes from the U.S. Geological 

Survey’s (USGS) Landsat database [11]. The Landsat contains 30-meter resolution land cover-

age images appropriate for this research to develop NDVI that is often used to probe remote 
sensing data to tell whether the target area contains live green vegetation or not [9, 10]. Then, 

the green coverage data are derived for each 30-meter grip and aggregated for each town/dis-

trict of Taiwan for the years 2001, 2006, 2011, and 2016. While taking advantage of the NDVI 
techniques in obtaining the green coverage information, it is important to note that there is a 

limit on accuracy rate due to a range of systematic reasons, including the degree of the origi-

nal image resolution, clouds, and shade [5].

In 2001, the median green coverage rate of some 350 towns/districts across the island of 

Taiwan was 80%, with a range between 3.9 and 99.5% (Table 1). The green cover land surface 

has worsened between 2001 and 2016: annually, the median green land area has dropped by 
0.07 km2 and 0.12%. In general, the higher the urban hierarchy of a district/town, the lower is 

its green coverage level (Figure 4).

Figure 5 displays the annual percentage point change in green coverage rate between 2001 

and 2016. Over these 15 years, some areas’ green coverage rates reduced relatively high, 
alternatively indicating increasing built environment, which occurred in few spatial pat-

terns. The first pattern occurred in the outer districts or suburban areas of a city region, 

Figure 2. Urban hierarchy in Taiwan, 2013 by town/district. Data source: [13, 14].
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where the most developed core districts were probably saturated for further development, 

such as in Taipei of the 01 TNKY city region; on the other hand, the outer districts with 
acceptable transportation accessibility afforded room to accommodate further development 
needs. The second pattern occurred in the sub-core or local core towns/districts, where there 
was still room for more development, such as in Keelung City and Yilan City of the 01 
TNKY. The third pattern occurred in some rural towns possibly because of their unique 
local attractive factors for potential development, which might be boosted by such factor 
as improved intercity transportation, for instance, some towns in Yilan County of the 01 
TNKY.

Figure 3. Percentage of urban population in Taiwan (main island), 2016, by county/city. Data source: [12].
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Additionally, the cross-references between the change of green coverage rate and the urban 

hierarchy, representing the degree of urbanization, implicitly reveal some pros and cons of 

the Taiwan’s four classes of urban hierarchy. On the one hand, some districts/towns at the 
top of the hierarchy tend to urbanize at a higher pace and vice versa. On the other hand, 
the four-class classification might not be delicate enough to distinguish the differences in the 
green coverage rate among the towns/districts of the same class, which drives the needs for 

quantitative variables of urbanization.

Figure 6 shows the annual average change of green land area, as opposed to Figure 5, pro-

viding an absolute scale of change as in where large reductions of green land area occurred 

between 2001 and 2016. The previous three spatial patterns based on the change in the green 

Figure 4. Green coverage rate in Taiwan, 2016, by town/district. Note: The blank areas are those suffering from large-
scale landslides due to typhoons or heavy rain [15], which is excluded to avoid data distortion. Data source: Calculated 
from the Landsat [11] with NDVI.

Mean Median S.D. Min. Max. N

Green coverage rate in 2001 80.0% 89.6% 23.5% 3.9% 99.5% 348

Annual average change in green coverage land 

area, (km2) 2001–2016
−0.10 −0.07 0.15 −1.71 0.26 345

Annual average percentage point change in 

green coverage rate, (%) 2001–2016
−0.15% −0.12% 0.15% −0.69% 0.46% 345

Data source: Calculated from the Landsat [11] with NDVI.

Table 1. Green coverage in Taiwan, 2001–2016, by town/district.
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coverage rate of Figure 5 still hold in general, but the first and third patterns stand out as 
large-scale reductions of green coverage seem to occur in the outer districts or the core and 

rural towns with the unique local attractiveness for development.

Figure 5. Annual average percentage point change in green coverage rate in Taiwan, 2001–2016, by town/district. Note: 
The white symbol ranges from −0.19 to 0.20% is designed to refer to none or marginal change. It is also designed to 
mitigate the possible error derived from NVDI. Data source: Calculated from the Landsat [11] with NDVI.

Figure 6. Annual average change in green coverage land area in Taiwan, 2001–2016, by town/district. Note: The white 
symbol ranges from −0.109 to 0.110 km2 is designed to refer to none or marginal change. It is also designed to mitigate 

the possible error derived from NVDI. Data source: Calculated from the Landsat [11] with NDVI.
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4.3. Land price index in Taiwan: 2001–2016

This section presents the residential land prices of urban areas in Taiwan for each town/

district majorly for the period of 2001–2016 and also in 1996 for analysis purposes. The 
Urban Land Price Index (ULPI) for the residential areas [16], the only land or housing price 

index for this spatial scale available in Taiwan, is collected as a proxy of a housing index, 

since the land price is a significant factor in the housing price, so they are highly correlated. 
The ULPI is the average land price of a selected sub-area with the median land price in a 

town/district’s urban areas. The ULPI is available after 1993 for all residential, commer-

cial, and industrial uses. The residential median land price indexes are then applied for the 

cross-sectional analysis and trend analysis for between 2001 and 2016, almost covering the 

17]. 

of the previous cycle.

Figures 7 and 8 show the residential median land prices of urban areas of each town/dis-

trict for 2001 and 2016, respectively. The highest land price indexes across the country are 

located in Taipei City of the 01 TNKY for both years. Over these years, the highest land prices 
expanded overwhelmingly in the 01 TNKY and somewhat in 02 THM and 03 TCN. Also, 
some rural areas with great tourism attractiveness, including Kenting area in the 05 KP and 
Taitung in the 06 HT, became prosperous during this period, as reflected in their land price 
jump (Figure 9). It is worth noting that this land price index only reveals the median condition 

rather the extreme cases, such as luxury housing market, which skyrocketed overwhelmingly 

during the same period.

Figure 7. Residential median land price of urban areas in Taiwan, 2001, by town/district. Data source: [16]. The land 

Urban Agglomeration: From Theories to Practice 

44



Table 2 shows the annual average percentage point change in the residential median land 

price for the towns/districts in Taiwan. First, surprisingly the land prices decreased by one 

Figure 8. Residential median land price of urban areas in Taiwan, 2016, by town/district. Data source: [16]. The land 

prices have been adjusted by the consumer price index to the year 2001.

Figure 9. Annual percentage point change in residential median land price of urban areas in Taiwan, 2001–2016, by 
town/district. Data source: Calculated from Ref. [16]. The land prices have been adjusted by the consumer price index 
to the year 2001.
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residential price cycles. Second, opposite to the general impression that land prices increased 

between 2001 and 2016, they only increased between 2011 and 2016, which is probably because 

it is the median land prices rather than those housing whose prices jumped significantly such 
as the luxury housing and in the major city region like the 01 TNKY and hence grabbed the 
public attention.

4.4. Cross-analysis of green coverage and land price against urbanization

The differences in green coverage rate among the four classes of the urban hierarchy are sta-

tistically significant, and there is barely difference statistically across the city regions. The 
overall green coverage rate in Taiwan was 78% in 2016 (Table 3), the rest of which majorly 
consisting of the built environment and water body. The core and sub-core on average had the 

City region 01 

TNKY (%)

City region 

02THM (%)

City region 03 

TCN (%)

City region 04 

YCT (%)

City region 05 

KP (%)

City region 06 

HT (%)

Totale  

(%)

Core 62 78 66 76 60 N/A 67c,d

Sub-core 71 54 N/A 74 N/A 71 68d

Local Core 75 78 83 93 58 92 83

Others 90 93 83 87 89 93 88a,b

Totalf 74 76 77 83 69 85 77.6

Data source: Calculated from the Landsat [11] with NDVI.
aThe mean difference with the “Core” is significant at the 0.05 level in pairwise comparison in ANOVA.
bThe mean difference with the “Sub-core” is significant at the 0.05 level in pairwise comparison in ANOVA.
cThe mean difference with the “Local Core” is significant at the 0.10 level in pairwise comparison in ANOVA.
dThe mean difference with the “Others” is significant at the 0.05 level in pairwise comparison in ANOVA.
eThe mean differences across all urban hierarchy types are significant at the 0.05 level in ANOVA.
fThe mean differences across all city regions are not significant at the 0.05 level in ANOVA.

Table 3. Two-way ANOVA green coverage rate by urban hierarchy/degree of urbanization and by city region in Taiwan, 
2016.

Period Mean (%) Median (%) S.D. (%) Min. (%) Max. (%) N

1996–2001 −2.8 −3.0 3.9 −12.0 10.2 313

2001–2006 −2.9 −3.1 4.2 −13.7 14.3 313

2006–2011 −0.9 −1.4 4.0 −11.6 24.3 314

2011–2016 3.5 2.5 5.4 −18.0 25.5 318

1996–2016 −1.0 −1.7 2.6 −4.6 15.1 313

Data source: Calculated from Ref. [16]. The land prices have been adjusted by the consumer price index to the year 2001.

Table 2. Annual average percentage point change in residential median land price of urban areas in Taiwan, 1996–2016, 
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lowest green coverage rates of 67–68%, while the local cores’ green coverage was 83%, only 
five percentage point short of the “others” class. City region-wise, the 05 KP had the lowest 
green coverage rate of only 69%, followed by the 01 TNKY, 02THM, and 03 TCN in the range 
of 74–77%.

There were statistically significant differences in the residential land prices across all the four 
classes of urban hierarchy as a whole in 2016, while most of the paired differences between 
classes were barely statically significant. The median residential land prices in the core towns/
districts, on average, were twice as high as those in the sub-cores and local cores (Table 4). 

City region-wise, the highest land prices were located in the two northern city regions, that 

is, the 01 TNKY and 02 THM, doubling that of the 03 TCN and 05 KP. However, the overall 
differences across the city regions are not statistically significant.

5. Panel data regression: the relationships of urbanization with 

green coverage rate and land price

Two separate panel data regression analyses are conducted to assess the relationships of 

urbanization with the green coverage rate and the land price, respectively. This section goes 

beyond the previous bivariate analysis by adopting the multiple regression of panel data 

analysis to control the impacts of other possible factors. The panel data analysis is selected 

concerning the data structure of these empirical analyses, which contain data for some 350 

towns/districts of Taiwan main island for the years 2001, 2006, 2011, and 2016. The town/

district is selected as the analysis unit, since a larger spatial unit of county/city divides Taiwan 

main island into 19 units, providing less homogeneity of urbanization and an insufficient size 
of units for multiple regression. On the other hand, smaller spatial units do not provide data 
for all the required variables for the analysis.

City region 01 

TNKY

City region 

02THM

City region 03 

TCN

City region 04 

YCT

City region 

05 KP

City region 

06 HT

Totalb

Core $4488 $1460 $1314 $653 $1104 N/A $2,024a

Sub-core $718 $2406 N/A $963 N/A $936 $1145

Local Core $1825 $1968 $1060 $592 $788 $270 $1026

Others $787 $785 $499 $389 $445 $237 $499

Totalc $1954 $1655 $958 $649 $779 $481 $1256

Data source: Calculated from Ref. [11]. The land prices have been adjusted by the consumer price index to the year 2001.
aThe mean difference with the “Others” is significant at the 0.05 level in pairwise comparison in ANOVA.
b

Table 4. Two-way ANOVA median residential land price by urban hierarchy/degree of urbanization and by city region 
in Taiwan, 2016 (US$/M2).
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In the two panel data analyses, the primary relationships to evaluate are how the degree of 

urbanization associates with the green coverage rate and the land price, respectively (Eqs. (1) 

and (2)). In both these two panel data models, two population-derived variables are adopted 

to quantify the degree of urbanization. One is the population size of a city region that quanti-
fies the overall degree of urban agglomeration for the whole city region; the other is the popu-

lation density of a town/district that quantifies the degree of urbanization within a sub-area 
of a city region. The regression models do not necessarily mean to prove the existence of a 

cause-effect relationship between the urbanization variables and the green coverage rate and 
the land price, but a correlation that proves the trend between two variables without a clear 

cause-effect explanation; the cause-effect relation may only exist given, at least, theoretical 
foundations. In these cases of the population size of city region, there may exist a correlation 

green coverage rate and the land price; nonetheless, their theoretical cause-effect relationship 
is not clear.

Another definition of the city region for Taiwan, consisting of 36, is adopted over the 6 city 
region version, since it is more based on the daily activity rather than some political concern 

of the latter (Table 5). In both of the panel data regression models, region and county/city 

variables are incorporated as control variables to single out the net relationships of urbaniza-

tion variables (Table 5). Curve estimations between the dependent and independent variables 

are first conducted before constructing the two panel data regressions to explore the most 
appropriate curve forms. In the panel data analysis, both fixed- and random-effects models 
are developed first, and then, the Hausman test is conducted to select the most appropriate 
model.

Variables Mean S.D.

Dependent variable

Green coverage rate 
t*
 (Town/District) 78.2% 24.6%

Inflation-adjusted land price 
t
 (USD/m2; Base year: 2011)(Town/District) US$1078 US$1497

Independent variable

Degree of urbanization

Population density 
t
 (Persons/km2) (Town/District) 2874 5810

Population 
t=2001

 (City region, N. = 36) 1,610,953 1,953,901

Region, county/city

Region (0/1)(North, Central, South, East, N. = 4) N/A N/A

County/city (0/1)(N. = 19) N/A N/A

No. of observations: 1396 (N. of towns/districts: 349; No. of time periods: 4 (2001, 2006, 2011, 2016).*t stands for time 

period.
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5.1. Panel data regression of green coverage rate

Eq. (1) shows the panel data regression model of the green coverage rate:

  Green coverage  rate  
t
   =  a  

0
   +   a  

Urban
     ∗   X  

Urban,t
   +  ( a  

Rgn
    X  

Rgn
   +  a  

Cty
    X  

Cty
  )  + e  (1)

where green coverage rate
t
 is the green coverage rate of a town/district for the time period t; 

X
Urban

 is the array of the variables quantifying the degree of urbanization; X
Rgn

 and X
Cty

 are the 

arrays of region and county/city variables, respectively; a
0
 is the interception, and a

Urban
, a

Rgne
, 

and a
Cty

 are coefficients, and e is the residual.

Both the fixed-effects and random-effects models of the panel data analysis are developed and 
Table 6), the fixed-effects model 

Panel data regression, fixed-effects OLS regression model

Dependent variable Green coverage rate 
t
 (Town) Green coverage rate 

t
 (Town)

Independent variable B (Sig.) Std. Err. B (Sig.) Std. Err.

Degree of urbanization

Pop. density 
t
 (Town) −2.69e-06(0.02) 1.14e-06 −0.000032(0.00) 7.18e-07

Pop. 
t=2001

 (City region) −1.19e-07(0.00) 1.44e-08 −8.16e-08(0.00) 9.17e-09

Pop.2 
t=2001

 (City region) 5.56e-15(0.00) 1.58e-15 1.11e-14(0.00) 1.94e-15

Region, county/city

Hsinchu County 0.111(0.00) 0.020

Taoyuan County 0.094(0.00) 0.020

Taipei City 0.081(0.05) 0.041

New Taipei City 0.076(0.03) 0.034

Chiayi County 0.076(0.00) 0.016

Nantou County 0.056(0.01) 0.021

Yilan County 0.047(0.02) 0.021

Taichung City 0.038(0.01) 0.015

Hsinchu City −0.103(0.01) 0.036

Tainan City −0.025(0.04) 0.012

Constant 0.92 (0.00) 0.015 0.898(0.00) 0.007

Overall Prob. > F = 0.00

R-sq.: Within = 0.15

Between = 0.30

Overall = 0.30

Hausman Test: P-value = 0.00

Prob. > F = 0.00

Adj. R-sq.: 0.75
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is selected over the random-effects model. The fixed-effects model shows that both the popu-

lation size of the city region and the population density of the town/district are statistically 

significant factors negatively associated with the green coverage rate. This finding indicates 
the higher the population size of a city region or the higher the population density of a town/

district, the lower is its green coverage rate, ceteris paribus. The causal relationship between 

the population density of the degree of urbanization and the green coverage rate may occur 

primarily due to higher competition in high-density areas between the demand for green 

open space and other land uses, such as residential, commercials, and road and parking of 

the built environment.

The fixed-effects model, however, does not reveal the content of the fixed effects regarding 

Tables 5 and 6). An OLS 

Panel data regression, random-effects

Dependent variable ln(Inflation-adjusted land price 
t
 (USD/m2; Base year:2001)(Town)

Independent variable B (Sig.) Std. err.

Degree of urbanization

ln (Pop. density 
t
 (Town)) 0.31(0.00) 0.020

Pop. 
t=2001

 (City region) 3.29e-08(0.00) 6.44e-09

Region, county/city

Taipei City 0.48(0.00) 0.06

Hsinchu City 0.29(0.00) 0.08

Hsinchu County 0.28(0.00) 0.05

Yilan County 0.24(0.00) 0.05

Miaoli County 0.21(0.00) 0.04

Taoyuan County 0.18(0.00) 0.04

New Taipei City 0.16(0.00) 0.05

Nantou County 0.13(0.01) 0.05

Yunlin County 0.11(0.00) 0.03

Taichung City 0.07(0.00) 0.03

Constant 3.22(0.00) 0.05

Overall Prob. > F = 0.00

R-sq.: Within = 0.04

Between = 0.83

Overall = 0.76

Hausman Test: P-value = 0.15

Table 7. Land price random-effects panel data regression model.
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regression model shows that there exist fixed differences in the green coverage rates among 
counties/cities (Table 6). Some counties/cities in the Northern Taiwan such as Hsinchu 

County, Taoyuan City, Taipei City, and New Taipei City had higher green coverage rates 

than the average county/city. In contrast, Hsinchu City and Tainan City had lower green 

coverage rates.

5.2. Panel data regression of land price

Eq. (2) shows the panel data regression model of the land price:

  ln  (Inflation‐adjusted land  price  
t
  )  =  a  

0
   +   a  

Urban
     ∗  ln  ( X  

Urban,t
  )  +  ( a  

Rgn
    X  

Rgn
   +  a  

Cty
    X  

Cty
  )  + e  (2)

where the inflation-adjusted land price 
t
 of a town/district is the median land price adjusted 

by the consumer price index to year 2001; X
Urban

 is the array of variables quantifying the 

degree of urbanization; X
Rgn

 and X
Cty

 are the arrays of region and county/city variables, 

respectively (Table 5); a
0
 is interception, and a

Urban
, a

Rgn
, and a

Cty
 are coefficients, and e is the 

residual.

Based on the curve estimation where power relationship has the highest R-squared value, log-

log model is adopted for between inflation-adjusted land price and population density in the 
panel data regression. Both fixed-effects and random-effects models are developed, and then, 
the random-effects model is selected, since the p-value in the Hausman test was insignifi-

cant (Table 7). The random-effects panel data regression shows that the higher the degree of 
urbanization, the higher is its median land price, as supported by the statistically significant 
positive coefficients of the population density of the town/district, as well as the population 
of the city region. The high density of a town/district may cause high land prices due to the 

high demand for residences, which is also demonstrated in the bid-rent theory [18] that the 

high rent corresponds with the high building height or population density [19]. In addition, 

the median land prices of the towns/districts of some cities are higher than the others such as 

Taipei City, Hsinchu City and County, Yilan County, etc.

6. Cluster analysis of towns/districts, by green coverage and land 

price

This section is intended to classify the towns/districts in Taiwan based on their level of 

greenery and land price to address possible challenges or opportunities in the wake of 

urbanization.

The characteristics of towns/districts selected for the cluster analysis are the level of green 

coverage rate, residential land price, and their change patterns; the method is the two-step 
cluster analysis. The green coverage rate and residential land price are two important aspects 

of the standard of living that are highly associated with the level of urbanization. Adopting 

these two aspects to classify the towns/districts is intended to reveal the types of quality of 
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life under different levels of urbanization. Additionally, not only the level of green coverage 
rate and residential land price but also their change patterns are adopted to provide both the 
latest levels but also changing fashions, respectively. Then, regarding the method of cluster 

analysis, the two-step cluster analysis and two traditional cluster methods hierarchical and 

k-means are all tried. The final selection of the method is the two step due to its results com-

ply with expectation and theoretically sensible and reasonable to interpret.

Based on the levels and change patterns of greenery and residential land price, the towns/dis-

tricts in Taiwan are classified into four clusters: (1) Gray expensive urban core; (2) green mod-

erately priced suburbs; (3) green lowly priced suburbs; and (4) green rural areas (Table 8). 

Cluster Green coverage 

rate, 20161

Residential median land 

price, 20162 (USD/m2)

Annual percentage 

point change of 

green coverage rate, 

2001–20161

Annual percentage 

point change of 

residential median 

land price, 2001–20162

Mean (%) S.D. (%) Mean S.D. Mean (%) S.D. (%) Mean (%) S.D. (%)

1. Gray expensive 

urban core

15 10.2 US $5016 US $4515 −0.09 0.13 2.1 3.68

2. Green 

moderately-priced 

suburbs

75 16.5 US $2349 US $1831 −0.16 0.12 4.8 2.61

3. Green lowly-

priced suburbs

75 15.1 US $733 US $410 −0.31 0.12 −1.4 1.60

4. Green rural areas 90 7.4 US $525 US $330 −0.06 0.08 −1.4 1.48

Total 76 24.0 US $1269 US $62,577 −0.15 0.15 −0.17 3.03

1Data source: Calculated from the Landsat [11] with NDVI.
2Median urban land price of residential district inflation-adjusted to year 2011 [16].

Table 9. Cluster distribution and descriptive statistics of towns/districts in Taiwan, by green coverage rate, land price, 

and their growth patterns.

2016 (Persons/km2)

S.D. Range (Persons/km2)

1. Gray expensive urban core 29 (9%) 18,894 7279 3455–39,203

2. Green moderately priced 

suburbs

45 (14%) 3085 2999 19–12,476

3. Green lowly-priced suburbs 95 (30%) 2006 2278 90–14,071

4. Green rural areas 143 (46%) 639 1114 8–10,635

Total 312 (100%) 3105 5881 9–39,203

F-test: 331.607, P-value: 0.000.

Table 8. ANOVA of town/District’s population density, by cluster, 2016 Taiwan.
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The first cluster is coined as the gray expensive urban core, since most of them were located in 
the urban core with the lowest green coverage rate of a mean of 15%, and the highest median 

residential land price (Table 9, Figure 10). This cluster is the most urbanized class, composed 

of less than 10% of all districts/towns with valid data, most of which were the most urban-

ized core constituents of the most developed city regions of the 01 TNKY and 05 KP, as well 
as some in the core of 03-TCN. In the last 15 years of 2001–2016, the green coverage rate of 
this cluster descended, and the median land prices were on the rise with an annual mean of 

2.1 percentage points, only second to the second cluster of green moderately priced suburbs 

detailed below.

Figure 10. Cluster distribution towns/districts in Taiwan, by green coverage rate, land price, and their growth patterns.
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The other three clusters all had higher green cover rates of 75% or more and lower residen-

tial land prices than the gray expensive urban core, indicating better natural environment 

and lower housing cost, but lower accessibility to the urban core (Table 9, Figure 10). 

The second cluster coined as the green moderately priced suburbs mostly contains dis-

tricts/towns adjacent to the cluster gray expensive urban core, including some second-tier 
urban cores of the city region. Its median residential land price was only some half of 

the cluster gray expensive urban core, but its annual growth percentage point was the 

highest at about 5%. These inner parts of city regions of the cluster gray expensive urban 

core and/or cluster green moderately priced suburbs were the only urban areas with ris-

ing median residential land prices. Then, the cluster green lowly priced suburbs mostly 

lied further out from the urban core with significantly lower residential median land 

areas unsurprisingly with the highest green coverage and lowest residential median land 

prices.

Overall, these four clusters comply with the degree of urbanization to some degree, the higher 
the degree of urbanization, the higher the residential land price and the lower the green cover-

age rate. The mean population density of the cluster gray expensive urban core was as high as 

about 19,000 persons per square km in 2016, followed by a large gap, by the second tier of the 

two clusters of green suburbs, and the green rural cluster (Table 8).

7. Conclusions and policy implications

Similar to many other fast urbanizing countries, Taiwan’s urbanization grew considerably 

between 1976 and 2016 from 61 to 80%. Meanwhile, the population grew abruptly by 42%, 

which made sustainable urbanization an even more crucial issue, since the total urban popu-

lation was enlarged at an even higher pace. This research focuses on the social and environ-

mental aspects of sustainable urbanization regarding housing affordability and natural living 
quality in the urban areas, respectively. The panel data analysis demonstrates the negative 

associations between the green coverage rate and the degree of urbanization represented by 

the population density of the sub-area of a city region-town/district and the population size 

of the city region. Moreover, urbanization’s relationship with the median land price is posi-

tive. In summary, degraded urban greenery and increasing residential land prices came along 

with the urbanization in Taiwan between 2001 and 2016.

Degraded living quality regarding urban greenery and housing affordability seems to come 
as the cons of urbanization, largely driven by the rural emigrants seeking for the better level of 
service in urban areas. Arguably, in the sense of “user pays,” the local scale impacts of human 

development on the natural environment may be reduced to some degree for the other non-

human stakeholders by confining human developments in urbanized areas, and there is still 
needs to resolve the degraded standard of living in urban areas. Other than a whole bunch 
of potential resolutions of raising the level of urban greenery by planting wherever possible, 

horizontally or vertically, on the ground or roof, two specific types of urban planning tools 
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are emphasized here that may essentially affect accessible green space on the ground or in 
the buildings. The first one is to delicately reconsider building coverage rates for various 
land uses to allow the most possible natural plant-friendly ground, when the buildings are 

renewed; this will lay up the fundamental permeable settings in the urban area. The second 
is to consider the building setback policy to provide gardens located in the mid- or low-floors 
of a building, which are highly accessible to building users or even pedestrians. This type of 

mid-air gardens may also avoid strong sunlight blocked by the building itself. Due to their 

vertical locations in the building, as opposed to the roof garden, it can be more accessible and 

function better as a community mini-park.

Rising residential land/housing prices is probably a common, tough issue for many cities or 

greater Taipei area of the 01 TNKY city region, but the least possible expectation during the 
peak was for the housing prices to decline, much of which was to blame the situations and 

policy that allow housing units to become an investment commodity.

The low green coverage rate and high land price in the highest urbanized urban core may 

cancel out the benefits of urban agglomeration as in the high service level of public infra-

structure. Whether the low mean green coverage rate of 15% of the gray expensive urban core 

cluster leads to unhealthy, unpleasant, inefficient, or unbalanced urban settings may not seem 
as initiative as it looks or even sensible to the general public. However, this condition may be 

planners’ responsibility to think ahead to consider if this level has already passed the accept-

able threshold. This greenery issue may also be further complicated by the concerns over 

when to adopt green cover land area as a whole or per capita green coverage when assessing 

various aspects. For instance, when considering the conversion of carbon dioxide produced 

by residents into oxygen needed for each resident, the index of per capita green coverage may 

make more sense. In contrast, the overall green coverage may serve to evaluate the natural 

landscape or streetscape in the urban settings.

Finally, based on the cluster analysis, the green moderately priced suburbs and green lowly 

priced suburbs had better greenery but lower residential prices. Governments may employ 
policies to leverage higher level of infrastructure in these towns/districts or even to establish 

another urban core to formulate a polycentric urban form. A rule of thumb for the govern-

ment is to take advantage of the urban agglomeration by providing better infrastructure in 
needed urban areas and smartly drive residents to move to the places with less congestion 

issue. On the other hand, for the individuals or households, the suggestion would be to recon-

sider if some greener districts or cities with cheaper housing may serve their needs; however, 

they have never popped up on their residential wish list.
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Abstract

Urbanisation greatly changes the natural environment—city growth may cause urban 
sprawl, increasing land consumption and infrastructure demands, with consequent built 
and natural environments degradation. To face this challenge, the supporting capacity of 
the natural environment needs to be addressed in the urban planning process. This chapter 
will particularly discuss urban drainage role in the planning context, integrating engineer-
ing, urbanism and landscaping in order to set the basic conditions towards a sustainable city 
development. Urban drainage systems (and the related urban rivers) play a crucial role in 
city planning, once it intermediates the needs of the built environment, providing safe areas 
free from flooding, and the demands of the natural environment, giving space and passage 
to floods. This particular feature gives to the drainage system a spatial structuring charac-
teristic and it provides opportunities to revitalise city areas, improving biodiversity and 
recovering environmental values. On the other side, a city open spaces system is the main 
reserve of urban areas for sustainable urban drainage interventions. The adequate land use 
planning and consequent management of these open spaces shall be in the core discussion 
to produce integrated and functional solutions for built and natural environments.

Keywords: urban flooding, urban drainage, urban growth, supporting capacity, open 
spaces, multifunctional landscapes

1. Introduction

The process of city growth and the increase of urban population, during the twentieth cen-

tury, led to a series of preoccupations with regards to the capacity of sustaining this growing 
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process. There is a real threat of an environmental degradation. In 1968, the Club of Rome 

published a report where “limits of growth” were questioned [1] and highlighted the preoc-

cupation with the existing economic models. In June 1972, the Conference of the United Nations 

on the Human Environment took place in Stockholm, Sweden, and brought together partici-

pants from 110 countries [2]. Starting from this meeting, known as the Stockholm Conference, 

the preoccupation with regards to environmental questions was voiced for the first time on 
a global scale. In 1987, the Brundtland Report called “Our Common Future” [3] elaborated by 

the World Commission on Environment and Development, created by the United Nations 

(UN), formalised the concept of sustainable development, foreseeing a more intelligent and 

rational production. The concept of sustainability, necessarily, needs to be seen within three 

basic pillars: social, economic and environmental. Sustainable urban solutions have to be able 

to attend the necessities of the society, preserving the environment and being economically 
viable as a whole and in the long run. Any disequilibrium of one of those pillars, which give 

support to the concept, can take to non-sustainable situations.

the Conference of the United Nations on the Environment and Development, known as Rio 92 or 

Eco 92, realised in Rio de Janeiro in 1992 [4]. The elaboration of the Agenda 21 [5] was perhaps 

the main result of this meeting. It defined objectives to promote sustainable development of 
human settlements, including: providing adequate housing for all; improving human settle-

ments management; planning a sustainable management of land use; and promoting the pro-

vision of an integrated environmental infrastructure, targeting topics such as water, sewage, 

drainage and solid waste.

According to Lindholm [6], urban planning shows a utopic aspect that has to be complemented 

with a practical “here and present” perspective. To do this, it is necessary to identify what kind 

of spatial relations are being created intending to discuss and allow new future possibilities.

Today, we already fully understand that an urban planning cannot be separated from the environ-

mental planning. Cities managed without integrated planning suffer with the loss of ecosystems 
and of its environmental and cultural values. Inundations, pollution, scarcity of water, shortcom-

ings in public health, among many other grave problems, arise from this lack of integration.

Without intending to create an only definition for a so wide and complex topic, it is here under-

stood that a sustainable city is the one which meets the social functions that are expected from 

it, through time, in a viable way and with a general positive balance, reaching an adequate 

quality of life for all its inhabitants, guaranteeing the distributed access to essential services 

and recourses, respecting the limits imposed by the natural system, being resilient and secure.

The definition of resilience [7–15] is a concept very much present in urban discussion nowadays 

[16, 17]. The resilience involves, generally (and with various interpretations, depending on the 

topic of the discussion), three main points: the capacity of a system to continue resisting, even if 

submitted to stressing conditions beyond those projected; the capacity of the system to recuperate 
functions in a fast way, continuing to offer its services; and the capacity of the system to recuper-

ate structurally from suffered damages [18]. Meerow et al. [19] stated that resilience is a dynamic 
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socioecological and sociotechnical patterns that go through multiple spatial scales. In this way, 
the concept of resilience approaches the discussion about sustainability [20–23] as both concepts 

involve an integration through time, in which the systems must continue to function and provide 

adequate services today, as well as for future generations, submitted to future challenges.

McHarg [24] points to the necessity of considering landscaping as an ecological system, where 

the prime concern refers to the integration of social and environmental issues within the plan-

ning process. This author proposes a new perspective for a healthy relation between nature 

and the built environment, understanding the processes that shape landscape and using them 

as the basis for an efficient planning process. Rogers [25] poses that at the same time, the cit-

ies reunite and potentiate physical, intellectual and creative energies, they tend to damage 

natural environment configuring a threat to the very humanity itself. Today, cities are better 
known by their conflicts and problems than their potentialities. Harvey [26] highlights that 

the right to do (and redo) the cities (and ourselves), evolving towards a better place, is one of 
our most precious and neglected rights.

-

able [27–29]. Among these discussions, one that has been gaining space refers to the compact 

and diverse city concept [30–35], in which the networks of the infrastructure become less 

extensive and more efficient, less land is consumed and the reduced commuting consumes 
less energy. Burgess [36] defines the compact city as the one that results from a set of politics 
seeking to increase the constructed area and the demographic densities, to intensify the eco-

nomic, social and cultural urban activities and manipulate the size, the form and the urban 

structure as well as the housing systems. This concept benefits from the environmental, social 
and global sustainability that derives from the concentration of urban activities. It is further 

believed that in more compact and diverse cities, social relations are intensified, increasing 
the process of democratisation. For Rogers [37], a city is sustainable when it is fair, pretty, 
creative, ecological, easy, compact, polycentric and diversified. Nevertheless, if extremely 
densified, cities that are more compact may lead to greater local negative ecological impacts, 
when compared with that resulting from less compact cities. There certainly is a limit for 

compaction, equalising the supporting capacity of the natural environment and the optimisa-

tion of the built environment. In this way, a balance shall be established between the built and 

the open spaces, defining the degree of city compaction affecting its sustainability. The idea 
is not creating an absolute rule, as all cities are cultural representations of huge magnitudes. 

However, a point of equilibrium for each city in its diversity must be found.

In this discussion about balancing built and open spaces, urban flooding arise as an element 
of disruption of urban services, of infrastructure networks, of housing and health systems. 

When urban rivers and drainage networks fail, leading to flooding, they produce urban 
negative consequences and, very often, irreparable socioenvironmental damages. However, 

although extensive flood control structures have been implemented in the recent years (e.g. 
dikes, dams, canals, pump stations, etc.), cities everywhere remain vulnerable to floods [38]. 

Ecologically, more sensitive mitigation approaches have appeared in recent years, encourag-

ing flood hazard mitigation to work with nature [39]. Grizzetti et al. [40] remember that a 
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urban drainage is an infrastructure system that occupies a key position interfacing natural 

demands (rainfall-runoff transformation and consequent discharges) and city needs (healthy 
neighbourhoods and city functions maintenance).

2. The supporting capacity as a limiting factor for urban planning

The capacity of the environment to support a human settlement can be defined as the maximum 
elasticity to which the environment can be subjected, without any irreversible degradation, to 
attend the urban necessities that will be developed systematically in this space.

The process of urbanisation, generally, demands multiple and continued efforts to satisfy 
the necessities of the population. However, this process, if not planned or barely conducted, 

causes harmful effects on the environment, resulting in a possible degradation of the natural 
environment as well as of the built environment. As the urban population increases, vari-

increase. Many times the concept of supporting capacity is reduced to the capacity of the 

infrastructure to continue meeting the demands of the city development. However, from a 

systematic point of view, one must not overlook the wider concept of the supporting capac-

ity and the perception that the built environment needs to respect the limits imposed by the 

natural environment.

As introduced earlier, the urban drainage system occupies a very specific position in this dis-

cussion. This system lies between the demands of the natural environment and the necessities 

of the built environment: the rain that falls on a watershed and needs to flow through the city 
is able to find its way within the drainage system, which offers, in turn, secure conditions for 
the city to occupy the natural space [41]. Therefore, the city may coexist with the natural water-

shed in a healthy combination [42]. Nevertheless, the very urbanisation modifies the natural 
space and the way in which this space responds to the water cycle, aggravating floods [43, 44]. 

In this way, environmental issues specifically linked to the urban drainage becomes more evi-
dent, once failures of the drainage system affect the functioning of the city, reflecting in vectors 
of environmental degradation. These are key questions for urban planners and decision mak-

ers, since they are structuring factors for planning the space and its sustainable occupation.

However, it is frequent that cities exceed the supporting capacity, consuming more than necessary 

(depleting natural recourses and expanding over the watershed space, modifying land use) and 

creating more and more waste (which the environment cannot absorb). The areas of a city which 

usually are exposed to more extreme conditions, with high densities of population, occupation 

and construction, with fewer open spaces and higher inundation risks, are also usually related 

with the more critical shortcomings of infrastructure and higher economic and social losses.

When modifying nature, without considering the supporting capacity of the environment, by 

means of unrestrictedly building and spreading urban growth, the population suffers with the 
reduction of environmental quality, which could directly and/or indirectly interfere in the quality 

of people’s lives. Some consequences of this development, such as vegetal cover removal, erosion 
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deposition of garbage and sewage, among others, bear witness to the disequilibrium between the 

cities growth and the functional aspects of the natural environment.

Several studies have been realised and a series of efforts have been made to establish indicators 
for sustainable development. In 1996, for example, the Commission of the United Nations for 

Sustainable Development announced a project to evaluate and compare the degree of sustain-

able development for each country, generating indicators [45]. Since then, several indicators 

have been developed to evaluate the results of urban growth. Such indicators generally include 

social, economic, environmental and institutional categories. Among those, the “environmental” 

dimension ought to be the prime preoccupation in the pursuit of an environmentally healthy 

and sustainable development.

Kyushik et al. [46] discussed the urban carrying capacity as a determinant for the developing 

density and presented some authors who also discussed the supporting capacity concept. In 

this discussion, they firstly cite Chung [47], who stated that the ecologists generally consider 

the supporting capacity as the maximum number of individuals who can be supported by the 

. 

Planners generally define the supporting capacity as the capacity of a natural or artificial sys-

tem to absorb the growth of the population or the physical development without considerable 

degradation or damage [48]. It is also defined as the level of human activities, growth of the 
population, land use and physical development, which could be sustained by the urban envi-

ronment without causing serious degradation and irreversible damage [49]. This concept is 

based on the assumption that a certain environmental thresholds exists, which, when crossed, 

can cause serious and irreversible damages to the natural environment [50].

Considering the discussion developed and the definitions cited above, one can conclude that 
the limit of the supporting capacity of the environment is interlinked with the social environ-

mental quality of the urban space. For this reason, the urban planning process and the discus-

sion about socioeconomic, morphologic and functional aspects of the city have to incorporate 

the supporting capacity concept.

3. Open spaces system

The urban planning integrated with the environmental planning (or, simply, the urban environ-

ment planning), can provide an improvement in the quality of life in cities. However, this is only 

possible when some concepts and relations are understood linking environment, open spaces 

system and cultural landscapes.

Tuan [51] stated that “environment sustains us as creatures; landscapes display us as cultures”. 
Schlee et al. [52] stressed that “the landscape is a product deeply impregnated with culture, 

which results in processes of continuous alterations, dictated by biophysical, social, economic 

and political factors, reflected in the forms of occupation and management of the territory”.

Therefore, a landscape, and especially the urban landscape, is not only a cultural representa-
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an integrated way, but not without conflicts during time. For Meining [53] “any landscape is 

so dense with evidence and so complex and cryptic that we can never be assured that we have 

read it all or read it right”.

In this way, every urban landscape is distinct, but all of them consist of built spaces and non-

built spaces—these last ones are the open spaces free of construction, either being public or pri-

vate. Macedo and Queiroga [54] understand the open space system as “all the elements and the 

relationships that organise and structure the set of all open spaces of a determined urban area 

– from intra-urban to regional scale. It is basic in the existence of the city, because it is funda-

mental in the performance of the day to day life and in defining the urban form and the image of 
the city, reflecting its history and memory, participating in the public and private life spheres”.

Rego et al. [55] define the open urban spaces system in: (1) environmental open spaces; (2) 
social interaction open spaces, such as parks, squares or gardens; (3) open spaces of infra-

structure character, such as a strip of land protecting transmission lines; and (4) open spaces 
of mobility character, such as streets, roads and avenues.

various parts and structured elements, leaving the first marks on the land which will define a 
human settlement. Therefore, the occupation/construction of a city is initiated by an element 
that afterwards will be named as an open space, which defines not only the border between 
what is public and private, but also where the largest part of the urban network infrastructure 

will be implemented.

It has to be pointed out that, at times, the open urban spaces are only apparently free of con-

struction as the substratum is occupied by large structures such as metro, underground roads, 

garages or even canalised rivers.

In this way, it is understood that the open spaces system of a great number of consolidated 

cities is not the result of an environmental urban planning but the result of a process of hun-

dreds or thousands of years which today, many times, is insufficient or inadequate to couple 
with the socioenvironmental demands.

Generally, the segmented organisation of a territory, without the proper preoccupation regarding 

its recourses, especially referring to open spaces, is one of the facts that characterises the urban 

sprawl of current metropolis. Urbanisation spreads without borders and without giving atten-

tion to the collective necessities, favouring a general disequilibrium [56]. A systematic and inte-

grated vision is necessary, associating environmental questions and urban infrastructures. Public 

politics should be concerned in re-evaluating land use and the occupation, seeking to adopt more 

resilient and sustainable urban standards. The open spaces always present a great possibility 

to suffer and generate transformations (positives or negatives) in the landscape shaping (or re-
shaping). Urban spaces are simultaneously the most promising and most fragile spaces, because 

they are subjected to inadequate or disorderly occupation, when their fundamental importance 
is not recognised [24].

This fact occurs in many cities in developing countries, from small town to metropolis, 

where open spaces, generally of environmental character, are ending up being occupied in 

Urban Agglomeration: From Theories to Practice 

63



an irregular manner by substandard dwellings of a population economically and socially less 

favoured, such as on hill sides, mangroves areas, the margins of rivers and lakes, following 

an accelerated population growth which is neither accompanied by a socioeconomic devel-

opment, nor by an adequate infrastructure support.

A strategy to restrain the irregular occupation of those open spaces is to have them recognised 

as public structures with a social and patrimonial value, that is, spaces for congregating social 

groups, while appropriate for collective leisure.

Chiesura [57] argues that urban parks and open green spaces are of strategic importance for 

the quality of life of our increasingly urbanised society. Increasing evidences indicate that the 

presence of natural assets (i.e. urban parks and forests, green belts) and components (i.e. trees, 

water) in urban territories contributes to the quality of life in many ways. Besides, impor-

tant environmental services such as air and water purification, wind and noise filtering, flood 
control or microclimate stabilisation, natural areas provide social and psychological services, 

Nevertheless, the lack of open spaces in consolidated cities is frequent, as it is frequent that 

such spaces are not adequately foreseen in still growing cities. To minimise the conflicts in the 
demand for space, the concept of multifunctional spaces could be the answer to optimise the 

landscape design, associating the open spaces with the urban occupation demands, without 

losing any functions already existing today.

A multifunctional space is an urban intervention which foresees more than just one use for 
the same place, guaranteeing a more rational use of the urban land. Different uses can target 
infrastructure aspects, such as urban drainage, as well as trying to overcome social privation, 

such as the absence of leisure areas.

It is necessary to densify cities into more compact arrangements, associating diverse and mul-

tiple uses to urban spaces, intending to optimise commuting and the several services offered, 
without eliminating open spaces. These spaces need to be preserved as a basic support for a 

city capable of meeting the environment, infrastructural and social needs, corroborating with 

the very concept of sustainability, also emphasising the well-being and the quality of life of 

the population.

In this way, the solutions for urban drainage problems should be able to integrate the 

response to urban demands regarding sanitation purposes with the supporting capacity of 

the urban watershed, using multifunctional spaces to reorganise the water cycle functions 

that were modified by urbanisation. Spirn [58] criticises superficial urban projects, created 
only to beautify the city with an artificial nature. For the author, radical changes are neces-

sary, seeking to recognise and point out a series of damages, mainly in artificialized urban 
rivers, which do not respect the necessities of nature and do not consider the river as an 

essential strength that permeate the city. According to Naveh [59], one of the premises for a 

holistic concept of multifunctional landscapes is that these represent a complex interaction 

between nature and culture.
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In this context, all the aggregated values of landscapes should be encouraged: their environmen-

tal aspects; their cultural, social and economical values; defending the environmental legislation 
as part of the regulation for a proper urban expansion, with the purpose of bringing the concept 

of supporting capacity to the discussion of urban and environmental planning.

4. Storm waters and cities

Water is probably the most essential natural resource and relates to diverse aspects of human 

settlements, from the beginning of the history, ranging from water supply, irrigation, trans-

portation, territory defence, among others. From ancient times, man always looked for 

locations where the environment could give support for his survival. Great part of the first 
civilisations developed along river banks or near lakes.

Any city, however, tends to introduce modifications in the land use patterns, which induce a 

the constructed areas, and many of the supervening consequences are related to urban waters, 

in its wider sense.

Therefore, a paradox exists in the relationship between water and city [41]. Water is a funda-

mental resource, which is present in the history and in the origin of cities, but is also a prob-

lem in modern cities. Actually, for this reason, it is not unusual that cities turn their back to 

the rivers, which are degraded, polluted, frequently seen as sewage conveyors or buried and 

hidden. Most urban rivers are lost as landscape elements, impoverishing the urban biodiver-

sity and degrading also the urban vicinity [41, 42].

