
A Comprehensive Approach to
SUSTAINABLE URBANIZATION

BHAVESH CHOPRA



A Comprehensive Approach 
to Sustainable Urbanization





A Comprehensive 
Approach to Sustainable 

Urbanization

Bhavesh Chopra



Published by Vidya Books,
305, Ajit Bhawan, 
21 Ansari Road, 
Daryaganj, Delhi 110002

Bhavesh Chopra
ISBN: 978-93-5431-317-2

© 2021 Vidya Books

This book contains information obtained from authentic and highly regarded sources. All chapters are published with 
permission under the Creative Commons Attribution Share Alike License or equivalent. A wide variety of references are 
listed. Permissions and sources are indicated; for detailed attributions, please refer to the permissions page. Reasonable 
efforts have been made to publish reliable data and information, but the authors, editors and publisher cannot assume any 
responsibility for the validity of all materials or the consequences of their use. 

Trademark Notice: All trademarks used herein are the property of their respective owners. The use of any trademark in this 
text does not vest in the author or publisher any trademark ownership rights in such trademarks, nor does the use of such 
trademarks imply any affiliation with or endorsement of this book by such owners.

The publisher’s policy is to use permanent paper from mills that operate a sustainable forestry policy. Furthermore, the 
publisher ensures that the text paper and cover boards used have met acceptable environmental accreditation standards.



 

Contents 

Chapter 1 Brownfield Redevelopment in Turkey as a Tool for Sustainable 

Urbanization ........................................................................................................ 1 

Chapter 2 Smart Specialisation Strategies as Drivers for (Smart) 

Sustainable Urban Development .................................................................... 18 

Chapter 3 Mapping the Land-Use Suitability for Urban Sprawl Using Remote 
Sensing and GIS Under Different Scenarios .................................................. 41 

Chapter 4 A Theoretical Framework on Retro-Fitting Process Based on Urban 

Ecology ................................................................................................................ 63 

Chapter 5 The Analysis of Turkish Urban Planning Process 

Regarding Sustainable Urban Development ................................................. 80 

Chapter 6 The Environmental Dimension of Urban Design: A Point of View ......... 102 

Chapter 7 Landscape Ecology Practices in Planning: Landscape Connectivity and 

Urban Networks .............................................................................................. 126 

Chapter 8 Effects of Urbanization and the Sustainability of Marine Artisanal 
Fishing: A Study on Tropical Fishing Communities in Brazil .................. 152 

Chapter 9 Sustainable Urbanization in the China‐Indochinese 

Peninsula Economic Corridor ........................................................................ 180 

Chapter 10 Towards Sustainable Sanitation in an Urbanising World ......................... 214 

Chapter 11 Metrics in Master Planning Low Impact Development for Grand Rapids 

Michigan ........................................................................................................... 234 

Chapter 12 Relation Between Land Use and Transportation Planning 
in the Scope of Smart Growth Strategies: Case Study of 

Denizli, Turkey ................................................................................................ 260 

Chapter 13 The Relationship Between Sustainable Urbanisation and 
Urban Renewal: An Evaluation of Trabzon City Sample .......................... 277 

Chapter 14 Remote Sensing Studies of Urban Canopies: 3D Radiative Transfer 

Modeling ........................................................................................................... 301 