The rivers, in general, can be considered as a synthesis of the territory to which they are 

connected [60]. Or rather, the actions which take place in the watershed reflect in the fluvial 
corridor. In this way, it can be said that artificial rivers, degraded, suffering from flooding 
and degrading the city, end up to be the product of the urban environment itself, which have 

dis-characterised the natural processes of their hydrographic basin.

The urbanisation process strongly alters the natural water cycle and the responses of the flu-

vial systems on the built environment. The removal of vegetation, the increasing impervious-

ness that follows this process, the regularisation of the surfaces and the introduction of an 

artificial drainage system modify significantly the superficial flow patterns, producing larger 
flow volumes and peak flows, reducing the base flow discharges and the time of the con-

centration of the basin. A frequent result of this process is the aggravation of flood problems 
observed in cities and the loss of fluvial ecosystems.

Urban flooding is strongly related with land use questions. Typical urban factors, such as hous-

ing shortage, for example, turn up as aggravating agents. The irregular occupation of riverine 

areas, which should be used as river space, increases flooded areas and flooding consequences. 
The floods, in turn, are responsible for the degradation of the urban built environment, interfer-

ing with various other urban systems. They generate damages to structures and urban equip-
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and services, interrupt the circulation of pedestrians and transport systems. They spread water-

borne diseases, affecting and being affected by the improper collection and disposal of urban 
sewage and solid waste. The system weakens as a whole, risks increase and a degradation cycle 

emerges [41]. In resume, the impacts of urbanisation are presented in Figure 1.

The main gaps of integration between drainage design and urbanisation can be cited in a resumed 

way, as given in the following:

• When the increasing urban growth is not controlled, the exceeding soil sealing by impervi-

ous surfaces generate superficial flows surpassing the capacity of the drainage network, 
going beyond those discharges foreseen in the project horizon;

• lack of urban growth control in the total project area (mainly upstream), advancing towards 
areas which were originally natural, also increases discharges in the drainage network;

• unsuitable occupation of the bottom of valleys and riverine areas, which should be pre-

served as flood plains, directly exposes the communities installed there;

• 

need to be understood as complementary and not independent systems.

A series of reciprocal interferences can be mapped between the drainage system and the other 

urban systems, producing faults in cascades, as in a house of cards.

Gusmaroli et al. [61] proposed the adoption of an ecosystem approach to face river problems 

in urban areas, with the objective to amplify the concept of Waterfront Design, in which one 
seeks to improve the value of the contact line between city and water surface, reintroducing 
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the watercourse in the city landscape. This approach widens the possibility of just using the 
presence of water as an aesthetic urban value, but also, and mainly, as an environmental 

asset, an element for connecting the city with nature. This possibility bring an opportunity to 

pursue the concept of fluvial restoration, from the point of view of an effective environmental 
improvement, looking at the city as a live organism in constant transformation and, due to 

this characteristic, capable to remodel and adapt itself (even if only partially, given all the 

modifications already suffered) to the demands of a more natural watercourse. The perspec-

tive to incorporate concepts of environmental sustainability into the process of rethinking the 

city growth opens a diversified set of opportunities to be explored as integrated solutions in 
a multidisciplinary context.

5. Urban drainage and open spaces

concept, the water needs to be rapidly conducted out of the watershed. This concept is very 

often responsible for transferring of flooding problems to downstream reaches situated in the 
lower river basin, without really solving the drainage problems.

Based on these questions, along the last decades, this traditional concept is being comple-

mented or replaced by concepts which seek systematic solutions for the basin, with distributed 

interventions, looking to recover flow patterns similar to those existing before urbanisation. 
The new approach joins preoccupation of sustainable management of the urban rain waters, 
integrating those with urban space solutions. Measures for storing waters and incrementing 

the infiltration appear to be the alternative to treat the principal modifications introduced 
by the city growth on the water cycle [41]. These are called compensatory techniques [62], 

because they seek exactly to “compensate” the effects of urbanisation on the water cycle.

A resumed history of the conceptual evolution of urban drainage solutions since the Industrial 

Revolution is presented as follows:

• The necessity of urgent sanitation appeared as a primary concern in industrial cities. As 

they suffered from serious problems of epidemics, this fact led to the development of hy-

gienist concepts in drainage projects, reflecting on the necessity to convey as fast as pos-

sible rain waters and sewage—storm drains and artificial canals were adopted as frequent 
solutions and the fluvial and sanitary systems worked together.

• The possibility of environmental degradation, the great rainfall intensities and the diffi-

culty to treat diluted sewage led to the concept of separate sewer network at the beginning 

of the twentieth century.

• Until approximately the 1970s, the drainage focus was set on the increase of conveyance 

and the necessity to improve flow conditions to face the increase of run off generated by the 
cities growth.
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• The vision that the traditional measures of canalisation tended to transfer problems became 

dominant.

• Compensatory techniques were adopted to control the distributed generated run off.

• On source controls to minimise run off were introduced.

• Quantity and quality of urban waters became integrated concerns.

• The concept of “sustainable drainage” was formalised, seeking to: minimise the transfer of 

flood problems in space (for other locations) and in time (for future generations); integrate 
drainage solutions with socioenvironmental aspects; increase the biodiversity in the built 
environment; revitalise the urban spaces and articulate with urban development plans.

• Rivers came to be seen as possible drivers for restructuring the urban landscape.

• Rain water started to be seen as a usable resource.

defined as:

• The reduction of inundation of a given region of interest and the minimisation of damages 

to the community installed in the drained basin.

• Integration with the urban developing plan, both in what regards land use questions and 

the future urban growth.

• Preservation of riverine areas, as well as the integration of drainage solutions within urban 

landscapes, in multifunctional combinations.

• Integrated evaluation of questions regarding quality and quantity of the urban waters.

• A compromise between the drainage of the interest region and final destination in the receiving 
water body, without transferring problems downstream.

It is necessary to evaluate the points of conflict between the natural and the built environ-

ment, searching for means of convergence, equalising conflicts and potentialising synergies 
and positive results.

The search for sustainability need to be kept in the conjugation of the social, economic and envi-
ronmental scales, with lasting results, as sustainability is a concept that directs the vision to the 

future. Therefore, a solution that intends to be sustainable needs to be able to stand and face future 

challenges. This characteristic converges to the concept of resilience. In this context, the sustain-

able development is capable to face future risks supported by the environmental resilience.

A set of premises is suggested here to direct the major drainage projects towards an effec-

tive solution for the urban flooding, considering an integrated vision for the river and the 
city, with a complementary (and not a competitive) approach regarding the natural and built 

environments. In this sense, the creation of “multifunctional spaces” allows that the open 

spaces remain in the urban cores already consolidated, associating hydrologic functions to the 
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The utilisation of these open spaces can permit:

• to control and reorganise flow discharges avoiding flooding;

• the introduction of fluvial parks, which may be used for leisure, landscaping and flood 
storage, besides helping the organisation of urban space and creating limits for the urban 

growth (preventing the city to advance over preservation areas);

• the increment of urban biodiversity;

• the use of green ways with the purpose of mobility and connection of the fragmented 

environmental areas;

• the valorisation of property in the neighbourhood;

• the eventual waterway transportation in specific cases.

embodies the concepts of fluvial restoration. Such an action foresees the environmental recovery 
of the fluvial corridor, as an additional component of the sustainable urban drainage approach, 
which, in turn, offers a distributed action in the watershed, reorganising flow patterns and 
restoring water cycle functions, preventing flooding.

6. Case study and discussion

Dona Eugênia River Basin (coordinates 22° 46′ 55″ S, 43° 25′ 44″ O) drains a watershed of 
18 km2 situated in the Rio de Janeiro metropolitan area, crossing two cities of a lowland region 

called Baixada Fluminense: Nova Iguaçu and Mesquita. Dona Eugênia River is about 10 km 

long. The first 4 km are located in Nova Iguaçu inside an environmental preservation area 
called Gericinó/Mendanha. The subsequent 6 km run through the city of Mesquita, crossing 

a dense urban area until its outfall at Sarapuí River. The preserved upstream area contrasts 

with the degradation found in the lower urban area, just a few kilometres downstream, and 
is a reference for restoration goals. The climate is hot and humid with a summer rainy season 

(Aw in the Koppen climate classification). It has an average annual temperature of 22°C and 
an average annual rainfall of 1700 mm [63]. Mesquita has approximately 170,000 inhabitants, 

according to the 2010 Brazilian Census [64] and the Human Development Index calculated for 

the city and reported by the United Nations Development Programme in 2010, is 0.737, which 

places Mesquita at the 850th on the list of Brazilian municipalities.

The city has many infrastructure problems. According to Ref. [42], in the most populated areas of 

the city, there are numerous shantytowns built illegally, without considering environmental risk 

factors, both in flat flood prone areas and on steep hillsides. Even in areas regularly occupied, 
urban growth was not controlled, urban occupation sprawled, open areas are few and infrastruc-

ture was not adequately provided. The main problems of this city can be summarised as follows:
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• Intense and irregular informal settlements on riverine areas;

• Lack of vegetation in the urban reaches of the river;

• Urban settlements in risk areas, including dwellings on river banks, where the houses act 
as dikes, “canalising” the river;

• Parts of the main river run canalised underground;

• Recurrent problem of flooding, which affects about 80% of the city population;

• Sedimentation at various points of the river;

• Discharge of sewage and solid waste into the river, with visible environmental degradation 

and health hazards;

• Scarce infrastructure;

In the recent past, the municipality has canalised Dona Eugênia River towards its upstream 

reaches in an artificialisation process that is stressing the environmental protection area, 
while configuring a loss of opportunity to integrate the river as an environmental asset in the 
urban landscape. The consequences are clear: less biodiversity, fewer open green areas, less 

leisure opportunities, greater environmental fragmentation (with consequent degradation) 

and worse floods downstream.

In the context of the discussion developed in the previous sections of this chapter, this case 

has motivated a research joining the necessity to find a flood control alternative, the aspira-

tion to revitalise the degraded urban areas and the goal to improve environmental condi-

tions. The main part of this research is concerned with the reorganisation of the open spaces 

system, providing a storage capacity to the urban drainage system, while using the river path 

as a corridor to integrate environment fragmented areas among them and with the upstream 

protected forest.

A mathematical hydrodynamic model—MODCEL—developed in the Federal University of 

Rio de Janeiro (UFRJ) was used to produce flood maps and then evaluate flood conditions. 
Due to the limited availability of data, the model calibration used the results of a previous 

study as reference. This study was, carried out by the Rio de Janeiro state government, in the 

revision of the Water Resources Master Plan of the Iguaçu-Sarapuí River Basin [63]. The catch-

ment’s outlet was one of the control points adopted for calibration purposes. At this point, 

the target discharge was 40 m3/s, and the modelled value reached 41 m3/s. To ensure a greater 

reliability, the calibration process also reproduced critical flooding points, based on historic 
events and population memories.

The diagnosis of the current situation considered as a design storm event with a 25-year 

return period, as recommended by the Ministry of the Cities, in Brazil. Figure 2 shows the 

flood map obtained for this situation, confirming the criticality of the flooding problem in 
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Mesquita. The mathematical modelling showed areas with inundation levels reaching more 

than 0.75 m in some places. The critical points are associated with the city centre region and in 

riparian areas with informal settlements. This antagonistic situation shows that both formal 
and informal urban areas suffer from significant flooding. The region located upstream the 
railway line is also critical, once the railway walls act as a barrier to runoff and urban storm 
drains are insufficient.

It is important to note that some flooding observed in the current situation is due to the lack of 
minor drainage in the basin. Thus, floods are retained in the plains and cannot reach the river 
rapidly. The city centre is greatly affected: both major and the minor drainage system fail. 
The plains near the river, at the city centre and a natural wetland downstream (where some 

informal settlements appear) show the highest flooding levels.

An interesting observation related to a past situation helps to illustrate the discussion. In the 

beginning of 1970 decade, only the area upstream the railway was urbanised (Figure 3).

Mesquita population, according to IBGE census for 1970 [65], was 93,678. Considering that soil 

imperviousness is proportional to the population density, it was possible to simulate floods in 
1970. Taking the same rainfall event of 25 years of recurrence period, flood maps simulated for 
1970 were compared with the ones obtained for 2010 (Figure 4). Two main observations arise 

from comparing these maps:

Figure 2. Current situation—flood map—recurrence period 25 years (Source: see Ref. [42]).
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• In the upstream area, although with fewer people and less imperviousness, floods were al-
ready significant (even if less important than today). This means that the space that should 
be occupied by flood flows was inadvertently occupied by the built environment.

Flood control is a matter of allocating spaces. Flood flows need space and the open spaces 
system of a city can be used to fulfil this aim.

After completing the flooding diagnosis, an alternative has been studied to solve this problem, 
with the expectation of avoiding river overflows and organising major drainage demands, 
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using the open space system to reorganise flow patterns, but also providing river improvement 
and urban revitalisation, increasing both natural and built environment values. This alterna-

tive combined River Restoration (RR) solutions and Sustainable Drainage (SD) techniques, 

acting through the spaces provided by the open spaces system. In this alternative (RR + SD), 

the river was analysed and divided in three stretches in the urban area, identified as different 
landscape units: an upper reach near the natural protected area (area 1—upstream); a central 
area in the core of the city (area 2—middle reach); and a wetland in the river outfall (area 3—
downstream), as schematically shown in Figure 5.

All the three areas suffer from informal settlements, substandard habitations and flood risks. 
Taking into account that it is a consolidated urban watershed, the open spaces shall be con-

sidered with multifunctional characteristics (landscaping, recreation, biodiversity and flood 
control, for example).

The design project proposals are listed in Table 1 and Figures 6–9 show the concepts supporting 

the proposals. The total storage volume offered by the three areas, in the combined RR + SD alter-

native, sums approximately 270,000 m3, with additional contribution of infiltration measures 
and on-site detentions (adding 106,000 m3).

Figure 10 shows the flood map for the alternative proposed. It is noticeable that flooding lev-

els reduce all over the basin. The modelling system did not represent minor drainage, what 

Figure 4. Current and past (1970) situation—flood maps—recurrence period 25 years (Source: see Ref. [42]).
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is probably the explanation to the remaining flooding areas. These water depths are low and 
the river does not overflow anymore. Additionally, the city of Mesquita currently marked 
by a grey landscape has the opportunity to revitalise degraded urban areas, also improving 

environmental connections.

Figure 5. RR + SD alternative (Source: see Ref. [66]).

Watershed Reaches Characteristics Vocation Proposal

Area 1 (upstream) This area is the most 

upstream urban reach. 

Urban growth is 

spreading and forcing 

the occupation of 

the valley that leads 

to environmental 

protection area. 

Substandard houses, 

poverty and an 

informal growth mark 

this area. Natural and 

built environment 

degradation is 

spreading. Floods are 

not observed in this  

area

This area may act as a 

transition from the city to 

the upstream protected 

areas, working as the 

entrance door linking the 

city with the upper green 

park.

It is possible to use the 

 hills and the steeper  

slopes to propose a dam  

for temporary flood  
storage purposes.

• Control urban occupation, dimin-

ishing urban density;

• Avoid increasing imperviousness;

• Escalate a set of different park 
typologies to allow a smooth 

transition between the city and 

the upstream green areas. This 

way, the park set in the sequence 

of the controlled urban growth 

area should begin with urban 

equipment, then becoming green, 

possibly exploring fruticulture (as 

an economic possibility for the 

local population), until reaching 

the protected environmental area.

• A fluvial park, along the river 
course is also proposed. This park 

will begin here, connecting the 

upper forest to the city, and it will 

continue throughout the water-

course, crossing the city from one 

end to another.
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Watershed Reaches Characteristics Vocation Proposal

Area 2 (middle 

reach)

This area is the most 

floodable one. It is also 
the densest occupied 

area. The Major hall 
is here, in the city 

centre, near the river. 

There are also a line of 

houses, stacked on both 

riverbanks, strangling 

the river, discharging 

their sewage and hiding 

the river from urban 

landscape.

This area should 

provide space for flood 
storage. However, 

multifunctionality here  

is a key concept, once  

free space is rare.

• Continue with fluvial park, 
opening space where possible or 

necessary

• Relocation of the houses that are 

directly settled on the riverbanks, 
giving space to the river. New 

housing typologies must be 

explored, using multi-floor build-

ings on stilts or pilotis.

• Fluvial parks store temporary 

floods.

• A number of soccer fields, public 
squares and free open areas near 

the river shall be incorporated in 

the blue-green way that is being 

created. These areas will also 

assume multifunctional character-

istics, helping in the flood control.

Area 3 

(downstream)

This is the lowest area, 

near the outfall on the 

Sarapuí River.

It is a floodable area, 
and there are slums 

spreading fast. It is  

also a swampy area.

This area can be used 

as a humid park, also 

contributing in improving 

water quality. Urban 

occupation should be 

avoided

• The fluvial park finishes in a con-

structed wetland.

• The houses settled in a very low 
elevation should be relocated.

Table 1. Characteristics of the design areas and proposal.

Figure 6. RR + SD alternative – area 1 (upstream) proposals (Source: see Ref. [66]).
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Figure 7. RR + SD alternative – area 2 (middle reach) proposals (Source: see Ref. [66]).
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Figure 8. RR + SD alternative – area 2 (middle reach) – details (Source: see Ref. [66]).
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7. Concluding remarks

The urban flooding problem can be seen as problem of space allocation. In using areas that 
should be preserved for inundation purposes and encouraging a land use that generates a 

major quantity of runoff, the process of urbanisation must foresee new and alternative spaces 
to temporarily store floods. In this way, the drainage system may continue working, and, 
consequently, the whole city may preserve its functions.

Therefore, one is aware of the necessity of utilising open spaces as fundamental pieces for miti-

gating floods in the cities. By doing this, the limited discharge capacity of the traditional drain-

age system, whose result is converted into a flooding volume spread throughout the city, can be 
resolved when the open spaces are considered as a possible reservoir to store exceeding volumes 

of the drainage system. In this approach, open spaces act as multifunctional landscapes. In this 

sense, the creation of multifunctional spaces can permit that the remaining open spaces in the 

already consolidated urban centres incorporate hydrologic functions to their original purposes.

It needs to be pointed out, nevertheless, that the city growth, in an uncontrolled form, leads to 

urban sprawl, on the one side, and the discussion of sustainability considering the concept of com-

pact cities, on the other side, can both lead to a suppression of open spaces. Therefore, the urban 

and environmental planning, taking into consideration the supporting capacity of the natural 

Figure 10. RR + SD alternative – flood map – recurrence period 25 years (Source: see Ref. [42]).
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The set of actions in the urban tissue, utilising open spaces to support drainage solutions, act-

ing in the fluvial corridor and combining efforts to revitalise the urban environment, poses a 
sustainable approach for facing urban floods within an agglomeration trend.

The case study chosen to illustrate this discussion, and shown in the previous section, con-

firms the proposed concepts, collaborating for an urban sustainable development, through a 
model of interventions capable to embrace environmental, economic and social aspects.
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Abstract

Investigators are seeking methods to assess the visual and environmental quality of the 
landscape across urban areas. In addition investigators are interested in applying these 
predictors to study landscape transformation and change. In our study we employed 
an environmental quality prediction equation, which assesses environmental quality to 
create a visual quality map of southern Michigan and then evaluated the map’s ability 
to determine the map’s reliability. Through the Kendall’s coefficient of concordance sta-
tistical test, we determined that the map is significantly reliable (p ≤ 0.01) and conclude
that constructing such a map of a large area is possible. We then applied this approach 
to quantify environmental quality change to southeast Michigan (Detroit metropolitan 
area) from land-use maps in the 1800s, and from a map constructed in 2008. Only areas 
with cliff detritus had statistically significant changes. Many of these cliff detritus areas 
are now being transformed back to pastoral urban savanna environments, a vision that 
had been embraced by Frank Lloyd Wright. Wright’s approach compares differently 
with the grand vision Le Corbusier had for urban areas, a series of multiple-use towers 
spaced across an urban forest. The sprawling towers of Shanghai, P.R. of China exemplify 
this model in a modern manner.

Keywords: environmental psychology, landscape architecture, land-use planning 
landscape planning, urban sprawl

1. Introduction

For the last 50 years, investigators have been seeking quantitative methods to predict and 

assess the visual and environmental quality of the landscape. The literature on this subject 

is vast. Mo et al., reviews much of this pertinent literature and discusses the perceptions 
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of respondents in North America, France, Portugal, and P.R. of China. One of her and her 

colleagues’ findings suggests that Europeans and North Americans may have broad simi-
lar perceptions about landscape [1]. Asians may have a different sensibility concerning 
environmental preference. Concurrently, Partin et al., studied the response of participants 

to computer generated images and reported that the perception of computer images was 

similar to the perception of photographs of landscapes [2]. In other words it was pos-

sible for investigators to present computer generated images to respondents and obtain 

a similar response as if the respondents were examining photographs. He also demon-

strated how a small study could be folded into a larger and widely studied set of images 

to obtain stable and reliable results. In addition, Burley et al., presented a model that 

predicted a high proportion of explained respondent preference [3]. The model included 

esthetic, economic, ecological, functional, and cultural requirements. Their work provides 

the current background and theory concerning the types of variables presently used in 

-

ate Frank Lloyd Wright’s vision for cities, called “Broadacre City” to current visions for 
Detroit, and with the past environmental conditions of Detroit. They concluded that the 
new visions for Detroit and Frank Lloyd Wright’s vision was indeed significantly pre-

ferred over past built environments. Liu and Burley and Yilmaz and Burley provide addi-

tional background concerning the variables that Mo et al. and Partin et al., have employed 

[4, 5]. Liu and Burley noted that respondents can have widely dispersed expectations 

concerning values and criteria to assess landscapes; yet Yilmaz and Burley note that col-

lectively and statistically, strong and reliable predictive equations evaluating landscapes 

can be generated from respondents, explaining up to 90% of the variance in respondent 

preferences [5].

During this timeframe, Lu et al., examined the Lower Muskegon watershed, located on the 

west side of the lower peninsula in Michigan [6]. He and his colleagues studied images of 

urban areas, farmland, wetlands, and forests and attempted to construct an environmental 
quality map of his study area. The result he obtained through statistical analysis revealed that 

the relationship between his predictions in the map and the real photographs are in concor-

dance and at a reasonable (95%) confidence level. He concluded that visual/environmental 
quality could be mapped and reliably predicted in the Lower Muskegon Watershed. These 

recent studies provide a setting for our investigation.

As an extension of Lu’s et al., research, we were interested in applying this approach to 

all of the southern part of Michigan. We wanted to make a validated map of southern 

Michigan. In addition we were interested in examining the transformation of environ-

mental quality in the Detroit metropolitan area, comparing pre-settlement environments 
from the 1800s to current conditions. In addition, we desired to compare the environ-

ments of greater Detroit with the vision held by Le Corbusier [7]. Le Corbusier envi-

sioned a grand sea of urban forest penetrated by multiple-function buildings spreading 

endlessly across the urban landscape. Two structures were build in France applying 

his principles, one in Marseilles and the other in Rezé-les-Nantes. The experiment 
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a  population of 25 million people, is a modern version, expressing this vision. We were 

interested in assessing the perceived environmental quality of Detroit and Shanghai 
with the evaluation equation.

2. Study area and methodology

Michigan is located in the Great Lakes Region of the United States of America. Michigan is 

the only state to consist of two peninsulas. These two peninsulas are linked by the Mackinac 

Bridge. The Upper Peninsula is separated from the Lower Peninsula by the Straits of Mackinac. 

The Lower Peninsula whose shape looks like a mitten was chosen as the study area. The area 
of this research is known as Southern Michigan, which is no further north than N. 44.2 in lati-

tude (Figure 1). The majority of people live in this southern portion of Michigan containing 
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Rapids, Battle Creek, Benton Harbor, Jackson, Kalamazoo, Flint, Pontiac, Bay City, Midland, 

Holland, Saginaw, Muskegon, East Lansing, Ann Arbor, and Metropolitan Detroit.

Le Corbusier’s Unité d’Habitation of Nantes-Rezé, France was built in 1955 [7]. Nantes is a 

French port along the Loire River, in western France. The structure contains a school at the top 

level. From this basic idea emerged in Shanghai a vast collection of towers, many multi-func-

tion. The architectural towers emerged over 100 years after the a French Concession trading 

Figure 2. A model of the central urban core of shanghai in 2007 copyright © 2007, Jon Bryan burley, all rights reserved, 
used by permission.
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port south of the Chang Jiang (Yangtze River), along the sea coast was established. Since the 
1990s, Shanghai has experienced extensive redevelopment with towers extending sometimes 

as far as the eyes can see (Figure 2).

The methodology to evaluate large areas of urban and rural landscape was similar to Lu 

et al. [6]. Lu et al. explains in great detail the methodology. In summary, images of various 

landscapes across the Michigan study area were collected and randomly sorted into two 

groups: one group to assist in making a prediction and another group to validate or refute 

the prediction. From the first group, scores for the images were generated by employing an 
Eq. (1) developed by Burley [8]. This paper by Burley, published in 1997 is the formative 

paper in this line of work and investigators interested in understanding the fundamentals 

of this line of research are urged to examine this paper. Once one has obtained the scores, 

then the scores are applied to similar land-uses to form a map predicting environmental 

quality. Next the second group of images are compared to predictions made by the map 

for significant agreement/similarity [9, 10]. If the scores agree, then it is possible to make a 

reliable visual quality prediction map. Jin also provides more detail, step-by-step concern-

ing this methodology [11]. Investigators seriously interested in applying this methodol-

ogy should obtain copies of Lu et al., and Jin for a full and complete explanation [6, 11].  

Single images can also be scored and compared with other images with this equation. Scores 

below 50 are very biospheric, meaning the image contains predominantly plants, water, sky, 

and flowers. Images in the 60s contain some roads or buildings. Images that are 70 and above 
are rather noospheric with some images scoring in ranges over 110 (highly un-preferred 
images).

  Y = 68.30 −  (1.87 8   ∗ HEALTH)  −  (0.13 1   ∗ X1)  −  (0.06 4   ∗ X6)  +  (0.02 0   ∗ X9)  +  (0.03 6   ∗ X10)  +  

  (0.12 9   ∗ X15)  −  (0.12 9   ∗ X19)  −  (0.00 6   ∗ X32)  +  (0.0000 3   ∗ X34)  +  (0.03 2   ∗ X52)  +  (0.00 08   ∗ X   
1   ∗ X1)  +  (0.0000 6   ∗ X 6   ∗ X6)  −  (0.00 03   ∗ X1 5   ∗ X15)  +  (0.00 02   ∗ X1 9   ∗ X19)  −  (0.00 09   ∗ X 

 2   ∗ X14)  −  (0.0000 3   ∗ X5 2   ∗ X52)  −  (0.000000 1   ∗ X5 2   ∗ X34)   (1)

where (See Table 1):

The test statistics are provided in Eqs. 2 and 3. The statistics are based upon rankings of treat-
ment scores across rows. In this case the rows are pairs of images between two treatments: 

the predicted score for a randomly chosen site in the study area and the actual score from a 

photograph taken at that location. There are 30 rows (pairs of scores) for this study (n = 30) 
The treatments are the columns (m = 2). The rankings are summed and squared, to compute 
Kendall’s W value Eq. (2). (Rj)2 is the sum of the squares of the rankings for a column in com-

puting the Kendall’s W value [8, 9].

  W =   
12 ∑ 

j = 1
  n     R  

j
  2  − 3  m   2  n  (n + 1)   2 

  _________________  
 m   2  n( n   2  − 1)

    (2)
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Kendall’s W value is a number ranging between 0 and 1. When W is near 0, there is no strong 

overall trend of agreement among the respondents. If W is near 1, then the responses could 

be regarded as close to unanimous in their agreement. The W test statistic approximates a 

Chi-square distribution with n−1 degrees of freedom (Eq. 3). If computed values for Chi-
square (Eq. 3) are greater than significant values in a Chi-square table for n−1 degrees of 
freedom (in this case 29 = 30–1), then there is a high level of agreement/concordance—the 
predicted scores and the actual scores are in agreement.

   X   2  = m  (n − 1)  W  (3)

3. Results

The sample of images gathered in the investigation include forested lands (Figure 3), agricul-

HEALTH environmental quality index

X1 perimeter of immediate vegetation

X2 perimeter of intermediate non-vegetation

X3 perimeter of distant vegetation

X4 area of intermediate vegetation

X6 area of distant non-vegetation

X7 area of pavement

X8 area of building

X9 area of vehicle

X10 area of humans

X11 area of smoke

X15 area of utilities

X16 area of boats

X17 area of dead foreground vegetation

X19 area of wildlife

X30 open landscapes = X2 + X4 + (2 × (X3 + X6))

X31 closed landscapes = X2 + X4 + (2 × (X1 + X17))

X32 openness = X30 − X31

X34 mystery = X30 × X1 × X7/1140

X52 noosphericness = X7 + X8 + X9 + X15 + X16

Table 1. Variables for the environmental quality/Health index in Eq. 1.
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Figure 3. Image of sample number 26 of a forested landscape in southern Michigan (visual score of 54.40120) — 

Figure 4. Image of sample number 16 of a farmland landscape in southern Michigan (visual score of 59.12320) — 
Copyright © 2011, Yuemin Jin, all rights reserved, used by permission.
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Table 2 presents the rankings of the images from the study. The predicted ranks are scores 

generated by developing a map of the study area. The actual scores are values taken and 

measured from a random site in the study area. Kendall’s Concordance analysis revealed 

a Chi-square score of 51.8 (see Min for details) [8]. This value is larger than 49.58788 (a 99% 
confidence level (p ≤ 0.01) for 29 degrees of freedom. Since 51.8 is larger than 49.58788, the 
predicted scores and the actual scores are in agreement at a 99% confidence level (p < 0.01). 
These results suggest that it is possible to construct an environmental/visual quality map of 
Southern Michigan that is relatively reliable (Figure 8).

Figure 6. An image of sample number 12 of a downtown environment (cliff detritus with a visual score of 69.28333) — 
Copyright © 2011, Yuemin Jin, all rights reserved, used by permission.

Figure 7. An image of sample number 22 of an industrial environmental (with a visual score of 86.56068) — Copyright 
© 2011, Yuemin Jin, all rights reserved, used by permission.
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Property Predicted Ranking Images from Set Number 2 Actual Score Set 2 Ranking

Industrial 3 55 107.80 1

Downtown 8 42 89.68 2

Industrial 3 52 83.12 3

Industrial 3 51 82.92 4

Commercial 13 31 82.12 5

Downtown 8 45 81.84 6

Downtown 8 41 77.91 7

Industrial 3 54 77.12 8

Commercial 13 33 76.05 9

Commercial 13 32 74.15 11

Downtown 8 44 74.04 12

Residential 23 39 73.41 13

Commercial 13 35 72.92 14

Industrial 3 53 67.91 15

Commercial 13 34 66.76 16

Farmland 18 46 66.15 17

Residential 23 36 65.50 18

Residential 23 38 62.66 19

Farmland 18 47 62.13 20

Residential 23 37 61.68 21

Residential 23 40 61.64 22

Forested 28 58 55.1 23

Forested 28 59 55.09 24

Farmland 18 49 54.74 25

Forested 28 60 54.71 26

Forested 28 56 53.83 27

Forested 28 57 53.74 28

Farmland 18 48 53.27 29

Farmland 18 50 51.94 30

Table 2. The predicted rankings of sites across Michigan and the actual scores and ranking of images on those sites.
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4. Discussion

4.1. Metropolitan Detroit environmental quality transformation

While maps as artifacts are interesting to inspect, we were interested in examining the envi-

ronmental quality transformation of the environment in our study area, especially the Detroit 

(Figure 7). The area is comprised of numerous communities with the city of Detroit at its 
core. The area can be characterized as containing competing communities, distributed, and 

entrepreneurial. Using the middle-ages as a metaphor, the Detroit metropolitan area can be 
described as having a weak monarchy and ailing centralized authority (Detroit proper), with 
strong nobility and robust vassal states (the suburbs). Instead of one dominant business dis-

trict, there are many competing commercial centers, industrial zones, and visions for urban 

organization [13–16]. The expansive metropolitan area is quite vibrant, enterprising, active, 

and engaging, at the cost of its core. While Detroit proper is suffering, the suburbs are thriv-

ing. Visitors to the Detroit metropolitan area are often surprised how normal, active, and busy 
the suburban communities are, because in the news, the perception is that the area is ailing. 

However, it is primarily the core that is failing and the rings around the core are thriving. It is 

in this setting that we desired to examine urban transformation.

Figure 8. A map of the predicted environmental/visual quality of southern Michigan.
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We applied our results in this study to a 2008 land-use map of the Detroit metropolitan area, 
supplied by SEMCOG (Southeast Michigan Council of Governments) [17]. The result was 

a map of the generalized environmental/visual quality for the Detroit metropolitan region 

Figure 9. A map of the 2008 predicted environmental/visual quality of the seven county Detroit metropolitan area, 
divide each value by 10 to obtain the correct decimal reading.
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(Figure 9). We then applied our results to a map from the 1800s containing pre-settlement 
land cover data [18]. This resulted in a map of the generalized and estimated environmental/
visual quality from 200 years ago (Figure 10).

Figure 10. A map of the predicted environmental/visual quality of the seven county Detroit metropolitan area for the 
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The values (integers) in the legend for Figures 9 and 10, must be divided by 10 to obtain 

the environmental quality score (an artifact of the GIS software employed, where no floating 
point decimal was used). To interpret the scores, Burley notes that scores in the 30s indicate 

highly preferred environments. Scores in the 50s and 60s are often modestly preferred envi-

ronments. Scores in the 70 are less preferred and scores near 100 are not preferred [19]. The 

95% confidence interval for any scores is +5 points [20]. Thus it takes a separation of 10 points 

for any pairs of images to be notably different as perceived by respondents.

We subtracted the scores from Figure 9 with the scores from Figure 10, producing Figure 11. 

This map (Figure 11) represents the expected change environmental/visual quality for the 
last 200 years. The light gray areas indicate the landscape where the greatest negative change 

occurred, meaning where the environmental/visual quality became worse. Some areas actu-

ally improved in visual quality (Figure 12). The improvement primarily took place on grass-

land and dunes that become vegetated with woody plants.

to environments that became industrial areas, downtowns, and large multi-unit housing com-

plexes, often comprising the cliff detritus. Most of the cliff detritus is centered around and in 
Detroit proper, representing an evolution of transformations as the urban area grew. Cliff 
detritus allows planners and designers to provide higher densities of human populations 

and activities. The idea is that creating density is less expensive, offering affordable solutions 
and preserving more countryside [21]. The problem is that cliff detritus, whether in Paris, 
France, San Francisco, California, or Detroit, Michigan is considered relatively marginal as 
a place to live when compared to the Loire River Valley, France, Marin County, California, 

or Charelvoix, Michigan. The environmental preference models employed in this study only 

reconfirm the obvious but often unstated. Packing people into less preferred cliff detritus 
environments may potentially be an inhuman planning and design choice.

Smaller transformations near zero or only modest changes (statistically insignificant trans-

formations), can found in the change from woodland (55) to urban savanna (61) (note the 
change must be great than 10 points to be statistically notable). Much of the land transfor-

mation has been from woodland (55) to agriculture (61) to urban savanna (61). The change 
actually took place with the felling of trees and installation of agriculture. Transforming the 

agriculture to urban savanna produced predominantly no change. For us, this in an inter-

esting observation as urban sprawl is often portrayed as an undesirable effect. Yet, urban 
savanna with its highly diverse and productive gardens are environmentally/visually accept-
able, high in wildlife diversity, productive in biomass growth, diverse in vegetation compo-

sition, and extensive food production, meaning that the urban savanna has some positive 

attributes [12, 22]. The urban savanna represents a relatively new and evolving ecology, pos-

sibly being equal in value and contribution to greenways and other efforts to preserve natu-

ral areas in the urban fabric. We are not proposing the urban savanna replace greenways, 

rather we are suggesting that the urban savanna has been undervalued. In addition, the 

pre-settlement landscape of the study area did not consist of landscape with strong visually 
pleasing environments (scores in the 20s, 30, and 40s) such as those in the American moun-

tain west. Therefore the measured changes from woodland to agriculture to urban savanna 
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4.2. Comparison of visions

Recently planners, designers, citizens, and public employees have been embracing ideas first 

Figure 11. A map of change/transformation in environmental/visual quality over 200 years. The light gray areas indicate 
where the change tended towards less preferred environments. The mid-gray levels indicate no detectible change and 

the dark gray areas indicate a slight improvement in environmental/visual quality.
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the urban fabric [23, 24]. Long held notions about transforming landscape into extensive cliff 
detritus are being reconsidered. Figures 13 and 14 are images from L Corbusier’s project in 

Rezé-Nantes. Figure 13 scores 73.4 and Figure 14 scores over 110 (the upper limit for the 
regression line predicting environmental quality). These scores indicate the environment is 

 

Figure 12. A map of change/transformation in environmental/visual quality over 200 years. The blue areas indicate 
zones with a slight improvement in environmental/visual quality.
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Figure 13. This is an image of the le Corbusier structure in Rezé-Nantes. This building is popular for artists and architect 

to live within — Copyright © 2012, Jon Bryan Burley, all rights reserved, used by permission.
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Figure 15. A view from an urban dwelling across the shanghai towers — Copyright © 2017, Haoxuan Xu, all rights 
reserved, used by permission.
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are images from the tower urbanscape of Shanghai. Figure 15 scores 78.41 and Figure 16 

scores 79.12, similar to a score for Figure 13. The expanse of towers is much less preferred 

than the urban savanna of metropolitan Detroit. The pastoral urban savanna is being 
given a renewed look. Our study provides some insight into why this fresh approach is 

being explored in the Detroit Metropolitan area. If these reinventions of the Detroit met-
ropolitan area’s cliff detritus are successful, we could imagine the environmental/visual 
quality scores of these areas to significantly improve (20 to 30 points) over the next gen-

eration. We encourage other investigators to employ this approach to study other areas 

of the world.

5. Conclusion

quality. This work is based upon over 50 years of research by investigators in the social, recreational, 

and planning and design disciplines/profession. The attributes of the landscape can be measured to 
form reliable maps of environmental/visual quality, providing a metric to assess landscapes, includ-

ing urban landscapes. We were able to produce such a metric map for southern Michigan. Then, we 

applied our approach to study landscape transformation in the Detroit metropolitan area. We dis-

covered that from the 1880s until 2008, much of the area had only modest change from woodland, 

to agriculture to urban savanna. Some small areas even improved. The predominant areas with 

degraded environments were in the large cliff detritus complex near and within Detroit. Much of 
this cliff detritus is being transformed again to resemble a pastoral urban savanna, similar to visions 
for the urban fabric as originally expressed by Frank Lloyd Wright. Numerous authorities, plan-

ners, and designers have developed visions concerning the creation of urban environments, from 

densely packed skyscrapers to pastoral living spaces. We believe our approach allows investigators 

to evaluate these visions and assess, measure, and quantify the environmental perceptions of these 

visions.
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Abstract

Spatial and urban planning processes regarding border cooperation have reached 
unprecedented levels in recent decades, not only due to their potential for territorial inte-
gration, i.e., infrastructure construction and planning activities worldwide. Bearing in 
mind the European project, for a united and strong network of nations, this scenario is 
more evident in European territories. In this regard, through multivariated analyzes of 
city cooperation on European border areas, it is possible to identify the factors that influ-
ence the territorial success and also a sustainable regional development and even their 
effects over the urban agglomerations. From the identified factors, the study pointed out 
one that is common to all cases: connectivity-movement between cities.

Keywords: border territories, cooperation, planning, sustainability, urban planning

1. Introduction

Recent changes in the European landscape introduced by geopolitical, socioeconomic and/

or cultural issues have been continuously contributing to strengthen the magnetism of urban 

areas, increasing their capacity to change land use, thus fostering important transformations 

not only at the socioeconomic level but also in terms of urban morphology all over Europe 

[1–7]. Even though sometimes positive, these changes have reinforced the clear tendency of 

depopulation of rural territories—confirmed on the last decades—consequently increasing 
the development of progressively larger urban agglomerations [8–10].
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Even if these issues are currently seen as part of countries’ evolutionary processes, it urges to 

develop specific strategies that might tackle this scenario, contributing to revert this situation. 
In this regard, it is crucial to study new ways of cooperation between smaller cities, highlight-

ing the ways in which this type of synergic projects and strategies related to cross-border and 

city cooperation might revert this process contributing to city sustainability.

Considering the aforementioned opportunity and taking into account that very often the coop-

eration between cities occur among sovereign nations, such issues gain more emphasis not 

only because one-third of European population live in border areas [11, 12] but also because 

this fact takes the discussion to another level, associated with intricate bureaucratic procedures 

related to the lack of standardization practices and policies between these territories, which 

generally lead to a reckless attitude by the main actors/decision-makers toward city coopera-

tion and development, facts which have a high influence not only in the development capacity 
of these regions but also on the overall quality of life of people leaving in these areas [7, 13].

The analysis of city cooperation multivariated effect in land use planning and decision-making 

-

ment of these areas, enabling Europe to achieve a more balanced polynucleated territory, less 

dependent on few large metropolitan areas.

In this regard, in order to identify a set of planning principles and city cooperation frameworks, 

a group of the best practice case studies will be analyzed, using both Case Study Research 

(CSR) method [14, 15] and Territorial Impact Assessment (TIA) analysis, in turn identifying the 

impacts produced by this type of cooperation [16–18] and highlighting how these processes 

might contribute to reverse the impacts promoted by current mononucleated tendencies.

This study is considered a fundamental basis that will enable the identification of precise fac-

tors, which influence spatial planning procedures, leading to the definition of new methods 
and approaches to one of the main urban problems affecting Europe during the last decades, 
in line with the scope of the book and considering several relevant issues related to spatial 

planning, sustainable growth, and urban development approaches.

2. European planning framework: a brief review

The European Union (EU) has no direct mandate and no clear institutional and political 

framework for spatial planning: according to the principle of “subsidiarity,” territorial plan-

ning is a responsibility primarily of the member states. While this is so, it is equally clear that 
the EU’s indirect role in spatial planning is steadily increasing, mainly through sector policies 

particularly in the areas of regional policy, rural development, environment, and transport. 

Another way in which the role of the EU is indirectly increasing in spatial planning is the 

principle of territorial “cohesion” [19].

In this regard, European territorial cooperation is the third objective of the EU Cohesion Policy 

for 2007–2013, as well as being the new umbrella under the European Spatial Development 
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In fact, the documents of EU from 1999 regarding spatial policy foster to promote a sustain-

able urban development. European Territorial Cooperation, and the EU INTERREG Initiative 

in particular, is one of the five main means of application identified by the European Spatial 
Development Perspective (ESDP). ESDP is a document approved by the Informal Council 

of Ministers of Spatial Planning of European Commission in Potsdam in 1999 and forming 

a policy framework with 60 policy options for all tiers of administration with a planning 

responsibility.

An entire chapter of the ESDP is in fact devoted to considering the application of its con-

cepts and ideas. The five main means of application comprise (1) application at the European 
Community level, (2) application via transnational cooperation between member states, (3) 

application via cross-border and interregional cooperation, (4) application of the ESDP in 

member states, and (5) application via pan-European and international cooperation. The influ-

ence and application of the ESDP clearly have an important transnational learning dimension. 

As a result, the ESDP remains the most significant policy document guiding the EU’s determi-
nations in the territorial development sphere [22].

establishing a framework [20]. Once that the strategic aim achieved a balanced and sustain-

able spatial development strategy. In the late 1990s, the ESDP represented a “new dimen-

sion of European policy” since for the first time the EU was starting to pay explicit attention 
to territorial planning as an instrument to achieve broader social and economic goals [19]. 

A key objective of the ESDP was to facilitate better coordination of the territorial impacts 
of European policy: horizontally across different sectors, vertically among different levels of 
government, and geographically across administrative boundaries [23].

The ESDP was created to achieve three central aims of European policy: socioeconomic cohe-

sion, conservation of natural resources and cultural heritage, and a more balanced competi-

tiveness of the European territory. In order to achieve these goals, the ESDP highlighted three 

crucial spatial development policy objectives [19–21, 24]:

1. Development of a polycentric and balanced urban system and strengthening of the part-

nership between urban and rural areas. This implicates overcoming the outdated contrast 

between city and countryside.

2. Promotion of unified transport and communication concepts, which support the polycen-

tric development of the EU territory and are an important precondition for enabling Euro-

pean cities and regions to pursue their integration into the Economic and Monetary Union. 

Equivalence of access to infrastructure and knowledge should be realized gradually. Re-

gionally, adapted solutions must be brought into being for this.

3. Development and conservation of natural and cultural heritage through wise manage-

ment. This contributes both to the preservation and deepening of regional identities and 

the maintenance of the natural and cultural diversity of the regions and cities of the EU in 

the age of globalization.
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and build a European scientific community in the field of the European territorial develop-

ment [19]. The main aim is to increase the general body of knowledge about territorial struc-

tures, trends, perspectives, and policy impacts in the enlarging European Union [25].

One of the concrete offspring of the ESDP is the ESPON established in 2001 for providing data 
and information about spatial trends and developments in the EU. ESPON’s aim was to support 

spatial policy making for all territorial levels [26]. For planners, the value added of ESPON is that 
it supplies the technical and scientific knowledge needed to help implement the policy options in 
the ESDP and translates them into appropriate legal and financial instruments [27, 28].

However, the planning and execution of the specific political objectives of the ESDP should 
take into account the specific economic, social, and environmental situation of each area. 
These policy objectives for agriculture and rural development, infrastructure, and transport, 

as well as the environment, in a synthesized way are policy aims and options for ensuring 

productive and diverse rural areas, policy aims and options for promoting accessibility to 

transport and sustainable infrastructure, and policy aims and options aimed at preservation 

On the other hand, the policy priorities of the ESDP have been addressed by means of cofi-

nancing of spatial planning projects involving partners in different countries through the 
INTERREG Initiative [19]. In this regard, INTERREG is the EU’s primary instrument to 

support cooperation across national borders, and it is financed by the European Regional 
Development Fund. INTERREG was launched in 1990 to overcome the disadvantages pre-

sented by administrative boundaries of adjacent regions in the emerging common market 

[30]. INTERREG has included three phases with spatial planning agenda: Phase II (1994–

1999), Phase III (2000–2006), and Phase IV (2007–2013). There are three territorial levels: (1) 

cross-border projects, involving geographically contiguous border regions; (2) transnational 

initiatives, across large multinational spaces; and (3) interregional initiatives, among noncon-

tiguous regions across the whole territory of the EU.

In the latest phase (2007–2013), INTERREG has been incorporated into the EU’s territorial 

cohesion agenda under the objective of territorial cooperation [19]. This implies cooperation 

on regional and spatial planning together with other economic growth issues more generally 

related to regional policy [30]. As for territorial cohesion in 2005, the Commission explained 
that territorial cohesion becomes a key element of promoting stronger integration of the terri-

tory of the Union in all its dimensions, and cohesion policy supports the balanced and sustain-

able development of the territory of the Union at the level of its macro-regions and reduces any 

barrier effects through cross-border cooperation (CBC) and the exchange of best practices [31].

The latter objective (strengthening territorial cooperation) is closely tied to the notion of 
European spatial planning (in INTERREG Phase III). The strong relation between cohe-

sion policy and planning in the EU is reinforced by the work of DG Regio, the Commission 

Directorate-General for Regional (Cohesion) Policy which has taken the lead, with member 

states, on European spatial planning initiatives [30].

On the one hand, in European urban areas, the focus is on improving competitiveness through 
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strongest cities and the rest of the urban network. Priorities are promoting entrepreneurship, 

local employment, and community development and measures to rehabilitate the physical 

environment, redevelop brownfield sites, and preserve and develop historical and cultural 
heritage [19, 31].

On the other hand, in European rural areas, the member states should support economic 

regeneration by ensuring a minimum level of access to “services of general economic inter-

est,” with a view to improving conditions in rural areas and limiting outmigration. Priorities 

include building connectivity to the main national and European networks; developing an 

integrated approach to tourism development; investing in development poles in rural areas 

(e.g., in small- and medium-sized towns); and developing economic clusters based on local 

assets combined with the use of new information technologies [19, 31].

3. City cooperation (CC) effect in land use planning

matter is quite new. C2C was started, and evolved, in Europe—in wider terms: local gov-

ernments in developed countries tend to determine the content of it. The first international 
relations between local governments in Europe were recognized after the Second World War, 

especially in the 1950s. The Council of European Municipalities and Regions, established in 

1951, took a strong position to encourage these international contacts at the local level. The 

idea was to build a united Europe. Strict regulations were determined for these relations by 

the Council of European Municipalities and Regions and by the French-oriented Fédération 
Mondiale des Villes Jumelées—Cités Unies [32].

In the Western world of attention for development, cooperation was high in the 1970s, and 
characteristic of this development was the total absence of formal regulations. Then, a new 

tendency of international relations of local governments became apparent in the 1980s. In the 

United Kingdom, the United States, and the Netherlands—among others—local authorities 

united themselves against the apartheid in South Africa [32, 33].

era under the background of globalization. At the same time, its provincial governments have 

mobilized various forms of booming North-South city-to-city (C2C) cooperation within their 

respective jurisdictions during the last 10 years [34]. As for cross-border cooperation (CBC), 

during the recent decades, border areas increased great importance on the international scene 

concerning their potential and integrative functions such as demonstrated along the unifica-

tion of Europe [12, 35–37].

The experiences of CBC, assumed not only in Europe but also all over the world, as is the 
case of several CBC projects between the United States and Mexico, China-India (Asia), 
Argentina-Chile, or Brazil-Bolivia (South America), among many other examples through 
the globe [38, 39], fostered the creation of a global network of relationships among people 

and states, which enabled the achievement of several political, economic, environmental, and 
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by urban planners, landscape architects, and other urban development specialists, as crucial 

elements which enable the introduction of recent urban development challenges and para-

digms [13, 42–47] into future planning activities [10].

As for spatial planning system, an ensemble of territorial governance arrangements that seek 

to shape patterns of spatial development in particular places is considered [48, 49]. In this 

regard, the set of systems and policies of the planning of the EU expanded planning system 
increasing criteria such as the extent of the planning system, the extension, and the type of 
planning at the national and regional level [31, 50, 51]. Also, it has redefined the role of the 
public and the private, maturity and integrity of the system and the distance between the 

intended objectives and the results actually obtained [52]. And, it divides traditional planning 

mainly into four types, including regional economic planning, urban planning, comprehen-

sive planning, and land use planning [49].

In fact, the efficacy of the CBC at different scales of cooperation in planning the land use has 
been under discussion, through the review of CBC’s initiatives in developing countries [10, 53]. 

,  For exam-

ple, the extraction of natural resources and the massive agricultural exploitation. Secondly, at 
the regional level, the design and implementation of the CBC have overlooked often asymme-

tries of power within a community. This effect has been gone unnoticed at the individual level. 
Thus, there has been unequal access to the design, decision-making, and the intended results. 
It also highlights at the community, local, and national bargaining power that has taken the 

elites, because this has been instrumental in shaping the governance of the CBC and even in the 

promotion of the CBC by external agents. In fact, the adaptation of the CBC to new scenarios 
depends largely on the process of empowerment of the community and the construction of 

optimal networks with external agents [53]. In this way, as will be achieved through CBC, cross-

border regions can reach (1) comparative advantages and (2) economies of scale.

4. The impact of city cooperation in decision-making processes

Planning potentially influences and connects a wide range of issues, behind which are most 
diverse and conflicting interest [49]. The traditional special planning focuses on the posi-

tion, intensity, form, quantity, and coordination of the development of the land in different 
spaces. However, the issues and challenges faced by the local areas need to be addressed by 

a process of socio-spatial integration through which occurs a vision, coherent actions, and 

means of implementation for shaping and structuring making it a place and what this place 

might be in the future position [54, 55]. In this sense, cooperation between cross-border cities 

is directed to the solution of problems arising from the dysfunctions caused by the existence 
of the border [56].

As for sovereign and cooperation problems, nation-states are under pressure to find inno-

vative ways to redefine their relationships with space. The traditional understanding of the 
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and the society that inhabits it, is at odds with the current world of cross-border flows of capi-
tal, goods, people, and ideas [57]. At the same time, there is a reterritorialization of economic 

and political activity that transcends the spatial framework of the nation-state [58].

Border, cross-border regions, and CBC studies address state territorial restructuring at the 

subnational level. They have primarily examined the reterritorialization of state power and 
institutions across borders, documenting the emergence of cross-border governance networks 

and power relations [57, 59–65]. In this regard, CBC should be placed in the context of the 
emergence of multilevel and participative governance, which requires an active involvement 
on behalf of, on the one hand, different tiers of government (from the EU institutions to local 
governments) and, on the other, civil society and private actors working alongside public 

authorities [66]. The diversity of arrangements existing in the field of CBC includes the fact 
that Euroregions may be established according to either private or public law [67]. The geo-

politics of Euroregions suggest that cross-border reterritorialization across the latest EU bor-

ders is driven by a scalar conflict of territorial logics [57]. The border-induced territorial logic 

of the nation-state conflicts with the border-bridging territorial logic of CBC [68].

frameworks such as Euroregion and European Grouping of Territorial Cooperation (EGTC) can 

be seen as an expression of broader developments in the field of European governance, includ-

ing the subsidiarity principle and its adaptation to a borderless Europe, the increasing central-

ity of regions as spaces combining a political, economic, social, and cultural dimension [69].

A “territoire de project” amounts to a bottom-up process, which in turn can contribute to 
moving from a vertical, interlocked approach to regional development and multilevel gover-

nance to the one characterized by shared responsibilities and by horizontal, interdependent 

relationships among different regions and tiers of government [70]. Besides, the added value 

of EGTCs lies in their ability to fulfill cross-border tasks by common decisions on the regional/
local level and to reinforce the ability of local and regional authorities to contribute to bot-

tom-up regional development [71]. But public authorities on the regional/local level need an 

EGTC; otherwise, a bottom-up approach in territorial cooperation is very difficult [66]. Also, 

in comparative terms, the adoption of the EGTC Regulation also serves to highlight the rel-

evant role played by CBC within the European integration process, since the sovereignty of 

the state ends at its borders, but the differences and problems of these borders continue to 
exist and require sustainable solutions [66]. Against this background, they cannot allow their 

borderland to follow special rules without compromising the theoretical model of the territo-

rial container that the nation-state follows [72]. Euroregions for their part need exemptions 
from national regulation in order to be able to function meaningfully across state borders [57]. 

Indeed, the degree of cross-border integration can be a result of political will and the benefit 
perceived by the communities involved in the collaboration, but it can also be interpreted as 

resulting from the prevailing tension between the aim to supersede traditional borders and 

the ongoing weight of national traditions and structures [66].

In this regard, research has gained additional momentum considering current developments, 

such as the recent situation in Crimea (Ukraine) with Russia, the Greek-German frictions, the 
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movement in Europe as well as the resurgence of nationalist and extremist sentiments among 
European citizens), the economic fallouts in Europe, or even the recent Brexit scenario [3, 7, 

73–75]. Due to the fact, other factors to ensure the sustainability of experiences include politi-
cal will, i.e., political commitment and transparency, and the integration of a “cross-border 

awareness” or “cross-border culture” in the standard design and management of policies and 

legislation, i.e., common objectives and Master’s Plans [10, 66].

5. City cooperation in Europe: assessing the past, envisioning the 

future

In the inception of the twenty-first century, especially in a European and Western context, it 
is almost given that borders are just lines drawn on a map. For this, the establishment of the 
European Union has contributed as a catalyst [76], almost vanishing borders and promoting 

CBC and city border cooperation, i.e., as is the case of the establishment of the Euro-cities. 

-

ing such relationships among European nations and even with other continents, leading to 

the necessity to rethink some of the EU policies.

In this regard, four European CBC case studies (Figure 1) focused from different aspects and 
perspectives will be exposed, analyzed, and assessed, enabling a multivariated effect analysis 
of city cooperation in land use planning and decision-making processes. Thus, the case stud-

ies need to meet the following criteria:

• Cities must present a historic of city cooperation.

• Countries should present CBC projects toward the integration of environmental, sociocul-

tural, and economic development goals.

• The distance between cities should be no longer than 100 km.

Figure 1. Selected case studies. (A) Vienna-Bratislava-Brno-Györ, (B) Copenhagen-Malmö, (C) Oradea-Debrecen, and 
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5.1. Case study analysis

5.1.1. Vienna-Bratislava-Brno-Györ: the labor force as a catalyst “4” city cooperation

The institutional relations between the cities of Bratislava, Vienna, Brno, and Györ are driven, 

mainly, by the desire to promote economic development. With the end of the transitional 

period—limiting the right of Slovak workers to enter the labor market in the European Union 

in 2011—the cooperation levels between the cities have considerably increased. Nowadays, 

the leading entity, regarding CBC, is the Centrope Strategy 2013—which includes territories 

of Hungary, the Czech Republic, Austria, and Slovakia. In this regard, one of the main goals 

of such strategy is to foster a coordinated approach toward a sustainable regional planning 

to improve connectivity and the movement between cities, in this large region, regarding 

accessibility and transportation infrastructure and services [77]. All the regions present great 

results; however, it should be highlighted that the city of Bratislava once is perhaps one of 

the best examples of urban growth in the globalization Era [1, 7]. These great results may be 

explained mainly by its privileged geographical situation, at the heart of a rapid European 

opportunities and horizons perfectly possible to reach.

Identified critical factors: common objectives and Master’s Plans, connectivity-movement between 

cities, and stronger economy.

5.1.2. Copenhagen-Malmö: a strong cooperation through a bridge below Öresund

The cooperation around the Øresund Strait mainly focuses on cross-border economic devel-

opment based on knowledge and innovation—several clusters in life sciences and clean tech-

nologies. Projects as the Øresund Bridge, the train or the freeway, are just some example that 
have enabled an increase on accessibility standards and improving border functional inte-

gration among regions, which have led to the development and construction of new urban 

districts, i.e., Ørestad, in Copenhagen, and Hyllie, in Malmö, through this transboundary 

linkage. Being peripheral cities normally seen as a handicap, however, in this case, it has 

turned into an advantage thanks to the great relationships among these territories and the 

commitment demonstrated by the main actors of the common regional planning processes 

and the decision-makers.

Identified critical factors: common objectives and Master’s Plans, connectivity-movement between 

cities, and stronger economy.

5.1.3. Oradea-Debrecen: CrossTrans toward the EU standards

If the cooperation between these two cities is still young and also poorly developed, the possi-

bilities for growth through new cooperations and synergies are considerably high, once these 

two cities perform one of the major urban agglomerations of the region—leading to a signifi-

cant amount of human resources. By the other hand, the existence of a Hungarian minority in 
the Romanian side contributes to a stronger regional cohesion. Still, both cities are inserted in 
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is fostering a better integration of the projects carried out by the public regarding: health, 
culture, education, and economic development. The distance between these two cities, about 

65–70 km, should also be taken into account. So, their territorial success depends on well-

developed connectivity between cities; so, the CrossTrans project, as well as the establishment 

of other infrastructures, has been critical to achieving the so desired success. Besides, it also 

should be considered that the region is not Schengen Area, or a member of the common cur-

rency (Euro), leading to more handicaps for the territories. Nevertheless, and against all the 

low odds, the region through CBC strategies shows significant positive performances which 
conduct an approach to European standards.

Identified critical factors: access to European funds, connectivity-movement between cities, and 

increasing life’s standards.

5.1.4. Ruse-Giurgiu: the importance of being inserted in a Euroregion

The cities of Ruse and Giurgiu constitute the largest border urban agglomeration between 

-

eration since a long time, i.e., common urban planning due to extreme flood phenomena. 
Along with the previously identified reason for cooperating, also exists the need for the 
rehabilitation of accessibility infrastructures promoting a transboundary integration avow-

ing infrastructural duplication in CBC [7]. Also, in this case, the area is inserted within a 

Euroregion—Danubius Euroregion. Thus, it is possible to verify, once more, the importance 

of being inserted in a Euroregion, mainly, for cities and regions that denote an estrangement 

from the European standards—which, unfortunately in many cases, is more evident. So, their 

integration in larger common regional development programs, i.e., the Euroregions, conducts 

that the performances presented by these “Euroregionalized regions” start to reverse the 

estrangement tendency and consequently a closeness to the EU standards.

Identified critical factors: access to European funds and connectivity-movement between cities.

5.2. Outcomes

In this regard, general settings including statistical data for the population of the cities and 
the corresponding region or influenced area (Table 1), as well as data for the distance-time 

between the cities of these border areas (Table 2), were analyzed. Through that analysis, it is 

possible to understand their spatial configuration, i.e., different spatial configurations and 
different urban patterns and dynamics, concurring with previous researches and studies as 
the one conducted by ESPON regarding Urban Functions [78], among many other studies and 

works developed in the same context.

Also, an indicator which allows that to analyze the economic dynamics of the territories, i.e., 

GDP per capita in terms of purchasing power parity, is presented in Table 3, covering both 

sides of the border. Analyzing Table 3, it is possible to understand the socioeconomic dynam-

ics of the urban areas under study, i.e., GDP per capita for each case study region for the 3 

years 2000, 2006, and 2011, where in all cases, the GDP per capita has increased in absolute 
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• 

• Between 5000 € and 10,000 € above the EU average growth (+).

• Very above (++), over 10,000 € elation to the population.

It is a well-documented fact that labor market can play a critical role through the impact on 

cross-border integration [81]; so, throughout Table 4, it is possible to analyze the differences 
in unemployment levels and where cross-border cooperation can potentially allow a higher 

fluidity of the labor market for the benefit of both sides of urban regions [80, 81].

Table 5 shows the identified factors for territorial success on the case studies.

Case study Country Area (km2) Spatial structure Population

Vienna-Bratislava-Brno-Györ 

(Centrope region)

AT

SK

CZ

HU

48,200 Cross-border polycentric 

metropolitan region

6,500,000

Copenhagen-Malmö DK

SE

21,800 Cross-border polycentric 

metropolitan region

3,800,000

Oradea-Debrecen RO

HU

13,600 Cross-border polycentric 

metropolitan region

1,134,255

Ruse-Giurgiu BG

RO

195 Cross-border agglomeration 204,297

AT, Austria; SK, Slovakia; CZ, Czech Republic; HU, Hungary; DK, Denmark; SE, Sweden; RO, Romania; and BG, Bulgaria.

Table 1. General settings and spatial structure (source: [77, 79]).

Case study Country Between main cities Travel time (min)

By public transport By car By bus

Vienna-Bratislava-Brno-Györ 

(Centrope region)

AT Vienna-Bratislava 83 54 /

SK Vienna-Györ 116 81

Vienna-Brno 137 103

CZ Bratislava-Györ 91 55

Bratislava-Brno 87 78

HU Brno-Györ 248 122

Copenhagen-Malmö DK

SE

Copenhagen-Malmö 34 48 /

Oradea-Debrecen RO

HU

Oradea-Debrecen 54 69 /

Ruse-Giurgiu BG

RO

Ruse-Giurgiu / 15 15

AT, Austria; SK, Slovakia; CZ, Czech Republic; HU, Hungary; DK, Denmark; SE, Sweden; RO, Romania; and BG, Bulgaria.
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Case study Country GDP per capita Evolution (2000/2011)

2000 2006 2013

Vienna-Bratislava-Brno-Györ AT 30,263 34,547 36,562 +

SK 12,400 17,200 19,000 +

CZ 12,803 16,139 18,652 +

HU 15,652 26,855 34,357 ++

Copenhagen-Malmö DK 22,100 25,700 27,100 —

SE 29,161 33,419 36,667 +

Oradea-Debrecen RO 7600 10,900 12,500 —

HU 4700 9300 10,100 —

Ruse-Giurgiu BG 4700 7100 8700 —

RO 2700 4800 9000 +

Notes: (−) means that the evolution of the GDP per capita is below 5.500 € (EU NUTS 3 average growth) between 2000 

have been calculated based on the average and standard deviation in all the NUTS 3 regions in the EU. AT, Austria; SK, 

Slovakia; CZ, Czech Republic; HU, Hungary; DK, Denmark; SE, Sweden; RO, Romania; and BG, Bulgaria.

Table 3. GDP per capita dynamics (source: [77, 79]).

Case study Country NUTS2* Active 

population 

2006/2013 (%)

Unemployment rate (%) Employment 

2006/2013 (%)

2006 2013 Difference 
(%)

Vienna-Bratislava-

Brno-Györ

Burgenland 3.5 5 4.7 −1 4.7

AT Niederösterreich 6.2 4 5.6 0.5 5.6

SK Wien 7.4 8.8 7.8 −0.4 7.8

CZ Jihovýchod 3.7 7.1 4.1 −0.3 4.1

HU Nyugat-Dunántúl −0.7 5.7 −2.7 2.1 −2.7

Bratislavský kraj 0.3 4.6 −1.7 1.8 −1.7

Copenhagen-

Malmö

DK Sydsverige 9 8.2 6.8 1.7 6.8

SE Hovedstaden 8.8 5 3.8 2.4 3.8

Sjælland −2 4 −5.6 2.8 −5.6

Oradea-Debrecen RO Észak-Alföld 5.7 11 1.7 3.4 1.7

HU Nord-Vest 0.6 5.9 2.7 −1.8 2.7

Ruse-Giurgiu BG Severen Tsentralen −9.1 13.5 −11.1 1.8 −11.1

RO Sud-Muntenia −8.8 9.4 −9 0.5 −9

AT, Austria; SK, Slovakia; CZ, Czech Republic; HU, Hungary; DK, Denmark; SE, Sweden; RO, Romania; and BG, 

Bulgaria.*Totally or partly incorporated in cross-border urban areas.
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6. Discussion and conclusions

-

tors for territorial success through CBC projects. Nevertheless, similar studies have already 

been developed, i.e., [7, 10, 32, 66], among many others, however, not through a multivariated 

analysis focusing on the addressed case studies. Thus, the present study allowed to define 
specific factors for these cases as well as to establish a correlation with land use, urban plan-

ning, city cooperation, and CBC.

So, from an individualized perspective, two rhythms of development and consequently two 
groups of factors and objectives can be defined; in order words, through the analysis of the 
case studies, it is verified that the cases located in Central and North Europe, Bratislava-
Vienna-Brno-Györ, and Copenhagen-Malmö, have similar objectives, i.e., common objectives, 

Master’s plans, and stronger economy, while in the cases of Eastern Europe, Oradea-Debrecen, 

and Ruse-Giurgiu, the factors and objectives are access to the EU funds and increase in 

life’s standards, demonstrating significant disparities in the development levels within the 
European continent. However, one of the identified factors is common to all case studies: con-

nectivity-movement between cities, showing unequivocally its relevance to achieve territorial 
success as well as the so desired sustainable development. In this regard, to achieve a sustain-

able, well-developed and abiding CBC project, all the critical factors, even the ones that have 

been assigned only for some of the cases, should be considered and not be underestimated [6]; 

such statement is valid not only for the planners but mainly for the decision-makers.

The historical and social evolution that European territories have felt through time should 

also be focused; along with the land use, changes as well as territorial landscapes, urban 

and rural, are the outcome of policies and administrative actions leading to strengthen urban 

agglomerations giving them the consistency that they present as a result of the application 

of regional strategies, i.e., the plurality of Europe [41]. In fact, the reality of the twenty-first 
century is increasingly the change tendency in the urban landscapes of these “new times,” i.e., 

technological, and socioeconomically, where city cooperation is not an exception.

-

Identified factors Case studies

Vienna-Bratislava-

Brno-Györ

Copenhagen-

Malmö

Oradea-

Debrecen

Ruse-Giurgiu

Access to European funds x x

Common objectives and Master’s Plans x x

Connectivity-Movement between cities x x x x

Increasing life’s standards x

Stronger economy x x

Table 5. Identified factors.
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study, economies and countries of Central and Northern Europe, along with the United 

States, continue to be references to good practice, formatting the urban agglomerations and 
their landscapes in the demand for such standards.
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The Corridor Island: A New Space to Redesign the
Landscape of Tenerife

Miguel Ángel Mejías Vera
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Abstract

The urbanization processes in the island of Tenerife in the last 50 years have left a 
very fragmented landscape. Due to the growing and constant process of construction- 
infrastructures-construction, the abiotic and biotic space is being reduced but still more 
the productive space of the primary sector. The reaction to the threat, especially the 
“natural” space—abiotic and biotic—was protection. The result is that half of the island 
has some protection figure, but the other half does not. To this “unprotected” half, I call 
the risk island and concentrate the stress or tension, because it is where economic activ-
ities and habitat are developed and combined. For its management, in spite of exist-
ing an island territorial planning, it is the municipalities that have the competences in 
urban planning, always under the norms of superior administrative rank. Therefore, 
there are 31 different models, one per municipality. We have to focus on the corridor 
island understood as the unsealed soil. This is the area where we should intervene, 
redesigning the new spaces, to connect organically and in balance the two islands.

Keywords: urban sprawl, soil sealing, urban planning, risk island, corridor island, 
geo-design, landscape

1. Introduction

Tenerife is divided into two distinct areas: the protected island and the unprotected island. I 
could even say, the static island and the dynamic island. The first, where time stops, the pace 
becomes slower, where it hardly changes, the island preferred, the island imagined, the island 

visited. The second is the opposite. It is the dynamic island, inhabited, transformed, but at the 
same time the least valued, desired or visited.
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This general, complex hypothesis, where many components and variables intersect, starts 

with a partial hypothesis that centers this article: The Island unprotected is the one that has 
a higher risk for the conservation of its landscape. This section has a wide and fractionated 

space corridor that connects both “islands”. Here, it will be the biggest change. Therefore, it is 

where we must act redesigning it in the key of landscaping.

The whole island is actually regulated territorially and urbanistically through the instruments of 

the planning system of the Canary Islands that has recently been modified in Law 14/2014 [1]. It 
is made up of territorial and environmental planning, which includes general and sectoral plan-

ning guidelines, and island planning and urban planning of municipal scope. In spite of this, I 
consider and enhance the epithet of the unprotected island.

here are two key concepts in this phase of the research: one is the urban sprawl, and the other 

2–7], is characterized by spaces 

composed of low-density [8], unstructured, and amorphous, which generate problems related 

to the increase in the temporal and spatial distances between the family residence and the differ-

ent destination centers (work, education, leisure, etc.). The dispersed space entails, among other 

aspects, dependence on the private vehicle, and with it, it generates spaces of exclusion [9]. They 

imply a high cost for the construction, management, and maintenance of infrastructures and 

services, usually of a public nature. Richard Ingersoll uses the term sprawl scape [10] or land-

scape of dispersion, where urbanization processes have built a landscape, in which “oil stains” 

multiply around highways and roundabouts [11].

According to the European Environment Agency (EEA), “Urban sprawl is commonly used to 

describe physically expanding urban areas” and “have described sprawl as the physical pat-

tern of low-density expansion of large urban areas, under market conditions, mainly into the 

surrounding agricultural areas” [12]. “Urban sprawl is visually perceptible” [6]. “A landscape 

suffers from urban sprawl if is permeated by urban development or solitary building” [6]. On 

the other hand, it is the concept of “soil sealing” that is defined as the covering of the ground 
by a waterproof material and is considered as one of the main causes of degradation of the soil 

in the European Union (EU) (European Commission). The european environment agency has 

defined soil sealing as “the covering of soil due to urbanization and infrastructure construction, 
such that soil is no longer able to perform the range of functions associated with it. Soil sealing 

is not adverse per se, rather it is the irreversibility in practical terms of sealing the soil and the 

consequent loss of soil functions” [13]. “Soil sealing” is one of the main factors of the studies on 

the risks of “land degradation (LD)” next to the salinity of the soil or the erosion. Soil sealing is 
associated with the fragmentation of landscapes or the risks of fires [14].

Previously, in 2002, the EEA [15] published the results of a meeting in Copenhagen in 2001, 
entitled “Proceedings of the Technical Workshop on Indicators for Soil Sealing” which were 
raised at the European level of multiple proposals for indicators to measure the soil sealing, 

change in the land use, motorization for the measurement of the soil loss, etc. This was the result 

of projects developed in different members.

The concept of soil sealing is currently redefined and also the way of how to tackle them from 
different techniques. It has gone from being a merely physical analysis to a complex analysis 
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The analysis, spatial entity, and complexity are underway from models of raster data with 

satellite and aerial images of a very high resolution (VHR) [17].

According to the document of work published by the European Commission in 2012 (from the 
study commissioned by the European Commission to Prokop [18] and other studies and data 

provided by a group of experts from the member states which advised in 2011 to the commission 
services), the surface total of soil sealing in 2006 is estimated to 100,000 km2 or to 2.3% of the terri-
tory of the EU, with a half of 200 m2 by citizen. On the island of Tenerife, I think that the percent-
age exceeds the European average. To an insular, limited, and finite space, it is a great concern.

If the model of low density, both built urban land and the dispersed space in rustic soil, 
requires more connectors in the form of infrastructure, the level of “soil sealing” will increase 

dangerously. If the solution is to search for compactness, I believe that it will generate more 

the peri-urban areas, and in relation to the development and defense of the agricultural pro-

ductive space, as developed in the Agrarian Park of Llobregat, Barcelona, Spain [19], or many 

actions of awareness and education in the peri-urban agricultural landscape, as developed the 

village of El Tablero on the island of Tenerife [20]. These initiatives, among others, mark the 

trend to follow in these spaces. The connectivity between the urban and the rest of the territory 

must be connected through corridors characterized by primary production, integrated dis-

persed buildings and camouflaged with the environment and natural spaces, even if they are 
not protected (Landscape “Island of Tenerife” award 2010 by the Council of Tenerife and the 
European Network of Local and Regional Authorities for the implementation of the European 
Landscape Convention RECEP ENELC [21]. http://laserasdeeltablero.blogspot.com.es/).

Now, create a more sustainable city model? According to experts, after analyzing and com-

paring different urban systems, the model that conforms to the principle of urban efficiency 
and livability is the city compact in its morphology, complex in their organization, efficient 
metabolically, and cohesive socially [22].

In terms general it dispersion urban in the island of Tenerife tends to be a problem important 
to form nuclei and cities compact, which not makes but increase the difficulty in it planning 
territorial and in it management urban. It is for this reason that we need to make a diagnosis of 
the scope of the insular dispersion and georeferenced spaces that tend to be the concentration 

or the compactness of the soil. Their progress clearly limited biodiversity, because scattered 
space environments tend to abandon early activities, mainly agricultural activities, to become 

in the waiting space. Often the changes happen over very long periods of time. This process 

implies that landscapes deteriorate because they do not have a specific function.

To demonstrate these hypotheses, it is necessary to first size up the problem at the island level 
and build the necessary reference frameworks: island, risk island, and corridor island. They 

are in this article, my goals.

1.1. Island, risk island, and corridor island

General system theory understands interconnected space. It produces connections that affect 
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is formed in our limits and that is transferred to the environment. When we work the whole 
of a finite space, at least from the terrestrial point of view, as it is an island, we come closer to 
systemic conclusions, but certainly, not even the islands are saved to other global interconnec-

tions that break or bridge the limits terrestrial.

Working on the concept of compactness, dispersion, connectivity, or green corridor on an island-
wide scale is a challenge and involves an important effort in selecting, editing, and combining 
data, often scattered and without uniform criteria. If it is achieved, the overall analysis capacity 
and its diagnoses reinforce territorial planning and the measures to be taken into account.

The concepts of island, risk island (Ri), and corridor island (Ci) are mere abstractions that allow 

me to dissect large sets and subject them to different pressures. The island cushions the pro-

cesses of pressure among its abiotic, biotic, and cultural spaces. If we reduce the total insular 

will increase. Their results would allow us to evaluate the risk more. Pressure-reducing valves 

are the corridors that connect the substantial organs of equilibrium (abiotic and biotic) with the 

green mosaic of the risk island—agricultural space, livestock, abiotic and unprotected biotic, 

urban green, etc. (Ci).

How is deconstruction formed? It is a sequence of systematic reductions from a whole, the 
island. We exclude spatially those less compromised components and those that have no pres-

sure, either because they are protected by some figure or because they are already part of the 
waterproof space. The first exclusion is made up of spaces declared and protected by the cur-

rent law as protected natural areas. In most of them with values of abiotic and biotic character. 
These spaces are the vital organs of diversity and biodiversity. They have no discussion. The 

spatial result of this reduction is the risk island. Often colloquially, politically and mediated, 

50% of the island is protected, to which I have always expressed a second phrase in an inter-

rogative key, and the other 50%, what? If we consider that the island is made up of multiple 
landscapes, I understand the landscape as a social product, that is until the abiotic spaces have 
been used by man in different phases of history, and accepting their consideration of protec-

tion, my concern is in the form of planning and ordering the rest of that 50%.

Given the data I provide in this work, the concern is more than evident. It is urgent to make deci-
sions in other directions that bring us closer to the protected vital organs. The unprotected and 

pressed envelope is a threat to itself, but also to vital organs and therefore to the island corpus. 

Why does this happen? There are several causes, as always, economic, social, political, cultural, I 
would not know which is more influential, is not my object here, but what has caused, is a spatial 
change in land uses that as a result leaves us waterproof space–construction + infrastructures–

very important, a reduced agricultural space and a space urban and projected disproportionate.

From this conclusion and spatial deconstruction, which pierces the risk island we have the 

corridor island, the island permeable, connector and balancer. Corridor island is where new 

renovation strategies should be designed. These must be conceived from the concept of land-

scape. With this, I do not say that you do not have to act in the excluded part of the corridor 
island, on the contrary, it must act in all areas, but you have to do it in truth and with a collec-

tive look, at all, of the Island.
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2. Objectives

This work has two objectives:

1. Design and construct new units of spatial references, perhaps a unit of landscape.

2. Measure territorial problems at scales more realistic, as are the urban sprawl and the soil 

sealing.

3. Methodology

The level of deconstruction is marked by the number of components involved in the process. 

It will be more intense and detailed as we incorporate more components.

In short, the island (I) is reduced, extracting protected natural areas (PNA). Its result is the 
risk island (Ri). If we introduce the pressure or tension components (T), the built urban space 
(Uab), the built rural space (Rab), the non-urban road network (Nur), we obtain the first model 
of Corredor Island (Ci).

  I − PNA = Ri − T  [U  { (Uab)  +  (Rab)  +  (Nur) } ]  = Ci  (1)

The methodological process is developed through the three moments or levels of information 

[23], at the time of problem definition and data selection (analysis and synthesis), inventory level; 
at the time of simplification and interpretation of results (combinations and relationships), level 
of treatment; at the moment of communication of the results, level of communication (Scheme 1).

Scheme 1. Methodology.
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For its development we use three different and basic cartographic sources: thematic cartogra-

phy, that by means of the selection and treatment of the components of insular delimitation 

and of protected natural spaces we construct the risk island. This map is provided by the 

regional company GRAFCAN S.A. Cadastral and topographical cartography are the sources 

from which we extract and treat the components for the construction of the existing tension 

within the risk island. The cadastral provided by the General Directorate of Cadastre of Spain 

and the topographic ones by the company GRAFCAN S.A.

In order to identify the constructed parts (understood as spaces destined to houses, indus-

tries, commerce … or to constructions destined to the agricultural use), in the urban space as 

in the non-urban it has been necessary to exclude elements registered cadastrally. The result 

of this exclusion makes it possible to define constructed soil surfaces and to establish patterns. 

are classified into three groups: (1) orchards and plots; (2) water infrastructures; and (3) sports 
areas.

The non-urban road frame (Nur) is composed of the sum of motorways, roads, tracks and 

urban structural way. Urban routes (Ur) are formed by the fabric of streets of the villages. The 

roads and trails frame (Pat) consists of soft, non-sealed and permeable routes.

In this article we will focus in the first group: them frames road not urban, i.e., the network 
general and structural of the island of Tenerife paved. Will be in a second phase of this 
research where complete the synthesis of them way urban and the edition of them roads and 

the paths, although, priori, these latest not contribute to them processes of sealed, although if 

to them of dispersion.

3.1. Inventory level

3.1.1. Components of the risk island (Ri)

The Island (I) and the protected natural areas (PNA) are simple data layers, which has 
intervened. In the first dissolving the separation administrative and eliminating those 
polygons referred to islets and rocks that surround the perimeter coastal. As a result, 

remains only the part “continental” of the island. The objective is the simplification. Keep 
those elements multiplies the number of polygons and not provide data substantial to 

the target, as are very small, not are inhabited or processed by any activity. In the second 
(PNA), has intervened, only and for the same reason, in the islets and rocks of the coastal 

perimeter.

3.1.2. Components of the tension (T)

Its pressure or tension (T) on the risk island is in the process of sealing of soil [15], or in the 

waterproofing and destruction of the space biotic and productive primary. The variables influ-

encing this process are: the built space and infrastructure. This problem is even more acute 

if there is an expansive and dispersed, model which creates a heterogeneous and irregular 
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 landscape [24], apparently interesting from the perspective of landscape, but enormously com-

plex and difficult order [25].

The space built. It is the most complex and important stress variable. The cadastral informa-

tion is divided in urban nature and rustic nature. To do this, it relies on legal ground–urban or 

rural class division. The patterns of organization of the space built in floor urban and flooring 
rustic are very significant and explain them models of settlement.

The urban area built (Uab) and urban area not built (Uanb) and rustic area built (Rab) are three 

variables of synthesis built starting from the data space and alphanumeric of Cadastre. Its 
construction was performed using multiple selections. This process is detailed in the headings 

of criteria.

and channeled the built space. The analysis is constructed from synthesize, on the one hand, 

the wefts non-urban road (Nur); for another, the way urban (Ur); and third, the paths and 
roads frame (Pat). This synthesis is the result of the process of extraction and fusion of the 

road with polygonal geometry of the different sheets of the topographic map of the island 
scale 1:5000.

3.2. Level of treatment

3.2.1. Relationship level 1

Risk island (Ri). It is generated by the combination of the island components (I) and protected 
natural areas (PNA). The operation space made is its removal.

  I − PNA = Ri  (2)

Tension (T). It is built by multiple relationships between the components (level 2, 3 and 4).

  T  [U  { (Uab)  +  (Rab)  +  (Nur) } ]   (3)

3.2.2. Relationship level 2

Risk island (Ri) with the urban area built (Uab)

  Ri − Uab  (4)

Risk island (Ri) with the rustic area built (Rab)

  Ri − Rab  (5)

Risk island (Ri) with the non-urban road frame (Nur)
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  Ri − Nur  (6)

3.2.3. Relationship level 3

Risk island (Ri) and the sum of the urban built environment and rustic (U [Uab + Rab]).

  Ri −  (U  [Uab + Rab] )   (7)

3.2.4. Relationship level 4

Risk island (Ri) and the soil sealing component. (T) = U [Uab + Rab] + [Nur]

   −    = U  [Uab + Rab]  +  [Nur]   (8)

3.3. Level of communication

It is the synthesis of the previous levels.

Corridor island (Ci) is obtained from the elimination in the risk island (Ri) all the space occu-

pied by the tension (T).

  Ci = Ri − T  (9)

4. Results

4.1. Inventory level

4.1.1. Components of the risk island (Ri)

4.1.1.1. Island (I)

The island of Tenerife has a surface area of 2034.7 km2. It is the largest of the Canary Islands. 
Administratively it is divided into 31 municipalities. The surface range of municipalities is 

201 km2. The smallest municipality is the Puerto de la Cruz with 8.8 km2, and the largest, La 
Orotava, with 210 km2. In this municipality is located the Teide National Park (ISTAC from data 
of the National Institute of Statistics -INE-). The superficial media by municipality is 65 km2 

(Table 1). Population, Tenerife, is also the largest, with 42.3%, representing 889,936 residents in 
the year 2014 (Table 2).

The pressure that exerts the number of inhabitants in the island is important (Table 2), but if to 

these you add the population floating, i.e., the number of tourists that overnight in the island, 
the pressure is multiplies. This fact affects the distribution of the settlement and its management 
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model. The resident population is organized in concentrated urban settlements and scattered 
settlements, on the other hand, the tourist population, mainly choose tourist places (Table 3). 

Paradoxically, these tourist places are more efficient in the consumption of soil and more ori-
ented toward a polycentric structure and high density. As urban backbone, are walks, streets or 

avenues where green space has an occupation and outstanding value, which next to the gardens 

and pools of accommodation infrastructures comprise scenically rich from the point of view of 

the landscape. This fact, at least admits a reflection: these spaces are attractive for travelers, but 
also for the residents, there is an ideal of paradise, then, why our model of organization of the 

settlement is so distant from that model?

Frequency 31

Minimum Area 8.8 km2

Maximum Area 210 km2

Accumulated Sum 2034 km2

Average 65.6 km2

Table 1. Statistics of surface by municipality.

Inhabitants % km2 Inhab/km2

100 7446.95 282.64

Tenerife 889.936 42.3 2034.38 437.44

Gran Canaria 851.157 40.4 1560.10 545.57

Lanzarote 141.940 6.7 845.94 167.78

Fuerteventura 106.930 5.1 1659.74 64.42

La Palma 83.456 4 708.32 117.82

La Gomera 20.721 1 369.76 56.03

El Hierro 10.675 0.5 268.71 39.72

Table 2. Population statistics of the Canary islands (2014).

N° tourists N° Average length of stay (days/tourist) Occupancy rates

overnight stays

Tenerife 5148.453 39,540.119 7.68 67.14%

Table 3. Statistics of tourism receptive of the island of Tenerife (2014) (source: Area of employment, economic development, 
trade and foreign policy. Council of Tenerife).
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4.1.1.2. Protected natural areas (PNA)

From 1987 to 2016 the legal history of protected areas in the Canaries is written as a succession 
of changes brought about by human pressure on the fragile and rich natural ecosystem of the 

Islands and adaptations to different national and regional laws of territorial organization. Part 
of a need for delimitation and conservation promoted in 1987 to a relativization of this delimi-

tation or conservation, while as objective one, the draft law on the land of the Canaries (2016), 
promulgates that “management of the Canary Network Protected Natural Areas must meet 

the objectives of conservation, socio-economic development and sustainable use.” Objective 

three states that the “socioeconomic development of the populations settled in protected areas, 
especially in rural parks and protected landscapes, will have a special consideration in the 

planning of them.” It follows that the current delimitation (Figure 1) may change over the next 

the rest, the risk island, tend to break and modify those limits and uses. Clearly, the problem 

we present in this work is currently having a great impact and it is key to provide figures of 
this tension and with urgency.

The current result is that the island of Tenerife goes from having in 1987 a total of 32 protected 
natural spaces to 43, at present and its distribution by categories increases by 3–8. This repre-

sents 1098 km2 (Figure 1).
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4.1.2. Components of the tension (T)

4.1.2.1. The space built

• Urban area builds (Uab). The land registry organizes the information on different items. Spa-

tially, fragmented each cadastral reference into as many parts as divisions, including volu-

metric differences. In this way, the island of Tenerife deals space built in urban land between 
140,954 cadastral references, and these in turn are divided in such a way that the number 
of polygons associated with cadastral references goes to 490,915. The sum total of the space 
built in urban land is from 34.11 km2. The spatial distribution of the cadastral references is 

quite heterogeneous, because you can concentrate on an only polygon or reach distributed 

in 694. These ends respond to two models different. The first refers to the single-family con-

and maximum extremes. It is common to find, as it indicates the average–3.5–poor division. 
This fact indicates clearly the model of dispersion and of low density. The surface average 

built urban space is 242 m2. The percentage of soil sealing is 1.67% (Figure 2).

• Urban area not built (Uanb). Excluded for not being built urban space adds 100 km2, three times 

more than the space strengthened by building. The cadastral reference number is 146,344 and 
just has partitions, 1.3 divisions by reference. The average surface of each cadastral reference is 

687 m2. No doubt are plots very large and homogeneous to the not be subdivided (Figure 2).

• Rustic area builds (Rab). There are 6.75 km2 of space built on rustic land. If count the rustic 
not built but valued, where incorporated fields for soccer, golf, tennis, or floors considered 
as courtyards or next area to building (which tend to be orchards in production), etc., the 

footprint is 16.85 km2, nearly three times built in rural and half of the urban built space. If 
we add both figures rustic, the space in risk of construction is of 23.6 km2. If we speak of 
“soil sealing,” the data must be of 6.75 km2. The number of built-up cadastral references is 

43.475 and the average area of is 155 m2. These dimensions are not buildings oriented farm-

ing or animal husbandry activities linked to the productive rustic features. If talk of the 
subdivisions within each of them references can specify that the media in of 2.16 divisions 

4.1.2.2. Road structure

The terrestrial communications network is complex. It’s formed by motorways, dual carriage-

ways, different roads and road urban. These make up the most important soil sealing. But they 
related other tissues consisting of roads and paths. Together we talk about 20,200 km. Are that 
support more than 4,556,240,521 vehicles in the year 2014, distributed in them 1157.50 km of 
roads not urban, what supposed an IMD average of 10.784 vehicles/day (Daily average inten-

sity (IMD) is the most commonly used to characterize any magnitude. It is defined as the total 
number of vehicles spanning a section in a year divided by 365 days).

• Non-urban road (Nur). The surface that seals is of 17.80 km2. Motorways sealed 1.80 km2 in 
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Figure 2. Distribution of urban area built (Uab) and unbuilt (Uanb).
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relate it to the population every inhabitant would be 144 km of track. The percentage of sealing 
of soil is of 0.87% (Figure 4).

• Paths and roads (Par). They do not enter into the analysis of sealed, but those that are close 

to concentrated nuclei or even to the scattered pieces, are tending to become in developing 
that part of the seal. These routes are which channeled the housing development irregular 

on the island of Tenerife. This structure shows the agrarian paleo-landscape of the island 

of Tenerife, symbol of its identity [26]. The accumulated length is 14,172 km. Its density 
throughout the island is 6.5 km/km2.

4.1.2.3. Synthesis inventory level

the fragmentation (Table 4) and the important percentage of soil sealing. (Table 5).
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4.2. Level of treatment

4.2.1. Relationships level 1

4.2.1.1. Risk island (Ri)

The risk island can be considered as a complex risk landscape unit. Here are determined by the 

processes of growth and restrictions on human activities. The projections of the territorial and 

urban planning are also concentrated in this space, hence the importance of these results and 

their magnification. If we calculate the pressure data, population, building and road frame on 
this new reduced spatial reference and real, and the results are triggered upward.

If we reduce the risk of transformation space 1046 km2 and interact with the components that 

generate pressure diagnosis is more critical (Figure 5).