Brownfield Redevelopment in Turkey as a Tool for
Sustainable Urbanization

Gökçen Kılınç Ürkmez

Abstract

Brownfield redevelopment is becoming a major planning issue with its environmen‐
tal, social, economic, and spatial dimensions all around the world. As the attempts to
manage the risks and costs associated with brownfields improve and the perception
and awareness  through  the  society  increases,  more  stakeholders  are  put  effort  to
achieve a broader range of environmental, social, and economic objectives under the
concept of sustainable development. Since the mid‐1980s, sustainable development has
become  widely  discussed  approach  for  integrating  environmental  needs  with
economic and social ones in human development. In this context, brownfields left over
from industrialization provide an opportunity to address sustainable developments
through urban planning approaches. As a result of the emergence of the sustainable
development and brownfield regeneration agendas, there has been increased debate
over the concept of “sustainable brownfield regeneration.” Turkey has relatively a
short history of industrialization;  thus,  brownfields are a new phenomenon which
started to occur in the middle of 1980s. The brownfield policies in Turkey, generally
discussed  in  context  with  urbanization  and  heritage  preservation.  However,  their
appearance  and  redevelopment  have  much  related  with  the  privatization  and
neoliberal policies which have had great effects in the country economic and social
structure. Besides, EU candidacy have stimulated the compliance of Turkish legisla‐
tion to the European standards since the beginning of last decade. Environmental and
historical preservation and administrative decentralization constitute the significant
subjects related to brownfields redevelopment. Cities in Turkey struggle with many
economic,  social,  environmental,  and  politic  problems.  At  this  point,  brownfields
represent  opportunities  in  order  to  obtain  sustainability  and  increase  the  living
standards especially in urban areas. This work aims to put forward the brownfield
related  policies  in  Turkey  and  to  determine  the  main  obstacles  in  brownfields
redevelopment,  the essential  policies and strategies which can be transferred from
Western countries experience and the essential steps which must be taken at the early
stages of deindustrialization and decentralization for Turkey in context with sustain‐
able urbanization.
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1. Introduction

In recent years, there has been a strong emphasis on brownfield redevelopment as a type of
urban regeneration with a strong link to sustainable development in developed countries. As
Dixon [1] indicates, such an approach highlights the importance of reusing and recycling
brownfield sites in order to improve the urban environments and to release development
pressures.

However, brownfields are generally not economically competitive when compared with
greenfields without any public intervention. There are economic, social, and environmental
barriers in returning the brownfields to beneficial uses. In spite of all problems, these sites may
include, they are also regarded as an opportunity in providing sustainable urban development
and to bring extra values into poor‐quality lands and declined urban parts.

Sustainability has become a major issue in development strategies since the end of 1980s. As
it is well known, in Brutland Report sustainable development is defined as “development that
meets the needs of the present without compromising the ability of future generations to meet
their own needs” [2]. At this point, it is necessary to think about whether all the brownfields
regeneration projects really obtain sustainable development in the cities. What are the driving
forces, policies, and handicaps in returning these areas into beneficial uses? Such a thought
impulse us to ask what are the essential strategies in sustainable brownfield regeneration?
Before determining the sustainable brownfield regeneration, it may be useful to look at the
definitions about brownfields in all around the world.

2. Brownfield definitions

In the beginning of brownfield‐related researches, one important problem is the lack of a
common definition accepted by all countries in the world. The term “brownfield site” has
different meanings in different countries. According to USEPA's renewed official definition
brownfield site is “real property, the expansion, redevelopment, or reuse of which may be
complicated by the presence or potential presence of a hazardous substance, pollutant, or
contaminant”.1 Unlike the EPA's definition, brownfields are more referred to “previously
developed lands” than “contaminated sites” in UK and are accepted as all abounded, idled,

1 Small Business Liability Relief and Brownfields Revitalization Act, 2002.
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or underused properties with fixed infrastructure and developed surface on site regardless
of whether contamination is present or not [3]. In fact, most of the European countries do
not determine the brownfields directly related with the contamination on the site [4]. But
this does not mean that contamination is neglected in the brownfield redevelopment. What‐
ever the definition, brownfields can be characterized with some common features such as
economic failure, difficulties in attracting new investors, high unemployment rate, negative
effects on urban life, social conflicts, consumption of greenfields [5].

Unfortunately, lack of commitment on the term of brownfield makes difficult to determine the
amount and dimension of the problem and also to designate common strategies for the
sustainable development.

In spite of these complexities, the organizations such as RESCUE (Regeneration of European
Sites in Cities and Urban Environments) try to define a common strategy and recommenda‐
tions for EU countries through conducted analysis among the members. The main objective of
RESCUE is to make brownfield redevelopment a key part of European Union's strategy on
sustainable urban development and to show the EU what tools are necessary to maintain
sustainability [6].

Another brownfield organization, funded by the Environment and Climate Programme of
European Commission, CLARINET's (Contaminated Land Rehabilitation Network for
Environmental Technologies) primary objectives are to develop technical recommendations
for sound decision‐making on the rehabilitation of contaminated sites in Europe and to identify
research and development needs, in particular in relation to the EC Fifth Framework Pro‐
gramme [16]. CLARINET developed the concept of Risk Based Land Management as a step
forward toward an integration of sustainable soil quality, the protection of water, and land‐
use management in environmental policy. In a report of CLARINET on brownfields, published
in 2002, it is indicated that brownfields are spatial planning and ecological problem in relation
to human health and it is proposed that successful brownfield redevelopment needs to have
an integrated approach that addresses environmental and spatial planning problems simul‐
taneously [6].