4.2.2. Relationships level 2

Component Code Area Soil sealing Average soil sealing EU (%)

(km2) (%)

Urban area built Uab 34.11 1.67

Rustic area built Rab 6.75 0.33

Non-urban road Nur 17.8 0.87

Total 58.66 2.87 2.3

Table 5. Synthesis of soil sealing by components (inventory level).

Component Code Area Length Average 

(m2)

Cadastral 

reference

Cadastral Average polygon/

cadastral reference

(km2) (km) (frequency) polygon

Urban area built Uab 34.11 242 140,954 490,915 3.48

Urban area not 

built

Uanb 100 687 146,344 196,287 1.34

Rustic area built Rab 6.75 155 43,475 94,061 2.16

Rustic area not 

built

Ranb 16.85 1110 12,509 15,180 1.21

Non-urban road Nur 17.8 6055

Path and road Par 14,172

Total 175.51 20,227 343,282 796,443 2.32

Table 4. Synthesis of the fragmentation of the built space (inventory level).
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• Relationship of the risk island (Ri) with the urban area built (Uab)

The 100% the urban constructed land lies within the risk island. The sum of soil sealing is 
34.11 km2. This data represents the 3.26% of the risk island. If we compare it with the data 
from the EU of 2.3% of the total soil sealing, we are already talking of a tension in a single 
component. If we associate it with the absolute population is 38 m2 per capita.

• Relationship of the risk island (Ri) with the rustic area built (Rab)

Risk island. The space built in rustic area is of 6.75 km2. Within the risk Island are 6.36 km2, 

representing 94.65%. The number of cadastral references is 40,133 and its media division–
frequency–is 2.2 polygons/ reference. The average area of each reference is 82.27 m2. The 

sealing of soil of this component is of 0.60% of the risk island. His relationship with the 
absolute population is 7.14 m2 per capita.

Protected island. On the other hand, out of the risk island and within any of the categories of 

Figure 5. Risk island (Ri).
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• Relationship of the risk island (Ri) with the non-urban road frame (Nur)

Within the risk island is the highways total (100%) and 88.75% roads and structural way. In 
total 16 km2. Each inhabitant of non-urban road is 18 m2. The percentage of sealing of soil is 

of 1.52%.

4.2.3. Relationships level 3

• Relationship between the risk island (Ri) and the sum of the urban built environment and 

rustic (Figure 6). U [Uab + Rab]

The result is a built space partitioned by the island-risk, with a development of space built on 

40.83 km2: the cadastral reference number is 181,087. The soil sealing represents 3.86% and its 
relationship with the population builds up 45.14 m2 per capita.
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4.2.4. Relationships level 4

• Relationship between the risk island (Ri) and the soil sealing component (Figure 7). 

T = U U

Figure 7. Distribution of the tension (pressure).

Component Code Area soil  

sealing (km2)

Average Soil sealing m2 per  

capita

Average soil sealing 

 EU (%)
(m2) (%)

Urban area build Uab 34.11 242 3.26 38.00

Rustic area build Rab 6.36 82.27 0.60 7.14

Non-urban road Nur 16 1.52 18.00

Total 56.33 5.38 63.29 2.3

Table 6. Synthesis of soil sealing per component (treatment level).
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Tension on the risk island spatially focuses on urban construction and the intense network of 

roads and structural way, add 85% of the tension between the two. But at the same time the 
intensity of road network provides access to promote dispersion in non-urban land (11.33%). 
In any way the tension that generates the soil sealing in the risk island of Tenerife is of 
56.33 km2. This is 63.29 km2 per capita. The percentage of sealing of soil is of 5.38% (Table 6).

4.3. Level of communication

Corridor island (Ci) (Figure 8).

The end result of this procedure leads to the corridor island. The remaining space on which 

rests the new tension. Our space unit of risk part with 1046 km2. The value of the tension, rep-
2. The corridor island features of 990.47 km2. Those 

2 and 31 km2. 
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The average is 0.45 km2. This result demonstrates the importance of fragmentation. Also 

get the base space about which defines the complex strategies of intervention in this space 
(Scheme 2).

The key is now on characterizing the space corridor. This is divided into two main areas; on 
the one hand the cultural field represented by agricultural space and on the other the biotic 
field, both in contact, and the fruit of the activity or inactivity of the first. But also both in 
contact with the components that make up the stress, as defined in this article. What is the ten-

dency of the polygons inter-road defined, how deals with territorial planning and the urban 
sprawl and the non-urban land management. These are issues that will deal of resolve in a 

next work starting from the delimitation of these units of reference obtained.

5. Conclusions

The island of Tenerife has a gross population density (ratio between absolute population and 

population) of 444.3 inhabitants/km2, but a real population density, if we focus on its risk 

space is 850.79 inhabitants/km2. This figure if we extrapolate it worldwide, Tenerife would 
occupy the position number 14 of the ranking. To this must be added the 14,100 daily tourists 
that coexist in the island, this supposes an increase of density in the risk island until the 864.28 
Inhabitants/km2.

In the island of Tenerife there are 43 protected areas between 3 and 46,000 hectares. Together 
they are 109,000 hectares. They are equivalent to 50% of the island territory. Almost 100% of 
the population residing or visiting the Island do not live in protected areas, that is, they are 
distributed within the other 50% of the total island. In spite of this, at the moment, it is being 
rethought from the present regional government, to modify the unique objective of conser-

vation and delimitation of the protected spaces, incorporating and prioritizing the socioeco-

Scheme 2. Proportional distribution of the types of island.
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The analysis of the space built in urban and rural soil diagnoses patterns of low density expan-

sion models. The average surfaces of the built polygons are smaller in the rustic soil 155 m2 

than in the urban soil, 242 m2. On the other hand, the reserve area that represents the uncon-

strained urban land triples that consolidated by the building. These data and their relationship 

with the insular surface indicate a percentage of soil sealing of 2%. According to the pressure 
levels determined by the study of soil sealing for the EU [17], Tenerife would be in the middle 

level only with this component.

The analysis of the space occupied by the non-urban road network indicates an important den-

sity, as well as the risk of unpaved roads and paths in the continuity of the dispersion. Only the 

asphalted road is counted as a component of soil sealing and this occupies 0.87% of the island.

If we add the values of the built-up space and the asphalted roadway, the total sealing result, 

border of the scale proposed by Prokop [18].

The risk island is a new spatial reference that should be used as a unit of analysis. It is more 
realistic because it is the transformable space. It must be the new space to design and apply 
landscape policies. On the island of Tenerife, it accounts for 50% of its territory.

The pressure or stress experienced by the risk island is evidenced by the occupation of the 

built urban space with respect to the sealing of the soil, as it is 1% higher than the EU average 
and would enter the high pressure level according to the Prokop scale [18].

The space built on rustic soil is more significant, representing 0.6% of the sealed floor and aver-

age surface area of 82 m2 make them the clear dispersion and low density model. In the risk 
island is 95% of the total of this type of buildings; the remaining 5% is inside the protected island.

The non-urban and asphalted road network is almost entirely within the risk island, 100% of 
motorways and 89% of the main roads. They are 16 km2 to which we would have to add the 

urban plot not calculated in this work.

In the absence of accounting for this data, currently under development, the total pressure on the 
unprotected island is 5.8%. This percentage would place it in the fourth place of the European 
ranking, only behind Malta, Holland and Belgium. Undoubtedly, this classification at the state 
level does not reflect regional particularities, but the status of insularity confers a specific status 
to the pressure exerted on a finite space. It would be interesting to analyze this problem in other 
EU insular spaces to compare urban growth models and their soil sealing coverage.

The rest of the island, the corridor, is a pressed, highly fragmented island. It is an island 
threatened by the building expansion through the network of roads not paved, that the plan-

ning instruments in force have not been able to curb. It is a space where the urban surface not 
built and even the space according to the classification of soil in force would duplicate the 
urban space and therefore the increase of pressure and sealing of soil of the corridor island.

The rest of the island, the corridor island, is a depressed island, very fragmented. It is an 
Island threatened by the building expansion through the network of unpaved roads, which 
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the planning instruments in force have not been able to stop. It is a space where the unde-

veloped urban area, and even the planned urban development, could duplicate the urban 

space, and with it, the demand for infrastructures that would only increase the sealing of 

the ground.
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Abstract

Urban agglomerations show different development patterns and stages. Here, we describe, 
discuss and compare urban agglomerations in different continents. The introduction sec-
tion gives a general overview of specific issues of urban agglomerations. Different char-
acteristics in Europe, Asia and America are discussed as experienced by the article’s 
co-authors, living in or working for urban agglomerations in these continents. First, the 
history of urbanization and agglomeration evolvement is described, then patterns, func-
tional structures and relations, drivers as well as social and demographic characteristics 
are discussed (e.g. migration, aging, household structure, housing patterns, workplaces, 
etc.). Transportation infrastructure (roads, public transport systems) is also addressed as 
trigger for spatial dynamics causing certain effects (floor space, office and apartment rents 
releasing urban sprawl or hyper-densification), as well as gentrification. Further topics are 
urban governance and its impact on agglomeration development. Recent state and future 
trends will be debated, if important. A conclusion section summarizes the comparison of 
state, dynamics, drivers and trends.

Keywords: urban agglomeration, trends, drivers, patterns, functions and relations
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1. Introduction

Urban agglomerations can be defined as contiguously built-up area, shaped by one core city or 
by several adjacent cities, sharing industry-, infrastructure- and housing-land use with high-
density levels as well as embedded open spaces. Urban agglomerations can be addressed in 
different ways ranging from “large cities,” “urban economic zones,” to “integrated groups of 
cities that share a common interest and fate,” Fang and Yu [1] gave a comprehensive overview 
on the different contexts. Urban agglomeration is a somehow technical term emphasizing 
extent and morphology. We prefer the term “metropolitan region,” which better labels socio-
spatial systems addressing activity and interest sharing of urban actors as well as the drivers, 
dynamics and functions which result in certain pattern and shape.

1.1. General triggers extending urban agglomerations

The utmost driving force of urban agglomerations is growth! The major reason for growth is 
population migration towards cities and metropolitan regions, driven by the population expec-

2, 3]). Urban population growth and related 
housing demand are mostly caused by migration of rural population from rural areas or from 
remote (emerging) countries. There exist various migration theories. Bogue [4] addresses push 

Topics Push factors Pull factors

Economic sphere • Lack of resources (water, food, goods)

• Economic disadvantages (salary, lack of 
services, unemployment)

• Resources availability

• Economic advantages (better employment 
opportunities, salaries)

• Good accessibility (enabling faster 
commuting)

Housing/living 
condition sphere

Dissatisfaction with present living 
conditions:

• Lack of housing

• Low neighbourhood quality

• Few social, educational, leisure 
opportunities

Pleasant neighbourhood and surroundings

• Sufficient housing, building land provision

• Better neighbourhood quality

• Good social, education, leisure facilities

Social sphere • End of professional education

• Change of job, increase of personal 
income

• Family status change (marriage, 
children…)

• Appropriate social neighbourhood 
structure

• Former neighbours and friends moved 
earlier to the target area, which evolves as 
homogenous ethnic district

• Building homogenous ethnic districts 
“Ghettos”

Source: Adapted from Refs. [3, 4].
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and pull factors triggering migration decisions. In Table 1, these factors have been distin-

guished into three spheres.

Important push and pull factors for urban migration refer to the economic and the housing/
living condition sphere. The social sphere is only considered if the other two spheres are ful-
filled. Social sphere-related desires vary much with respect to personal needs.

1.2. History and dynamics: patterns and triggers shaping growth

1.2.1. Economy and employment

Economically driven expectations of newcomers are triggered by the economic attractiveness of 
the agglomeration (c. f. [5]). Larger agglomerations—in developed as well as in emerging coun-

tries—show higher chances appealing more customers to gain income, higher salary or profit.

The economic sector depends on location factors. High quality services and administrations 
allow occupying the central core of a metropolitan region resulting in very high rents. The 
demand for office space in central areas triggers density increase in the central business districts 

size, especially globally acting, powerful companies, establishing new offices to benefit from 
contact opportunities, good traffic connections, the large number of potential employees and 
clients. These agglomeration economies of scale are result of spatial proximity and frequency of 
opportunities, which are major contributing factors to the growth of cities [6]. Benefits arise from:

• low transportation costs

• big (local) markets

• large supply with labour and reducing search costs

• accumulation of knowledge and knowledge spillovers between companies [7].

Hiring specialized staff is easier in large agglomerations. More people undertake professional 
training and education, and the number of highly skilled employees is larger, since new aca-

demic personnel leave the city’s universities and more already skilled personnel work in com-

peting companies nearby, which may change the workplace for higher salary [8].

While the highly specialized service sector (banking, insurance, ICT, R&D, governmental and 
urban administration) has its allocation focus in the centres, increasing densification, space 
intensive enterprises (logistics, retail- and large production sites), relocate to cheaper areas 
outside the urban cores, thus contributing to urban sprawl.

1.2.2. Housing

Despite high pressure on building land and rents, in-migration of new population to the cities 
is a steadily observed trend. Migration patterns in developed countries depend on the wealth 
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low quality social housing blocks. Furthermore, central areas evolve as attractive neighbour-

hoods for the wealthy with short distance food supply, leisure opportunities, education facili-
ties and social care.

Housing development in emerging countries shows extreme patterns. Displacement of poor 
people triggers informal housing in many ways.

1.2.3. Urban sprawl versus “leapfrogging” urban development

Urban sprawl “flooding” opens spaces around single core cities or between several cities and is 
the major dynamic to build urban agglomerations. Urban sprawl and its reasons have been dis-

cussed by many authors (e.g. by Bhatta [9] who provided a table of 30 reasons). In the nineteenth 
century during industrialization, the cities’ density increased and living conditions declined 
because of coal fire use, leading to heavy air pollution in the cities and their industrial belts. 
Expansion of urban regions was driven in Europe during this century by new railway lines result-
ing in a “leapfrogging” urban development: With growing economic prosperity and expanding 
railway networks, the middle class move towards the suburban towns with better quality of life, 

trend started around 1850, in Paris in 1890 and in New York City in early 1900 [10].

This urbanization trend was initiated during the 19th century by railway lines and train stations. 
In the 20th century, it was transformed to uncontrolled urban sprawl, which was triggered by 
private cars, allowing to settle in open land near already built-up areas, which provides easy 
access to the core city as well as easy connection to infrastructure supply networks. The trend 
accelerated in the United States in the 1930s, through the National Housing Act of 1934, pro-

moting the “free-standing, owner-occupied, single-family home in the suburbs” [11]. Since 
the 1950s in the USA, the 1960s in Europe and the 1980s in parts of Asia and Latin America, 
urban sprawl increased even more with car growing ownership allowing to settle wherever one 
wants, fostering additional extension of street networks, again pushing urban sprawl. Industrial 
deconcentration contributes also to sprawl in the large urban agglomerations [12].

In emerging countries, urban sprawl started as a mass phenomenon in the late twentieth cen-

tury, building huge new metropolitan regions, often within one decade—triggered through 
massive rural population migration to the cities (c. f. [13]). This leads to the growth of informal 
settlements resulting in large, sometimes rather dense, squatter dwellings close to the city cen-

tres (especially in Latin America) or at the outskirts of the cities [14]. Squatter dwellings were 
first built with sheds, which were particularly transformed later into basic buildings, partly 
accepted, legalized and supplied with regular roads, water pipes and power lines (c. f. [15]).

A major pull factor of urban sprawl is, no doubt, the lack or insufficiency of strict planning 
guidelines and urban development policies, which do not control land consumption in an 
appropriate way.

1.2.4. Densification

Densification in centres is triggered by the land price gradient. Increasing densification is con-
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insurance, ICT and governmental and urban administration—is enhancing densification. The 
most densified blocks often evolve in areas of good accessibility, close to higher capacity trans-

portation hubs, with high visiting frequency and increasing opportunity to attract new employ-

ees, business partners and clients or to allow fast traveling to business partners.

While density is increasing in the centres, in the entire urban agglomerations, the 
density is decreasing due to accelerated dispersion. Bertaud [17] showed this by an 
impressive image (see Figure 1), comparing population distribution in seven agglom-

eration areas. The distribution of the working population would show a similar pattern 
although the density gradient will be higher as office space is even more concentrated 
in urban cores.
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1.3. Socio-spatial structures and dynamics: segregation, gentrification and aging

1.3.1. Segregation

Segregation—unequal distribution of social groups—is common in urban agglomerations. In 
small cities, only little segregation of national or ethnic groups is observed, as the number of 
newcomers is too small to establish a separated community. Metropolitan regions are migra-

tion targets for many foreign immigrants as they expect there higher chances to meet fellow 
citizens and find familiar infrastructure that makes it easy to settle, to get support and advice, 
to find jobs, to adapt and to integrate (c. f. [18]). There ethnic and national differences play a 
more important role: as the size of national and ethnic groups is big enough to build clusters 
with own identity (c. f. [19]). Thus, national or ethnic quarters occur with own shops, restau-

rants, leisure opportunities, social infrastructure, churches or mosques and finally services 
like native speaking lawyers, doctors and even newspaper publishers.

1.3.2. Gentrification

reinvestment and in-migration of middle class to upper middle class population (c. f. [20, 21]). 
It is the effect of more wealthy people who show new demands for high quality apartments 
and living areas. This process is more distinct in urban agglomerations as migration pressure 
of wealthy people is higher and social mobility (through raise of income and change of status) 
is higher too, because of more earning opportunities in these larger economic zones.

Gentrification can be seen as a negative or positive process: as displacement of the urban poor 
and destruction of indigenous social communities (c. f. [20]) or as economic revitalization of 
urban spaces (c. f. [21]), driven by wealthy classes and property developers. An issue, which is 
in urban agglomerations, with a vibrant housing market is more important. In smaller towns, 
gentrification plays a minor role, as there is less demand of wealthy classes for high quality 
housing.

1.3.3. Age distribution

The stages of life course (childhood, youth, working age and aging) play a certain role in 
todays’ urban agglomerations. Both—increase of the number of the elderly and of young 
ones—can be observed in cities, depending on the age structure of the nation and the immi-
gration pressure. In mature industrialized countries with small birth rates, population struc-

ture is frequently aging if only little immigration takes place. In emerging countries with high 
birth rates and in urban areas of developed countries with high immigration rates, the share 
of young population is growing, attracted by urban areas when searching for higher educa-

tion, better housing possibilities and workplaces (c. f. [22]). Age group distribution patterns 
are fluid and differ over time. New housing areas lead during growth periods to homogenous 
age structures with young singles or families in their early 1930s and small children. In cities 
where less relocation within a life course takes place, like in central Europe, the age structure 
pattern remains may cluster into homogenous groups over several decades (c. f. [23]).
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1.4. Functions, interactions and traffic

The functional urban region—and urban agglomerations are highly interlinked functional 
areas—provides complementary functions of different levels at different places to supply the 
population with all necessities—ranging from residential function to workplaces, to educa-

tion, shopping and using various services. Making use of these functions requires communi-
cation or traveling between the places where those functions are provided.

1.4.1. Functions

Referring to Christaller’s Central Place Theory [24, 25], explaining spatial arrangement, size 
and function provision of settlements, there exists a hierarchy and pattern of towns and cities, 
which provide, depending on size, a range of services for the city and the adjacent service, 
administration and market area. Simple everyday services like food stores, kindergartens and 
elementary schools can be found in low-ranked Central Places: settlements, serving the local 
population and the surrounding area within small distance. Occasionally, demanded spe-

province—requiring some traveling. In highest ranked Central Places: large cities with high 
level services—specialized clinics, universities, national museums, ministries and central gov-

ernmental bodies—which supply the population of a large area, even a country—are found.

Urban agglomerations allow providing services of all hierarchies up to the highest one in an 
efficient way, as the different hierarchical services are located within small distance, and sup-

ply a large number of people, living or working closely together.

1.4.2. Interactions, infrastructure and traffic

Distributed functions in metropolitan regions require more interactions—people flows (shop-

ping, learning, commuting, relocation, etc.), business linkages (supply chains, goods flow, 
retail, services)—and infrastructure to enable these interactions: Traffic and communication 
infrastructure, energy and technical services infrastructure and shared social and administra-

tive services. As urban agglomerations are faster growing than standard cities, these services 
must grow fast too and must be well maintained for sufficient supply, which is again increas-

ing the attractiveness of the agglomerations, at least today.

Urban agglomerations observe high traffic loads frequently causing heavy congestion problems 
[26]. Compared to the number of inhabitants, the traffic volume is less as the density is higher, the 
functions are located closer, travel distances are shorter and the public transport share is much 
higher, at least in the central areas of those metropolitan regions. So, larger and denser metro-

politan areas do not mean more car traffic [27]! Building density and thus functional density can 
significantly reduce traffic, as closely allocated functions provide sufficient supply within short 
distance, which allows walking for shopping, leisure facilities, schools, etc. instead of driving. 
Central areas are good examples to enable car-free living. Especially in Europe, remaining medi-
eval structures in many town centres have often hindered to evolve “car-friendly” cities.
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Local traffic varies depending on the layout of neighbourhoods and function allocation. 
Transregional traffic is the effect of large distance mobility demand. Here, it is important 
to distinguish between monocentric and polycentric agglomerations—the monocentric ones 
target more the centre, but show less traffic loads because of less transregional transportation 
requirement, while the polycentric ones show distributed traffic loads because of wider dis-

tance and higher transportation requirement (c. f. [17]).

1.5. Policy: spatial impact on urban expansion patterns

Urban agglomerations are driven by administrative structures distinguishing the areas of 
responsibility and by planning policies establishing the administrative structures.

The government systems and planning policies differ substantially between countries 
depending, e.g. on the number of intermediary planning authority levels, which has some 
effect on the development of urban agglomerations. Political and administrative borders may 
thus lead to lacking planning guidelines, which may result in uncoordinated urban region 
development—urban sprawl is one severe problem directly caused by uncoordinated spatial 

Based on the planning power of local and regional government levels, one can distinguish 
between centralized and decentralized planning systems. The interplay of government systems 
and overarching planning policies show the potential of the public role to manage and control 
urban agglomeration development, which can range from no control to full planning control 
covering the entire region (c. f. [28]). Agglomerations cover usually not just one administrative 
entity as they are growing beyond the city borders. They cover clusters of administrative enti-
ties: in case of monocentric agglomerations, the core city and surrounding peri-urban munici-
palities and in case of polycentric agglomerations, several core cities and secondary cities.

In countries with weak national to regional planning power and strong local power, local 
policy makers focus on their own territory resulting in less coordination to develop the parent 
region. The focus on municipal policies leads also to less transboundary or to divided pub-

lic transportation networks. This triggers mobility behaviour towards private car use, which 
again accelerates urban sprawl.

The authorities of several cities embedded in urban agglomerations have learned from the past 
and established common governance bodies for the agglomeration region as well as regional 
transportation organizations providing a better framework for regional development (c. f. [29]).

2. Urban agglomerations in Europe

Urban agglomerations in Europe show frequently transnational structures, which grew 
beyond national borders due to dense distribution of cities in small nations. Despite this 
transnational growth, where cities profit from each other, being part of a large conurbation, 
they are also urban economies competing with each other while they collaborate.
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Hague, Rotterdam; the Brussels agglomeration; the German Rhine-Ruhr conurbation from 
Dortmund via Frankfurt to Stuttgart, the Swiss Basel-Zurich agglomeration and, finally, the 
Milan urban region in Italy. Recently, the “Sunbelt” from Milan to Valencia and the “Yellow 
Banana” from Paris to Warsaw were identified as new transnational urban agglomeration 
axes [31].

Besides these “bananas,” many more urban agglomerations and functional urban areas 
(FUAs) can be found in Europe although they are smaller than the transnational ones. Nearly 
each European larger capital city has evolved as urban agglomeration (see Figure 2).

2.1. History of urbanization: the nuclei of urban agglomerations in Europe

About 1000 years ago, Europe starts becoming urban. Between 1000 and 1300, Europe 
acquired an urban system dominated by typical producer cities, which prospered in spite of 
Europe’s political fragmentation. In fact, this fragmentation was enhanced during the rise of 
independent city-states or cities with a large degree of local authority. The industrial revolu-

tion developed rapidly in England during 1750–1850 and stimulated growth of cities and 

35% and by 1891, it was 54% [32]. All cities and agglomerations show similar dynamics: mod-

erate growth inside the core areas and extended growth of the outer urban region.
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London and Paris are the two European agglomerations of outstanding size, forming a mono-

centric core area incorporating during their growth a range of small towns within the out-
skirts building the agglomeration.

London was rapidly rising after 1500 in importance among Europe’s commercial centres. 
Trade expanded beyond Western Europe, and monopoly trading companies were established 
in London. Immigrants arrived from Britain and from abroad. The growth of population 
and wealth of London was fuelled by coastal shipping. The population rose from 50,000 in 
1530 to about 225,000 in 1605 [33]. During the 19th century, a network of railways accelerated 
the growth of the suburbs of Greater London, from where middle class people commute to 
London centre, while the low-income remained living in the inner city areas. As capital of a 
large empire, London became also a target for immigrants from the British colonies and Europe 
[34]. In 1801, Greater London reached around 1.2 million inhabitants, where the outer London’s 
share (the population living outside the London city borders) was 15%. In 1901, the city grew 
to a population of 6.2 million, where the outer London’s share reached 22%. In 2011, Greater 
London hosted 8.2 million people, where the outer London’s share reached around 60% [35].

centre and the largest city in Europe. Under Georges-Eugène Haussmann, Prefect of the Seine, 
the Paris centre was rebuilt until 1870 with wide avenues over forming the earlier street layout. In 
1860, the city expanded to its present administrative area. Around 1800, Paris had 550,000 inhab-

itants; after the extension of the city boarders, Paris inhabited 1.7 million people, Paris urban 
region had 2 million inhabitants and the outer Paris share reached 15%. In 1911, Paris urban 
region had 4.5 million people, where the outer Paris’ share was 35%. In 2010, Paris urban region 
reached 10 million people, where the outer Paris’ share was ca. 70% (numbers reconstructed by 
Ph. Julien from INSEE). Today, Paris’ agglomeration is 27 times larger as the city itself [36].

The Rhine-Ruhr metropolitan region is one of the large polycentric metropolitan areas with sev-

eral cities as nuclei with no real prime city, hosting more than 11 million inhabitants and cov-

ering an area of 7.110 km2. The population dynamics history is not so well documented as the 
growth of the metropolitan region is based on the moderate but steady growth of many mod-

erate sized and smaller centres. Today, 10 moderate-sized cities (with several 100.000 inhabit-
ants) are part of this metropolitan region: Dortmund, Bochum, Essen, Duisburg (Ruhr Area), 
Mönchengladbach, Düsseldorf, Wuppertal, Leverkusen, Cologne and Bonn (Rhine Area). In the 
south, the Rhine-Main metropolitan region has evolved with Frankfurt, Offenbach, Wiesbaden, 
Mainz and Darmstadt as larger cities. The region is well connected through a very dense motor-

way and railway network and interrelated by dense commuter flows. Further close connections 
have been established to the neighbouring Randstad- and Brussels agglomerations [37].

2.2. History and dynamics: patterns and triggers shaping growth

The ancient cities in Egypt, in the Greek and Roman empires, often linked to military camps, 
show a strict geometric pattern—gridded inside their boundaries. Since the middle ages, circular 
boundaries turn up as a frequent shape representing a natural bound of any city, which is based 
on some central focus, distorted by terrain, rivers and large distance routes, connecting cities. [38]. 
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streets around the centre, which is the market place or the main church place. The old city was a 
walking city, allowing to buy the necessary things and to work in close distance to the living place.

Cities have been connected though a star-like road network with neighbouring villages and 
further cities in wider distance. The radial major road network have been superimposed by 
secondary places, which serve as sub-centres for neighbourhoods or outskirt areas, being 
the origin of secondary again star-like street networks inside the built-up area. This struc-

ture strengthens the centre function of urban cores as well as functions of the sub-centres 
and triggers later the layout of public transport systems. The secondary street network pro-

vided new connections between the sub-centres, connections which are the origins of the 
ring road systems around the centre.

In the late nineteenth century, the local street network shaping the villages outside the ancient 
boundaries of the large cities was replaced frequently by a gridded block system to develop 
efficient housing for the growing population. Between the 1950s and the 1980s, these struc-

tures have been further superimposed by large ring roads or tangential roads outside the core 
cities (e.g. in London, Paris, Munich, Vienna).

usually one certain network branch, supply a particular suburban area, each railway line with 
its own terminus, not inside but around the city centre. These systems triggered the develop-

ment of inner city tram and metro lines, which connected the terminus stations in all larger 
cities—e.g. in London, in Paris, in Vienna or Berlin (c. f. [39]). At the “rural end” of those 
network branches, the railway terminals in the peri-urban area provide connectivity with the 
core city triggering the transformation of former rural villages to small towns, securing access 
to workplaces and functions of the core city before the era of private car ownership.

Typically, Europe’s quite public transport-oriented metropolitan regions are now public 
transportation organizations with a common tariff system, which allows using one ticket for 
traveling in the region, while using trains, metro lines, busses, etc. from different companies.

2.3. Socio-spatial structures and dynamics

In the European metropolitan regions, the structures are similar as described in the intro-

duction. Wealthy classes move towards refurbished prestigious blocks or high quality, green 
areas close to the city centre. Inner city gentrification can be observed triggered by upper mid-

dle-class population to benefit from close central core services and various location factors 
(e.g. restaurants, shops, leisure areas, transportation hubs). The lower middle class moved to 
the attractive outskirt areas—either in sub-centres with sufficient infrastructure and public 
transport connection or in case of less income “just” to any green area in quite far distance to 
the city and with weak access to public transport infrastructure (c. f. [3]).

Segregation is a particular topic: the more people from abroad are moving to the city, the more 
mono-ethnic and mono-national clustering takes place, chasing away the origin population.

Informal housing was long time not an observed issue in Europe’s urban agglomerations. 
Only in some Balkan countries (most affected are Albania and Serbia, but also Romania 
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2.4. Functions and relations, communication and interaction

While monocentric agglomerations include all functions of a traditional city within its bor-

ders, polycentric agglomerations show some distribution of functions between the centres. 
For instance, the adjacent Rhine- Ruhr and Rhine-Main metropolitan regions show a certain 
distinction into heavy industry production areas in the northern Ruhr valley and in service 
centres in the central area—among them Frankfurt as a European banking centre or Bonn as 
former administrative centre of (West-) Germany and high value industry (cars, machinery, 
ICT) in the southern part (c. f. [37]).

The distribution of functions over a wider area requires more interactions, which are raising 
the traffic load in the metropolitan region. Therefore, the road traffic loads are high and heavy 
congestion problems are frequently observed—on the highways as well as on the inner city 
major street networks, although the urban public transport share is relatively high.

2.5. Policy: spatial impact on urban expansion patterns

planning policies related to these administrations.

In the introduction, the relative power of the local and the sub-national (regional) levels of 
government has been addressed as effect of different centralized or federal planning systems. 
This is of particular interest in the Europe with its small-scale system of many small coun-

tries—all with different governmental systems, which show a range of centrality to federal-
ism. Countries with central administration like France allow easy development of common 
regional planning strategies for the entire urban agglomerations (c. f. [28]). However, even 
there, city planning is quite independent and neighbouring villages follow their own strate-

gies, although they are forced to respect the national or provincial planning framework. In 
countries with a strong power for local political entities, like Germany or Austria, the local 
policy makers feel responsible for their own territory, which leads to more competitions 
and less collaboration, where it is hardly possible to develop strategies for the entire urban 
agglomeration. Details can be found in Section 1.

In countries of the former Soviet Union influence sphere like Poland or Hungary, liberal gov-

ernance structures turn up as the opposite of the former totalitarian framework conditions. 
This leads to some extent to a reduction of public planning power allowing private develop-

ments, not all time in line with the national legal systems, by ignoring zoning regulations and 
creating gated communities (c. f. [40]) and uncontrolled sprawl.

3. Urban agglomerations in Asia: focus Iran

3.1. History of urbanization

Iran is one of the oldest and culturally richest civilizations in the world. Shoush, Hegmataneh, 
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Iran experienced of expeditious urban population growth after the 1940s, which influenced the 
process of planning, development and new cities (c. f. [43]). Today, Iran is a modern developing 
country with the second largest population and the second largest area within the Middle East. 
Iran hosts the greatest number of cities above 1 million inhabitants in the region: 7 out of 28 [42].

During the past 5 decades, Iran is experiencing the population shift from rural areas along 
environmental, social and economic development by 68.5%. While there are many benefits of 
efficient cities, we need to recognize this rapid, often unplanned urbanization that brings dif-
ferent risks such as critical infrastructure, cultural heritage and the potential for devastating 
spread of disease [42].

When discussing urban agglomerations in Iran, Tehran with 8.4 million inhabitants within the 
city and 14 million within the agglomeration [43] is the outstanding example.

The city of Tehran was first mentioned around 1100 AD in the book Farsname. Its origin go 
back to an oasis at the foot of the Alborz mountains. Tehran is located 20 km north of the city 
of Ray, which was destroyed in 1220 by the Mongols, causing a shift in the settlement focus in 

of the Middle East, the old silk road, emerged after its appointment to the capital of Iran in 1798 
(instead of Shiraz) during short time as centre of administration and finance of the country [44].

The historic Iranian cities are, like many Arabic cities, walled cities—because of defense and 
environmental reasons (shading through, protection against desert sand). In 1874, Tehran was 
provided with a new city wall covering an area of around 20 km2. With this extension started 
a functional differentiation both within the city and in its surrounding area. While the south 
manufactories and smaller industries have been established, the northern districts show resi-
dential areas with luxury shops for the relatively wealthy upper class. Urban growth acceler-

ated in Tehran after the destruction of the old city wall in 1934 during the first Pahlavi era.

After the 1960s, strong increase in population numbers lead to a big construction boom in Tehran 
and thus a change of the old structure. This contributed to the intensification and production 
expansion of the economic sectors and to intensify the building activities and industry’s desire for 
concentration. Originally pure residential and commercial settlements were by the immigration 
to industrial zones, whereby the growth direction through the arterial roads (primarily in west 
direction, towards Karaj). Old villages embedded in the area were overrun by this development 
and are today limited “historic islands” in a purely industrial-commercial environment [44].

After the 1978, Khomeini revolution peripheral developments took place by copying 
western development models—in Tehran, but more or less in all Iranian cities (c. f. [45]). 
Standardization of urban systems, widening of streets to facilitate vehicular movement, den-

sity increase and construction of elevated highways and bridges which penetrated the urban 
fabric and public and private realms are some examples.

Tehran is now among the world’s fastest growing cities. In the early 1940s, Tehran’s popula-

tion was about 700,000. By 1966, it reached 3 million, and by 1986—during the Iran-Iraq war—
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3.2. Development drivers for urban agglomerations

Under the current economic liberalization process, Iranian cities and especially Tehran have been 
subjected to dramatic development challenges, which have impact on the urban fabric, and the 
identity of communities. Urban agglomerations evolve leaving the early walled city concepts.

As effect of insufficient urban planning focusing on road infrastructure and housing, Tehran’s 
downtown area show a weakly organized structure of neighbourhoods providing various 
functions. A proper centre with a meaningful distribution of functions is missing.

The high-rise building area of Tehran is not in the downtown area, although there are some 
larger buildings—particularly hotels of international companies built in the 1960s. The most 
new high-rise buildings are erected as apartment buildings for upper middle-class residents 
in the northern, elevated area of Tehran, along the Alborz slopes with great views, lower tem-

perature, more humid and green environment.

The pressure on new housing leads to various housing development projects in the western, 
eastern and southern flat areas around Tehran. The new planned developments are designed for 

to public transportation, as the private developers consider only return of their investments and 
do not take into account the entire urban system with functions, relations and thus traffic.

The city is little involved in the development of these areas—public investments refer to roads 
and power infrastructure. The only social infrastructure erected intensively are shopping 
malls, which serve as communication and entertainment areas with shops, cafes, cinemas, 
etc.—again financed with private capital.

As urban development is left to private entrepreneurs, the urban agglomeration shows no 
proper development direction and is growing more or less randomly. This is somehow sup-

ported by the physical framework condition, which is just a flat dry area with no barriers and 
no attractive features like rivers, lakes, forests, parks, etc. in the south.

Urban development is little regulated, as there exist no zoning maps for the city. High-rise 
buildings can be erected close to single-family homes, which can be observed frequently in 
selected districts.

The attractive parts of Tehran are in the north, which are constantly densifying through new 
high-rise buildings, while the west, south and east of Tehran show urban sprawl, not so much 
triggered by single-family homes but by medium-sized housing developments, production 
sites, storage and logistics functions as well as transportation infrastructure.

3.3. Socio-spatial structures and dynamics

One of the main objectives of the Iranian revolution was to improve social equity. After the 
revolution, the composition of society changed to some extent, which was in line with the 
targets of the revolution: the share of the middle-class composition doubled from 15% (1979) 
to 32% (2000) [46].
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experienced rapid socio-demographic and economic changes. New patterns of internal 
migration, declining fertility, the current youth peak, an upcoming aged population, as 
well as the growing number of female-headed households are some of the broad socio-
economic changes (c. f. [47]).

3.3.1. Social structure and segregation

In Tehran, one do not find ethnic but social segregation, not forced by some unspoken rules 
but just by affordability. Tehran shows, similar to the Iran average, a small upper class whose 
share is stable since the Pre-Revolution era. As mentioned above, this class is living since 
ever in the north in the hilly areas along the mountain slopes because of attractive landscape, 
climate, environment and view. Except some bus lines, one can hardly find any public trans-

portation because of the complex terrain requiring to use private cars, which is anyway the 
favourite mode of transport.

A quite big share of middle-class residents is observed living in the central district of Tehran, 
where also the governmental and company offices and banks are located.

particularly in the west and the east were the newcomer residents find affordable housing 
opportunities.

3.3.2. Gentrification

Gentrification is observed in a moderate way, triggered by middle-class population, to benefit 
from close central core services and various location factors (e.g. restaurants, shops, leisure 
areas, transportation hubs).

The rents and prices rise and force the lower middle class to leave the area, moving to the west 
and east outskirt areas.

3.4. Functions and relations, communication, interaction and traffic

Iranian cities are very much organized in neighbourhoods, which provide all functions 
within small distances—this has not changed in general, but the habits of the population have 
changed—not just using the local functions in close distance but different ones because of 
various reasons—e.g. distance to working place, different supply structure, different quality, 
etc. (c. f. [48]).

As mentioned above, markets, bazaars and the shopping malls as descendants are part of 
the social infrastructure, which serve as communication and meeting areas. While bazaars 
are traditional, narrow places with a focus on trade, which provide cooling only by shading, 
air-conditioned, spacious shopping malls, usually with own parking facilities, provide con-

venient and cooled environments for shopping and dining and thus invite customers to stay 
(and consume).
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in the Tehran agglomeration is rather weak: eight metro lines, some BRT routes and a con-

siderable number of bus lines, which are supplemented by a large taxi fleet, again privately 
organized.

In contrast to the weak public transport system, the road network is very dense. The local 
road structure providing access to the neighbourhoods is superimposed by a wide network of 
elevated multi-lane motorways in the city with rather few exists and some U-turns (!), which 
require to drive long distances on the motorway network to reach quite close areas one can 
nearly reach by walking.

Most people who can afford their own car use it, others use the rather cheap taxis than public 
transport. The intense use of private cars and taxis causes heavy congestion not only during 
peak hours but also throughout the day. So, the transportation system is extremely inefficient 
and it takes much longer to go by car than to take a metro or BRT which their separate bus 
lanes.

However, public transport is experienced to be less attractive than private transportation, 
which has also cultural/religious reasons, leading partly to a social divide of men and women 

The effect of the intensive private car use is that Tehran is heavily suffering from smog and dust.

3.5. Policy: spatial impact on urban expansion patterns

Urban management is since 20 years organized capacity of communities and grassroots in the 
management of cities in Iran. After the revolution, Islamic councils have been established both 
in cities and in rural areas. The councils are directly elected by the people and have selected 
municipal functions. The countries’ policy is framed in 5-year development plans (c. f. [49]).

The history of development planning in Iran started in 1949 with the first development plan. 
Within this period, eight development plans have been implemented, five of them before and 
three of them after the 1979 Revolution [50].

With the beginning of the Islamic Revolution, urban development planning was disrupted. 
The first development plan after the revolution, set up in 1982 and approved in 1988 after a 
number of changes, stipulated construction of 10 million housing units and overcoming the 
housing shortage within 20 years [50].

The measures defined by the “Development Plan 1988–93” include granting of easy accessible 
loans, provision of construction materials at government prices, sale of land at low prices and 
approval of new housing cooperatives. These measures reduced the housing development 
costs, increased the number of housing units and led to a horizontal expansion of the cities, 
reducing housing density [51].

The recent development plan addresses again the rapid urbanization announcing access of all 
groups of the society to “adequate and decent housing and provision of basic services for all 
households” as focal points [52].
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It consists of three main doctrines: (1) developing housing provision plans within the frame-

work of a comprehensive social welfare policy, (2) optimum use of market mechanism with 
little government intervention only in case of market failure, and (3) promoting savings and 
loans system to enhance the access of middle-income groups to adequate and decent housing 
(c. f. [49]).

As urban development focuses only on housing, which shall be triggered “by the market,” 
there is little opportunity for strategy-based urban development (c. f. [50]).

4. Urban agglomerations in Asia: focus China

4.1. History and dynamics of urbanization

China’s cities are among the oldest in the world. Banpo, the first Chinese city appeared on 
the Central plain around the Yellow River more than 6000 years ago. During the Iron Age, or 

administrative functions. In addition, principles for governmental administration and for 
urban planning were written down for the first time in this period. During, the Qin Dynasty, 
an administrative system was established, which divided the country into provinces, prefec-

tures and counties. On the top of the hierarchy was the imperial capital, which had not only 
economic and military functions but was also of symbolic and religious importance (c. f. [53]).

Although, in ancient China, some capital cities had more than one million inhabitants and 
were bigger than European cities of that time, ancient China was a predominantly rural coun-

try. When the People’s Republic of China was founded in 1949, the urbanization rate was at 
10.6%. Urbanization increased slowly, but steadily during the 1950s, and stagnated during 
the 1960s and 1970s, when Chinese society was shattered by social experiments like the “Great 
Leap Forward” (1958-1962) and the “Cultural Revolution” (1966–1976). When the political 
and social situation developed after Mao’s death, the urbanization started to rise again. The 
incremental transition of the Chinese economy from a planned system to a “socialist market 
economy” accelerated the growth of the urban agglomerations in and unprecedented way. In 
1990, around one quarter of the Chinese population lived in urban area. In only 20 years, this 
share doubled: in 2011, already more than 50% of the population was living in urban areas, 
and the urban agglomerations continued growing (c. f. [54]).

The Chinese government defined the Pearl River Delta, Shanghai and Beijing as future mega-

cities. These megacities were supposed to attract the lion’s share of Foreign Direct Investment 
and to become thus the powerhouses of the Chinese economy. The concept turned out to be 
very successful. A couple of years later, the Szechuanese cities, Chongqing and Chengdu, 
were selected to become two inland mega cities, following the example of Beijing, Shanghai 
and the Pearl River Delta.

Despite negative social and ecological consequences, such as very high levels of air pollution, 
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4.2. History and dynamics: patterns and triggers shaping growth

Beijing was founded around 3000 years ago and became capital of China in 1152. Its current 
urban structure traces back to interventions carried out in the early fifteenth century, when 
emperor Yongle built the Forbidden City and the Temple of Heaven as the governmental and 
the spiritual centres of old Beijing (c. f. [55]).

Old Beijing was planned as a system of circular rings: the Forbidden City was in the centre 
and served as imperial palace until 1911. The Forbidden City was surrounded by the Imperial 
city as administrative centre, which itself was surrounded by the inner city and the outer city, 
both of them areas where artisans, craftsmen and traders lived. All circular rings were walled. 
This urban morphology was comparatively stable over a long time (c. f. [55]).

In the 1960s, the city walls were demolished and later replaced by an urban expressway, 
the so-called 2nd Ring Road. With this ring road, the concentric development pattern of the 
historical city was replicated with modern means. Following the increasing urbanization, a 
3rd, 4th, 5th and 6th ring road were added, which structure the urban metropolis. The space 

The development of an efficient public transport system started rather late. Before the Beijing 
Olympics of 2008, there were only few subway lines in operation, thus the urban development 
could not be concentrated on public transport lines. It rather filled up the space between the 
ring roads, continuing the concentric development typical for Beijing.

In the past 10 years, the metro system expanded rapidly. It is now, after Shanghai, the second 
longest metro system in the world, and is expected to further grow in the future. However, the 
system does not have the typical star structure like European cities, but a grid layout, which 
is superimposed by two circle lines, reflecting the agglomeration’s concentric development.

Shanghai, China’s second city, is much younger than Beijing. It was a city of less importance 
until it became the gateway of several colonial powers to China in the late nineteenth century. 
Several foreign settlements, so-called concessions were built by the colonial powers adjacent 
to the old Chinese town. Together, they now form the downtown of Shanghai. A good part of 
the urban expansion of Shanghai followed the concentric model of Beijing. Also in Shanghai, 
an efficient public transport network evolved quite late, but it has been widely expanded in a 
comparatively short period.

A significant difference is however the spatial direction of the urbanization process: As 
Shanghai is confined by the sea in the south and the east and by the Yangtze River in the north, 
urban expansion can only move towards west. In this direction, there are several medium-
sized cities (like Suzhou, Hangzhou, Changzhou, Wuxi, Nantong) with a strong economy 
and their own culture and history. Many of these cities are already connected by high-speed 
railways. They build together with Shanghai, the Yangtze River delta region.

The third urban agglomeration in China presented in this article, the Pearl River Delta, differs 
significantly from Beijing and Shanghai, as it is a clearly polycentric region called a city net-
work. It comprises several cities in the Guangdong province and the Special Administration 
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have very different characteristics regarding history, culture and economic structure. The 
strong, mainly manufacturing-based economy in the region and the urban growth lead to 
increasing regional integration and the formation of an agglomeration. Creating connectivity 
and access is a particular challenge due to the polycentricism. As expressways are frequently 
congested, there are now plans to connect the metro networks of different cities in the region 
and to establish a regional network of high speed and commuter trains called Pearl River 
Delta Rapid Transit.

4.3. Socio-spatial structures and related dynamics

In 2016, the Chinese per capita income was 7.5 times higher than in 1996 [56]. This is a spec-

tacular increase in wealth in just 20 years. Nevertheless, there is still a very big difference in 
the regional distribution of wealth: The household incomes in the urban agglomerations at 
the coast are much higher than in the hinterland. This leads to strong internal migration flows 
from the hinterlands to the urban agglomerations.

To control the influx of people into urban agglomerations, the Chinese government uses the 
57]. This system divides the population 

into urban and rural dwellers according to their place of birth. Citizens with a rural Hukou 
can under certain circumstances live and work in urban areas, but will not have access to 
social services in the cities and usually receive less salary than urban dwellers. This creates a 
big polarization in Chinese cities, as the share of persons holding rural Hukous reaches 30% 
and more in some Chinese cities. There is a very lively debate in China on how the Hukou sys-

tem can be reformed and eventually abandoned. Many Chinese regard it as highly unfair, but 
it is an open question how urban agglomerations could deal with the influx of more internal 
migrants once the system is removed.

The Hukou-holding migrant workers are at the bottom of the urban societies in China. Many 
migrant workers still live in containers on construction or factory sites, physically separated 
from the city dwellers.

4.4. Functions and relations, communication and interaction

In case of the monocentric urban agglomeration of Beijing, nearly all urban functions are 
concentrated in the core city. The Jing Jin Ji plan aims at reducing the pressure on Beijing 
by establishing a 130-million capital region, covering three provinces with the city triangle 
Beijing-Tianjin-Baoding as its core. The new Beijing Daxing airport and the Xiong’an New 
Area south of Beijing, which shall absorb a significant share of the future urban growth of the 
agglomeration, are key measures in the development of Jing Jin Ji (c. f. [58]).

As the distances between Beijing, Tianjin and Baoding are between 130 and 200 km, high-
speed railways will play an important role in connecting the three cities. The use of high-speed 
transport to create connectivity and access not just at national level, but also at regional scale is 
a new strategy for shaping urban agglomerations in China. To a certain extent, it has already 
been implemented in the Yangtze River Delta around Shanghai, and it will be applied in Jing 
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integration of concentric or star-shaped urban agglomerations into a network of cities that will 
cover most of China. Chinese researchers expect this new development model of a network 
city to be more efficient than star-shaped or concentric urban agglomerations (c. f. [58]).

4.5. Policy: spatial impact on urban expansion patterns

Chinese centralized policy had great influence on shape and development of cities and later 
agglomerations. The ring structure of Beijing, the economic liberalization with the set-up of 
special economic zones and the Jing Jing Ji plan are impressive examples of the effects of the 
national policy and planning strategy.

After almost 30 years of high-speed urbanization, the Chinese government has announced a 
new era for the development of the urban agglomerations in China called the New Normal. 
Lower but more qualitative, efficient and innovative growth shall characterize it. In addi-
tion, the Chinese National New-Type Urbanization Plan 2014–2020 and the 13th 5-year Plan 
2015–2020 suggest a new pathway for urban development in China, with a stronger focus on 
quality of life and on environmental quality than in the past (c. f. [59]). A better planning and 

5. Urban agglomerations in Latin America

5.1. Development drivers for urban agglomeration in Latin America

During the past 60 years, Latin-American has experienced very strong structural changes in 
its social, economic and spatial dimensions, shifting its settlement patterns from dispersed 
rural arrangements into urbanized or agglomerated concentrations (see Figure 3). Today, 80% 
of the Latin American population concentrate in urban agglomerations and this share seems 
to continue growing (c. f. [60]).

Despite the difficulty to generalize such a diverse (sub-)continent, independent from the 
Spanish colonial administration since more than 200 years, similar urban patterns of agglom-

eration and development trajectories and processes can be identified from the second half of 
the last century until our days. On the one hand, socio-economical drivers, as the very rigid 
and traditional system based on the socio-economic status differentiation of the population, 
have been spatially settled, leading to urban fragmentation forms in both sides, the rich pro-

tected by fences in gated communities and the poorest hiding in segregated informal settle-

ments. This reality has shaped not only the spatial organization of almost all Latin American 
cities but also a continental feature, positioning the whole region as the one with the highest 
level of income inequality of the world.

On the other hand, although exponential urban growth had several positive economic effects, 
this also caused various negative environmental impacts. It has not been successful per se 
in influencing political concerns and policy measures oriented to reduce vulnerabilities or 
improving living conditions for urban citizens in an effective manner.
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This, in fact, questions the capacity of governmental institutions, particularly in similar spatial 
distribution and accessibility to public transport, education, health, justice, security and/or 
even to trade for urban dwellers. “One thing is clear: Latin American nations continue to tackle 
with many of the same problems they have tackled with for decades - uneven growth with 
high levels of poverty and the world’s highest levels of inequality; ineffective state institutions 
that deliver limited benefits to often a highly restricted minority of the population” [61].

Figure 3. Latin America and the Caribbean. Cities with over 20,000 inhabitants, 1950 and 2000. Source: UN Habitat [72].
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However, evidences from specific institutional and private efforts to update and implement 
projects and measures oriented to reduce inequality and improve urban environments have 
been internationally recognized and awarded from Brazil, Ecuador, Chile and Colombia dur-

ing the last 15 years and should be mentioned due to its relevance and deep positive impacts.

5.2. Patterns of spatial development in Latin American urban agglomerations

AAlthough the urban agglomeration process in the region started 65 years ago, it continues 
expanding at a rate of 20 m2 per minute [62]. During the last years, the development speed 
started to decline.

Thus, despite there seems to be a deceleration in in-migration rates, while “…in the 1980s, 
migration from the countryside contributed 36.6 per cent to the growth of urban population 
in the whole region, in the 1990s this share had fallen to 33.7 per cent” [63], net internal popu-

lation growth and physical expansion continue rising.

Empirical evidences from different Latin-American cities show similarities in their spatial 
-

,  [66]), as well 

as social and spatial fragmentation due to gated communities (c. f. [67–71]).

Although urban sprawl and/or suburbanization phenomena have constantly increase in Latin 
America ([62]), compact horizontal expansion and densification of the existing built environ-

ment keep being the most common growth patterns [73].

In fact, Latin America is still more or less compact, built areas have densified and intensify it uses 
at the periphery in higher proportion as in the urban centres (c. f. [74, 75]) in “… open-fragmented 
peri-urban fabric where autonomous elements do not relate to each other anymore…” [76].

This uncontrolled and fragmented expansion process has been observed in almost all coun-

tries of the continent, passing the boundaries of the administrative municipalities absorbing 
and agglomerating other close located settlements and towns in conurbation processes.

Building urban agglomerations through sprawl is in fact the most common urban develop-

ment pattern in Latin America, and it is one of the reasons of the polycentric structure of 
the Latin American urban landscape. Metropolitan regions in Latin America bring new chal-
lenges at the spatial, the sustainability, the planning and administrative levels, as long as 
there are almost no mechanisms for integrated governance between different municipalities 
and territorial institutions (Figure 4).

5.3. Socio-economical spatial dimensions and vulnerability

Some roots for higher spatial fragmentation levels, segregation, as well as for the increas-

ing urban inequality can be understood as a spatial effect of a fragmented, stratified society. 
Stratification as a spatially structured result of socio-economic class differentiation relates to 
colonial times, where social strata are determined by the person’s position at the moment of 
birth, with little or no social mobility possible (c. f. [77, 78]).
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With almost one fourth of the entire urban population still living in informal settlements in 
the region in 2014 [79], levels of urban environmental vulnerabilities thread exactly those 
poorer and denser populated areas in the outskirts.

Informality, as a result of postcolonial socio-economical dynamics (c. f. [80, 81]), has only con-

solidated and spread longer since the introduction of neoliberal policies and measures tended 
towards privatization and economic efficiency (c. f. [69]).

The implementation of neoliberal policies, understood as “the set of policies that were pre-

scribed together as part of a strategy to enhance the role of markets in economic development” 
[61] in countries like Chile and Bolivia, determined some of the patterns of privatization of 
infrastructure, social services and even natural resources as tap water provision.

“The process of water privatisation in Chile which began in 1981 under General Pinochet 
established a model for water management that strengthened private water rights, adopted 
a market-based allocation system and reduced state oversight. That model became emblem-

atic of neoliberal reforms heavily promoted by the World Bank and International Monetary 
Fund” [82].

Latin America, as a playground for experimentation of neoliberal reforms since 1976, did not 
achieve reducing socio-economical gaps between class groups, but on the contrary, contrib-

uted to consolidate monopolies and disparities in cities as well as asymmetrical distribution 
of its services and wealth.

5.4. Political economic perspective

“Economic growth is not a sufficient condition for improving the quality of life. Millions can 
be and have been left out systematically from the benefits of economic growth” [61]. Latin 
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American urban agglomerations are a good example of how financial and physical urban 
growth per see has not been strong enough to reduce poverty and inequality, but on the con-

trary, has raised uneven development. Development, understood “as a process of expanding 
the real freedoms that people enjoy” [82], has unfortunately not occurred at the same velocity 
of the growth and urban expansion rates.

Although the Human Development Index of the region shows still better performance than 
African Regions, they share the same levels as most Eastern-European and some Asian coun-

tries, but are far lower than OECD levels (c. f. [79, 83]).

Although Latin American political concern has centered during different periods on the dis-

cussion of import substitution versus market liberalization, the central problem has not been 
addressed in improving effectiveness of institutions. “The problem is not ‘too much market’ 
or ‘too much government’. Rather, it is poorly functioning markets and poorly functioning 
governments. Both markets and governments need effective institutions to perform well” [61].

Institutional weakness is, by far, one of the most important reasons of the difficulty in moni-

5.5. Public transport, housing and social infrastructure

Latin American agglomerations face big challenges in shortening the distance between socio-
economic classes improving living conditions of its most vulnerable communities and turn-

ing actual institutions into more effective active actors for development. Political continuity, 
or better, the continuity of development policies and projects, is also a key element to accom-

plish heavy development endeavors and plans as seen in cities like Curitiba, Quito, Medellin 
and Bogota during different periods. Innovative measures and projects related to urban 
systems, such as bus rapid transit (BRT), cable cars, improving the accessibility of informal 
housing areas, public libraries, schools and kindergartens and improving education in those 
cities, have been only possible due to the political compromise of different administrations to 
achieve and implement the projects rather than use their own positions to brand themselves.

However, despite those very relevant achievements, the region is still facing big challenges, 
aiming at sustainable solutions for housing provision in an integrated way, reducing frag-

mentation and transforming agglomerations into more inclusive, resilient and healthy urban 
environments.

6. Urban agglomerations in North America: focus USA

6.1. Background: the start of urbanization

In North America, large urban agglomerations can be observed along the east coast where the 
first colonial settlements, evolved as trading centres and harbours as transportation hubs to 
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railways. These settlements with attractive location factors build the nuclei of cities, which 
steadily grow and merge into large polycentric conurbations. In the mid-west, these dynam-

ics and the drivers behind—harbours at the Great Lakes, trading centres and transportation 
hubs can be also identified—created e.g. the Chicago-Pittsburgh conurbation (“the Great Lake 
Megalopolis”) as an agglomeration covering several cities like Chicago, Milwaukee, Detroit, 
Cleveland and Pittsburgh. Along the West Coast, the dynamics turned out in the beginning 
similar with harbour cities like Seattle, San Francisco, Los Angeles and San Diego, later con-

nected with the hinterland and the entire country through railway lines, which grew first 
through housing areas and later through industry centres—where the Silicon Valley is the 
most famous one. As these cities are located in quite distance, they do not evolve polycentric 
structures but stay as monocentric agglomeration on its own. As Fang and Yu [1] addressed, 
agglomerations turn out as urban systems with self-sustaining hierarchical structures and 
functions. This can be observed in the huge Washington, Baltimore, Philadelphia, New York 
and Boston agglomeration, where each city itself has different core functions: Washington D.C. 
is the political and administrative centre with historical and cultural heritage, Philadelphia 
the manufacturing centre, New York is the commercial, service and banking centre, while 
Boston can be seen as academic centre. Figure 5 gives an overview of the most important 
urban agglomerations in North America.

6.2. History and dynamics: patterns and triggers shaping growth

In the 19th century, growth of cities in Europe and North America accelerated, but reached their 

Figure 5. Emerging American-Canadian megaregions as defined by America 2050. Source: Ref. [84].
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until to 1990. North America is now one of the most urbanized regions of the world with about 
82% of people living in urban areas (c. f. [85]).

Growth was always closely related to economic development. Analyses show that larger cities 
tend to perform economically better and that the future patterns of economic output, the cur-

rent regional differences in GDP per capita, will persist at least until 2030 for the global north 
and south. Until the mid-nineteenth century, the city centre was a most fashionable living 
location. Changes in the transport systems allowed the population not to live in walking dis-

tance to their working places, which had a significant impact on the dwelling patterns where 
people started to seek for neighbourhoods with similar social structure to show and pretend 
their own status. The wealthy people moved to the attractive suburbs around the urban cores 
and the low-income population concentrated in less attractive cheaper areas either in down-

town or in far distance less attractive suburbs. Due to cheaper but sufficiently still skilled 
workforce abroad companies start moving to  develop areas e.g. in Latin America or Asia 
and, as jobs disappeared, cities began to shrink in the late 20th century in North America [86].

6.2.1. Densification

A reason for densification is often the revitalisation of old historic centres of those cities, which 
constantly have deteriorated, in the second half of the twentieth century. Major public and 
private investment was needed to restore the buildings and places to attract new residents, 
but these investments lead often to a significant increase of lot-prices and reduce the afford-

ability, leading to gentrification and segregation. This dynamic also brings up new pressure 
to the transport sector and increases the energy demand. The support for housing was mainly 
given to expand and improve already existing units, which led to a lack of appropriate design 
principles causing problems such as overcrowding or low privacy. These housing units are 
also often very vulnerable to environmental disasters. This causes the important challenge 
that how to raise the social and spatial living conditions in the already consolidated settle-

ments with improved design.

6.2.2. Segregation

In the USA, segregation is traditionally associated with racial segregation. Officially, it is for-

bidden but can be still observed. Racial segregation starts centuries ago and continues during 
the rapid urbanization in the early twentieth century, which was associated with a significant 
increase of European immigrants and African-Americans, both clustered because of their lim-

ited income in neighbourhoods with poor housing. A further driver was the school segrega-

tion, which was legal until 1954 in the USA, but still is persistent due to continuing segregated 
residential patterns [87]. Racial segregation has diminished significantly since 1960s but the 
African-American population still remains the most segregated racial group and is hyper-
segregated in the largest urban agglomerations (c. f. [88]). Significant spatial segregation 
can also be found for Hispanics and Asians. Native Americans are segregated but to a much 
lower extent. In contrast to racial segregation, the separation of income grew during the last 
decades. More than half of all low-income working families are racial minorities.
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6.2.3. Gentrification

Gentrification is a well-discussed issue in the USA, which leads to residential segregation. A 
recent study in 2015 found that gentrification, as a national problem, is actually less pervasive 
than perceived. But in urban agglomeration areas, gentrification is a significant issue, where ris-

ing housing costs are forcing the low-income classes to relocate to cheaper, less attractive areas. 
Recent research discusses that trends towards gentrification are only one part of the dynamic. 
Youthification, an increasing presence of young adults within a given neighbourhood, can be 
also seen as a trend in North American cities. This trend is uneven distributed, whereas it seems 
that cities with the highest presence of you adults are those rich in amenities and opportunities 
but with lower cost of living and dense vibrant urban neighbourhoods (c. f. [89]).

7. Conclusions

The structures, dynamics and general challenges of urban agglomerations in the addressed 

regions (e.g. informal housing, ethnic segregation, cultural/religious barriers, etc.). However, 
the ways to cope with the challenges and the success are different and the agglomerations can 
learn to some extent from each other.

In all continents, monocentric agglomerations show a more simple structure and more concen-

tric development dynamics and frequently a centralized municipal or regional government, 
which makes it easier to elaborate integrated development concepts for the agglomeration 
that consider the region as single entity and addressing functional and relational issues from 
an internal perspective. Polycentric agglomerations consist of various cores with own munici-
pal administrations, which require intensive collaboration and coordination to make the 
urban agglomeration a success.

Strategic urban planning is necessary for urban agglomerations to reduce urban sprawl to a 
minimum and to provide a proper distribution of functions, which allows easy supply of the 
population with the relevant services through a walkable city or at least a city of short dis-

tances. This would reduce traffic and thus congestions and would mitigate air pollution and 
thus increasing environmental and life quality.

Sufficient housing development is a crucial point as all agglomerations show immigration 
pressure and growth. Smart social housing is a necessity to avoid the appearance of deprived 
areas in the future. Segregation can be avoided by a smart mixture of different housing quali-
ties and by a smart distribution of urban functions and infrastructure, serving all social classes 
in the same way. Participation in planning processes helps to develop common solutions and 
to achieve better acceptance in decision-making.

Gentrification is a mechanism which can be used actively to improve certain areas, financed 
by private investors, but negative effects should be mitigated, e.g. by establishment of local 
social housing estates in the area to accommodate those which must leave their—now 
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renovated and expensive—apartments because of loss of affordability. This also supports 
the addressed mixture in housing qualities avoiding full segregation.

A social divide must be avoided as far as possible not just through provision of mixed-use 
areas but also through education and provision of equal opportunities for all, which is easier 
in agglomerations than in small towns. Skilled people secure economic development in the 
agglomeration as they attract new companies to establish production sites and thus gain new 
income in the area.

Traffic is the final big topic in urban agglomerations. The European style star-like major street 
networks promote the city centre as central place and promote public transport service to pro-

vide sufficient accessibility to the relevant services located in the target region, as well as to 
the housing districts as source regions. Grid-like street networks mitigate the location quality 
regarding centrality in the core city centres. Central functions can be placed anywhere and need 
just a road network to provide accessibility, less usable for walking or cycling short distances.

Public transport is a major issue, which makes accessibility of functions, interactions, com-

muting and thus urban life easier. As the size of the agglomeration increases the risk on con-

agglomerations are.
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The City as an Experimental Space: The Interface
between Public Satisfaction and Effects on Urban
Planning Resulting from Kampala City’s Sprawl

Fred Bidandi

between Public Satisfaction and Effects on Urban 

Fred Bidandi

Abstract

This paper analyses the interface between public satisfaction and effects on urban plan-
ning in the context of Kampala City, Uganda. The interface is significant because it 
provides an understanding of the effects of urban sprawl service delivery in relation to 
planning. It further discusses the underlying forces responsible for the city’s urbanisa-
tion process. The objective of the study is to establish what defines Kampala’s public 
satisfaction with urban changes resulting from the city’s sprawl. The study involves 
focus group discussion interviews, which were used to collect the qualitative data from a 
group of respondents simultaneously. Moreover, purposive sampling was used to select 
the respondents interviewed. The analysis indicates that public dissatisfaction with poor 
urban environment has resulted in urban changes, which are officially sanctioned to take 
place in their residential areas, and the desire to access services easily that explains urban 
dwellers’ decisions.

Keywords: urban sprawl, urban planning, public satisfaction, Kampala, Uganda

1. Research problem

A careful examination of studies on urban planning and sprawl reveals that many of them 

neglect public satisfaction with the urban changes that result from urbanisation process. 

Yet the satisfaction of these processes is necessary to understand because they explain the 

manner in which cities like Kampala urbanise especially a role played in determining how 
the public make decisions concerning the location of their residences, the design of urban 
environment, water, infrastructure, transport, physical investments and which place to work 
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in. In support of the argument above, Kährik et al. [1] observe that public satisfaction is sig-

nificantly related to decisions urban dwellers make pertaining to location of a residence in 
relation to the nature of the neighbourhood and affordability of available services. Public sat-
isfaction is also critical to private investment decisions and to employment choices made by 

individuals in relation to the location of the employing organisation [2–6]. It also determines 

how urban population reacts to changes resulting from urbanisation process [7]. These deci-

sions and reactions subsequently determine how a city urbanises residentially and in terms 

of attracted physical investments and workers. This is why such satisfaction is necessary 
to investigate in order to understand the planning implications of urbanisation cities like 
Kampala.

Aside from the existing scholarly work, Kampala’s urban planners and policy implementers 
are also concerned about the current urban sprawl, but they are not providing an elaborate 

8, 9]. This study seeks to 
-

ernment in Kampala fail to guide the city to urbanise in a planned manner.

2. Introduction to urbanisation

Urbanisation is not a phenomenon limited to Kampala or Uganda but a global, regional and 

national problem especially in sub-Saharan Africa. Globally, urbanisation is increasingly 

becoming a problem since almost half of the world’s population (3.9 billion) now live in cities 

[10]. There were only 16 cities with the population of 1 million people at the beginning of the 

twentieth century globally, and many of them were in industrially developed economies such 

as Great Britain and France [11]. It is however noted that there are now more than 400 cities 

around the world that contain over a million residents, and about three-quarters of these are 

in developing regions such as Latin America and sub-Saharan African countries, to name but 

two [11].

In the 1960s, for example, Johannesburg was the only city in sub-Saharan Africa with the 

population exceeding over 1 million residents. By 2010, Africa had 33 cities with the popula-

tion exceeding 1 million, including Kampala [10]. These trends of urbanisation seem to be 

cutting across all nations of the world, including Uganda.

As cities across the globe continue to attract people for better employment, education, health 
care and culture, they unduly contribute to national and urban economies. However, often 

rapid urbanisation in this case is associated with poverty, environmental degradation and 

population demands that outstrip service capacity. These conditions create unpleasant urban 

environment leading to numerous unsatisfactory outcomes such as poor housing, overcrowd-

ing, air pollution, transportation, insufficient or contaminated drinking water, inadequate 
sanitation and solid waste disposal services, industrial waste, increased motor vehicle traffic, 
stress associated with poor implementation of urban planning programmes and unemploy-

ment, among others.
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Urbanisation in sub-Saharan Africa has translated into rising slum establishments, increased 

poverty and inequality. Most of the cities in this regard are characterised by insufficient basic 
infrastructure, increasing poverty, poor service delivery, inequality and rising slum forma-

tions [12]. While sub-Saharan countries such as Uganda are experiencing unprecedented rate 

of urbanisation, the rates are higher than the resources, and these urban centres can offer given 
the population demands. This scenario provides an understanding of how urbanisation pro-

cess in itself impacts negatively on urban service delivery and therefore the need to investigate 

its associated effects on urban planning and public satisfaction in terms of service delivery [13].

3. Theoretical framework

-

-

isation results from the transition of high birth and death rates to low birth and death rates 

[15] propounded the demographic transition theory. This theory breaks the transition into 
four stages, namely, the pre-industrial stage, the industrial revolution, post-industrial revolu-

tion and stabilisation [16]. The theory contends that during the pre-industrial stage, societies 

were characterised by high birth and death rates, and because both rates are high, population 

grows slowly, and the rate of urbanisation tends to be low [17]. The industrial revolution is 

characterised by industrialisation that causes death rates to drop rapidly by making improve-

ments in food production, health and sanitation. Food production is improved through more 

efficient agricultural practices and better transportation and food distribution, which collec-

tively prevent death that would have resulted from starvation and lack of water. Health is 
improved through medical progress and advanced sanitation methods such as water supply, 

sewerage, food handling and general personal hygiene [18]. Accordingly, the industrial revo-

lution is characterised by rapid urbanisation.

According to Fox [19], the post-industrial stage is typified by falling birth rates and lowering 
death rates. The falling birth rates result from better access to contraception, higher wages, 
commercialisation of agriculture and greater parental investment in the education of children, 

increasing female literacy and employment which lower opportunities for childbearing and 

motherhood and higher levels of investment in fixed assets such as housing, shopping malls, 
arcades and other physical infrastructure which increase urbanisation. During the fourth 

stage, population growth stabilises as birth rates fall into line with death rates, leading to 

stability in development and urbanisation [20].

In short, the demographic transition theory indicates that changes in human populations 

caused by the historical economic development of society are direct effect that explains 
the way urbanisation occurs. This theory is therefore used in helping to analyse whether 

Kampala’s current urbanisation is a result of natural changes in its population or not.

Meanwhile, according to Puig [21], the general theory identifies five interrelated forms of 
dynamics that account for urbanisation of cities. These include ‘the technical,  administrative, 
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political, legal and economic changes’. The theory posits that all these dynamics work together 
to promote urbanisation. According to Miller [22], this theory first posited that it is technical 
changes that are most critical to how cities urbanise because of their influence in determining 
the plans and policies that guide this process.

However, based on the more detailed analysis of the forces that determine cities’ urbanisa-

tion, the theory shifted the emphasis to administration. This shift was based on the fact that 

it is urban administration that determines the effectiveness of all other changes because they 
are the ones that are responsible for implementing all enacted acts and designed urban pro-

grammes and policies, including technically designed city or town plans [22]. It is urban 

administration that not only guides urbanisation economically, socially and environmen-

tally but also counters urban processes that are environmentally and politically undesirable, 

technically unapproved and legally prohibited, especially when they are acting ethically and 

23 -

interests at play [22]. The political and administrative discourses can be official or unofficial 
[23]. This is important as a basis for analysing the nature of the political and administrative 

discourses as they operate in Kampala’s urbanisation.

Another version of the general theory of urbanisation is referred to as the human ecology per-

spective, which was developed by Robert Park to explain the ways in which the population of 
urban areas expands or declines [24]. Therefore, this version focuses on how urban populations 

change as a result of the interplay of the five elements mentioned earlier. It contends that the 
manner in which each of these elements occurs affects the political, administrative, demographic, 
spatial, environmental and socioeconomic structure of a city [22, 25, 26]. This theory assumes 

that urbanisation should provide greater access to jobs, basic services and social safety nets [27]. 

Therefore, as Kasibante [28] points out, the two versions provide good grounds for analysing 

this nature as it applies to Kampala City. The rationale of the versions of the general theory is 

particularly important to the analysis of the elements characterising Kampala’s urbanisation.

The theory of capitalist urbanisation offers important grounds for understanding the factors 
accounting for Kampala’s urbanisation. Harvey [29, 30] to explain the effects and challenges 
of urbanisation developed this theory, especially in capitalist societies characterised by ten-

dencies of intentional political and economic forces, especially those pertaining to capital 

investment. Harvey [29] developed this theory to offer a definitive Marxist interpretation 
of the urban process under capitalism. Harvey [29] believes strongly that ‘capitalism has to 

urbanise to reproduce itself’. Capitalism can only survive if in addition to the conventional 

path of purchase, production of profit and distribution for consumption in a cash economy 
it also promotes the secondary path of circulation of fixed capital. This is well summarised 
by Christophers [31] that, ‘A capitalist society generates surplus value and hence profit, must 
invest not only directly in the production process (e.g. in labour and machinery) but also in 

the built environment that houses companies, the state institutions that regulate them, and 

the employees that work for them’.

It is the secondary path that translates into built environments or urbanisation; as a result, 
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go hand in hand for capitalism to survive. He bases this argument on the notions of capital 

over accumulation, also called surplus capital and capital switching. Harvey [30] considers 

surplus capital as that which has no value in the conventional production and distribution 

process but can gain value when it is not switched from this process and absorbed into a 

built-up environment (urbanisation). The switching takes the form of using this capital to 
construct factory buildings, administration offices, warehouses, employee residences, sew-

ers, schools and hospitals and shops and other fixed developments and infrastructure such 
as roads, canals, docks and harbours and so on. According to Christophers [31], the gained 

value of surplus capital takes different forms such as increased consumption (when shopping 
malls are constructed) and social reproduction (housing when the capital is converted into 

construction of workers’ residences) and easier access to labour (people attracted to live in 
the built housing).

32

right to access urban resources. Harvey [32] expanded the meaning of this right by describ-

ing it as ‘a right to change ourselves by changing the city and it is a common rather than an 

individual right since this transformation inevitably depends upon the exercise of a collec-

tive power to reshape the processes of urbanisation’. Harvey [32] observes that absorption 

of surplus capital into urbanisation sometimes takes place in the form of urban restructuring 
through ‘creative destruction’. He argues that this restructuring nearly always has a class 

dimension since it is the poor, the underprivileged and those marginalised from political 

power that usually suffer from this process. Harvey [33] observes that the restructuring does 

not pay attention to the poor and, in most cases, destroys the housing and business structures 
that belong to the poor, causing homelessness, unemployment or redundant labour, unde-

sirable neighbourhoods and other consequences, all of which tend to create dissatisfaction 

to the affected populations. The dissatisfaction tends to translate into urban revolutions to 
which capitalists react by expanding the built environment in form of constructing more 

housing, arcades and other infrastructure that can accommodate the revolting poor ([33, 34]

Harvey, 2009).

Generally, the theory of capitalist urbanisation indicates that capital switching is one of the 

elements that can explain a city’s urbanisation. The type of urbanisation this theory stresses 

is that which occurs when capitalists (investors) construct or restructure built environments 

as a way of absorbing surplus capital. The importance of this theory to this study is that its 

rationale helps to investigate whether one of the factors explaining Kampala’s urbanisation 

relates to absorption of surplus capital or not and how is this absorption, if indeed, an effect 
on Kampala’s urban poor’s right to the city.

Last but not certainly least, modernisation theory, sometimes called the development doctrine 

[35], explains the process of countries’ systematic transformation or progressive transition 

from premodern or traditional subsistence economies to modern industrialised economies 

(abid). This school of thought maintains that subsistence economies develop and urbanise 

as they adopt more modern industrial, technological, communication and cultural practices 

[36]. Indeed, Tettey [37] observed that urbanisation varies in line with the development pace 
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adoption of technology and industrialisation. A number of scholars endorse this connection 

by indicating that the phenomenon and process of urbanisation are irreversible features of 

modernization and development [38, 39].

The modernisation school of thought posits when their internal productive factors are rein-

forced by external assistance, predominantly subsistence economies can be developed and 

urbanised in the same way industrialised countries have developed and urbanised [19, 40]. 

This theory stresses using processes that bring about socioeconomic change and permit 

responses to this change [41, 42]. In so doing, it helps identify internal factors that contribute 

to social progress and development and how these factors can be boosted with external assis-

tance to propel the processes of social evolution, including urbanisation, as desired [43–45].

The internal factors the theory identifies include the nature of politics, the development and 
urbanisation policy pursued by government and demographic factors [46, 47]. Other internal 

and nature of available markets [48, 49]. Others are the available employment opportuni-

ties, level of infrastructural development and quality of the available human capital [37]. The 

forms of external assistance the theory identifies to lead to improvements in urban planning 
capacity and to unlock and realise the huge development potential of urbanisation include 
development aid and direct foreign aid inflows, among others [50].

The modernisation theory recognises that internal factors are not always enough to propel 

development and urbanisation at the desired pace [37]. Therefore, these factors need to be 

reinforced by foreign aid [43, 51, 52]. The assistance should be utilised to engage in massive 

investment in infrastructure, industry, technology and social services needed to propel socio-

economic progress and subsequent urbanisation [37, 53, 54]. Mungai [55] noted that massive 

investment increases population because of its potential to attract workers and subsequent 
rise in housing and social infrastructure. It is, however, also associated with negative conse-

quences such as increased congestion and crime [55].

The modernisation school of thought has been criticised in that its prescribed foreign assis-

tance encourages the dependency syndrome [52]. Some scholars even claim that its rationale 

does not apply to developing countries due to their levels of economic growth [37]. The theory 

is criticised for failing to prescribe governance values and norms which should be followed in 

order to bring about desired development and urbanisation [56, 57]. Notwithstanding these 

criticisms, the rationale of this theory offers the principles upon which the development and 
urbanisation model pursued in Kampala, Uganda, is based [58]. As a matter of fact, the official 
development and urbanisation programme pursued in Kampala under the PEAP umbrella 
was developed based on the modernisation theory [59]. Consequently, the manner in which 

the government of Uganda is promoting urbanisation depends on how it utilises both inter-

nal factors and how it solicits foreign assistance [60–63]. This suggests that the modernisa-

tion theory recognises the role of government as an element responsible for this country’s 

urbanisation.

In addition, the modernisation theory permits responding to factors that cause transforma-

tion, including urbanisation [41, 42]. This offers another theoretical foundation for analysing 
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Kampala’s urbanisation. The transformation that the modernisation theory advocates is not 

that which takes place for its own sake. It is transformation that should be felt by the people 
among or for whom it occurs [43, 51]. This argument is used in this study to analyse and 

understand Kampala city dwellers’ satisfaction as a form of factors responsible for the city’s 

urbanisation.

In summary, the reviewed theories indicate that each theory specifies factors, which explain 
urbanisation of different cities. They therefore show that the factors that are responsible for 
the manner in which a city such us Kampala urbanises are multifaceted. A close examina-

tion of the theories reveals that no single theory exhausts all the factors related to urbanisa-

tion. This implies that a study seeking to analyse urbanisation of a city such as Kampala is 
rationally safe when its theoretical grounding is hinged on the combined rationale of all the 

theories. This is therefore the rationale used to develop themes of this study as explained in 

the next section.

4. Understanding urban sprawl

Though urban expansion in cities like Kampala has benefits, such as increased city revenue 
and development, it has many negative outcomes for residents, particularly on the environ-

ment, water, sanitation, air pollution, increased traffic jams and loss of agricultural land. 
Polidoro et al. [64] describe urban sprawl as leapfrogging of development characterised by 

unrestricted expansion, which in this case occurs in considerably unplanned or poor resi-

dential settings. Moreover, Polidoro et al. argue that urban sprawl is characterised by the 
spreading of urban livelihood, which rapidly extends beyond the consolidated city centre. In 

other words, urban sprawl typically occurs outside the centre of services and available jobs, 

thus separating the places where people shop and work, and even where they study, from the 
place where they live.

However, some of the indictors of urban sprawl are encroachment on public land due to 

population growth, difficulties in access to public services (such as health, education, water, 
sanitation, etc.), creation of new urbanisation (usually in form of slums), decentralisation of 

public lands and inability for city governments to control real estate expansion for fiscal use. 
As Hasse and Lathrop [65] argue, urban expansion in cities like Kampala enhances social 
inequalities since the taxing of property in such areas does not exactly reflect the spatial and 
economic condition of the population.

5. Challenges of urban sprawl in the context of Kampala

Urban expansion is an important instrument, which in theory can contribute to any city’s 

development and planning in new areas. As cities expand, they encroach into rural areas 

and small towns whereby having the opportunity to make the best possible use of land for 
better infrastructure and services in general becomes difficult, since the already occupied 
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areas may either not be gazetted in the city plans or are simply people’s private land on 
which they can carry out any activity without necessarily considering challenges that lie 

ahead especially given the population growth as well as services needed. However, urban 

expansion brings with it scandalous land grab and creation of urban gaps for the valuation 

of land [66]. Thus, this has become one of the major producers of value and accumulation 

of capital in cities. In Uganda, it is uncommon to use the expansion of urban districts to 

allocate social interest housing and low-cost housing projects in locations far distant from 

the consolidated city centre. Consequently, the infrastructure developed in certain areas 

serves as a factor for land valuation, while the city outskirts suffer for the lack of or poor-
quality infrastructure, as well as difficulties in transportation due to the precarious system 
of public transport to areas where jobs are concentrated [67]. Moreover, households on the 

city periphery consider agriculture to be the single most important source of their liveli-

hood, and therefore land is a critical resource for the 42% of households that earn a living 

[66]. However, Uganda having a dual land tenure facilitates poor service delivery and con-

flict as land owners would sell to anybody they want without considering consequences 
resulting from urban sprawl. Jones et al. [68] argue that urban expansion means population 

demand for services but land scarcity is an important dimension of urban environments 

that influences the available space for service infrastructure and economic activities of land 
use planning. Moreover, heightening competition over land ownership is quite a challenge 

in Kampala.

Studies conducted about Kampala’s urbanisation indicate that the process is characterised by 

lack of proper zoning of economic activities and construction of informal and formal physical 
infrastructure without regard to the subsequent spatial quality and environmental conser-

vation [8, 69–72]. Kampala’s urbanisation depicts sharp differences in residential standards 
where expensive housing coexist with shantytowns and informal settlements, with about 60% 
of the city’s population living in unplanned residences and using very dirty, largely potholed 

and narrow roads with no street lights [73]. Other studies show that Kampala’s urbanisation 

is typified by deteriorating environmental health characterised by air and noise pollution 
[74–76].

The city’s drainage channels are silted and contaminated by organic and inorganic waste 

dumped by city dwellers and workers, causing the channels to get blocked, thereby flooding 
during rainy seasons [77–79]. It is very common to find similar challenges in peripheral areas 
where construction in swamps and green belts are closely interspaced with muddy huts in 

slums [8]. It is also not rare to find office buildings whose access roads are so narrow that even 
a fire brigade vehicle finds it difficult to access them when need arises. The result has been the 
development of different types of slums.

Kampala’s urbanisation is also characterised by rising unemployment resulting from the 

demand for jobs far outstripping their supply [77, 80]. The city’s unemployment is esti-

mated to be between 60 and 80% and is cited among the critical causes of crime and violence 

increasing in the city [9, 81]. Growing population pressure on social services and  menacing 
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traffic congestion are the order of the day [8, 9, 82–85]. Furthermore, as Kampala continues 

to expand, services such as water, sanitation, solid waste management and planning remain 

a challenge. City dwellers establish themselves in areas too difficult to reach in terms of 
transport and city government which makes planning complex.

6. Urban sprawl and effects on planning

Kampala’s urbanisation appears a replica of the general urban situation in Africa. There is 

a lack of a comprehensive understanding of the effects of urban sprawl on planning. This 

dates back when Kampala was declared the capital city of Uganda during which time the 

city was planned for the population of 300,000 without considering future urban changes 

[28, 87]. This understanding was neglected because like many other cities in the world in 
88]. Such a pace gave Kampala City 

authorities time to plan and provide the public services that the slowly increasing urban 

population needed. This could be done without any need to first understand the under-

lying dynamics. This understanding was further neglected when the pace of Kampala’s 

urbanisation declined in the 1970s because of the economic embargos, mismanagement of 

Uganda’s economy and an atmosphere of insecurity that characterised the late President 
Amin’s dictatorship [59].

The pace of Kampala’s urbanisation started rising from 1990, but little was done to under-

stand the underlying effects inclusively. Yet the rising rate was signalling a clear need for 
analysing the effects as a basis for containing the negative ones while encouraging those 
that promote organised urbanisation. The focus was instead on implementing the socioeco-

nomic development agenda, which the government of Uganda had adopted following the 

Poverty Eradication Action Programme (PEAP) [89, 90]. Since over 90% of Ugandans were at 

that time engaged in rural subsistence farming, the main aim of the PEAP was to transform 
the country from being a predominantly rural subsistence economy to a modern economy 

[91]. In this programme, Kampala was viewed as a nucleus of socioeconomic transforma-

tion through industrialisation and commercialisation [59], and this further accelerated its 

urbanisation.

At the moment, Kampala is urbanising at a rapid rate estimated to be between 5.2 and 16% 

per annum [9, 92]. The latest statistics indicate that Uganda’s urban areas claim 20% of her 

estimated 35 million people [93], but over 40% of these people are resident in Kampala City 

[94]. In fact, Kampala’s population size grows to over 60% when the transitory population is 

factored in. Kampala is, however, urbanising in an unplanned manner [95–97] but without a 

clear picture of the underlying effects on planning.

Nonetheless, a review of the National Physical Planning Standards and Guidelines, 2011, 
revealed that they were developed by the MLHUD [98] with intent to provide criteria for 

determining the scale, location and site requirements of various land uses and facilities. The 

planning standards affect the allocation of scarce land and financial resources. They should, 
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therefore, be applied with a degree of flexibility. Trade-offs may be necessary so that the com-

munity at large could benefit most from the development. They were to realise this purpose 
by ensuring equitable and balanced spatial distribution of development; orderly, efficient 
and coordinated spatial socioeconomic development; facilitating equitable distribution of 

services; integration of the functions of rural and urban settlements; and the optimum use of 
land for agriculture, forestry, industry, human settlements, infrastructure and other compet-
ing land uses.

The review of the 1998 Land Act reveals that one of the objectives of this Act is to ensure 

proper planning and well-coordinated development of urban areas. However, it protects 

security of land tenure rather than facilitating land development. This makes it weak in pro-

moting planned urbanisation. Indeed, many of the urban development projects proposed by 

KCCA meet stiff opposition from private land owners, including Buganda Kingdom [99].

land, with private land ownership being far greater than public ownership. The Constitution 

of the Republic of Uganda also recognises and protects private rights in land, even in the 

midst of Kampala City. Since land ownership plays a significant role in urbanisation, this 
type of land tenure provides clues as to negative or positive effects responsible for the way 
Kampala is urbanising. As Jones et al. [68]. Interrelated factors such as ones mentioned above 

can intensify the externalities connected to urban services, heighten political aspects of service 

delivery and create intensified opportunities for rent-seeking of various kinds. The authors 
(ibid) postulate that urban populations may also be temporary, particularly in informal settle-

ments where tenure is absent or insecure, and can hinder collective action to demand better 
services such as sanitation. Thus, social and economic polarity, which is more common among 

urban populations, can also limit collective action in terms of service provision and generally 

planning. The features of urban population may increase the attention of demand, increase 
accountability for service provision and expand the diversity of providers; but these advan-

tages have no guarantees in anyway, therefore leading to challenges in public satisfaction.

7. Public satisfaction with urban changes in cities

The review of literature on public satisfaction with urban changes in cities shows that differ-

ent scholars have shown interest in understanding what defines public satisfaction resulting 
from urbanisation. A careful review of these scholars’ studies reveals the interest is motivated 

by the fact that public satisfaction plays an important role in determining the development 

and spatial distribution of settlements, investments, choice of employment and city dwell-
ers’ reaction to urban changes resulting from services provided by city government [7, 100, 

101]. This way, this satisfaction is one of the good indicators that need to be considered when 

developing urban policy or legislations intended to ensure that a city urbanises in a manner 

that satisfies those who live in it.

Explicitly, Kährik et al. [1] observes that public satisfaction is significantly related to deci-
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This satisfaction also determines private investment decisions and choices of employment 

[2, 6, 102]. In other words, investors establish businesses, and individuals choose where to 

reside and to work depending on their satisfaction with the location and its neighbourhood. 
Locations and neighbourhoods that induce high levels of public satisfaction are those that are 

well planned spatially and in terms of zoning of their socioeconomic activities; locations and 

neighbourhoods that do not satisfy the public are usually those associated with unplanned 

settlements, chaotic socioeconomic activities, noise and air pollution and poor environmental 
health [2–4, 103]. City dwellers react to locations and neighbourhoods associated with high 

levels of satisfaction by getting attracted to them in terms of residing, working or investing 
there. The public react to locations and neighbourhoods associated with low or no satisfaction 

by doing the opposite [96, 103].

Evidently, understanding public satisfaction with urban changes taking place in their loca-

such satisfaction is necessary to investigate and understand in Kampala. Literature reveals 

the specific indicators that can be used to establish this satisfaction in particular; Akaateba 
and Yakubu [104] indicate that the level of public satisfaction with services provided by city 

authorities reveals the quality of these services, and this enables authorities to improve where 

necessary. Akaateba and Yakubu are, however, focusing on public satisfaction with only pro-

vided solid waste collection services. Moreover, their study was conducted in Wa in Ghana, 

not in Kampala, Uganda.

Research has also shown that city dwellers’ satisfaction is also measured in terms of urban 

people’s gratification with spatial quality, zoning of commercial activities, availability of 
job opportunities, adequacy of provided social services, accessibility of residences as well 

as quality of neighbourhoods [105–108]. The study of Yizhao et al. [109] indicates that pub-

lic satisfaction can also be measured in terms of these dwellers’ contentment with housing 

supply, housing quality and available housing access options. This study was conducted in 

China, and its findings show that housing that is satisfactory to residents is that which is 
either affordable in terms of rent or self-constructed. Such housing is satisfactory to both 
high- and low-income residents. In contrast, housing which is expensive in terms of rent and 

constructed by government is less satisfactory to city residents. These findings suggest that if 
a city is to urbanise in a satisfactory manner, especially in terms of housing, authorities have 

to promote planned self-constructed residents or to encourage low-cost rentals.