From this point of view, it must be noted that the main objective of brownfield redevelop‐
ment is not reuse or reintegration of land. It aims to supply a combination of social, envi‐
ronmental, and economic benefits through sustainable development perspective [7].

As a result of the emergence of the sustainable development and brownfield regeneration
agendas, there has been increased debate over the concept of “sustainable brownfield regen‐
eration”. In this context, Dixon [1] tries to determine a number of sustainable brownfield
development objectives to develop actions at the site level. These are minimizing the use of
resources, minimizing pollution, protecting biodiversity and the natural environment,
protecting the industrial heritage, and protecting the cultural environment.

It is possible to designate additional objectives related with the countries’ and cities’ visions
and economic and environmental priorities such as, job creation, quality of life improvement,
reducing urban sprawl.
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3. Brownfield redevelopment in Turkey

The term “brownfield” or, as in the Turkish case, “former industrial area” has been recently
introduced to Turkish agenda and is often related to the process of industrial decentralization
and privatization of government‐owned firms through state's liberalization policies. On the
other hand, as the result of European Union membership attempts, many manufacturing
industries had to stop their operations due to the impact of establishing the customs union
between Turkey and the EU after 1995.

As a new phenomenon, brownfields redevelopment has been subject to academic research in
Turkey since the beginning of the twenty‐first century. The recent research about brownfields
redevelopment in the country generally handled the issue from historical heritage preservation
perspective with very limited and partial assessments.

Most of these scholarly studies deal with the preservation of industrial plants and buildings
on the brownfields as important indicators of the former industrial identity of the cities and
approach the issue as a design and conservation problem [8–22]. Almost all of these papers
are concerned with brownfield sites at metropolitan areas such as Istanbul, Ankara, Bursa,
Eskisehir, Izmit. As a general concluding remark, the political and legal uncertainties are
emphasized in these writings. Koksal [19] also focuses on the insufficiency of brownfield‐
related inventory and highlights the necessary of analysis of the documentation for the old
industrial plants as a form of historical archaeology. Asiliskender [9] argues in his Ph.D.
dissertation the importance of the protection of these lands as symbols of Turkish modernity.
Some of this research evaluates the brownfield redevelopment issue through urban regener‐
ation concepts and policies and tries to put forward some proposals for alternative uses in
order to connect these sites with other urban functions [23, 17, 24, 16, 18, 25, 15, 26, 27].

The other remarkable issue in these studies is the lack of interest in contamination‐ and
environmental‐related issues. Contamination is mentioned as an obstacle only in the paper of
Turer Baskaya [28] and with a very limited focus. Another significant study which uses the
term “brownfield” is the Ergen's Ph.D. Dissertation. Ergen [29] analyses the issue in terms of
sustainable development with a focus on environmental impacts of abandoned lands from a
perspective of landscape architecture in a shrinking city of Turkey.

There is no doubt that Turkish urban development and related issues are very different from
Western countries. But in globalized world, there is a need to understand the specific and
worldwide problems and to develop the most proper solutions to eliminate them.

Turkey, as a centralized country which is shifting its policies toward administrative decen‐
tralization and EU membership, has many difficulties in sustainable brownfield redevelop‐
ment, as in other regeneration projects. The complexity of brownfield redevelopment requires
substantial efforts in the planning process to investigate contamination on the sites, to estimate
market demands and to communicate with stakeholders. However, in Turkey, this compli‐
cated process has been challenged by rapid urbanization for decades, and the roots and policies
for brownfields have had a process distinct from United States and other Western countries
experiences [30]. Although there are many similarities in terms of globalization, technological
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changes and the liberal economic policies following after the 1980s, the historical perspective
and driving forces which have caused the brownfields are different.

3.1. Policies, strategies, driving forces

Brownfield‐related policies in Turkey represent the impacts of privatization and neoliberal
policies after 1980s. In addition to the central role of the government, the strategies and
priorities of local governments through their ideologies reshaped the cities, especially İstanbul.
There is no doubt that the accomplishment of a sustainable brownfield redevelopment is
directly related with the economic/social structure and environmental priorities of the
countries. Turkey, as a developing country has been in a dilemma between economic devel‐
opment and environmental protection. The distinctions in industrialization process, social,
economic, and politic structure necessitates to evaluate the sustainable brownfield redevel‐
opment issue in its own dynamics.

3.1.1. Environmental policies

When compared with United States and Europe cases, the environmental dimension of
brownfield redevelopment is much neglected in Turkey. Turkey started to discuss the
environmental issues by the early years of 1970s. Over the last 45 years, it can be said that
Turkey has made great progress in creating mechanisms to address its environmental
problems: The 1982 Constitution recognizes the right of citizens to live in a healthy and
balanced environment; an Environment Act was passed in 1983; the Ministry of Environment
was created in 1991; public awareness and demand for a clean environment are growing; and
active non‐governmental environmental organizations are emerging [31]. Furthermore, in
another Article of the constitution, environmental rights are not only defined as part of states
purview, but also a duty for every citizen. Despite these positive developments, environmental
issues have not been adequately incorporated into economic and social decisions [32].

The Environmental Law which came into force in 1983 endorses the “polluter‐pays principle”
which is the main principle of brownfield related legislation in USA and the environmental
regulation in EU and handles environmental issues on a very broad scope [33]. There is not a
specific regulation about brownfields even though the existence of many related laws and
regulations which govern the environment and land use in Turkey.

In Turkish environmental legislation, Regulation for the Control of Soil Contamination and
for the Particularly Contaminated Lands (RCSCPCL), taken effect in 2010, is very important
in terms of brownfields issues. The aim of the regulation was to prevent the contamination of
land, to find out the potential and probable contaminated lands and sectors, and to determine
the clean‐up and monitoring principles with respect to sustainable development purposes.

According to the RCSCPCL, the lands and plants which are contaminated as a result of disaster
or accident, and which are determined as hazardous for the environment after the controls are
recorded in the Hazardous Land List. The remediation of these sites requires the approval of
“site analysis reports,” “evaluation of the situation of land,” and “risk reports and the clean‐
up activities reports” by the Province Directorate of Environment and Urbanization.
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Moreover, in 1993, Environmental Impact Assessment (EIA) was enacted according to the
United States and European procedures, and it was improved in 1999 according to European
EIA directive. Even though the recent laws and regulations have raised the public awareness
in environmental issues, there is still a big gap in the Turkish legislation in terms of liability
and financial issues. However, it is evident that the further developments and regulations
should be established the environmental roots of the country especially in terms of sustainable
development.

3.1.2. EU candidacy

EU accession and candidacy can be considered as the most important driving force for the
improvement of Turkish environment legislation and public awareness in sustainable
brownfield redevelopments. Since the environment is one of the priority areas for Turkey's
membership preparations, several new regulations put into force in the last two decades. Since
EC‐Turkey Association Council implementing the final phase of the Customs Union, there
have been continuous efforts on the part of Turkey to harmonize its legislation with the EU
acquis communautaire [34]. The candidacy indicates the priority areas for Turkey, and environ‐
ment is one of them (in addition to other politic and administrative areas).

According to Budak [35], Turkey had at the turn of the century incorporated the environmental
concerns and policies of the EU into its legal structure to a great extend as a non‐member state.
And, according to the findings of a research conducted in 2001, Turkey had made a great deal
of progress in regard to the approximation of environmental acquis in some areas such as textile
and chemicals [36].

However, compliance to EU rules sometimes can be costly for the national economy, and
therefore, some challenges can be appeared in the society. EU environmental rules require the
recognition of shared responsibilities. Actually, beyond the EU standards and profit maximi‐
zation concerns, private actors must develop a new sense of responsibility for environment
and sustainable urbanization [37].

EU memberships in Turkey still a question of socio‐economic development and a slogan for
modernization. In a broader sense, EU affects both legal and political structures and the public
opinion. It seems that in short term, the impact of environmental policy on sustainable
development‐related issues such as environment, urbanization, growth, regeneration are
likely to become more popular subjects in the public opinion and on the agenda of policy
makers in Turkey. It can be said that, in spite of the improvements in environmental policy
with the impulse of EU candidacy, further attempts are required in order to reach the devel‐
oped counties standards.