The studies of Hipp [110]; Shieh et al. [111]; Bonnes et al. [112]; and Kahlmeier et al. [113] 

reveal that urban environments that are free from noise and air pollution are satisfactory 

to city residents. These studies indicate further that the public satisfaction declines as the 

health of their environments deteriorates. These studies suggest that proper urbanisation has 

to take place in a manner that ensures that satisfactory environmental health is maintained. 
However, none of these studies was carried out in Kampala. Therefore, their findings need to 
be validated in the case of Kampala City.

A number of studies have shown that urban or city dwellers’ satisfaction with the spatial 
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activities [90, 91, 114]. The more organised or zoned the land uses and activities are perceived 

to be, the more satisfaction they yield to urban residents and vice versa [115]. These land uses 

and activities include commercial business activities, physical infrastructure (roads, power 

supply and telecommunications lines), settlements and social service provision facilities such 
as educational centres, health centres and administration blocks [116–118]. These observa-

tions suggest that understanding city dweller’s satisfaction necessitates finding out how these 
inhabitants are satisfied with the land uses sanctioned to take place in their neighbourhoods. 
The observations, however, do not delve further to show how this understanding can be used 

as a basis for developing an urban policy required to ensure that inhabitants are satisfied with 
their neighbourhood.

8. Research methodology

Focus group discussion (FGD) interviews were used to collect qualitative data from a group 

of respondents simultaneously [119]. This method was used in this study to collect more qual-

itative data from the selected KCCA councillors. It was used because these councillors were 

all met and asked to provide required data after their morning plenary session. Instead of 
being interviewed separately, they preferred to provide their responses in a collective discus-

sion session. The suggestion of councillors was adopted. As Hennink [120] observed, FGDs 

can also facilitate collection of detailed data about the variables of the study in a free, interac-

tive and participative environment characterised by free exchange of views and comments. In 

fact, the held FGD facilitated a deeper understanding of the nature of factors about Kampala’s 

urbanisation. In all, the FGD and interviews were held with respondents shown in Table 1.

Table 1 indicates that 19 respondents were interviewed and 5 of them participated in the held 

focus group discussion. Therefore, respondents from whom qualitative data was collected 

were 24 altogether.

All key respondents were reached at their offices after making prior appointments with each 
one of them. Only KCCA councillors were reached and data collected from them after their 

plenary session.

Purposive sampling was used to select respondents who were interviewed and those who 
participated in focus group discussions (FGDs). Purposive sampling is a non-probability sam-

pling technique applied to select respondents in a biased manner justified by the fact that 
respondents are considered as key informants in the study [122]. In this study, respondents 

who qualified in this criterion included technocrats from the technical wing of KCCA, lead-

ers from the political wing of KCCA, national service delivery agency officials serving in 
Kampala and central government political leaders serving Kampala.

Each of the respondent categories outlined above was considered for a reason. In particular, 
technocrats from the technical wing of KCCA, who included policy developers, implement-

ers and controllers, were selected to provide data needed to answer all the research questions 

of the study from the administrative perspective. Leaders from KCCA’s political wing were 
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selected to provide data that were required to answer the research questions from the politi-

cal perspective. Those specifically selected consisted of mayors and councillors of the five 
divisions of Kampala City and officials in the Ministry of the Presidency who are in charge 
of Kampala. Officials from the national service delivery agencies who serve in Kampala 
City were selected to provide data required to answer the research questions from a service 

delivery perspective. These officials included personnel from national service delivery agen-

cies such as National Water and Sewerage Corporation (NW&SC), MLHUD, Uganda Roads 

Authority, NEEMA and Uganda Electricity Regulatory Authority.

9. Research results

As shown in Table 1, the key informants included technocrats and political leaders of 
KCCA, officials from national service delivery agencies serving Kampala and central gov-

ernment political leaders in charge of Kampala. As a way of corroborating the findings 
obtained from the selected city residents, the key informants were each asked to mention 
the informal forces that accounted for the urban expansion of Kampala City from 1990 

to 2013. Triangulated thematic and descriptive analysis of their responses led to findings 
shown in Figures 1–3.

Position Number of respondents

Interviewees FGD Participants Total

KCCA divisional mayors 4 4

KCCA deputy divisional mayors 1 1

KCCA councillors 5 5

KCCA divisional town clerks 4 4

NEEMA monitoring official 1 1

NW&SC officials 1 1

KCCA public health and environment official 2 2

Land use officer (MLH&UD) 1 1

1

Commissioner (Uganda Communications Commission) 1 1

Uganda Roads Authority official 1 1

Uganda Electrical Regulatory officials 1 1

Official from Office of the President (Kampala affairs) 1 1

Total 19 5 24

Source: [121]

Table 1. Number of interviewees and FGD participants.
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Figure 1 summarises the various forces or factors which, according to key informants, 
explained Kampala’s urbanisation between 1990 and 2013. The percentage distribution sug-

gests that each informant suggested more than one form of factor. A comparative analysis 

of proportions reveals that with the exception of natural population increase, each form of 

factor/forces was identified by at least 50% of these respondents. This indicates that most of 
the key informants revealed similar factors. Specifically, all key informants (100%) indicated 
Kampala’s urbanisation was due to its attractiveness to jobseekers and job makers. In addi-
tion, majority of these respondents (95.8%) identified government’s modernisation agenda 

Figure 1. Location of the study. Source: [14].

Figure 2. Some of the challenges of urban sprawl in Kampala. Source: [86].
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as another major factor. Other factors specified by most of the key informants included 
internal and regional civil wars and conflicts (95.8%), excessive politicking by opposition 
politicians (83.3%), weak urban policy (75%), excessive rural poverty and underdevelop-

ment (75%) and excessive political influence by high-ranking government officials (70.8%). 
Other specified factors included government tactical intervention (58.3%), private owner-

ship of land and laxity in KCCA monitoring (50%), bribery and corruption (50%) and Lack 
of love and care for Kampala (50%). In essence, these findings largely substantiate many of 
the factors revealed by urban dwellers and reveal other factors as well. The findings further 
confirm Owusu [27] who identify the attractiveness of cities as a factor that accounts for their 
urbanisation. They also further confirm MLHUD [80] and Mabode [123] since these also 

specify population increase, politics and administrative forces as factors explaining cities’ 

urbanisation.

However, while the authors cited above specified the forces without explaining how they 
exactly occur, this study delved further by analysing their nature. This nature was established 

by asking the key informants to substantiate why the forces they had mentioned were indeed 
responsible for Kampala’s urbanisation.

10. Discussion of results

Key informants were asked about whether they were resident in Kampala or not. Twelve 
of them (50%) responded affirmatively, and the other twelve (50%) replied negatively. This 
effectively implied that those who could provide valid data were only the 12 key informants 

Figure 3. Frequency distribution of informal forces or factors explaining Kampala’s urbanisation from 1990 to 2013, as 

reported by key informants. Source: [121].
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who answered positively. These were, therefore, the respondents who were further asked 
to indicate how their satisfaction with the urban changes officially introduced in Kampala 
influenced their personal decisions relating to putting up any development in the city. One of 
them had this to say:

KCCA authorised the establishing of a taxi park in the neighbourhood of where I used to stay at Nateete. 

I had to sell the place and relocate to Ntinda where I now reside. I could not stand the sudden noise pol-

lution, increase in traffic flow and in the number of people who started passing through my compound 
to go to the taxi park.

The finding above indicates that the respondent shifted to another location and promoted 
Kampala’s urbanisation residentially because of dissatisfaction with the noise pollution that 

the new urban change KCCA had introduced in the neighbourhood of his former residential 

area.

In 2009, KCCA authorised my neighbour to establish a maize mill just a few metres away from my 
residence. When this mill started operating, it made a lot of noise at night. I first tolerated it for some 
time because I did not have any immediate solution. However, my family members started complaining 
of failure to sleep and headache resulting from the noise that the mill produced every night. I went and 
talked the neighbour, but he told me that he had invested a lot of money in the mill. He however, told me 
that if I was going through such a bad experience, I could look for another place and sell this one to him. 
He also offered to partly finance establishment of my new home somewhere else. I had to accept. That is 
how I shifted from Kamwokya to Bweyogerere.

The preceding findings reveal that the key informant shifted again as a result of dissatisfac-

tion with noise pollution introduced by the maize mill that city authorities permitted in his 
former neighbourhood. Another key informant noted:

I lived on Kawempe Hill from 1987 till 2009. Around September 2008, I saw people putting up a tele-

communications mast in the compound of my neighbour. On inquiring to find out why they were doing 
so, I found out that my neighbour had been approached by MTN and had accepted to sell to them a part 
of his land. In December 2009, I saw another similar mast being put up in another neighbour’s garden. 
My enquiries made me realise that it was Uganda Telecom putting up the mast. I had tolerated the noise 
that the generator that powered the MTN mast would make whenever there was load-shading of elec-

tricity supplied by UMEME. This time it was going to be double doze. I could not stand it anymore. As 
I looked for a solution, shifting of course, I was also approached by WARID (Airtel today). I immediately 
accepted to sell them my land and run away from the noise. I went and bought land in Makindye where 
I built the residence where I stay now.

The above narrative further confirms that city residents in Kampala are shifting because of 
dissatisfaction with noise pollution created by the telecommunications masts erected in their 

former place of abode. Another key informant said:

I cannot stay near a factory and this is the reason why I shifted from Namuwongo where Mukwano (U) 
Ltd. and House of Plastics Ltd. made extension of their soap and plastics factories, respectively. Not 
only was this factory causing noise. It also polluted the air.

Clearly, noise and air pollution caused the preceding respondent to shift.
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Another key informant replied:

In 1994, I shifted from Naalya and started renting in Naggulu because my former place did not have 
markets and health centres where I could easily go shopping and for health services my family and 
I needed. I always had to drive to supermarkets and health centres located in Kampala Central and 
Nakawa Division. However, the situation changed in 2005. KCCA authorized investors to establish 
Shoprite and other supermarkets in Naalya as well as Naalya Health Centre. I had to shift back to my 
own home, and even renovated it to suit the new developments in the area.

The foregoing narrative indicates that satisfaction with access to services promoted by urban 

authorities accounted for the respondent’s residential decisions, the latter of which contrib-

uted to how Kampala urbanised in terms of housing development.

An overview of the findings from the key informants reveals that it was mainly dissatisfaction 
with the poor environment health (noise and air pollution) that resulted from urban changes 

what [90, 91] described as organised or zoned land uses.

To recap on the findings, the study indicates that public satisfaction strongly influenced the 
manner in which Kampala urbanised including dissatisfaction with poor environmental 

health caused in terms of noise and air pollution by the factories, telecommunications masts 

and other activities that Kampala city authorities sanctioned. Another form of these factors 

was satisfaction that residents derived from easy access to needed social services. These fac-

tors caused city residents to residentially urbanise Kampala not because they wanted, but 

because they either wanted to have easy access to needed social services or were dissatisfied 
with the air and noise pollution caused by the factories, mills, telecommunications masts and 

taxi parks that had been authorized to operate in their former locations. Two urban policy 
implications can be derived from these findings.

The first implication is that it is not good to mix noise-making and/or air-polluting activities 
with residences. This alludes to the need to zone economic activities in Kampala in a manner 

that ensures that those that make noise or pollute the air are far separated from residential 
areas. The only way proper urbanisation can take place depends on the manner in which 
the urban authorities maintain satisfactory health environment as advocated in the studies 

of Hipp [110], Shieh et al. [111] and Bonnes et al. [112]. The second implication is that it is 

important to ensure that essential services are provided in a manner that brings them nearer 

to residential areas so that people do not have to shift in order to have easy access to them. 

Accordingly, a policy required to ensure that Kampala urbanises in a planned manner needs 

to consider these two implications.

11. Summary

The paper has argued that as cities continue to attract people for better employment, edu-

cation, health care and culture, they unduly contribute to national and urban economies. 
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Nevertheless, often rapid urbanisation is associated with poverty, environmental degra-

dation and population demands that outstrip service capacity. These conditions without 

proper planning create unpleasant urban environment leading to numerous unsatisfactory 

outcomes such as poor housing, overcrowding, air pollution, transportation, insufficient 
or contaminated drinking water, inadequate sanitation and solid waste disposal services, 
industrial waste, increased motor vehicle traffic, stress associated with poor implementation 
of urban planning programmes and unemployment, among others. Moreover, the paper 

discussed public satisfaction in the context of services provided in relation to Kampala’s 

urban sprawl.
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Land and Infrastructure Development in Peri-Urban
Areas: Case Study of Gomti Nagar, Lucknow, India

Kana Ram GodhaKana Ram Godha

Abstract

The objectives of the paper is to determine the status of land and infrastructure in the 
peri-urban areas of Lucknow Municipal Corporation (LMC). Lucknow, being the capital 
of most populated state of the country, has lots of migration in search of jobs and bet-
ter education. The growth of Lucknow peri-urban areas has propelled by the economic 
growth and demographic pressure. The growth of peri-urban areas has of the city has 
to sustain over a period of time. However, the predominance of growth form over the 
period of time has significant harmful impacts. It has thwarted mass transit develop-
ment, separated rich and poor, caused unnecessary travel, consumed fragile land, and 
generated excessive public expenditures. The paper has tried to pursue three key objec-
tives of the development of land and infrastructure in peri-urban areas of the Lucknow 
city. The first was to elaborate the main conceptual and theoretical debates concerned 
with peri-urban areas. Second, the paper considered planned development of land and 
infrastructure as an option for sustainable development of peri-urban areas. Third, how 
planned development of land and infrastructure would help other Indian cities in pro-
viding better services to their citizens.

Keywords: economic growth, demographic pressure, sustainable development,  
transit development, peri-urban infrastructure

1. Peri-urban development–an introduction

The peri-urban area is an area of mixed rural and urban population and land uses. It begins 
at the point where agricultural land uses appears near the city and extends up to the point 

where villages have distinct urban land uses or where some persons, at least from the village 

community commute to the city daily for work or other purposes [7]. The term is used to 
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describe the built up area just outside the corporation limits of the city [11]. The term fringe 

suggests a borderline case between the rural and urban and actually lies on the periphery 

of urban areas, surrounding it and distinguishing it from the truly rural countryside [6].

The peri-urban development has arguments for and against it. However, it is evident that it 

alters the urban spatial structure to bring about negative externalities that affect the function-

ing of the city [2]. This implies that causes are to be treated to lessen the negative impacts. 

The growth of an urban area are being propelled by the economic growth and demographic 

pressure. The sociocultural characteristics of the context and preferences exhibited, shape 

growth into growth patterns. In the wake of rapid expansion of metropolitan cities, the local 
governments can barely cope up with only operation and maintenance of the existing services 

to nonagricultural use continue unabated in the peri-urban areas. However, the form this 

growth takes and its after effects are contributed to the institutional inefficiencies and land 
management mechanisms within their legal framework. However, the benefits include access 
to a wider choice of neighborhoods with required levels of stimulus and rest, access to more 

natural environments, affordable land market and subsidized services [3]. Within the neigh-

borhoods, congestion levels are lower and security is higher.

Critics of peri-urban areas are to maintain that the predominance of growth form over the 

period of time has had significant harmful impacts. It has thwarted mass transit develop-

ment, separated rich and poor, caused unnecessary travel, consumed fragile land, and gen-

erated excessive public expenditures. On the other side, there are those who believe that 

citizens are getting what they want: single-family homes on large plots, safe communities 
with good school systems, and metropolitan locations far from the pace and problems of 

urban populations.

2. An empirical case study of Gomti Nagar peri-urban areas of 

Lucknow

This case study is concerned with Gomti Nagar peri-urban area of Lucknow Municipal 

Corporation (LMC). Lucknow is rapidly growing metropolis and capital city of Uttar Pradesh 
state of India. The city is famous for its Nawabi culture and traditional values. Gomti Nagar 
is located in north-east part of Lucknow Municipal Corporation. It consists of both residential 
and commercial settlements. Gomti Nagar is one of the largest and most preferred commer-

cial destinations in the city along with hectic residential development [1].

The city of Lucknow is gradually wearing a look of modern city with its swank commercial 

properties, sprawling shopping malls, and modern residential real estate and metro rail. 

The city has attracted a large number of migrants from smaller towns and villages of state 
in search of education and employment and higher-order services; therefore, it is estimated 

that there is an additional population of 100,000 in every 5 years [9], which needs to be 
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the built up areas of the city are slowly being converted to urban use. However, some of 

the conversion is a part of the planned growth; the rest of it is haphazard and is being car-

ried out by private developers, property agents, land speculators, and individual owners 

(Figure 1).

The speculation of urban land by private developers for vested interested is leading to hap-

hazard, unplanned, and illegal development in city. This is also resulting into a reduction in 

supply of serviced land for the public sector. The increasing population and aspirations of 

the peoples in new peri-urban areas like Nirala Nagar, Indira Nagar, Jankipuram, and Gomti 
Nagar are coming. Out of these peri-urban areas, Gomti Nagar is coming up as one of the 

most preferred commercial destinations in the city along with hectic residential development. 

This paper would elaborate the process of land development and its impact on peri-urban 

land and infrastructure in the Gomti Nagar of Lucknow city [10].

3. Land and infrastructure development in Gomti Nagar: peri-urban 

area of Lucknow

A Gomti Nagar peri-urban area is situated on the north-east side of the city in trans-Gomti 

river area, consisting of both residential and business settlements. It is situated on the banks 
of river Gomti, which flows through Lucknow, hence its name. It is one of the largest and 
upcoming areas of Lucknow. Gomti Nagar is an organized settlement developed by Lucknow 
Development Authority (LDA), taken up by the LDA in 1980s. LDA works as an autonomous 

body to fulfill the growing demand of housing in the State. It is home to high-end premium 
residential projects, malls, IT parks, commercial property, plots, business centers, multiplexes, 
clubs, banks, food courts, entertainment centers, and finance institutions.

Gomti Nagar is now developing as the commercial and IT hub of mainland Lucknow. Till 
now, the central Lucknow consisting of Hazratganj, Vidhan Sabha Marg, and Ashok Marg 

was the main commercial area. Realty of Gomti Nagar is growing at very fast. It has the soft-
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offices and commercial centers. It boasts of some important national and state level headquar-

ters of SONY, Reliance retail, etc. It also has a developed industrial area with several factories 
and industrial units. The Sahara city is also situated in Gomti Nagar.

As earlier stated that the development of Gomti Nagar is divided into three phases:

1. Gomti Nagar—Phase-I

2. Gomti Nagar—Phase-II and

3. Gomti Nagar extension.

For development of colony, primary survey of the land was carried out by the LDA and Uttar 
Pradesh Housing Board (UPHB) has prepared plan and sent Government of Uttar Pradesh with 
a request for acquisition of land, after having been passed the state government issued a notifi-

cation for preliminary intention to acquire land around 1080 ha (approx.) [8] (Table 1).

The Lower Income Groups (LIG) and Economic Weaker Section (EWS) houses are mostly located 
in Vinay Khand and in 1995 onwards, people started living and high income groups (HIG) colo-

nies are mostly in Vipul Khand of Gomti Nagar [4]. The basic infrastructure and construction 

was carried out by the LDA and finally handed over to LMC for further maintenance (Table 3).

The infrastructure facilities provided by the Government agencies are adequate and able to 

sustain with the future growth of the area. The layout of the colony is cosmopolitan—with 

Position EWS LIG MIG-I MIG-II HIG Total

Total taken up in Phase-I and Phase-II 5245 4686 5838 6597 4925 27,291

Completed 5245 4686 5838 6628 4908 27,305

Allotted 5010 4557 5691 6322 4450 26,030

Possession 5010 4526 5604 6162 4218 25,520

Source: Lucknow Development Authority [5].

S. No. Name of colony Gomti Nagar

01 Land area 1080 ha (approx.)/10.8 km2

02 Project cost Rs. 900 crore (approx.)

03 Location Situated in trans-Gomti river area and along Faizabad road

Source: Lucknow Development Authority [5].

Table 1. Details of Gomti Nagar peri-urban area project, Lucknow.
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roads running parallel and at the right angles to each other and services placed at vantage 

points. All basic amenities, like, shopping centers, schools/colleges, parks, hospitals and dis-

pensaries, community centers, petrol pumps, bus stop, and also is stadium provided by the 

Government agencies.

All these development activities of peri-urban land development and infrastructure develop-

ment by public sector agencies are carried out with respect to the existing policies of Lucknow 

Development Authority. However, access to land is made through the acquisition of land act, 

which has major drawbacks of procedural delay and encroachment on land by other interest 

groups.

3.1. Comparison of land and infrastructure of Gomti Nagar peri-urban area with 

other part of the cities

Gomti Nagar area witnessed a growth in property prices as development of Lucknow city 

started spreading outside its limits. The area being near to city limits experienced growth 

and soon captured the rising property prices. With the current property prices in the city 

rocketing toward sky, the land rate in the Chowk area is high as it is the center of the informal 

commercial market and the price varies 6000–9000 per sq. ft. While the land rate are higher in 

Hazaratganj than the Chowk area because it has better infrastructure and comparatively new 
development than the Chowk so the land price over here are 7000–9000 per sq. ft. on main 

road area as there are virtually no place for further development of the rate of land, which 

are available are very high. On the other hand, in case of new area development like in Indira 
Nagar, Nirala Nagar, and Gomti Nagar, land prices are comparatively lower than the city and 

these are affordable. In Gomti Nagar area, the land prices are as high as 6000 per sq.ft., while 

in the Nirala Nagar it is up to 5000 per sq.ft. In the new peri-urban areas, the infrastructure is 
better than in comparison to old areas, more open spaces and better living environment, and 
comparatively affordable price and this also shows that the old city center areas are getting 
more and more congested due to various reasons, and hence, people are preferably moving 

outside the city center toward the periphery, which has livable environment and also afford-

Name 

of 

colony

Total scheme 

area (sq.m.)

Total 

no. of 

houses

Total 

built-up 

area (sq. m.)

Road 

area 

(sq.m.)

Open 

space 

(sq.m.)

Other 

amenities 

area 

(sq.m.)

Assessment of 

infrastructure 

facilities

Other facility

Gomti 

Nagar

1,080,0000 27,305 3,800,000 

(60%)

940,000 

(17%)

900,000 

(12%)

600,000 

(11%)

Water supply, 

electricity 

and sewerage 

line available, 

internal 

roads in good 

condition

Street light, 

parks and 

community 

center

Source: Lucknow Development Authority [5].
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3.2. Comparison between open vs. built spaces

The graph number shows that Chowk area has highest built-up in comparison to other areas 

as this one is older development and quite congested than the Hazaratganj and other new 

areas, the open space is also very less and that is why this area is very much suffocating than 
the other areas. The other amenities and facilities are also not good in old areas such as road 

and basic infrastructures and this may be the reason why people who can afford are mov-

ing toward outer periphery along with migrating population. The data shows that all three 

peri-urban colonies namely Indira Nagar, Nirala Nagar, and the Gomti Nagar are newly 
developed areas basically after late 1970s and in 1980s in response to the congestion in the 

central city area, population increase and increasing aspirations of people. These three areas 

(Figure 2).

3.3. Comparison of problems in Gomti Nagar peri-urban area with other part of the 

cities

The residents of Gomti Nagar and other part of cities rated the problems in the area and 

majority of the peoples rated traffic as the major problem in the old city areas followed by 

Figure 2. Comparison between open vs. built spaces of Gomti Nagar with other areas of city. Source: Lucknow 
Development Authority and filed visit.

Figure 3. Comparison of problems in Gomti Nagar peri-urban area with other parts of the cities. Source: Lucknow 
Development Authority and filed visit.
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noise pollution and air pollution, which create congestion graphs. Residents in the Chowk 

area had rated traffic congestion as a major problem because the roads are very narrow and 
the informal activities are spread across roads. This creates lots of hassle and traffic jams for 
long hours, and therefore, lots of noise pollution and air pollution in the area. Hazaratganj has 

also face the same problems because of lots of formal and informal activities and conversion 

of residential units into office spaces and for commercial purposes. This also creates lot traffic 
jams, congestion, noise, and air pollution. While in Nirala Nagar, Indira Nagar and Gomti 
Nagar area this problem is very less because these area are new development and away from 

the central hub of the city and roads are also wide so has less traffic jams, noise and air pol-
lution (Figure 3).

4. Status of infrastructure in Gomti Nagar peri-urban area

4.1. Water supply

The River Gomti continues to be the main source of water supply to city, though a number of 

tube-wells have been bored to exploit ground water. Water supply in Gomti Nagar is through 

the household’s water supply with metered connection, and water supplied to people is 3 h 

in the morning and 2 h in the evening. The houses sentiments which do not have household’s 

level, municipal water supply have their own bore wells for water.

4.2. Sewerage and solid waste management

In Gomti Nagar, most of the households have septic tanks and few of them are connected 
with the sewer line. The door to door solid waste collection system is exist in Gomti Nagar 

peri-urban area. However, in some areas, usually waste from the households is thrown on the 

streets. Some households have begun to contact private collectors to deposit the waste into 

the nearby depots.

4.3. Roads and public transportation

The road network is wide and efficient to cater optimal traffic in Gomti Nagar. This was done 
in a planned manner keeping mind of future growth of the city. The roads of Gomti Nagar, 

Jankipuram, Aliganj, Indira Nagar, Nirala Nagar, and Sahara city are wide. The internal roads 
are 10 m wide and are enough to cater to traffic volume generated peak time in these areas. 

The infrastructure development activities in Gomti Nagar peri-urban areas has carried out by 

the public sector agencies like Lucknow Development Authority. Access to the land is made 

under the land acquisition act. The objectives of development of housing for HIG and MIG 
and land development process through private agencies are to earn maximum profit and 
developed the infrastructure for urban poor who cannot afford housing and other facilities. 
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Overall, in Gomti Nagar peri-urban area, the process of peri-urban land and infrastructure 

development is controlled by the public and private sector agencies.

5. Issues in development of land and infrastructure in Gomti Nagar 

peri-urban area

It is observed that Gomti Nagar peri-urban area has planned developments. However, still 
LDA is facing issues of development. These has its negative effects along with its positive 
benefits and its impacts can be seen in different heads like physical, legal, organizational, and 

5.1. Land speculation in Gomti Nagar area

Gomti Nagar peri-urban area of Lucknow is one of the fastest growing peri-urban areas of 

the city. However, issue of land speculation is one of the major issue as real estate developers 

enters into the market the land rate in Gomti Nagar area getting highest in the city. It is being 
unaffordable for lower income and EWS people of the cities. The land rates are reaching the 
sky and caused problems of land speculation in Gomti Nagar areas.

5.2. Development in low lying area of trans-Gomti river

The Gomti Nagar is getting developed in the trans-Gomti river area, which is very low lying 
and marshy land. However, it is as risky for development as of the risk of floods from the river 
and other hazardous diseases such as water borne diseases can occur due to the dirty water 

quality. Development in low lying area is also a costly affair in Gomti Nagar area.

5.3. Restricted development permission in Gomti Nagar

In the Gomti Nagar area, permissible FSI is one which is very less as this area has the potential 
to absorb extra population of the city, development activities should be encouraged within 

this area, by giving benefits of extra FSI and Transfer of Development Rights.

5.4. Less developed physical infrastructure

Despite this area has planned development but still there is a lack of inadequate physical 

infrastructure facilities like water supply system, sewerage, and solid waste management etc.

Though, Gomti Nagar peri-urban area is developed by Lucknow Development Authority in 

a planned manner but still there are many milestones, which should be unturned for maxi-

mum benefits of the development and future growth of the area. The peri-urban must absorb 
the growing population and their aspirations. The model of Gomti Nagar peri-urban devel-

opment could be a role model for other cities if this area would addressed the issues in a 

proper away. In larger context, there is a need of careful slight attention from development 
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and implementation authority to control haphazard development in peri-urban area so that 

Gomti Nagar will be a living role model of peri-urban development to other Indian cities.

6. Way forwards and learning to other Indian cities

Gomti Nagar peri-urban area of Lucknow has come as one of the most planned development 

in Lucknow city with boasts of modern and Hi-tech residential and commercial complexes. 

The city is growing very rapidly and its boundary limit is changing. The villages located at 

surrounding often come under the influence of urbanization and pressure depending on the 
direction and intensity of growth of the city. The growth of a city is triggered by growth of 

potential in its context through the influx of migrant population. This outcome manifests 
itself in space and evolves over time to produce a growth pattern in the form of peri-urban 
development to fulfill the growing aspirations and this growth pattern along with the evolu-

tion of the spatial structure of the city gives clues on the efficiency of the city structure in ful-
filling its functions. Much of the urban growth is taking place along transport corridors, and 
unrestrained by municipal jurisdictions; the distinction between urban and rural is getting 
blurred. As there is no place in the central city, the growth may decline but in the peripher-

ies, there will be new growth because these areas are the new hopes for city. New peri-urban 

areas like Jankipuram, Nirala Nagar, Indira Nagar, Aliganj, and Gomti Nagar area etc. are 
coming very fast along the various trunk roads of the city and therefore they are very well 

connected with the central part of the city.

The Gomti Nagar area of Lucknow city is the modern development by Lucknow Development 

Authority where infrastructural facilities along with other facilities are good and development 

of this area has happened in planned manner, and it will become a role model for the other 

peri-urban land development in the city. For the cities of similar size like Kanpur, Allahabad, 

Meerut, and Moradabad, there is a need of an effective local government and sensible legal 
framework for the operation.

The presence of a legal mechanism, which facilitates action, autonomous central institution, 

and a regulated land market, and all these will make a planned development of the city with-

out emergence of sprawl. This will ensure efficient utilization and equitable distribution of 
resources that enhance economic growth and secure environmental sustainability. In the 
recent past, the LDA has been proactive in plan preparation and implementation. Not only 

the development plan proposals have been projected for implementation but also the servic-

ing of land for residential development have been phased out in the plan document. As the 

organization is able to involve stakeholders of various kinds, its intentions to facilitate devel-

opment come with the minimal delays and encumbrances. The city has intended to achieve 

a more efficient urban form, support, and promote vitality of the urban economy, integrate 
urban poor into the urban fabric by providing them place to stay and live, plan for a sustain-

able urban environment in terms of better infrastructure, sanitation, open spaces, wide roads, 
and living places etc. and for this, the authority has started implementing plan for peri-urban 

Urban Agglomeration: From Theories to Practice 

216



 development so that they will become a potential place for growth and development. The 

inclusive planning and infrastructure development in Gomti Nagar has set an example to 

other Indian cities that the peri-urban area must have good accessibility with the other parts 
of the cities.
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Wicked Water Systems: A Review of Challenges and
Opportunities

Tamara Anna Streefland and Yoram Krozer
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Abstract

The contemporary urban water system is under extreme pressure due to growing 
demand, climate change, and social inequality. Conventional methods to mitigating 
extreme water events have proven to be insufficient to safeguard our growing urban 
centers. Unless the competing demands and pressures of the urban water system are 
addressed in holistic manners, we will soon lack of access to good-quality water, and 
extreme water events will increasingly affect our metropoles, with most severe conse-
quences for communities already living in marginal conditions. This chapter takes as 
point of departure that the future urban waterscape is a wicked problem in which actions 
taken to mitigate the problems are often inadequate and temporary, even when they 
are the result of the public debate and shared concern. The current urban water system 
has reached a critical threshold, but how can innovative urban water design or planning 
solutions be implemented when there is so much at stake? The chapter will address the 
urban waterscape, its contemporary challenges and what we can expect in future climate 
conditions. Furthermore, we will discuss contemporary solutions as well as highlight the 
sociopolitical, economic, and ecological barriers to their implementation. To illustrate the 
challenges as well as the range of solutions, we will present the algal blooms in Lake Erie, 
USA, as a case study. We will end with an elaboration on how to innovate in the case of 
wicked problems.

Keywords: wicked problems, water, urban design, innovation, algal blooms

1. Introduction

On 25th of August, 2017, Hurricane Harvey made the first landfall in Texas. Although 
Houston, a city of approximately 6.5 million inhabitants, lays above sea level, it experienced 
massive floods over the following days due to the extreme amounts of rain and wind and 
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storm surge [1]. Simultaneously, Nepal, India, and Bangladesh are struck by heavy monsoon 

rains, causing Mumbai’s streets to turn into rivers and more than 1200 deaths throughout the 
entire region [2]. Houston’s extreme floods were caused by the combination of heavy rains 
causing interior waterways to overflow, a storm surge that prevented them from emptying 
out in the ocean, and a general lack of pervious surface in the city [3]. Mumbai vulnerability 

lays in its rapid expansion that is accompanied by construction and development on flood-
plains as well as clogged waterways due to an excess of plastic waste [2].

The contemporary urban water system is under extreme pressure of rapid urbanization, grow-
ing demand, climate change, and social inequality. It has become apparent that water is no lon-
ger a free endless resource and that waste cannot just be transported to other places, because 
water systems are globally connected [4]. Unless the competing demands are addressed 

droughts, and tsunamis will increasingly affect the planet and its people, with most severe 
consequences for those already living in marginal conditions. Disempowered communities, 
minorities, and the poor are at the frontlines [5].

The urgency of this has been recognized at the recent Climate Summit in Paris. Commitments 
have been made by governments and other stakeholders, but the tensions underlying our 

failure to address these issues in the past have not been resolved, and the implementation of 
radical policies and integrated innovations remains to be seen. Interventions and implemen-
tations are challenged by the uncertainty of climate models, cycles of capital investment and 
governmental risk aversion, fragmentation of governmental responsibility and inclusion of 
knowledge, the definition of innovation, and scale.

We can think of transforming the urban water ecologies to meet the needs of our future cit-
ies as a wicked problem, a term first introduced by Horst Rittel, a German scholar, in the 
1960s [6]. Wicked problems are not easy to formulate or to reach a consensus on a solution. 
Actions taken to mitigate the problems are often inadequate and temporary, even when they 
are the result of the public debate and shared concerns [7]. Rittel defines some characteristics 
of wicked problems. First, one cannot understand the problem without understanding its 
context. There is no way of first understanding and then solving since the existing pieces 
might shift in a solution.

Second, there is no stopping rule. In the case of a wicked problem, it is not clear when a solu-
tion is found. The intervention does not stop when the problem is solved but is limited by 
external factors such as time or money.

Third, there are no true or false answers since the criteria to determine that do not exist. Any 
judgment by actors is determined by the values and objectives of the group that they are part 
of, the place they take within the realm of the existing problem.

Finally, there is no test (except for real-life implementation) to a wicked problem. Every 
attempt will have consequences that are either desirable or not, which will then trigger another 
set of consequences. Every implemented “solution” will leave its mark in the system [6].
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For example, the Dutch and the storm surge barrier they decided to build in the 1960s 
after a devastating storm with 5-m waves broke the existing dikes and had affected many 
lives in the South of Holland in 1953. Holland had lost the battle with water in a storm that 
was beyond their expectation. This called for an intervention outside of what they already 
knew. During the process of implementing the barrier, all types of issues arose such as a 
changing hydrology causing strong tides as the project proceeded, complicating further 
intervention. Although, until this day, that levee has protected the low-lying south of the 
country, it is a continuous train of intervention that has been implemented to secure the 
Dutch with dry feet [8].

The current urban water system has reached a critical threshold, but how can innovative 

urban water design or planning solutions be implemented when there is so much at stake? 

waterscape and its contemporary challenges. What are contemporary urban centers facing in 
terms of water pressures, and what can we expect in future climate conditions. Furthermore, 
we will discuss contemporary design and planning of solutions as well as highlight the socio-
political, economic, and ecological barriers to their implementation. To illustrate the chal-
lenges as well as the range of solutions, we will present the algal blooms in Lake Erie, USA, 
as a case study. The chapter will end with an elaboration on how to innovate in the case of 
wicked problems.

2. The value of water and what is at stake

There is a certain dualism at stake when thinking about water and cities. Water needs to get 

into our urban systems and flow through them, for otherwise urban populations cannot exist; 
think about drinking water or water needed for urban industries. On the other side, we also 

need to be protected against it. Too much water, in the form a natural hazard or a polluted 
body like sewage, is a constant threat to society resulting in inadequate attempts of control-
ling the flows.

Water has multiple physical attributes that affect its relation to the human body and environ-
ment and that shape its use [9]. Its fluidity and plurality are reflected in the ways we refer to it. 
Water is experienced (tasteless, odorless, cold, salty), and it is volatile in its form (rain, ice, and 
gas). It moves at different speed (current, wave, mirror), has a carrying capacity (of nutrients 
and pollutants), and is an active agent (flows, shapes, erodes, moisturizes), which can also be 
contained (in soil pores, pathways, and rivers).

The fluidity and plural attributes of water are at the core of distribution of quality and quan-
tity of water that is of key importance to maintain the integrity of ecosystems and that will 
preserve their ability to provide services valuable to humans [10]. Natural water supplies vary 

over times as these flows cause scarcity and in other places floods. The fact that water has a 
certain carrying capacity allows it to carry nutrients, but it also allows it to erode our coasts 
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resulting in turbid currents. Large technical infrastructures, such as dams, reservoirs, and arti-
ficial storages, shield us from the variability of the resource and protect us against floods [10].

Historically, all large urban centers were built in the proximity of water for it to survive. 
When ancient Rome around 300 BC grew beyond its capacity to provide fresh water to its citi-
zens locally, the Romans engineered an extensive system, including large aqueducts, under-
ground pipes, as well as measures to control the velocity of the water to import water into the 
city [11]. This infrastructure had a combined length of over 400 km and brought water from 
places as far away as 80 km [12]. There was one major pitfall to their ingenious water system; 
many of the pipes were made from lead, a strong neurotoxin, which contaminated the water 
and poisoned Rome’s inhabitants [13]. Some scholars advocate that lead poisoning was at the 

base of the fall of the Roman empire [14]. Lead poisoning is not only a problem of the past as 

more affordable but corrosive option, the Flint River, which caused the pipes to leak lead into 
the drinking water [15].

3. Contemporary urban water systems and future threats

All water is connected and so are the issues surrounding our water systems. What are the 

pressures threatening our urban centers exactly? As mentioned before urban areas face issues 
regarding the quantity and quality of water manifesting itself in scarcity, pollution, and flood 
events.

First, flooding events are caused by a multitude of factors, including water body flooding 
and heavy rains, but also factors that are related to the urban fabric itself such as clogging 
of drainage systems and land use change. Although there is no exact prediction of what will 
happen in the light of climate change, most scientists agree that extreme weather events such 
as hurricanes will occur more frequently and will be of higher intensity. Additionally, more 
extremes in precipitation will occur (both droughts and excess) and a rise of sea level which 
will most rapidly affect coastal cities and small island communities [16]. At the same time, 

rapid urbanization leads to expansion of the urban surface which often results in a lack of 
stormwater retention space due to imperviousness of the surface that simultaneously accel-
erates stormwater flow, keeping the water in the streets. Excess waste is at the base of clog-
ging the existing man-made drainage channels and natural systems such as mangroves or 
wetlands [17].

Jongman and colleagues [18] address the rise of costs (infrastructure, housing, businesses, 
etc.) as a result of flooding throughout Europe. They suggest that by 2050, those annual costs 
will rise from 4.5 Billion to 23 Billion Euros, under the anticipated climate change and socio-
economic development [18].

An abundance of water can be problematic but so is scarcity. In some cases, cities experience 
both. Cities often rely on sources in their hinterlands to supply their population, industries, 
and agriculture with fresh water. However, our fresh water resources are decreasing. We 
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have consumed water without limits under the assumption that it is a renewable resource. 

Moreover, growing cities along with a growing population increase the need for fresh water. 
In response, cities have created complex large-scale infrastructures trying to reach new 
sources of underground water or surface water [19]. When surface water is insufficient for 
the demand, cities often turn to groundwater; however, when more water is consumed than 
what is refilling the source, this will not only result in depletion and water stress in the future 
but also to saltwater intrusion and soil subsidence of lower lying areas as well as to negative 
effects on natural streamflows and depended ecosystems [20, 21]. In a capitalist society, con-
suming less water is hard to achieve, since it is in direct opposition to the principles on which 

such society is based [22].

Furthermore, human activities such as irrigation and industrial use threaten the global water 

of our (aquatic) ecosystems that will result in major costs in the future [23]. Think about micro 

plastic that enters the water system through our waste systems. These fragmented particles 
are almost impossible to filter out of the systems, and we have yet to understand the largely 
unknown long-term consequences [24].

Apart from synthetic pollution, pollution can also occur by a disbalance of nutrients in the 
water. An example is Toledo, a city of a little over 500,000 inhabitants in the US. The drinking 
water source for the city is the adjacent Lake Erie, but in 2014 the inhabitants had to close their 
taps because of the presence of microcystin, a toxin that emerged from algae blooms occur-
ring in the lake [25]. These blooms are caused by nutrient runoff, phosphorus, in particular, 
that flows from urban sewage overflow (point source) and predominantly agricultural run-
off (nonpoint source) through the watershed into the lake and are intensified by heavy rain. 
Climate change, extreme weather events, and hot summers will cause harmful algae blooms 
to occur more often and more intense within the following years [26]. We will review this 

more in-depth in the following sections.

Summarizing, floods, pollution, and scarcity are all interconnected, e.g., in the case of floods, 
it can pollute water bodies when hitting a chemical factory. Pollution in its turn leads to scar-
city of freshwater.

How can we secure healthy water system on our planet in a changing world?

4. Mitigating water stress

Stable socio-environmental ecosystems do not exist; these systems are always on the move. 
Society wants to influence the ecological system by implementing measures to alter the 
hydrological response and to keep it at its highest stage of productivity, preventing it from 
collapse [27]. The implementation measures are often incentivized from an economic effi-
ciency agenda and are predominantly technocratic as they often fail to fully integrate social 
dimensions of water. Furthermore, they are often narrow solutions that are unsynchronized 
with the dynamics of the physical landscape.
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Mollinga distinguishes three dimensions at the heart of water control: technical/physical, 
organizational/managerial, and a socioeconomic and regulatory [28].

Historically, water infrastructure and projects to alter the hydrological response have been 
created by scientific and technical experts, emphasizing rational science and economic effi-
ciency. With the increase of tension between social, environmental, and economic elements in 
urban areas, this is no longer viable. Implemented infrastructures have more often redirected 
the system than stopped it from developing. Again and again, the effect of one intervention 
has asked for another one as systems are successional and dynamic [29].

There are four dominant ways of altering the hydrological response through physical 
implementations:

2. altering the stream network (wetlands);

3. altering the drainage basin (dams); and

4. changing the global climate (overusing water) [28].

Furthermore, innovation in urban water systems comes in three ways: (1) new technologies 
(desalination or new waste water systems), (2) new management approaches (business mod-
els, policy implementations), and (3) techniques to increase the functioning of the current 
system (monitoring, etc.) [30].

The large-scale infrastructure-engineering approach was overtaken by more recent notions 
of conservation or restoration. In both, system ecology remains entrenched within the same 
modern paradigm that many argue is the structural cause of environmental and social decline, 
as Corner puts it “whereas conservation utilizes ecology to facilitate further control over the 
human environment, restoration uses it to provide rhetorical force to emotional feelings about 
the primacy of nature and the errors of the Anthropocene” [31]. Thus, conservation aims at keep-
ing the same ecosystem services of a system and tries to keep a system from moving away from 
its current state. It has faith that adaptive and transformative measures will save the day [32].

In both the large infrastructure/engineering and conservation/restoration trains of thought, 
the symptoms of ecological distress are dealt with, while causal and cultural foundations—
the social structures that underlie at these problems—are often not addressed.

The problematic at stake with the drinking water systems of Toledo, Ohio, provides a good 
case study of proposed interventions and barriers while working with unprecedented issues 
and wicked problems. In 2016, as part of Enaegon, a collaborative urban design company 
with a focus on water, we proposed an implementation that would contribute to diverting the 
algae blooms in Lake Erie. We took as a point of departure that wicked problems can be chal-
lenged throughout the journey toward a design intervention that can change the interactions 
in the systems. The outcome is not necessarily a solution but can help better understand the 
wickedness of the problem and form the basis of new experiments.
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4.1. Case study: algae blooms in Lake Erie

In the first weekend of August 2014, the residents of Toledo, Ohio, were advised not to drink 
the water from their faucets due to high levels of microcystin, a toxin that is caused by algae 
blooms in the source of their drinking water, Lake Erie. People prepared for days without 
water, standing in lines at grocery stores. Some even crossing the border to Canada, packed 

with as many empty containers as they could find [33].

When the local authorities announced the drinking water ban, no indication of its duration was 
given—local government simply did not know. They had to wait for the US Environmental 
Protection Agency (EPA) to run tests and approve the drinking water. This was problem-
atic since there was no standard for what was a safe amount of microcystin in the water. 

Organization [34].

This process that causes harmful algal blooms in Lake Erie is called eutrophication, which 
can be defined as an increase of organic carbon production (this is basically everything that 
is alive from plants to animals to humans) in an ecosystem [35]. Although higher produc-
tion is often seen as a good thing (as it is sometimes referred to as nutrient enrichment), in 
this case, its side effect is algal blooms that in the end lead to hypoxia, the death of a water 
body.

Eutrophication is caused by nutrient runoff from farming operations that involve inten-
sive fertilization with both manure and chemical fertilizer, as well as sewer overflow from 
adjacent urban areas. The International Joint Commission (IJC), a binational advisory body 
on the great lakes water quality agreement, estimates that 61–84% of the nutrient runoff is 
caused by agricultural runoff whereas only 16% flows from combined sewers of the sur-
rounding cities [36].