3.1.3. Privatization policies

One of the main differences for the brownfields‐related issues between Turkey and Western
countries is coming from the liberal policies of 1980s which is very effective and cause huge
changes in Turkish government system. Although the brownfields are appeared as the results
of urban sprawl and deindustrialization in developed countries, in Turkey most of the
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brownfields areas have become sites which need urgent solutions after the implementation of
privatization policies.

As previously mentioned, privatization and governmental decentralization have been the
main reasons for the appearance of brownfields in most of Turkish cities. Due to the fact that
central policies have shifted to more decentralized structure in Turkey, many industrial plants
which were established and operated by central government were privatized since the midst
of 1980s.

In Turkey, Public Enterprises (PEs) had a significant role in the economic development of the
country from the beginning of Republican Period. PEs emerged during the 1930s not for
ideological but pragmatic reasons, mainly owing the lack of private capital accumulation and
initiative to give the first impetus to development [38]. Most of them are large‐scale invest‐
ments and operations and used by the governments in order to create the necessary industrial
infrastructure, to prevent unemployment and to reduce regional inequalities between the
regions [38]. However, after starting the implementation of privatization policies, central
government did not put any effort to revitalize or to enhance the technological capacity of
these industrial enterprises. As a result, most of them closed and the sites remained idle.

In fact, today, the privatization practices are seen in many countries whose economies are
called liberal, socialist, or mixed [38]. According to UNESCAP's (United Nations Economic
and Social Commission for Asia and Pacific) [41] point of view “the private sector is a key
environmental actor, as its enterprises generally perform better than parastatals (government‐owned
companies), treating almost twice as much of their wastewater and spending less than half as much for
final disposal.” Actually, in Turkish practice, it cannot be said that private enterprises are more
environment‐friendly than the government‐owned ones.

The transfer of industrial areas by the impulse of privatization policies and globalization has
caused vital changes especially in metropolitan cities in Turkey. Istanbul, the financial and the
cultural capital of Turkey, has taken attention of the global investors with its dynamics and
potentials. Consequently, state‐owned industrial areas located in and around the city have
become subject to privatization one by one. In this process, central government and local
government have stimulated the transfer of the industrial areas by promoting them and by
constituting action plans.

As a result of these attempts, many of the Turkish cities, mostly the metropolitan cities, have
had to struggle with not only a physical segregations, but also economic, social and cultural
changes occurred in a very rapid way without considering the possible outcomes/impacts of
transformations.

3.1.4. Rapid urbanization

In Turkey, migration from rural to urban areas since 1950s has had a significant effect in the
decentralization of industries and urban sprawl in metropolitan cities. At the early stages of
this process, squatter houses (in Turkish literature “gecekondus”) appeared in Turkish metro‐
politan cities as the form of unplanned and uncontrolled urban development on the public
lands around the industrial sites. These areas formed the settlements of workers which the
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industries require. By 1980, with the impact of technological improvements, liberal policies/
privatization, and globalization most of the industries moved to the organized industrial areas
with the support of local and central governments. Many of the industries had preferred to
abandon their properties in the inner cities due to the high land values and insufficient lands
to expand. The decentralization of industries also gave way to the decentralization of
gecekondus through the periphery of cities. As a result of this urbanization process, the former
industrial areas in the city centers remained vacant with many contamination and other
environmental problems.

In Turkish case, the urban regeneration‐related issues have taken place by Habitat II meeting
held in Istanbul in 1996 [15]. After this meeting, urban regeneration has become a new local
policy in restructuring the cities through national plans and brownfields and gecekondus have
seen as a tool for promoting cities in the global markets. However, these regeneration projects
have put in force without comprehensive social, physical, and environmental sensitivities,
generally far from a sustainable approach.

In recent years, most of the local authorities have renewed the upscale and detailed plans in
order to galvanize the city's developments with new strategies and visions especially in
metropolitan areas. Urban regeneration has been identified as the significant tool for achieving
in the redevelopment of cities through global and local demands. In this process, brownfields
have taken the attraction of developers and global investors with their locations and sizes.
However, local authorities have tended to regard urban regeneration mostly as a project‐based
developments rather than a holistic restructuring process at the urban scale [39], and as a result,
former spaces of industrial production sites can turned into luxurious residences, gentrified
neighborhoods, office towers, shopping complexes, and the like [40]. Although these trans‐
formations negatively criticized by academicians and experts on the local agenda, local
governors strongly support them in order to gain revenues and to integrate global cities
network.