Most of the runoff happens in spring due to extreme rain events, flushing the phosphorus into 
the agricultural fields and drainage ditches due to surface and subsurface flow. In the case 
of Lake Erie, it is the Maumee watershed that is the main tributary due to extensive farming 
operations (80% of the land is under cultivation) in the region. All the ditches in one water-
shed flow toward the same point, the Maumee River, and then into Lake Erie at the Toledo 
waterfront [36].

Although 2014 was the first time that drinking water system got severely affected, algal 
blooms have been happening for decades. Due to ongoing urbanization and the dumping of 
untreated sewage around the lake’s shoreline, more extreme algal blooms started to emerge 

in the 1950s and 1960s. Lake Erie’s oxygen-depleted waters and its changing ecosystems even 
caused it to be declared dead by the beginning of the 1970s [37].

It is not only drinking water that is jeopardized. Algal blooms will trigger economic losses 
through a decrease in tourism (who wants to swim in a toxic lake?) and a declining fishing 
sector since these algal blooms pretty much affect the whole ecosystem by depleting oxygen, 
killing other species and ultimately “killing” the lake [38].
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Thus, the main problem lays with the farming practices and farming policy, but the conse-
quences lay in the drinking water supply for the communities that are reliant on Lake Erie as 
their drinking water source.

So what is the plan? The Ohio Sea Grant on Social Network Analysis of Lake Erie HAB’s 
Stakeholder Groups has identified more than 150 stakeholders that are more or less involved 
(and yes we are only talking about the Maumee Watershed) [39].

and the USA, existing of a variety of experts ranging from scholars to politicians to experts 
from the private sector, has stressed the urgency of a 41% decrease in nutrient runoff to 
alleviate future algal blooms and safeguard drinking water quality. The majority of agricul-

concern [36].

However, this is a concern without a solid action plan or timeframe for its resolution.

The federal government claims to have acted on the urgency with a response through bilat-
eral agreements and complex funding mechanisms. In 2012, the US EPA and Environment 
Canada signed an updated version of the in Great Lakes Water Quality Act (GLWQA); the 
agreement bound them to develop detailed commitments in 2016 [40].

Strangely enough, these new commitments have been made to achieve the 41% reductions in 
nutrients but fail to put a deadline to the proposed action and therefore also lack sanctions if 
the deadline is not met. The agreement does specify that “domestic action plans” are being 
developed. However, it is the question of what kind of measures they will propose.

4.1.1. Strategies to mitigate the algal blooms

Historically, many different control measures to divert the algal blooms have been mechani-
cal, varying from bio-manipulation, aeration of the lake, liming (a process where limestones 
alter the pH of the lake, creating a more hostile environment for algal), and dredging to 
improve water flows. These techniques are incredibly expensive and therefore not resilient, as 
they do not solve the problem—they are merely attempts at mopping with the tap open [41].

The following strategies are currently existing in the Maumee watershed:

4.1.1.1. Policy

Over the last 2 years, there has been some movement in terms of legislation. The Governor of 
Ohio (John Kasich) has passed a Farm Bill in 2015 that regulates the application of fertilizer 
and manure by farmers. The law limits application on snow-covered soil, saturated soil, and 
when the weather forecast predicts rain within the next 12 h [42].

Another bill that was adopted is Farm Bill 150; it requires all farmers that apply fertilizer to 
undergo a certification process that educates them in fertilizer application, encourages the 
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adoption of nutrient management plan, and allows the Ohio Department of Agriculture to 
better track fertilizer distribution [42].

Although the impact of this legislation is hard to measure, it does seem a step in the right 
direction.

4.1.1.2. Changing behavior

Department of Agriculture has adopted this strategy and now enforces the training under 
farm bill 150 [43].

needs to keep track of the amount of participants and document the progress of these farms in 
their use of fertilizer [43]. As expected, the strategy involves 4Rs regarding applying manure 
and fertilizer in the right way (right source, right rate, right time, right place). This is the main 
strategy that is adopted by the US Department of Agriculture (USDA), the National Resources 
and Conservation Council (NRCS), and the Ohio Department of Agriculture (ODA) through 
funding by the Great Lakes Restoration Initiative, a funding mechanism instituted by the 
federal government, which is the main source of funding for algal bloom mitigation projects 
instituted by governmental agencies.

4.1.1.3. Green infrastructure and farming practices

There is funding available for farmers who want to take land out of production and use it for 
strategies such as crop rotations or buffers, two-stage ditches, or other water management 
installations that will catch the phosphorus before it runs off. Farmers can apply for farm 
adaptations that will lead to a reduction in nutrient runoff. This is the largest source of fund-
ing available and is based on the number of farm acres; it is a set amount of funding each year. 
It works through a 3–5-year contract that is more likely a mortgage and is competitive. When 
a farmer applies, they get a technical report from the Soil and Water Conservation District. 
The farmer then gets a 50–100% match to their own funding proposed. This is a fund that 
comes from congress and exists until the money is finished [44].

4.1.1.4. Monitoring

Currently, Toledo’s drinking water is monitored every 10 min, and people have the option of 
getting an alert from the water company in case of a threat.

Monitoring also exists in the water surface water bodies going into the lake. The Great Lakes 
Restoration Initiative differentiates between sensors on different scales in the larger Lake sys-
tem, the tributaries of the Maumee as well as Edge of field monitoring, which is in collabora-
tion with local farmers. Since there is a lot of skepticism about where the nutrients actually 
come from, which farmer is contributing and how much, this is a key component. Monitoring 
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is a big part of assessing which strategies could work, as it provides the grounds for a solid 
impact analysis [45].

4.1.1.5. Technological retrofitting

In the 1980s the municipal governments of the urban centers surrounding Lake Erie pushed 
back the phosphorus loading levels by implementing retrofits to the wastewater treatment 
plants. An investment of eight billion dollars was made [46]. Currently, the city is a new phase 

of retrofitting the drinking water plant [47]. Although there is funding available both govern-
mental and nongovernmental and there is a definite need for systemic change, an integrated 
response to the algal bloom has yet to be seen. In the summer of 2017, more algal blooms 

48].

4.1.1.6. Enaegon’s proposal

Enaegon proposed to build of the existing incentive of creating edge-of-field buffers for farm-
ers. Through a productive ditch filter of efficient crops with high phosphorus uptake, the 
nutrient runoff can be decreased intensively. Participating farmers will profit from the sale 
of the phosphorus-rich crop. The ditch can be implemented through existing mechanisms 
such as funding and distribution, enabling a farmer to shift the problem of overfertilization 
into an economic opportunity. Simultaneously, the relationships between rural and urban 

populations will be strengthened through documentation. The project entailed an interwoven 
system design of an environmental strategy, economic strategy, and a social strategy and built 
of existing funding, monitoring, research, and relationship.

4.1.2. Challenges to systemic change in the Maumee watershed

The complex process of trying to implement this project provided us with many insights into 
the Lake Erie algal bloom and the barriers to implementing any integral innovation.

4.1.2.1. Skepticism

Farmers are skeptical of their share of the problem. Who is the actual source of the nutrient 
runoff causing the blooms, is it the Concentrated Animal Feeding Operations or the regular 
farming operation, and if so, which farmers are to blame? The percentage of farming contribu-
tion to the issue of nutrient pollution depends on to which stakeholder you talk too. In terms 
of advice, farmers take it rather from industry actors such as fertilizer companies and their 
consultants, instead of the government, e.g., their local soil and water district. Also, Toledo 
residents are skeptical of the water that comes out of their taps. Since microcystin toxin does 
color the water. Public cases like Flint, Michigan, further induce governmental mistrust.

4.1.2.2. Monitoring and modeling

When there is a perceived source, you may identify the polluter and hold him responsible, 
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is and not acting is a problem in the public perception. Although Heidelberg University and 
other individual researchers are installing edge-of-field monitoring, this practice can be used 
for impact analysis, but wide implementation for finding out the exact source at this point 
seems unattainable. Furthermore, using models to predict the flow of nutrients or predict 
future weather is covered in uncertainty. How do we plan the measures that will also be a fit 
for future conditions?

4.1.2.3. Funding

Whereas we have identified four main funding sources (the Ohio Sea Grant, EQIP, CRP, and 
GLRI), there are barriers to these mechanisms. First is the uncertainty of continuation of this 

in 2017, the Great Lakes Restoration Initiative could very well dry up, taking away funding 
for projects for local governments. Then there is the question of yield. Farmers are reluctant 
to adopt because it might affect the yield of their land. We must not forget that farming is a 
for-profit business.

4.1.2.4. Collaboration and implementation

There are more than 150 stakeholders involved in only the Maumee Watershed. One of the 
main problems is the fact that commitments have been made on federal and state level, but 
the actual action, besides policy, needs to be undertaken on micro level, at the level of county 
or municipal government. Furthermore, conflicting and overlapping administrative boundar-
ies further trouble implementation of meaningful policy. Lack of communication leads to an 
abundance of reports, covering the same topics, just slightly changing the scope. It is impor-
tant to notice that an important part of this entanglement lays at the many different types of 
actors that are trying to work together in different ways and their diverse sets of values and 
objectives. Finally, it seems that the core issue is the lack of overview of existing incentive and 
organization.

4.1.2.5. Ownership

Land ownership is a crucial component of this system. Not only is the land fragmented by 
different types of land use or administrative boundaries but the quantity of owners mostly 
fragments it. The water that carries the nutrients travels through these different sheds of own-
ership. One important takeaway is that both ditch and buffer strip are owned and main-
tained by the farmer but have to meet EPA regulations. However, there are minor parts where 
county governments have jurisdiction over the ditches and streams.

4.1.2.6. Communication and awareness

There seems to be a serious lack of media coverage. Farmers are not aware of all the progress 
that has been made by the municipality, and the media is not willing to cover it. In many 
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will have an impact, seeing is believing. Incentives such as demonstration farms, no-tillage 
breakfasts, and research demonstration, as well as word of mouth between farmers, cater 
toward adaptation.

4.1.2.7. Land use

The Maumee Watershed and surrounding areas are overwhelmed by the amount of industrial 
corn that has been planted, induced by the era of intensification and industrialization. Federal 
subsidies on mono-crop corn production are maintaining this system, and farmers will take 
action if the benefits of taking action outweigh the benefits of not taking action. In the long 
run, changing the system will probably only happen when the intensity of production lowers 
in the area.

These barriers are specific to the Maumee Watershed, Toledo, and the Lake Erie algal blooms, 
but thinking of this as a wicked problem, can we place them in a wider context? Which high-
level challenges can we define that apply to innovating for systemic change while dealing 
with a wicked problem?

5. Societal challenges to implementation

Extreme weather events are not disasters; they become social disasters when they affect 
people [5]. Often the extremity of the consequences of a natural event is caused by deep-
rooted societal problematic. There is a lack of integrated responses that link to geo-physical 
understandings of water systems with political, social, and cultural analyses and vice versa. 
We try to control the entire earth system to ensure the ecosystem services we need for 
growth, but society is still dependent on the geophysical processes that are in place. In our 

attempts to optimize our benefits and resource availability, we alter the cycles that inform 
our system hydrology (sediment, carbon, nutrient, and water) to our disadvantage. These 
cycles are what inform the hydrological movements within the geophysical fabric of time 
and space.

What challenges are at the base of societies’ inability to plan for future conditions?

First, hydrological and climate models have increasingly become agents that inform that pol-
icy landscape, by putting the spatiotemporal dynamics of the geophysical system into a data 
model. However, most climate models do not accurately represent risk since they are often 
based upscaling of scenarios or historical events [49, 50]. Edwards (2003) identifies a scale of 
force that runs through the human body into the geo-physical sphere. The force of water can 
only be controlled within a certain range of natural variability. In other words, we cannot plan 
or predict for forces of strength or character that we have yet to experience and do not under-
stand. As a political issue, climate change represents the dawning awareness that geophysical 

scales of force must be included in any complete analysis of infrastructure. However, we must 
realize and account for our limitations in predicting future ecosystem states [51].
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Second, every implementation has an investment associated with it. A challenge in implant-
ing large-scale water innovations is that investment cycles of capital are often too short, e.g., a 
government that is in place for 4 years [52]. Furthermore, governments are often risk averse; 
they are likely to invest in proven technologies that have guidelines and projections. After all 
experimentation with new measures can result in catastrophic social implications and loss of 
economic resources [50]. However, the solution for a wicked problem is not one that has been 
tested before.

Additionally, which institution is responsible, how are decisions being made, and based on 

what knowledge are they made? Edwards (2003) points out that multilevel governance slows 

down the implementation of measures, as different institutions get entangled with each other 
in decision-making and responsibility. Furthermore, administrative boundaries and the fact 

Watershed borders are different borders than administrative borders [51]. Then, legal control 

of water resources can be a constraint to innovation (e.g., water supply, permits) [50]. Finally, 

the political waterscape is largely influenced by the knowledge that is available. There are 
multiple, sometimes conflicting, disciplines through which water is studied. What scientific 
practices, infrastructures, and organizations shape water in different places? Several socio-
political infrastructures have been built to address water issues such as the Environmental 
Protection Agency in the USA or the Waterboards in the Netherlands; it is important to con-
sider which knowledge disciplines and actors are included and how these models shape the 

system (e.g., local knowledge). What historical, social, and cultural factors shape the develop-
ment and use of scientific research and governance styles? After all, what counts as science 
and how are these disciplines framed changes through the decades?

Fourth, what are actual innovations and what is re-branding? Green infrastructure is a good 
example. One of the issues with the urban fabric is the fact that it covers what is underneath, 
limiting the infiltration of water. In some cities, hard surfaces can account for as much as 84% 
of the total surface [53]. Andersson et al. ([54], p. 156) define green infrastructure as “an inter-
connected network of multifunctional green-spaces that are strategically planned and man-
aged to provide a range of ecological, social, and economic benefits.” Examples include green 
roofs, public parks, urban wetlands, green streets, and bioswales [54]. The high-level benefits 
of green infrastructure are twofold; they regulate stormwater runoff as well as decrease the 
heat island effect but also allow for recreational benefits [55]. A key challenge regarding the 

implementation of green infrastructure lays in its perception. How can urban planners utilize 
green infrastructure to mitigate pressures on the urban ecosystem instead of merely using 
them to re-brand existing incentive as being “green” [56]?

Finally, although we attempt to shape the geophysical influences in our human time frame, 
these efforts will in the end not shape the geophysical indefinitely, as the system over mil-
lennia will evolve to different states. Current infrastructures on geophysical scale are frag-
ile structures. Although we try to control the geophysical system within an era, we call the 

Anthropocene, in order to get water to our taps, we still rely on the cycles that make up the 

geophysical systems. What are scalable solutions, and do these even exist [50]?
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So how do we move forward? How can we overcome these wicked problems and create resil-
ient urban centers that will be able to deal with the pressure of climate change and rapid 
urbanization stake? How can we accomplish real innovation with visible results?

6. Innovating in wicked problems

Wicked problems pose serious challenge to the conventional view on innovation. The con-
vention comprehension of an innovation process starts with the definition of clear ideas for 
solutions and go-no go decision-making in five subsequent main steps, sometimes subdi-
vided into more. In this view, researchers elaborate on specified issue, and engineers define 

the proof of concept is demonstrated, pilot production starts, and product is commercialized. 
This business development phase should deliver an innovation. The decisions are made in 

the selection process, referred to as a funnel. All costs of this process can be covered only if 
each step is successfully fulfilled; it is if the researchers elaborated on right questions, design-
ers attained a novelty, customer are satisfied with it, pilot delivered sufficient quality, and 
sales generated profit. This demand-pull model is vested in the public administration and 
management handbooks [57]. It can reflect processes in large public institutions and corpora-
tions but rarely applies to small- and medium-scale businesses and individual experts who 
usually develop by trial and error using their knowledge and picking ideas available for free. 
Nevertheless, they are main sources of innovations, particularly when environmental issues 
are addressed [58]. Since the wicked problems are contextual, they can only be mitigated case 

by case without claim of applications to many other cases; the demand-pull model is rarely 
practical in such cases.

A different train of thought is embraced in the entrepreneurial model of innovations. 
Uncertainty, herewith, is considered a source of entrepreneurial operations and necessary 
for discoveries. The essential entrepreneurial skill is scanning and finding opportunities for 
discoveries due to differences in information and understanding between interests. Errors 
of some decision-makers are resources of innovation for others [59]. The innovating can be 

comprehended as an individual capability in using knowledge and skills that are available 

in society for creating new practical solutions. This use of knowledge and skills refers to 
knowledge spillovers being a metaphor for valuable interactions about the knowledge issues 
and solutions between people, which can vary from exchange about a cooking receipt to 
space travels. Although the value of interactions is rarely predictable, the conditions for 
knowledge spillovers can be fostered through education, cultural diversity, creativity, free-
dom of expressions, and suchlike, and the entrepreneurial skills in discovering opportunities 
for innovations can be enhanced through engagement of interests in networks, awarding of 
outstanding ideas and suchlike social relations [60]. In this view, creating conditions for the 
knowledge spillover and risk bearing is advocated rather than creating bureaucracy with 

the aim to reduce uncertainties through more specific selection of innovators, which is close 
to gambling and deplores innovation. Taleb wrote “Innovation is precisely something that 
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gains from uncertainty: and some people sit around and wait for uncertainty and using it 
as raw material, just as our ancestral hunters” [61]. This notion of unpredictable innovation 
processes, meanwhile, entered into the mainstream of management theory, referred to as the 
effectuation theory [62]. Herewith, the entrepreneur is not striving toward a clearly defined 
goal based on the probabilities of success deliberated with regard to all relevant factors but 
has a multiple options to choose at a time depending on entrepreneurial personal preferences 
and given external conditions. Wicked problems, herewith, are tackled based on concepts of 
possible solutions designed for the specific situations and tested in cooperation with relevant 
interests. The successful solutions can be adapted and applied in other contexts. This trial-
and-error process evolves when broad knowledge basis can be used.
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Abstract

This article has a focus on the changing patterns of connected urban spaces forming 
large super-regional aggregates made up of cities of various sizes and regional functions 
as well as the interconnecting space of much smaller municipalities of agricultural or 
forestry types of character. The multi-scalar level analysis of these connected clusters is 
pursued from the level of the individual to the regional, national, Nordic and EU levels. 
The enfolding of the regional pattern also has global connotations in terms of trade con-
nections, but also in the context of bio-geo challenges as climate change, biodiversity 
depletion or food security considerations. The transition dynamics involves governance, 
economic, social and cultural aspects. International negotiations, as the Paris agreement 
on climate change and agreements at the UN level as the 17 “Sustainable Development 
Goals” (SDG), or agreements at the EU level, provide an international political frame to 
this process.

Keywords: urbanization, low carbon society, climate, sustainability, resilience, 
transformation, region, Stockholm, Sweden

1. Introduction

The interest in urban development has drastically increased during the last few decades. The 
focus has broadened to cover not only cities themselves but also more strongly the changing 
context within which a broader urbanized space is evolving—in particular reflecting sus-

tainability and resilience systemic considerations and connected conditions. The tendency of 
such studies has stressed two different simultaneously existing directions. First, there exists a 
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broadening from just the interest about individual cities themselves now moving toward an 
increased attention to the issue how a number of geographical sites with urban characteristics 
are linked to form a wider super-regional spatial and functional agglomeration with both 
urban and less urban features as parts.

In this direction it is the pattern of agglomeration—and its dynamics—that is at the core of 
interest. This involves technical (e.g., infrastructural considerations related to the transport 
system), administrative/political governance issues (as those dealing with the planning of a 
broader labor market) and other economic concerns. It also involves patterns of commuting 
preference of inhabitants, and quality of the livelihood in the involved communities. Also 
the spatial distribution of the knowledge centers of higher learning (and the distribution and 
roles of their competitive competences) as well as the industrial profile features of the region 
at large is of importance. This involves, e.g., the interplay between private companies and 

society at large.

The earlier analytical dichotomy, sometimes referred to as “cities-and-their hinterlands,” has 
now been transformed into a much more complex concern about patterns in a set of micro-
meso-macro cross-going links [1]. However, the framing—either based in a new increased 
complexity oriented fashion or in a more traditional way—indicates important choices 
between preferentially a bottom-up or top-down reform political philosophy (or variations of 
combinations of these). The earlier more “narrow” city focus has thus expanded to investiga-

tions over a much broader and more complex techno-bio-social geographically based pattern. 
In Sweden, the analysis and political considerations concerning the “Stockholm-Lake Mälar 
region” is such an agglomeration case in quick development.

The area spans some 100.000 km2—and covers not only the Swedish capital Stockholm but 
also an array of larger and smaller cities—as well as rural areas in between dominated by 
agricultural sectoral activities and forestry. The area harbors around 1/3 of the Swedish popu-

lation (of totally around 10 million persons) and a somewhat larger proportion of the Swedish 
economy. It is one of the fast growing regions of Europe and has a very strong innovation and 
research profile.

In Sweden, there are other emergent regions of a similar kind. One is in the south-west part 
of the country, in and around the city of Gothenburg. Another one is in the south around the 
city of Malmö, in that case with the connection to the large vital national capital of Denmark, 
i.e., the Copenhagen region (connected to Malmö with the strategically important Öresund 
Bridge).

These here indicated regional agglomerations have different features, but also similarities. 
They are all built on common Nordic history developments over at least 1000 years and the 
similarities could be seen in terms of cultural, economic and political styles in handling the dif-
ferent regional challenges, especially if comparing these regional developments with a wider 
set of similar European experiences and—of course—even more in a global comparison.

All these sub-national regions are bound together in a planned regional pattern of connecting 
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between a number of cities within a broad geographical space. The patterns of cities (of differ-

ent kinds and sizes) are embedded in the larger region of diversified space that also includes, 
in a complex interwoven fashion, less urban (or even non-urban) areas.

This development has a strong interest in a politico-governance-economic way, as well as in 
a scholarly way. However, that expansion of perspective toward a broader cluster or aggre-

gation of mixed urban and rural is associated with an interest focusing on the characteristics 
of urban space itself facing transforming factors from outside that impact the respective city 
system within its own formal “boundaries.” These dual interests have to consider a contex-

tual multilevel connotation. It concerns ways to insert solutions (i.e., to respond to various 
“problems”) related to the grand challenges of our time as they create the future framework 
for a particular urban space. Such “grand challenges” could, e.g., relate to

• food security in terms of generating possibilities for growing food within the city limits 
(e.g., to improve the freshness of the produce, but also drawing its momentum from a 
social concern to provide a wide range of inhabitants better connection to the food genera-

tion process, and—for future problematic situations—to provide a “volume insurance” of 
availability of deliveries also in turbulent times);

• sustainability and energy efficiency considerations (by compacting the cityscape) and

• social wellbeing consideration (by not only designing the city from a technical-economic 
“rationality” point of view, but also framing the social setting involving considerations 
about “the good life” for different age groups—not least children and the aged—but also 
responding to gender considerations).

Our Swedish experiences are not least drawn on our work within the EU project COMPLEX, 
which was completed in 2016 [2]. In this context, we have used our investigation area as a sort 
of “laboratory” for reflections, data collections and various types of modeling. These studies 
have also provided a wide background for formulating policy advice aimed at a ladder of 
decision-making levels: municipalities, counties, regional and national bodies. In the end of 
this article, we will come back to some of these policy considerations.

Our chosen timeframe has been set to 2050. We are well aware that other time frames have 
been voiced in the political debate about specific solutions dealing with climate change by 
reducing the carbon emissions to the atmosphere. However, our timeframe is chosen to 
connect to some of the formal assignments of timeframes in the EU on these matters, as 
well as time frames expressed at the Swedish national level. This pertains, e.g., to the time-

frame within which a net zero-carbon situation (“fossil-free society”) should—as a goal—be 
reached in an overarching sense. However, strong efforts should be mobilized to shorten the 
time if possible until these goals have been reached. This holds true especially for specific 
partial goals associated with different sectors (as the transport or the building sectors just 
to take two examples). In 2017, the Swedish Parliament decided on a set of such targets for 
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2. Agglomerated space and complexity patterns

In our approach dealing with a widened and “mixed” agglomerated regional space, the emer-

gence of patterns and their complexity (as indicated above) comes into the forefront. It is here 
that the multilevel and multiagent phenomena are found and where the integrating aspects 
of the wider agglomeration challenge come fully into play.

So what could complexity mean in this “agglomeration” context? As we have addressed else-

where [1], there are several ways in which complexity can be interpreted and studied, e.g., in 
terms of structure, dynamics, function and behavior.

2.1. On complex systems

in a varied fashion due to a great number of variables and structural constraints. Algorithmic 

complexity refers to the degree of complexity that can be measured in terms of information. 
(“The more information that is needed to describe a system, the more complex it is”). Another 
type of complexity is called effective complexity, which can be defined as the length of the 
descriptive code that is needed to describe its regularities. In addition, a study of complex 
adaptive systems has to separate regularities from randomness.

Yet, there is no obvious – or by all accepted – definition of complexity covering a wide range 
of contexts. It is measured in praxis by how well we understand causes, behaviors and – in 
assessment terms – achieved purposes. Hence, issues about large numbers of variables and 
non-linear relations among them, as well as aspects of the degree of openness of a system are 
important elements of scrutiny, especially considering the degree to which they present bar-

riers to an improved understanding [3].

Characteristic features of complex systems have to do with the web of (often non-linear) inter-

relations between variables that may provide thresholds, lags and discontinuities. Feedback 
and feedforward loops enable amplification, as well as attenuation and control. This often  
results in unpredictable and non-intuitive behaviors. Complex systems are often self-organizing  
and adaptive, where spatio-temporal order may emerge out of disorder, and where new qual-
ities may emerge above a certain threshold of complexity. Such systems could have a high 
degree of redundancy, which makes them less vulnerable to disturbances and malfunctioning 
parts. Examples of such systems are found among some ecosystems, or in some combined 
socio-natural systems, as well as those of socio-technical character [4, 5].

2.2. Micro-, meso-, and macroscale relationships

Many complex systems are characterized by a hierarchy of subsystems and different lev-

els, both in time and space. In relative terms, these levels can be viewed as micro, meso 

(i.e., “the in-between level”), and macro levels, often equally applicable to temporal, as 
well as to spatial scales. In fact, often the temporal and spatial scales are correlated, so 
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time scale (i.e., “the smaller the system, the faster it moves”). Similarly, larger systems are 
typically characterized by longer time scales (i.e., slower motions). For example, the char-

acteristic time scale of molecules is fractions of seconds, whereas the time scales of meso-

scopic systems (such as “touchable objects”) might be at the time scale of seconds to years, 
or macroscopic systems (such as planets or galaxies) relate to much larger time scales [1].

In our urban agglomeration spatial case, the time variation could at the level of the neurocog-

nitive processes of individuals (dealing with reactions and decisions) span a frame of some 
300 ms to a few seconds (depending on the art of the reaction). At another level the time frame 
for the decisions and strong transformation impact on the “realities” of a sub-national region 
is at the level of one to two (human) generations. The year of 2050 as a target year for the 
transition to a fossil-free society for our case region mirrors this chosen analytical time frame 
of our approach.

-

actions between different spatial and temporal scales, with a focus on the mesoscopic level, 
between micro- and macroscopic level descriptions. The mesoscopic level can be seen as the 
level where bottom-up processes meet top-down processes in societal transformations.

Approaching a systems “organization” (as a region) through its micro-, meso-, and mac-

roaspects, applies not only to its technical connotations but also to social structures. That 
approach is appropriate when discussing the relation between an individual (“microscopic”) 
and the group or population (“mesoscopic”), within which it is a part, and to the entire socio-
technical-ecological system (“macroscopic”). In our case, we regard the sub-national regional 
scale as the mesoscale, in relation to the micro-scale of individuals or households, and to the 
macro-scales of nations and the world at large.

In this context, it is worth focusing on the connectivity of network structures, whether they 
are hierarchical or not. Many properties of networks, such as stability, resilience, and flex-

ibility, as well as diffusion of any kind, depend on the strength and types of the network con-

nections. For example, strong connectivity may lead to local resilience, but may also result in 
fragmentation and social/cultural polarization, while weak connections are more likely to be 
more efficient for linking different groups to each other, and for creating a more stable rela-

tion between micro and macro levels in an organization [6].

Similarly, there seems to be an optimal degree of randomness in social networks, with regard 
to efficiency in information transmission and social learning, as is described through the con-

cept of “small-world-networks” [7]. Analogue results have been found for models of neural 
networks [8–10].

Environmental changes occur at several time scales, but it is demanding to analytically 
describe the interaction between these scales when trying to match the characteristics of the 
different life processes (not least due to interesting time span overlaps). One attempt is to 
crudely relate to the average lifespan of an individual or a generation. This becomes obvious 
when we discuss the relation between individual choices and those policies taken by the soci-
ety at large (e.g., with relation to a region as our case demonstrates). Recently the interest of 
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normally has been used to do and involving all spatial (and associated time interval) scales up 
to the planetary one [11].

This also involves “grand” approaches to the issue of the historical period we are living in, 
seemingly moving into the Anthropocene—the time period in which humans have at least 
the same level of impact on the planet as all other more “natural” processes demonstrate [5, 
12, 13]. This already has strong and increasing implications at lower levels of aggregation—as 
the regional one—as is shown by the handling of the climate change issue (with global causal 
connotations and local impacts).

In a social system, e.g., dealing with the structure of decisions, the multilayered structures 
play more and more important roles [14]. This was one of the important starting points for 
the development of sustainability science [15]. Globalization phenomena (macro) meet phe-

events. But what are the mechanisms of shaping (potentially appreciated) coherence on the 
way up the ladder? And to which extent do globalization phenomena really frame local 
events, more than just preconditioning them in certain fairly vague directions?

Analyses about such layered interdependencies [16] need to start with the understanding 
that no specific actor may claim full knowledge about the total system. In fact, the problem 
of an inadequate overview of multilayered phenomena from any particular point of view is 
in itself of importance. This contributes to the complexities in understanding the interplay 
between different spatial as well as temporal scales. This also explains—to some extent—the 
difficulties in creating a deepened understanding of such nested systems and to find appro-

priate operational designs of processes of governance. In itself these concerns call for new and 
important research efforts—also with regard to agglomeration phenomena.

Social phenomena are often generated in an interplay with phenomena emerging in the natu-

ral environment. Thus these connections—operating at a sequence of levels—can be visual-
ized as two inter-related ladders of description: one of socio-economic-cultural character, and 
one of natural origin—sometimes referred to as the issue of “fit” [17, 18]. The specificities in 
these two realms, and the logic running them, may be very different. However, when com-

bined these two systems connect—and even become a joint new type of system (e.g., what 
sometimes has been called a socio-ecological system—currently often adding the technologi-
cal features to the social frame).

Then, the issue of how to organize the match between these parts becomes paramount. One 
example is the handling of a watershed geographic area and its management, e.g., connected 
to a river and its contributing water bodies. Here the natural system of the water flow has 
to be managed (i.e., providing the relevant “fit”) within a socio-economic and cultural con-

text, which comprises the other part of the joint socio-natural system. In our case region the 
waterbody of the large lake Mälaren (and its watershed area) and all its urban, semi-urban 
and rural subareas connected to it provides an example of this type of integrated connect-
edness. The interplay between the levels—and the specific role of the mesoscale—is here of 
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For an earlier study (with relation to one of the authors of this paper—US) about the interplay 
of humans and the environment in a sustainability and democracy context with relevance for 
Swedish regions, these issues were exemplified with the two municipalities of Linköping and 
Åtvidaberg [19]. A number of other studies have been devoted to regional developments of 
this kind [20–23].

2.3. Dynamics and transitions

Features of systems in terms of their development over time are, of course, highly interesting. 
In particular in our case, this holds true for social systems, including the changes in cultural 
patterns. In order for individuals and societies to survive in a complex and changing envi-
ronment, they need to be able to respond and adapt to environmental events and changes 
at several time scales. In particular, actors have to learn from experience. At a general level, 

for solutions. The capacity to transform such signals to adaptive changes of various systems 
makes them more robust and increases their resilience.

We usually try to distinguish the evolution of a system under “normal conditions” (which 
often means slowly varying conditions), from those which are due to unexpected external 
shocks, such as a meteorite plunging the surface of the earth (or an unexpected financial cri-
sis, such as the one in the early 1930s or in 2008). Examples of how the dynamics of a specific 
complex system can change due to various intrinsic and extrinsic effects are given in [10].

When discussing the long-term evolution of complex systems, we sometimes have to deal 
with catastrophic events, analyzing them in terms of intrinsic and external influences, respec-

tively. Mostly, catastrophic events (such as a hurricane or a tsunami, mass extinctions of spe-

cies, or breakdown of a technical or social system) are considered to occur due to external 
“forces” acting on the system (such as a sudden weather event, an earthquake, the eruption 
of a volcano or the impact of a meteorite—or due to “external” societal factors, e.g., changes 
in global trade patterns). However, there is a need also to reflect on the intrinsic factors of 
the system itself, which either enables the impacts of the catastrophic event to be very severe 
(flooding in a landscape with insufficient preventive measures or insufficiently reflected 
zooming spatial policies), or even as being the real source of such a catastrophic events (e.g., 
long-term developments within a financial system of destructive corruptive practices).

Small fluctuations might inevitably, sooner or later, bring the system across the threshold of 
instability. This phenomenon is sometimes referred to as “self-organized criticality,” and has 
popularly been illustrated by the growth and collapse of a sand pile [24].

2.4. Resilience and vulnerability

An interesting question in this perspective is when microscopic fluctuations can have effects 
at a macroscopic level, and become the roots of shocks to the entire system. Many examples 
can be given from the physical sciences, but different types of systems in the socioeconomic 
domain express similar features. It is generally considered that the joint action of a large num-
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An important feature of a combined social and ecological system is its resilience [25, 26]. When 
such a system loses its capacity of resilience, it becomes vulnerable to change in a way that 
previously could be avoided through risk absorption [27]. Many of these features have to be 
understood in terms of multiscale interplays.

A closely connected issue deals with the role of diversity—including the layered structure 
connecting different roles of organisms and their functions. In the societal management of 
such combined bio-social systems also multilayered governance systems have to be designed 
and mobilized in which the stratification of the appropriate roles at the various levels and 
their interplay should be outlined. This often happens as a social nested process within which 
political will is only one of the components in the causal chain leading to a specific situation 
(see Svedin et al. in [16]).

Are there general features of resilient systems which can recover smoothly after shock treat-

However, some properties that make systems less vulnerable to shocks include: an appropri-
ate network structure with a carefully designed type of high interconnectivity, a high degree 
of redundancy, heterogeneity, elasticity, and self-organized regulatory mechanisms (i.e., rel-
evant forms of negative feedbacks).

A reduction of resilience creates an increased vulnerability to societies. For example, fresh-

water systems may have their vulnerability increased with regard to flood events, but also 
to toxic algal blooms, which originates from intensified fertilizer use, higher densities of ani-
mals and poorly performed other types of agricultural practices. (For general surveys about 
resilience and socio-ecological systems approaches, see e.g., [26, 28].) At a very general level, 
Hägerstrand [29] traces some of the dangers to our planetary socio-natural systems to the 
split between the external world and the “projects” within our minds. “It is as if our well-
developed capacity to store and hold together systems of ideas makes us unable intuitively 
to feel the limitations of the external world to accommodate our projects.” Indeed, this is an 
expression of a severe vulnerability of our civilization.

3. A guide to our case region: the Stockholm-Mälar region and its 

various parts

We now go back to our case region. We are zooming in on the Swedish geography in order to 
point at the place from which our examples are drawn.

Our studies of the Stockholm-Mälar region within the EU project COMPLEX [2] have given 
an array of very different insights about this regional system and its potential capacities to 
transform into a (net) zero-carbon emission region by 2050.

The selected case region has a central place in the history of Sweden. Without going into details 
it spans in time about more than a millennium of development—and with an even deeper 
time depth to Viking times and before. It is easily stated that the region is the holder of the 
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 combination of central (royal) governmental functions (including the democratic institutions 
later in history) for the country at large. It has been and still is a key holder of network nodes 
of trade, the seat of many internationally renowned academic institutions and others of highly 
qualified character (e.g., at university level from 1477 in Uppsala and later in many other places 
in the region as – in the present days – world-leading institutions in Stockholm). The region also 
has a history of carrying the seat of central church offices over at least half a millennium. It has 
been a vibrant mining (mostly iron-based) area, today spilling over to the high tech industries 
in the modern world in sectors as manufacturing, forestry, agriculture and financial services.

In short, this has been—and continues to be also in our times—a deeply European core region 
over a millennium and a carrier today of both long tradition and very advanced technology of 
contemporary excellence. It is a still expanding global network hub for industrial endeavors. 
It is also a region balancing the formal role as holder of the capital of Sweden (i.e., Stockholm) 

developed agricultural and forestry activities—and upgrading facilities of these raw material 
contributions. It is also a region with new types of functions and capacities, from emergent 
types of consultancies (e.g., in the finance sector) to the sector dealing with a considerable 

Figure 1. (a) (left) Map over northern Europe. Black part in the center is the Baltic Sea. (b) (middle) Map over Sweden 
with labels of European regions inserted. (c) (right) Map over the Stockholm-Mälar case region. (Stockholm city is the 
center in the east where all the communication lines—here the rail lines—converge. The connections over the region 
correspond to railway links between different medium-sized cities in the region). Our case region relates roughly to the 
two NUTS regions SE 11 and SE 12 (see Figure 1(b)).
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capacity to harbor large streams of tourists, not least during the summer period when the 
large cruiser ships arrive from all over Europe to Stockholm. It is definitely a region with very 
high innovation orientation. This holds true in many cases of global high tech features as in 
telecom, electronics, robotics, medical and pharmaceutical specialities, and in other areas of 
cutting-edge technologies.

Thus, due to its modern societal features and cultural value frame as well as its technological 
knowledge capacities this region is a part of the world where a successful experimentation 
leaning toward the “nonfossil society” transition in principle could take place. A great deal of 
the necessary conditions for this change already exist that are needed for the low carbon tra-

jectory to be possible – or at least are potentially available. The character of the region is thus 
not only providing means for itself to face the challenges needed now to address the operative 
requirements. It is also a region with a potential development path that is of strong interest 

searched for in many places of the world in order to manage the climate change challenges 
within less than a generation.

The Stockholm-Mälar region is the home of some 3 million inhabitants which is about a 
third of Sweden’s total population—and it is quickly expanding in terms of its population. 
It consists formally (i.e., politically) of the five Swedish counties (län) Stockholm, Uppsala, 
Örebro, Västmanland and Södermanland with close connections to other counties close 
by, dealing with similar challenges. And it is one of Europe’s approximately 500 regions, 
in this case with strong expansion and leadership ambitions in the sustainability and other 
arenas. (In its broader context of the SE11 and SE12 regional areas still other counties—i.e., 
“län”—are included).

To sum up: the region has several interesting characteristics, such as:

• A great variety of geographic and social features—i.e., it is diverse

• A long historical evolution in a socio-economic cultural frame

• A layered governance structure

• A high cultural profile and with several academic institutions

• A highly qualified “high-tech” type of industry

1. Reasons for regional possibilities to move successfully toward low carbon targets by 2050

What speaks for the capacity of the region to evolve into a low carbon society in a few 
decades? Main features are of course coupled to the high innovation profile of the current 
technologically inclined industry. This in turn is embedded in a large, regionally distributed 
and competent university/university colleges structure with considerable attendance in terms 
of percentage of the population living in the area. This research and education structure has 
in addition the last decade advanced strongly in undertaking sustainability-oriented research 
and educational tasks and developed new types of institutions for promoting such ideas. This 
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Several of the current industries work within such sectors that are candidates to become lead 
sectors for the path to a low carbon society (i.e., what could in this sense be labeled as a “fossil 
free society”). The existing industrial sector also has the potential to expand into new areas 
of possible innovative solutions with products (and processes) of strong future interest for 
the world market, i.e., key innovations that might be of crucial importance for the transi-
tion in many places. Solutions exist both in the technological domain as well as in the social 
one—or are born from a combination of both. One example is provided by the municipality of 
Eskilstuna. The decision-making body has seen to it that the technical solutions of solar panels 
have been installed on the roof tops of many of the municipality buildings. This in turn has 
already given encouragement to private house owners to follow this trait in that direction. 
This is a social structure contribution.

The currently existing professional planning employees in many of the municipalities are 

cities and the municipalities to be on the “leading edge” for these efforts. And a reasonably 
large fraction of the population of voters are favorably inclined toward such measures. Many 
individuals are already trying to set up production units for wind power—although still there 
are a lot of rules and regulations that have to be upgraded in order to make a smooth passage 
for decentralized extra electric power production (solar or wind as examples) to be fed into 
the grid from such sources.

Also the formal governance (in the architecture of the current multilayered system) tries to 
address these issues in terms of concerted efforts outlining a sequence of investigatory innova-

tion projects with such types of aims. Parallel activities are going on, e.g., in the bio-fuel indus-

try and in other parts of industry and civil society in order to promote sustainability-oriented 
innovations—and to some degree also raise the early investments for such prototype actions. 
This is obvious, e.g., in the transport sector, not least in the introduction rush for electricity cars 
(or as an interface in time hybrid versions), including the need to promote and develop the sup-

porting infrastructure for such solutions—be it public or privately owned or a mixture of these.

Thus, indications of alertness in the population at large in promoting such development lines 
are definitely there, although it is at every time step difficult to fully assess to which extent 
such support also carries over to acceptance of extra cost implications, e.g., for new solutions 
for private cars. Here it should be mentioned a rising interest for other forms of ownership 
of vehicles, e.g., through new type of taxi business models, but also of car pools (“circular 
economy” business models). Promotion of public transport solutions for large segments of 
persons—especially in the larger cities—should be noticed, through the provision of the ser-

vices (prolonging subway lines or added parallel railway track for increased temporal ser-

vices for regional trains). One example is the line between the university city of Uppsala and 
Stockholm some 70 km to the south. This is a very intense commuting line with high demand 
on performance. The connection of this expanded capacity of service for transport has also 
been made in such a way as to improve the number of connections to the large international 
airport Arlanda situated between Uppsala and Stockholm. But there are also social innova-

tions coming along as those recent advances in the way how the ticket cost arrangements are 
done (including monthly based cards for the system in the region at large providing suffi-
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Such thought patterns and ambitions within the more formal public sphere of operators are 
distinctly and rather quickly seen in terms of the number of officials employed to serve such 
coordinating and planning tasks and the quality of their educational support and thus mount-
ing professional credibility.

But also in society at large it is possible to identify a rising citizen concern and interest with 
regard to these issues about the direction of development. This provides an important basis 
for the policy formation for the future in the broader democratic system.

4. The issue of paths toward a fossil-free society

The strong increase all over the world in the tendency for urban spaces (in close connection 

highly industrialized country like Sweden. And it is clearly demonstrated in our chosen case 
region, the Stockholm-Mälar region. But what does that mean considering the major grand 
challenges our world is facing at the moment? A very clear example is the needed build up 
of a capacity to handle the strategic challenge of climate change. Sweden has as a country (at 
the level of parliament) recently defined—as a national goal—to aim to be in the forefront of 
measures to handle these and connected emerging issues. This means that there is a formal 
aspiration to be at the leading edge among industrialized countries in the world for these 
purposes. This means in an operative way a deliberate effort to address problems in an array 
of sectors to reduce carbon emission to the atmosphere in a historically unprecedented speed.

Efforts have to be launched in an array of sectors, such as dealing with the energy produc-

tion systems for the future in order to eliminate the current fossil fuel component within a 
few decades. This should be done without jeopardizing the need for Swedish industry—also 
in the future—to have sufficient access to energy. In technical terms, this means the develop-

ment or establishment of new sources of energy as solar, wind and bio, which should be done 
in parallel to the process of facing out the present nuclear component (although this long-term 
decision is still contested in the Swedish political environment). The build up and expansion 
of the new energy sources—with a strong electrification tendency on the distribution side—
have to go hand in hand with strongly increased energy efficiency efforts both in industry, but 
also in a broader sense in society as a whole.

All of this has put pressure on the urban segments of society in several ways. One aspect is 
the push for low (or zero) net energy housing in the building sector. The development has 
already started and prototype housing and Avant-guard testing sites are already being built 
in many places (e.g., a student housing complex connected to the campus of the KTH—the 
Royal Institute of Technology in Stockholm). A possible shift toward wood as building mate-

rial, also for several level housing is going hand in hand with the low carbon efforts in the 
energy domain.