This situation is defined as “market‐oriented transformation through governmental assis‐
tance” in many academic writings and reports [15, 39, 41–43].

3.1.5. Preservation policies

The concept of brownfield regeneration was taken place at the Turkish national agenda with
the acceptance of the ICOMOS Montreal Action Plan by the Turkish National Committee of
ICOMOS in 2001, which allowed industrial buildings to be conserved as part of Turkey's
twentieth century cultural and architectural heritage [15]. Since the midst of 1980s, the potential
of old industrial areas as a cultural heritage have recognized, and some projects were devel‐
oped through the international preservation policies, especially in Istanbul. However, the
sustainability issue neglected in most of those implementations. This is due in part to a general
lack of awareness and an absence of nationwide debate about sustainable development.
Furthermore, there was no participatory element in the decision‐making, planning, and
implementation of these brownfield regeneration projects [15].
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Another international organization, DOCOMOMO, played a crucial role in fostering interest
in conservation of built heritage which reflects the spirit of the Maschine Age in the world.
The fact that many of the industrial modern buildings not being considered as the elements of
heritage caused the demolishing or changing their original structure. In Turkey, DOCOMO‐
MOs activities not only increase the attention to the industrial buildings as masterpieces, but
also accelerate the institutional and academic interest on brownfield sites since 2002.

3.2. Barriers and assets in sustainable brownfields redevelopments in Turkey

In Turkey, the central and local governments’ policies do not include the brownfield redevel‐
opment related issues and on the other hand, the policies about sustainability devoid of the
practice. Therefore, several obstacles occur in sustainable brownfield redevelopment, which
are delaying the process.

The lack of liability and contamination issues in the environmental and land‐use policies
creates the major handicaps in the brownfield redevelopment process in Turkey. Despite some
positive attempts for the integration of legislation to EU standards, there is still uncertainty
related with liability and interventions to the contaminated lands.

The lack of nation‐wide and city‐wide database system is another vital obstacle in brownfield
redevelopment in the country. It is nearly impossible for a researcher to determine the amount
of brownfields and the level of their importance in the urban development. However, as a
country whose metropolitan cities struggle with rapid urbanization and whose environmental
resources are under the risk of deterioration, it is essential for Turkey to know the capacity of
brownfields and to estimate the possible settlements for increasing population.

Due to the fact that most of the state‐owned industrial sites are located at the centers of the
cities on very strategic and valuable lands, their transformation and purchasing have been
subject to many political and public debates because of the lack of transparency in the
privatization process. These debates broadly interrupt the regeneration process and sometimes
make the land remain idle for years.

Another essential issue in brownfields redevelopment is the effective involvement of different
stakeholders in the process of redevelopment. Due to the lack of legal arrangements and
policies for the participation of the citizens, environmental organizations, real estate develop‐
ers, non‐governmental organizations (NGOs), and local and central government agencies, the
redevelopments of the brownfields, especially the ones located on valuable properties in the
inner parts of cities, have been subject to speculations in the public agenda.

Despite the obstacles in brownfield redevelopment and preservation of historical industrial
buildings, some good practices in metropolitan cities can provide some benefits in terms of
sustainable development. Especially, in terms of preservation of the sites as the symbols of the
cities’ pervious identity, there is an increasing awareness at local and central levels. Although
there is still need a comprehensive approach in handling the problem together with its social,
economic, and environmental dimensions, these attempts can be considered as the signs of
more sustainable solutions.
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The SWOT analysis in Table 1 summarizes the positive and negative aspects of sustainable
brownfield redevelopment issue in Turkey with a strategic point of view.

Strengths Weaknesses Opportunities Threats
Environmental/
physical

‐Existence of
infrastructure
‐Accessibility
‐Historical
heritage

‐Lack of public awareness
‐Lack of legal arrangements
related with environmental
contamination
‐Lack of standards about
remediation issues
‐Uncertainty in
responsibilities

‐Increasing public
awareness in
environmental
related issues all
around the world
‐Existence inside the
city centres

‐Urban sprawl
‐Greenfields
‐Lack of a definite
environmental policy
‐Privatization policies
‐Lack of specific legal
arrangements related with
brownfields

Economic ‐Valuable
properties in the
inner cities

‐Handicaps in the
transformation of state‐
owned properties into
private properties
‐Financial risks due to
contamination

‐High market
demand
‐High land prices

‐Speculative implementations
‐Lack of administrative
investments

Social ‐Insufficient awareness in
historical heritage
preservation
‐Weak environmental groups

‐Lack/insufficiency of public
participation
‐Public resistance
‐Lack of collaboration
between the stakeholders

Table 1. SWOT analysis for sustainable brownfield redevelopment in Turkey.

4. Recommendations for Turkey

In Turkey, brownfield redevelopment issue needs to be handled in a comprehensive manner
beginning from policy formulation to determining design criteria. Cities in Turkey must
struggle with many economic, social, environmental, and politic problems. At this point,
brownfields represent opportunities in order to obtain sustainability and increase the living
standards especially in urban areas.

One study of several EPA Brownfield Pilot projects found that for the sustainable brownfield
redevelopment, the most common scenario involves a local government entity taking owner‐
ship of the site, characterizing environmental contamination, and then marketing the property
to private sector [44]. This strategy is also can be very useful for Turkey. The Pittsburgh, USA
experiences represent good practices to the essential roles of local authorities in brownfield
redevelopments. In Pittsburgh case, URA did not only take place as a developer but also as
facilitator that eliminate financial, social, and environmental obstacles [45]. The local govern‐
ments can undertake the URA's role in small and medium sized cities in Turkey. On the other
hand, a new body as a coordinator and technical assistant can be established in metropolitan
cities in order to prevent speculative property transformations and to provide collaboration
between central and local entities in financial and legal issues. Such an institution can also
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stimulate the public participation by organizing training programs. The structure of the
institution should be generated with the interdisciplinary approach in a way to include
environmental experts, urban planners, urban designers, economists, sociologists, architects,
and lawyers.

In Turkey, the responsibilities for the waste managements are distributed between several
institutions and organizations. The new authority can also coordinate and undertake some of
their responsibilities in technical, financial, and monitoring issues.

As mentioned above, lack of transparency has been one of the major barriers in the redevel‐
opment of brownfields. In Turkey, corruption in municipalities especially in urban develop‐
ment‐related issues has been on the public agenda for decades [46]. Plan modifications and
implementations generally have been subject to court cases. The transformations in state‐
owned lands, therefore, must be realized in transparency with public participation in order to
eliminate speculations.

A big amount of brownfields in Turkey are originated from formerly state‐owned firms. In
order to turn those properties into marketable products, some essential changes should be
done in the scope of urban development policies. At the same time, local and central authorities
could prepare concrete measures to benefit brownfield redevelopment such as tax reduction
and promotion of brownfields as equally interesting entities as greenfields.

Environmental taxes are widely used policy tool in many industrialized nations. Turkey also
employs tax policy for environmental protection purposes. However, environment‐specific
taxes have been introduced primarily for revenue raising purposes. Since additional revenues
collected through environmental taxes have not been allocated for environmentally friendly
investments or services, their impact on the environment remains limited to gains from
reduced consumption [37]. The legal arrangements should be done to provide the use of
environmental taxes for environmental issues.

As brownfields are seen in the context of privatization, the legal and institutional framework
should also be rearranged towards dealing with the remaining state property and enterprises
in which the government still has responsibility. The remaining state‐owned lands in metro‐
politan areas and small sized cities must be seen as opportunities for eliminating the environ‐
mental, economic, and social problems with a sustainable approach.

Another essential issue in Turkish case is the necessity of available data for the potential
brownfields at national and local level. The absence of such inventories makes it impossible
to estimate the dimension of brownfield problems and their possible socioeconomic costs. In
United States and many of the Western countries governors try to determine the amount of
brownfields. The data provide the vital knowledge for federal government in distribution of
the public funds between the local authorities. As a country which struggle with unemploy‐
ment and lack of financial sources, it is necessary to take the advantages of international funds
for the projects where market‐demand is low. Especially, the brownfields in the small and
medium sized cities EU funds address opportunities for obtaining sustainable urban devel‐
opment and creating jobs on the brownfield areas. EU generally supports the well‐defined and

11

A Comprehensive Approach to Sustainable Urbanization



well‐organized projects which aims environmental protection and eliminated air, soil, and
water pollutions [47].