At a more aggregated level (i.e., in terms of city planning), the climate concerns—through 
the push for better energy efficiency—has evoked an increased search for compacting the 
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city space, e.g., creating more housing functions (including offices and other uses) per square 
meter than has been the case before. In a recent information technology-oriented methods 
study (led by KTH and Stockholm University) in Upplands Väsby—i.e., one of the fairly new 
Stockholm suburban agglomeration hubs—people in the street were asked to judge how they 
wanted the balance to be struck in their urban neighborhood between the compacting ten-

dency versus the “greening” of the city interest (including, e.g., protecting the already existing 
parks). It is interesting—but not surprising – to note that the answers differed considerably 
between different types of actors and between people with varying socio-economic types of 
background. Here the interplay between the level of personal preferences and the level of 
collective outcome for an entire municipality/small town is demonstrated. A socio-technical 
rationality in handling the sustainability issue is here competing with a socio-cultural and 
behavioral type of rationality and connected sets of values.

existing Stockholm subway net) is further emphasized and given space in an investment 
perspective. But also the wider frame of sprawl related to the region in its totality calls for 
increased public transport (rail) development, but with a somewhat other technical sets of 
means than within more limited patches of urban space with high density. In areas with less 
compactness of “town connectedness” a system of public transport based on busses might 
be the solution, often connected to already activated change of the fuel base (e.g., biogas) but 
also on innovation in logistic handling in terms of new business models. Somewhat further 
into the future (already heavily discussed and also started to be tested in prototype arrange-

ments) electric battery-based technologies for busses and cars enter the picture. Here, it is the 
interplay between a sequence of levels: the individual user (“the citizens”) preference, the 
type of local/municipality reach and character, and in the case of the greater city level with 
its heavy long-term investment capacities expansion of the subway system. At even larger 
agglomerate regional level over a vast territory (with speed trains in focus) calls for technical, 
organizational and economic types of solutions. The transport sector concerns do not stop 
at the regional borders (if such could be considered to really and fully exist, considering the 
constant inflow and outflow of goods through trade arrangements among conglomerates and 
into the international hinterlands).

The air traffic component is here of great importance for links between several super regions 
within the nation (in this case Sweden as a country with quite a wide geographic space of 
which some parts are more thinly populated than others – especially in the north of the coun-

try). But further on—at even higher levels of geographical organization, Nordic constella-

tions are of importance as indicated by interests in binding together Stockholm and Oslo, or 
Gothenburg with Oslo—or as some futurists have considered long ago, to bind together (prob-

ably in another political situation) Stockholm, St. Petersburg, Helsinki, the coastal parts of the 
Baltic republics, the north part of Polen, north Germany and Denmark in what could be called 
a “neo-Hansa.” Some elements, although still limited, could already be seen in new transport 
lines across the Baltic Sea, but also in the domain of electricity transfer as well as the Russian 
driven efforts to build gas lines (“the North stream”) on the bottom of the Baltic sea connecting 
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the producer Russia to the EU user markets—with entry in northern Germany. With regard 
to an even grander agglomeration it could be contemplated how the strategic interests of the 
Republic of China strongly promoting cross-continental lines from the East coast of China into 
the markets of Europe under the label of the new “Silk road.” In such a perspective the classi-
cal trade routes between the continental east and the continental West could be contemplated 
as a mega agglomeration of “bands of affinity” where the trade routes could be more tightly 
connected through large infrastructural investments over a long time and with mixtures of 
super urban nodes and integrated non-urban areas as very long strings of connected urban-

ized space from Shanghai and Bejing to Frankfurt, London—and why not Stockholm. These 
possibilities are still to some extent only on the strategically drawing board (especially led by 
China). But there is already more de facto existing physical infrastructure in place, e.g., in terms 
of trans continental railway systems for goods, oil pipelines of considerable extension, and 
similar trade arrangements manifesting sea scape solutions in global connectivity. All these 

-

els should not be considered—even today—as science fiction. But at the same time such heavy 
trends for future mega global structures are discussed we also can elaborate with some more 
precision the ongoing development of more limited (e.g., at regional level as in our Swedish 
case) agglomerations characterized by strong features of “urbanness”—but intertwined with 
other types of spatial functions, i.e., a sort of “big cake with raisins everywhere in the bun.” 
Already now, there is a strong interest in mega city connectivity at a global level—i.e., the issue 
of “teleconnections” [30], which corresponds to the issue of “agglomeration emergence.” This 
type of connectivity is already now applied in more limited nationally existing super regions as 
those existing in many places in Europe (and also elsewhere in other continents).

Analysis of these emergent structures also has to be devoted to what it means in terms of the 
aggregated effects on core issues of deep concern for the planet as a whole, as codified in analyti-
cal approaches as “planetary boundaries” or development within a safe planetary frame [11]. This 

also connects to a rising concern about what could constitute a new area of the “Anthropocene” 
[12, 13], i.e., the current time when humankind has evolved in its global operations to be at least 
on equal par with the natural phenomena in the capacity to transform the world at a planetary 
scale [5]—disregarding the qualitative direction by which this change is taking place.

Returning to our more limited regional considerations in the Stockholm-Mälar region, it 
should not be forgotten that transport of people and transport of goods are not the same thing. 
At a somewhat limited part of this region in terms of a few collaborating municipalities (as is 
under development among a set of suburban municipalities in the south part of the greater 
Stockholm conglomerate) incentives have been struck to generate socio-economic solutions 
(and not only technical ones) addressing the efficiency of transport of goods. Here, new and 
thoughtful combined logistics have been mobilized to use the fleet of the lorries to provide 
schools, houses for elders, etc. with their daily supports. In combination with computerized 
informatics control systems, distinct advances have been reached to boost efficiency consider-

ably, both with regard to limitations of greenhouse gas emissions (per unit of function), but 
also in a direct economic way. Here, the innovation profile is on the organizational side with 
logistic renewal based on support by technologies from the IT sector. It is also an example of 
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At another level, an increased load of regional transport of goods is gradually shifting the 
interest and possible emphasis on to boat/ship transport solutions—especially in a region as 
the Stockholm-Mälar region with its vast seascape as a core geographic feature of the region.

But transport by sea is not only confined to bulk transport (or heavy products from industrial 
endeavors) connecting inflows to the region from vaster “hinterlands” to spotlike places in 
the regional agglomeration. Transport by sea can also take place within a partial cityscape as 
in the core (“inner”) Stockholm City. A new set of lines for commuters within this geographi-
cal space is tried out at the moment. Here the level in the geographical hierarchy between the 
individual and the region is “in between”—i.e., not in any way binding together the region, 
but making a part of it (those with a reasonably dense cityscape) more connected, and thereby 
providing solutions for choices by individuals about how to handle (and “smoothing”) their 
calendar relation between housing—jobs—and free time.

thinking was already expressed in the 1960s by the late Swedish cultural geographer Torsten 
Hägerstrand. Among other topics, he also raised concern for the uncontemplated development 
of not sufficiently connecting physical structures (and organizational ones as bus line connec-

tions over county borders between too limited regions, which together could otherwise have 
been linked—i.e., been made to agglomerate—into a greater urban-rural conglomerate).

Finally, we should also indicate that not only the energy sector, the building sector, the trans-

port sector, but also the food sector (production, distribution and consumer preferences) has 
a strong part and role in the transformation into a fossil-free society.

5. The multilevel considerations

As we have just seen, when contemplating various examples from the Stockholm-Mälar 
region, a key feature is that the various levels are all very important—but somewhat different 
in character. Thus, any set of solutions has to recognize this insight and use it analytically in 
a way to bind together the different level qualities, constraints and possibilities. Further, we 
have been using the case of the transformation of this Swedish “test” society toward a fossil-
free fuel society, not only as a tool to find solution responses to the (grand) task to better and 
more forcefully mitigate (and not only adapt to) the grand challenge of climate change.

We have through this choice of scrutinizing the functional challenge in the region of climate 
change been provided a sort of “fiber optics” to the more general issue of the agglomeration 
process of systems challenges. We can thus draw from these types of insights and to some 
extent generalize the findings. However, this should not be done in an overextended way as 
many of these processes are contextual in their nature, i.e., different cases have both similar, 
but also deeply dissimilar characteristics, which should be taken into account when reflecting 
on any urbanized space in its connection to other linked areas in the larger conglomeration.

In order to give some structure to this multilevel (which also is a multi-actor) issue, let us 
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• We have discussed different levels of the following kinds. The level of

• the individual

• the local municipality (Swedish:“kommun,” with strong taxation and planning authority 
in Sweden)

• the county (“län”)

• the region (the set of a number of counties collaborating in an organized way on certain 
issues. In our case region the formal body is “Mälardalsrådet”—an organized body of poli-
ticians from the region, but the individuals have been elected to functions at other levels, 
e.g., the municipality level)

• the national

• the EU

• the planet as a whole

• Different actors (the public official bodies, industry/companies, representation of associa-

tions covering in terms of NGOs various interests of civil society) have different types of 
presence at the different levels

• The processes of transformation are both top-down and bottom-up—often in a mixed 
fashion

• Different actors at different levels have different time frames

• Different actors have different focus of interest (choice of questions, of strategies, of endur-

ance, etc.)

• Different actors engage in varying patterns of alliances in a dynamic fashion

• Different actors have varying political influence and financial resources at varying times

Within this mosaic realm of interests, political and economic power and focus and different 
time frames the agreement on components and overarching architecture of solutions in a 
systemic way on “paths toward a fossil-free society within a few decades” has to be dynamic, 
evolving, explorative. It also has to be served by a process that is democratically considered 
as legitimate. And it has to be connected to a broad process of participation in the population 
at large, including strong educational components.

6. Policy considerations aiming at a path toward a fossil-free society 

at a regional level
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the body responsible for our case region (The Stockholm-Mälar region) [2]. (But the points 

of recommendations also pertain to other levels, as well as other configurations of regional 
agglomerations in Sweden):

I. The character of the transformation

a. The transformation to a low carbon society includes all aspects of society. It relates to different 
levels of society and types of actors, including all sectors, forms of stakeholder types 
and has to involve civil society at large. It concerns the living conditions of all citizens of 
the region and spans the generations. This means that it is not only an issue of change of 
the technical aspects that is at stake, e.g., of the energy system and related infrastructur-

al mechanisms. The transformation also connects human factors as consumer behavior, 
and in more general terms issues about where we want to live and work in the future. 

for the different and particular needs of persons of all ages and gender.

b. The transformation thus requires a mobilization of the entirety of our society. This means that our 
democratic processes have to involve a wide array of instruments enabling all citizens to 
be encouraged to invent and implement changes, i.e., using a deepened planning process 
with democratic consolidation. Innovations should be encouraged—not only with regard 
to technology, but also with regard to how society could be changed, e.g., through changes 
of laws, rules, administrative processes, stimulation to risk taking and renewal in all sectors 
and by all actors—as well as through the creation of new patterns of collaboration. There 
will be a need to creatively scrutinize our current patterns of values, facing the new chal-
lenges within all strata of society—public official structures, the business community and 
civil society alike. The further move toward an increased interest in future-oriented activi-
ties and openness toward change will be of considerable importance. But this will also put 
pressure on the “stronger” and more affluent segments of society to responsively construc-

tively relate to the parts in society with more limited capacities and resources.

II. Governance

a. The transformation is being performed in a societal context within which there are several interplay-

ing levels (e.g., the level of the individual, of the local municipality, the county, the sub-re-

gional, the region, the national and the EU levels—also influenced by the constantly chang-

ing international conditions at larger frames). This means that the interplay between levels 
has to be given considerable attention and institutional innovative consideration. What 
once was a reasonable distribution of labor and responsibility might not be the same in the 
future due to changed conditions. The pressure to move quickly to a fossil-free society thus 
also puts stress on the governance architecture. Different versions of interplay between 
“bottom-up” and “top-down” solutions have to be conceived, developed and tested.

b. The transformation is made within a very large complex system with many partial couplings. 

This means that the complexity will have to be orchestrated in partially new ways. This 
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goals of a fossil-free society—and be done through strong encouragement, maybe delib-

erate relaxation of certain rules in combination with appropriate new ones. This must be 
done by setting up a metric of several partially new and diversified “mirrors” reflecting 
varied starting points. However, the total overview of the process will never exist at any 
one time. Thus, the constant upgrading of the vision in relation to path experiences has 
to be developed in a dynamic interplay over time.

c. The broad transition has distinct regional operational connotations. This means that the so-

cietal conditions that historically have been developed over long time in our specific 
case region also in the future must be guarded and cared for—but now in a directed 
fossil-free context. The new possibilities that probably might be generated should be 
encouraged. An essential factor for success in this endeavor is a well-spread sense of 
participation in the change process by large segments of the population in society. This 

should be conceived of in a multi-generational perspective

III. Necessary, doable and emerging possibilities

a. The change toward a fossil-free society is necessary. However, it can also provide advantages 
for other aspects of change in society. This means that a diverse set of solutions devel-
oped for the purpose to bring us to a fossil-free society might also be supportive of other 
changes that are needed. One already very well-known example is that goals related to 
the handling of climate change may go very well hand in hand with efforts to reduce 
health effects from harmful components in the atmosphere—not least in heavily urban-

ized areas. Such synergies have to be better explored and mobilized—much better than 
what is the case today. This also calls for more cross-sectorial connectivity innovations.

b. The changes are in most cases very doable. If the time horizon is creatively used for early 
investments in what could fit the goals of a longer time frame vision, the costs are more 
restricted than those emerging in connection with actions taken later under more cha-

otic and drastic circumstances. But the changes have to be anchored in a transparent 
and broadly agreed societal process.

c. The transformation process could not only be used to meet the challenges of change, but might 

also open up for many new possibilities that may emerge. This means that although the 
change is necessary and deep going, it may also provide new competitive means in an 
international context—given that a change trajectory is chosen that encourages such 
possibilities. Thus, the region should use the transformation process to serve these 
purposes—also as input to discussions at national and European levels to demonstrate 
solutions developed in the societal, technical and ecological domains. In practice, this 
means to foster “Avant guard” forms of societal competitive ways to operate—as well as 
supporting and collaboration with other countries with less initial advantages for such 
performances. This may also be a competitive advantage for Swedish interests abroad.

As a closing line we consider these recommendations in many cases to be of a broader char-
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making challenges related to territories of agglomerations with strong urban connotation in 
our time. This holds true in our case for the level of a region in a European historical and politi-
cal context. But it also has wider relevance for linked urban and nonurban agglomerations at 
even wider geographical and institutional space.
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Waste in the City: Challenges and Opportunities for
Urban Agglomerations

Jutta Gutberlet

Abstract

Worldwide cities are rapidly expanding, creating visible environmental and social
challenges. The generation of waste is one of the central concerns in urban agglom-
erations, particularly in the global South, where inadequacies, absences and weak-
nesses shape the local waste management system. Uneven geographic development
has created obvious spaces of exclusion and neglect. In response, informal and
organized waste pickers engage in selective waste collection and recycling, serving
their community and the environment. These contributions are still mostly unreco-
gnized and unaccounted for. This chapter begins with emphasizing the challenges of
urban growth, consumption, poverty and waste. In the global South, every day
millions of informal waste pickers reclaim recyclables from household waste to earn
their living. In doing so they make an important contribution to reducing the carbon
footprint of cities, recovering resources, improving environmental conditions and
health creating jobs and income among the poor, particularly in low-income residen-
tial areas. This chapter discusses the organization of these initiatives into networks
and examines the challenges and benefits of such practices that promote grassroots
resilience and contribute to reducing both the adverse impacts of cities on climate
and environmental change (UN sustainable development target # 11.6) as well as
urban poverty (Goal # 8).

Keywords: urban growth, global South, urban development, waste management,
sustainability

1. Introduction: rapid urban growth, waste and inequality

Since 1950 the world’s urban population has grown from 746 million to 3.9 billion in 2014 [1].

In the global South, most cities, particularly the metropolitan areas are rapidly expanding into
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large urban and suburban agglomerations, with so called “in-between cities,” where some of

the rural characteristics are still mixed into the urban fabric. Cities attract people for many

reasons, and most often unemployment and the prospect of a better life with improved and

safer living conditions is the key driver to urban growth. Migration, particularly from rural to

urban, but also different forms of population movement from other cities, regions and even

from other countries are responsible for rapidly changing the urban population [2]. In some

parts of the world natural population increase is still on the rise and coupled with higher

average life expectancies, population sizes are still becoming bigger. This dynamic urban

growth can generate significant stress on city administrations who need to provide the neces-

sary basic infrastructure and public services to expanding neighborhoods and new settle-

ments. As a result of the incapacity to provide these, part of the population lives in extreme

poverty and under critically neglected living conditions, often causing sever health challenges

This chapter draws on many years of research and outreach experience with informal

and organized waste pickers in different cities of the world. I have learned through

participatory action research lenses and in community based research approaches focus-

ing on everyday praxis in the city in the global South, with a particular eye on waste.

This reseach practice uncovers post-colonial contexts of waste and value, including gen-

der, class and race perspectives, urban transformation and infrastructure impacts or

related challenges in the global South. I am informed by feminist theory, which uncovers

power relations and embraces the concepts of equality and equity as crucial in the out-

comes of urban development. The research seeks to empower vulnerable populations and

value their knowledge grounded in everyday experiences and takes into consideration

masculinist power and representation. I acknowledge that the local expertise and under-

standing cannot be fully realized from the outside [4]. Political Ecology is relevant to

urban analysis, because it is inclusive of these multiple layers and actors that shape urban

landscapes over time.

Section 1 of the chapter introduces the concept global South and the Urban Political Ecology

(UPE) framework. Then, in Section 2 I provide a brief contextualization of waste manage-

ment in urban agglomerations in the global South, in terms of characteristics of waste and

prevailing forms of dealing with waste. I present some of the current social and environmen-

tal challenges linked to waste. Section 3 presents the idea of social grassroots innovations,

coming from waste pickers. The UPE lens situated in the global South context looks at

household waste and some of the grassroots actors, the processes and transformative prac-

tices they bring to waste management. There are concrete livelihood opportunities attached

to collecting, separating, trading, adding value, and in performing environmental education

and technical training in waste management. The final Section 4, highlights some of the

insights gained from waste pickers and their organizations that contribute to a place-based

understanding of working with waste, grounded in their concrete experiences. The key

recommendation in this chapter underlines the important role of public policies in stimulat-

ing grassroots development and to address the serious challenges waste and disposal pose in

urban agglomerations.
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1.1. Contextualizing the global South

The global South is a spatial and historical concept used to facilitate the understanding of

commonalities and differences between countries. However, as a category of places, there is

the risk of presenting a rather dualist perspective on development, opposing the South with

the North, or even interpreting the term as geographic location, which of course is not the

objective. The term recognizes the shared characteristics related to the historical processes

experienced under colonialism and imperialism, which have strongly shaped their economies

and cultures. The term recognizes situated differences in the multi-scalar processes and trans-

formative practices observed among countries, regions and places. Global South is a term that

provides a telling difference from countries we call the global North. Yet, the lived experiences

in these locations (both in the North and in the South) are multiple, temporal and place

banner. Therefore, a dichotomous division between two worlds would not be tenable empiri-

cally and also not desirable politically. It is a contested term, but yet it helps us grasp common

causes and consequences of unequal power relations, manifested in everyday urban politics

with high levels of inequality and persistent poverty.

Conceptualizing the global South brings to life the specific historical social, economic and

political processes unfolding, that find their epicenter in urban experiences in the global South.

The bulk of urban growth is now happening in that part of the world and we see urban

imaginations, based on processes that are primarily taking place in the global North shifting

to patterns that evolve from the global South, as becoming more relevant [5, 6].

With urban growth consumption rates are also on the rise globally. Worldwide cities generate

over 720 billion tons of wastes every year [3]. In cities people mostly rely on industrialized and

heavily packaged food, significantly adding to the quantity of household waste generated every

day. Waste is not yet perceived as a critical challenge, as a socio-ecological issue of highest

priority to city administrators nor to the community, and waste is treated mostly with “end of

pipe”measures, rather than pro-actively curbing generation and discard of waste, thus reducing

the use of virgin resources and stimulating circular resources flows. Yet, in many cities waste is

an obvious and visible problem, with uncollected waste amounting in public space, affecting the

water quality and environmental health in the city. Waste collection services are often unequally

provided within cities, with observable patterns of social and environmental injustices related to

waste accumulation and availability of waste infrastructure and services. Those services that are

provided usually focus primarily on collection and disposal [3].

1.2. Taking a Situated Urban Political Ecology lens

Situated Urban Political Ecology (UPE) is a detailed framework to better understand the ways in

which society, politics and cultural behavior influence the city’s metabolic processes, such as

flows of resources and outputs as well as the related actors in the city [7]. It recognizes the fact

that cities are built with resources from nature and that in turn cities also shape nature into

urban landscapes. Waste flows and those actors that work with waste and in waste manage-

ment, for example, bring to life the combination of natural and societal forces involved in
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urban metabolic processes that create urban landscapes and geographies of inequality in terms

of social and environmental justice. In such a framework, the challenges and opportunities that

come with the recovery of recyclable materials from waste become obvious. The situated UPE

lens helps us understand how the legacies of colonialism have shaped who benefits and in

which ways they benefit from the urban environment. Power structures manifest in urban

development and urban policies equally define who has access to resources and services.

Waste management is increasingly becoming one of the greatest challenges, particularly for a

the city, but also in the expanding suburbia and in the “in-between city” [8].

UPE sees urbanization as a political process of socio-ecological change, which can also be

studied as a process of socio-metabolic transformations [9]. The metaphor of urban metabolism

intervening in the transformation and consumption of these recourses, and with related ser-

vices and product outputs. This is a systems perspective of the city, where social processes,

spatial form, and the material and energy metabolism are equally connected and interwoven

[10]. The analogy helps us identify and map waste flows and key actors involved in the

collection, transformation and final destination of the resources embedded in waste. We can,

for example, recognize social relationships and power relations that underpin activities related

to waste under different forms of “waste regimes” and waste management systems. The

concept of “waste regime” seeks to understand the economic, political, and material dynamic

through which waste is produced, conceptualized, and politicized [11]. Waste regimes are

bound to specific historical, cultural and geographic contexts. Waste management systems

involve different forms of technology, automatisation and practices in waste collection, trans-

formation and final destination.

How is it, that certain values prevail, whereas others are undermined, and, how do these “value

regimes” [12] operate in different ontological, cultural, material, and political settings? Urban

metabolism analysis studies the entry, transformation and storage of materials and energy and

the discharge of any kind of waste and unwanted products. Here, infrastructures and services

play crucial roles in maintaining cities and providing for the residents. Cities surely are complex

systems. With a dynamic and cyclical perspective applied to planning and development, this

approach shows where cities are not livable, are unhealthy and unsustainable or are unjust and

inequitable [13].

The UPE focus directs attention to social power relationships and how these produce historically

specific social and physical natures. Related to waste management different actors, with more or

less levels of inclusion and power can be mapped. The scope of those dealing with waste is wide,

ranging from small to large and even multinational contractors, government officials, recycling

businesses, middlemen (scrap dealers), organized recycling cooperatives and associations to

informal waste pickers. In addition, there are the everyday experiences with waste of ordinary

people, governmental and non-governmental actors, contractors, developers, and so on. What

are the values embedded in the roles played by the diverse institutions and actors? Where do

they locate and where do they position themselves, in the local and global processes of treating,

Urban Agglomeration: From Theories to Practice 

261



to control, ownership, and appropriation of waste management resources and technologies. As

already hinted, there are uneven geographical processes at play, inherent to the production of

urban environments. In the formal part of the city waste is regularly collected, while in the

informal neighborhoods these services are neglected. Sometimes the infrastructure and service

gap is filled by grassroots initiatives. The following section will describe some of the key

challenges city dwellers in the global South are currently facing.

2. Waste challenges in the global South

Waste constitutes a key developmental and environmental issue. It is an almost unavoidable

because of dramatic population increase over the past centuries, but also because of the

changed nature of consumption and the different composition of solid waste. A shift toward

waste minimization and away from depositing it at landfills is important. Per capita consump-

tion of packaged goods and consumer products has skyrocketed after World War II, with the

rapidly expanding adoption of growth and consumption oriented economic development.

This is when material consumption gained momentum on a global scale [14]. Waste in the city

is a transversal theme; it affects water quality, causes flooding (e.g., urban storm waterlogging

due to trapped waste in water drainages), generates public health issues by hosting disease

vectors, affects the perception of public space (e.g., as a space of neglect and lack of citizenship)

and furthers the sense of exclusion. But waste also has other social, economic and environmen-

tal facets, which will be discussed further on.

Post-consumer waste generation has more than doubled worldwide, between 1971 and 2002.

In the global South, growth in municipal solid waste generation has become exponential from

the 1980s onwards, and it continues to steadily grow in most of the global North, except for

Central and Eastern European countries and the Former Soviet Union [15]. While Western

Europe and North America on average already experienced municipal solid waste (MSW)

rates between 1.4 and 1.8 kg/capita/day over the past decade, the population in many large

cities in the global South is now also reaching values between 1 and 1.4 kg/capita/day [16]. The

urban lifestyle contributes to higher waste generation not only in people’s homes but also

outside. Particularly the food service industry thrives on disposables. Today, people consume

more in the streets and their consumption leaves more disposable waste in public waste bins.

In 2012, urban residents globally generated about 1.2 kg/capita/day of MSW, compared to

0.64 kg in 2002 [17]. In Brazil, the average daily quantity of MSW generated per person is

currently about 1.1 kg. For major cities in Africa MSW generation is estimated to range from 0.3

to 1.4 kg/capita/day [18]. Differences in waste generation can be large, as demonstrated by data

for Bamenda and Yaounde (the capital) in Cameroon, which generate 0.5 and 0.8 kg/capita/day,

respectively [18]. Population size and growth rates are important factors that influence municipal

solid waste management. There is a positive correlation between population size and both, the

rate of waste produced and the percentage of households enjoying regular waste collection. Yet,

it is clear that rapidly growing cities have a hard time in providing consistent waste collection

services.
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Under the current era, industrial production of consumer goods is characterized by a reduction

in product life spans, growing product variety, material component diversity, and increased

packaging. All these characteristics are drivers for increased use of natural resources and are

responsible for generating waste and producing water, soil and air contaminants. The rise in solid

waste is linked to increased levels of urbanization and wealth. Between 1997 and 2007, the Gross

Domestic Product (GDP) in India has increased by 7%, while estimates indicate a rise in municipal

solid waste over these 10 years by 45%, from a total of 48 million to 70 million tons [19]. The

figures for Brazil demonstrate a similar correlation between wealth and solid waste generation.

From 2009 to 2010, GDP rose by 7.5%, while MSW increased by 6.8%. In the following year, GDP

slowed down with an increase of 2.7%, and MSW generation increased only by 1.8% [20].

Population growth comes with an increase in consumption and waste. More affluent seg-

larger environmental impact. China, India and Brazil alone have added another 509 million

new consumers between 1990 and 2000, with an average purchasing power of 839 billion

US$ [21]. These “new consumers” are defined as “people within typically four member house-

holds with purchasing power of at least PPP $10,000 per year, i.e., at least PPP $2,500 per person…

(PPP dollars are between 1.3 and 5.3 times higher than conventional dollars in 20 countries - 17

developing and 3 transitional countries)” [21], p. 4963. Increased income enables consumers

to purchase household appliances, electronics, cars, and other items that mark affluent

lifestyles, including the consumption of more packaged food items and meat. Our current

waste regime is characterized by an exponential increase in volume and material diversification of

discarded objects and substances, as a consequence of increases in packaging, shorter product

durability, programmed obsolescence, economic growth logic, consumerism, and mass consumption

[22], p. 58. All these factors are responsible for driving solid waste generation. Conse-

quently, cities have to cope with large quantities of solid waste. This includes household

waste, construction waste, industrial waste organic waste (e.g. from public parks and other

green spaces), and often also diverse forms of toxic waste produced in the city. Of particular

concern is the waste that is not collected and that accumulates in illegal dumps, in streets,

riverbeds or unoccupied spaces, often following certain patterns delimiting distinguished

formal and informal spaces in the city.x

2.1. Composition of household waste

Waste composition reflects cultural and technological trends and varies greatly between dif-

ferent continents and regions over time. There are many technical aspects involved in creating

more sustainable and equitable waste management services. While ashes from heating and

cooking, e.g., were reported as large components of household waste in North America until

the middle of the last century, plastic appears only since the 1970s as a separately recorded

substance [23]. Urban waste in the global North currently contains more recyclable goods and

electronics, while municipal waste in the global South still has a larger biodegradable fraction

and less recyclable material content. Often these valuable materials have already been

reclaimed by the household or by informal recyclers for reuse or trading.

In African cities, the organic content of household waste is still much higher and tops 70% [18].
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fractions of organic (51.4%) and recyclable (31.9%) materials (metals, paper and cardboard,

plastics, and glass), and a small proportion classified as other materials (16.7%) [24]. Yet, here

the amount of electronic waste is quickly growing, increasing the demand for E-waste recycling.

2.2. Characteristics of waste management

Most municipal solid waste generated worldwide is still deposited at landfills and waste

dumps (70%), while 19% is officially recycled or treated by mechanical or biological treatments

and a small proportion is incinerated (11%) [25]. Landfill technologies differ from open dump-

ing to sanitary landfills, with methane capturing. The burning of waste is common, particu-

larly in and around informal settlements and in rural areas. Although worldwide many

countries are upgrading their landfills to sanitary landfills, as has happened, for example, in

landfills in Africa are “owned and operated by the very body that is supposed to enforce standards. The

philosophy of getting waste out of sight and consequently out of mind seems to be the overriding

consideration of these authorities” [18], p. 17. As a consequence, most resources which are limited

are spent only on the removal of waste, particularly in formal neighborhoods, and little

investment is done in the infrastructure for more sustainable waste management.

Some cities in the global South also adopt expensive waste management models, e.g., mecha-

nized separation systems for recycling or high tech Waste to Energy incineration. These waste

management options generate very little employment and are not financially sustainable; often

locking governments into long-term waste management contracts, preventing the use of more

appropriate technologies. Yet, policy makers are increasingly interested in the social aspects of

waste. They have learned through experience that not considering the social aspect of waste

compromises the implementation of their policy goals and often results in detrimental and

costly social effects, particularly for vulnerable social groups.

Informal collection of recyclable and reusable materials is widespread in the global South and

significant amounts are recovered. At the same time formal recycling programs are still rare

and are most often insignificant in terms of the percentage of recovered materials. There are

environmental (and health) impacts as well as benefits of various degrees involved in the act of

informally collecting, separating, redirecting and recycling materials contained in waste.

Organized door-to-door selective collection of recyclable materials, in particular, embodies

opportunities for environmental education in the community; helping shift attitudes and

values away from current wasteful consumption patterns and habits, toward reuse and

informed, educated consumption and disposal.

In the case of Brazil, 80% of the country’s household waste is regularly collected, and the

primary final destination for it is sanitary landfills (58.1%) and controlled landfills (24.2%).

The rest gets deposited at unprotected waste dumps (17.7%) [24]. In 2016, only 927 municipal-

ities (17%) in Brazil had some sort of official selective waste collection in place [26]. As in most

countries in the global South, selective waste collection happens primarily through informal

waste collectors. They have historically been stigmatized and denied epistemic agency. It is

crucial that research interrogates how shifts in the waste and recycling systems can change
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2.3. Impacts from waste infrastructure

Landfills are still necessary, but when uncontrolled they are a source for environmental

impacts on soil, water and air. They are located close to urban agglomerations, sometimes

competing with environmentally protected areas. Landfills and dumps generate significant

greenhouse gases (GHGs), primarily methane (5–10% of global methane is emitted by land-

fills) and carbon dioxide, as microbial communities decompose the organic matter contained in

the waste [27]. Converting open dumping and burning to sanitary landfills implies “control of

waste placement, compaction, the use of cover materials, implementation of surface water diversion and

drainage, and management of leachate and gas” [15], p. 595, thus improving the carbon footprint of

waste disposal. Ironically, the landfill upgrading process now creates a shift from mostly CO2

emissions from aerobic decomposition and burning to CH4 emissions, which continue for

stabilized with gas recovery technology, as is already widely implemented in the global North

and beginning to be adopted in many countries in the global South. Landfills further impact

the soil and groundwater with leachate produced as water percolates intermittently through

the refuse pile. Leachate can contain high levels of nutrients (nitrogen, phosphorous, potas-

sium) heavy metals, toxins (such as cyanide) and dissolved organic compounds. One of the big

challenges in most cities is to ensure that all operating landfills are designed properly and are

monitored once they are closed. For that, local governments need to access funding programs

that seek to improve the condition of landfills.

Mismanaged and uncollected waste is a public health hazard. Abandoned waste attracts

disease vectors (including rats, mosquitoes) and if carried into waterways leads to storm

waterlogging, causing inundations [28] and consequent public health hazards. When burned,

a number of toxic substances are emitted, impacting local neighborhoods.

Waste incineration (including Waste to Energy) and other thermal processes are local sources of

air pollution, constituting additional health risk factors to city dwellers, who often already

have to cope with serious air contamination issues. These installations produce CO2 from fossil

carbon sources and generate other contaminants such as dioxins, furans, polycyclic aromatic

hydrocarbons (PAHs), volatile organic compounds (VOCs), mercury (Hg) and many other

GHGs. Particularly, the fly ashes and slags become a hazardous output [16, 29].Waste to Energy

is attractive as a quick solution addressing the growing solid waste generation and increasing

energy requirements in the city. It is an expensive technology often only viable through public

private partnerships (PPPs). Waste management is a multibillion dollar industry. One of the

leading waste technology corporations worldwide is Veolia. This company’s main new activity

is Waste to Energy, generating many billion dollars of revenue every year. According to their

forecast the global market in this sector will be worth about 30 billion euros in 2020. They

already have contracts in 33 countries and are recently expanding in the global South [30]. In

many countries waste incineration has become a threat to waste pickers, for whom household

waste is a resource. The city’s commons make their livelihoods from collecting recyclable

materials and feeding them into the circular economy. Yet, even in cities where organized

waste pickers perform this service, waste incineration is under consideration, funded through

PPPs.
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Morris [31] argues that recycling mixed solid waste saves more energy than generated by

Waste to Energy facilities. His findings underline that recycling conserves energy that would

be used to extracting natural resources and transforming them to produce goods that can also

be manufactured from recycled materials. Mining, extraction, transportation and transforma-

tion of natural resources, generates environmental impacts (often in pristine environments)

and also emits greenhouse gases (GHG), affecting the global climate. Recycling values the

resources and energy incorporated in the making of these products, often allowing for new

goods to be manufactured from the recovered materials. It is global consensus that “the climate

benefits of waste avoidance [reuse] and recycling far outweigh the benefits from any waste treatment

technology, even where energy is recovered during the process” [32], p. 1. Recycling values labour

and generates income to the many different actors along the value chain. With well-designed

and functioning recycling operations, all resources can be recovered from the waste stream for

Another urban environmental issue relates to the fact that waste and recyclable materials often

travel long distances. De-regulation and globalization re-shape the movements of these mate-

rials. Transportation uses energy and adds to air pollution, traffic and noise in large urban

agglomerations. Worldwide, half of all plastics, paper and scrap metals are exported to South

East Asia. China is leading dealing with recyclable material, with importing over 7.4 million

tons of plastic waste, 28 million tons of waste paper and 5.8 million tons of steel scrap; mostly

treated in backyard shops or small-scale industries [25]. More recently, particularly the trans-

continental shipping of electrical and electronic equipment waste (WEEE) has become a seri-

ous challenge, especially as it is shipped to global South cities. 70% of the global WEEE ends

up in Chinese cities [33]. While the rough dismantling of E-waste (recovering plastics, copper

and other metals, etc.) happens in the global South, reclaiming the high value components

(rare earths) happens in the global North, who is in possession of the specific recycling

technology. Waste trafficking is often illegal and “has become institutionalized practice among

certain corporations that pollute, dump toxic waste and make environmental crime victims of various

global minorities” [34], p. 103. This section has outlined a serious of challenges that can be

avoided or addressed in good waste governance, as will be discussed further in this chapter.

3. Resource recovery and social grassroots innovation

The bulk of material recovery in the global South is informal, grassroots and involves a wide

spectrum of domestic reuse of bottles, cans, plastics, paper, cardboard and many other

discarded materials. Yet, its role is largely unrecognized in waste management and by city

authorities. In Delhi, India 15–20% of the MSW (daily 1,275 to 1,700 tons) is collected by

informal recyclers. The waste pickers also redirect 200 tons per day of separated organic

material to a large-scale composting plant. They collect organic waste from households in the

affluent neighborhoods, where they compost it in a series of community composting pits [35].

Often, the lack of local markets for recyclables is still a prevailing limitation for the recycling

activity to further flourish [18].
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A well-known example for informal grassroots recycling is the work of the Zabaleens in Cairo,

recovering approximately 6,000 tons of MSW per day (up to 80% of the waste generated in the

city) of the material entering the solid waste system, compared to 11% formal recycling [36]. In

many cities around the world a large number of workers recover significant quantities of

recyclable material from the waste stream, generating savings of around 20% or more to the

municipal waste management budget, which in large cities can represent many millions of

dollars per year [37]. The city of Lima, Peru has no formal recycling program and relies entirely

on the local recicladores, including informal service providers, street collectors and dump

pickers, to divert 20% of the MSW into recycling, as a report by GIZ/CWG found [14]. These

examples illustrate a common situation in waste management in urban agglomerations in the

South.

material recovery as reduced negative externality costs, expressed in Euros. According to their

studies the informal recyclers generate 97.6% of these externality costs in the case of Lima, Peru

and 83.4% in Cairo, Egypt [38], p. 21. There is evidence in most big cities that informal workers

perform a service that saves city expenditures.

Innovations in waste management from the grassroots level bring many social and environ-

mental benefits that tackle the UN sustainable development target # 11.6, making cities and

human settlements inclusive, safe, resilient and sustainable, as well UN sustainable development

target # 8, promoting sustained, inclusive and sustainable economic growth, full and productive

employment and decent work for all [39].

Several questions remain prominent for a paradigm shift in waste management. One of these

questions is how we can get the true recognition for the creation of jobs and improvement of

livelihoods from informal and organized recycling. Particularly organized waste pickers are a

grassroots source of innovation.

Another question addresses how we can stimulate behavioral change toward prevention,

reuse and recycling. Informal sector recycler are those individuals or enterprises that are

involved in private sector recycling and waste management activities which are not sponsored,

financed, recognized, supported, organized or acknowledged by the formal solid waste

authorities, or which operate in violation of or in competition with formal authorities [40].

Waste pickers are carriers of grassroots innovations and have many lessons to share that can

help improve municipal waste management systems. In many countries waste pickers have

organized in cooperatives, associations, networks or social movements. “Grassroots innovation

movements seek innovation processes that are socially inclusive towards local communities in terms of

the knowledge, processes and outcomes involved” [41], p. 114.

3.1. Place based informal and organized recycling

Amid the pressures of climate change, population growth, industrialization and urbanization,

one of the major challenges faced in global communities is the sustainable and equitable access

to infrastructures, services and resources. There is usually a complex network of actors in

waste governance, including residents, waste pickers, waste managers, engineers, bureaucrats,
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consultants, businesses, but also activists, journalists and scientists. These actors often do not

agree on how waste related problems are defined or get solved, nor do all of these actors

unanimously recognize that different sources of knowledge are needed to solve these prob-

lems. There might even be divergence on what type of knowledge to use, how it is produced

and communicated across different societal sectors and actors.

People’s relationships to waste and the meanings attributed to waste reveal about culture and

society. In order to achieve a fundamental shift in how we see, generate and manage material

waste we need to involve other stakeholders and their knowledge. Waste pickers contribute to

developing, understanding and solving waste management problems. Innovative governance

models can potentially emerge from a dialog with organized waste pickers creating collabora-

tive relationships in providing waste services. Transdisciplinary understanding of waste

creation, communication and use of waste-related knowledge.

In this chapter, I have provided diverse examples for informal recycling activities, highlighted

within different situated contexts. “Waste picking is a key occupation in solid waste management in

most cities in the global South. Waste pickers can range from poor people rummaging through garbage

in search of food, clothing and other basic, daily needs to informal private collectors of recyclables for sale

to middlemen or businesses, as well as organized collectors/sorters of recyclables linked to unions,

cooperatives or associations” [42], p. 6. Waste picker contribute environmentally, by reclaiming

resources and channeling these into the circular economy. In their work, they are constantly

challenged by everyday life decision-making and the daily challenges shape them as grass-

roots innovators. They work locally in the community, with high levels of participation in

decision-making and flat hierarchies [43]. Despite, often being dismissed, this population hosts

key actors in waste management.
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Social aspects of waste management, or the socio-economic advantages of recycling, as

highlighted by [44–46], are not yet widely recognized and comprehensive social indicators

demonstrating the social contributions of organizing waste pickers are yet to be developed, in

order to be able to clearly measure the benefits deriving from that work to society. From

practice, we know that inclusive waste management generates positive contributions to

democracy. During the negotiation process between recycling cooperative and local govern-

ment for waste management service contacts, e.g., waste pickers as citizens affirm their rights

to have a voice and to participate in these decisions, thus strengthening democracy. Waste

governance decisions can also undermine democratic relations between citizens and the state

and even further deepen inequality and poverty. In contrast, good waste governance embraces

the following building blocks, as shown in Figure 1.

4. Final considerations

Waste constitutes a major challenge to city administrators and urban populations at large.

However, waste is not perceived as an “issue” yet. Waste is treated through the engineering lens

rather than from an interdisciplinary perspective. We need to move beyond seeing waste as a

merely technical issue and move towards a complex socio-environmental-technical understand-

ing of waste. Learning from the praxis of a wider range of stakeholders (including waste pickers,

elected officials, waste managers, private companies and middlemen or scrap dealers) is critical

to either facilitating or hindering transformations in the waste and recycling systems.

Urban communities have a say in what happens to their waste and who has access to waste.

They must have a say in the decision-making whether to invest in expensive waste manage-

ment technology, without prioritizing job creation or whether to support labor intensive,

inclusive forms of waste management and resource reclamation. Cities can promote a shift

towards waste minimization and resource recovery. Waste governance decisions need to also

be based on “good governance” principles, including democracy and consensus orientation,

participation, accountability, transparency, responsiveness, equity and inclusiveness, be effec-

tive and efficient and following the rule of law [1]. These guiding principles should also be

applied to waste governance and specifically applied in waste management.

When it comes to deciding over which waste management process and technology to favor

and the design of specific policies, the following questions are relevant for local governments.

(1) Who should be involved in policy and decision-making (key stakeholder, e.g., waste picker

organizations, local business associations, educational sector, NGOs, experts)?

Participation is not without challenge and stakeholders have to ask what is their mandate?

What are the local political realities? What is the available budget? What are the priorities

within the city? and so on.

(2) What technology is most appropriate in terms of:

• environmental concerns (air pollution, water and soil contamination)
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• poverty reduction and employment generation

• economic sustainability (cost – benefit, short to long term)

• environmental sustainability (resource savings and reclamation, reduction in GHG emis-

sions, etc.)

According to the Intergovernmental Panel on Climate Change (IPCC), solid waste and its

management are considered key contributors to climate change. Greenhouse gases are emitted

or avoided in the upstream and downstream stages in the life cycle of municipal solid waste

management systems [47]. Upstream emissions can be avoided when recycled resources

replace virgin resources in the fabrication of metal, glass, plastic and paper products. In

addition, landfill gas (CH4) and deforestation represent other upstream impacts that are

ated with recycling operations, as energy and some virgin resources are consumed during the

collection and transportation of materials, processing, and re-manufacturing [52]. With

recycling, however, both methane (CH4) and carbon dioxide (CO2) emissions are avoided

through the diversion of resources from landfills, through resource recovery and recycling of

paper, cardboards and other biodegradable material [47, 53], and through reducing the

amount of waste to be deposited at landfills.

Research underlines the need to redefine clean development mechanisms (CDMs) to allow for

the recognition of resource recovery for reuse and recycling as measures to reduce GHG

emissions, save natural resources and energy [54]. Recycling has not yet been considered a

CDM, while Waste to Energy and Methane to Energy projects, associated to landfills, are

already funded under this mechanism [55]. These shortcomings need to be addressed by

including a social development agenda within CDM policy frameworks. Taking a social

perspective on thermal treatment of solid waste the outcome is aggravated by the fact that this

form of waste management destroys the resources in waste and thus, the source of income for

waste pickers and recyclers.

There are challenges and limitations related to recycling (down-cycling, up-cycling) which

governments should discuss and act on. There are often not enough down-cycling alterna-

tives for many waste materials and waste flows. Here too, cities can become drivers for

innovative forms of reuse and recycling. Not to forget is the fact that collection, transporta-

tion and processing of waste and recyclables also generate fossil-derived carbon dioxide and

other pollutants from the fuel used in transportation, and therefore also needs to enter the

equation.

Millions of informal waste pickers collect household waste daily in cities around the globe to

earn a living. In doing so they contribute to reducing the carbon footprint of cities, recover

resources, improve the environmental conditions and health in the city. The research

discussed in this chapter points towards a radical economic and social shift away from

growth centered urban development and end of pipe waste management; towards steady

state development, embracing de-acceleration, stability, sufficiency and sustainability.

Recovering materials for reuse or recycling is a step towards that direction and helps avoid
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natural resource extraction. Inclusive recycling addresses poverty and unemployment

issues. The work of informal recyclers, as resource reclaimers—for recycling and reuse—

and the role they play as environmental educators can be extended to gradually recover

more of the materials that are still wasted in landfills or incinerators, progressing towards

more resilient and healthy communities; this implies a different, participatory waste gover-

nance. Waste management is an important field of urban governance. The success or failure

of governments is linked to how they deal with waste and with the responses society is

already producing. Waste governance is more than just having the right laws and policies in

place and having institutions enforce the policies. It is also about levels of democratic

participation, recognizing other forms of knowledge, and understanding the links between

waste, value and society in order to tackle broader social, political, cultural and economic

issues that affect the urban agglomerations. Inclusive waste management has the potential of

democracy, transparency, equity and inclusiveness) is probably the major impediment to

proper solid waste management.
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