Among all, ensuring the community involvement is one of the cornerstones of brownfield
redevelopments [48–51]. The impacts of brownfields can extend beyond the boundaries of the
property to affect the neighborhoods and environment. Safety problems, environmental, and
public health threats are some of their negative impacts on the surrounding communities. On
the other side, their redevelopment can provide some economic and spatial opportunities. The
increased efficiency of community‐based organizations and community development corpo‐
rations has triggered the governments to search for the ways to stimulate their participation
[52]. Most of the governments recognized the fact that without their participation, it is nearly
impossible to achieve a successful project in a reasonable time. However, in Turkey, most of
the urban regeneration projects were realized without community participation. Therefore,
there are still some challenges in the society against the regeneration projects.

All in all, the required attempts in order to achieve sustainable regeneration/redevelopment
of brownfields at the national and local level in Turkey can be summarized as in the Table 2.

National level Local level
Setting essential legal regulations Designating brownfield sites (constituting an extended programmatic

definition)

Setting a conceptual definition Setting critical decisions about characteristics of the brownfield sites

Developing national, regional and city data
bases of sites

Determining the goals and objectives of sustainable brownfield
redevelopment

Determining national and regional
development strategies

Determining the vision of cities through sustainability

Allocating national funds Allocating local funds

Establishing transparency Establishing transparency

Preparing national and regional
development plans

Preparing master plans, detailed plans through sustainable
development strategies

Determining the possible stakeholders and their roles

Table 2. Required attempts for sustainable brownfield redevelopment in Turkey.

5. Conclusion

There has been an increase in the number of brownfields especially at the metropolitan areas
as a result of the rise in population in Turkey. Turkey has been faced with migration from rural
to urban areas since 1950s. In this respect, brownfield sites provide an alternative land‐use
supply, and thus a more sustainable way to preserve land resources. However, the most
important issue of brownfield redevelopment, the contamination, has not been fully under‐
stood nor well recognized in the Turkish brownfield policies and strategies. In Turkey, there
has been a tendency for planners and architects to handle the brownfields as a symbol of
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industrial heritage and as industrial archaeology areas, and therefore, the policies and
implementations have been developed through the concept of preservation and urban
regeneration rather than environmental clean‐up.

It may be interesting to indicate that brownfields are formed not only as a result of rapid/
uncontrolled urbanization but also as a result of planning decisions in Turkey. Recent
researches about the industrial movements in Turkish metropolitan cities [23, 24] have showed
that most of the industrial firms changed their locations through master plan decisions
prepared by local and central governments. Another significant factor in the formation of
brownfields is the privatization of state‐owned industries as a result of liberalization policies
after 1980s. Most of the industrial areas and plants which were founded at the beginning of
the Republican period have been subject to put up for sale through market demands. Estab‐
lishing at the inner parts of the cities at the most valuable lands have not only increased the
market demand but also the speculative sales due to the lack of transparency and lack of
definite public policies for the redevelopment of these lands. Under these circumstances,
brownfield redevelopments are often realized in a project‐oriented manner, and this approach
fails to meet the requirements of sustainable brownfield redevelopments.

The obstacles in brownfield redevelopment in Turkey broadly relate with indefinite policies
at the national and local level, lack of specific brownfield‐related regulations, lack of database
and definition, insufficiency of practical knowledge and public participation, and lack of
transparency in property transformations. There is no doubt that the environmental legislation
in Turkey should require additional regulations concerned with contamination, remediation,
liability, and public participation issues. The Western countries’ experiences demonstrate that
without a specific legal arrangement at the federal and state level, it is not possible to develop
appropriate solutions for the sustainable redevelopment of brownfields [30, 45]. In Turkey, the
responsibilities of central and local governments should be identified with the emphasis of the
involvement of all the stakeholders.

Turkey, as a late industrialized country, can contribute the sustainable development strategies
in brownfield redevelopments. Turkey has been at the point of development and environment
dilemma for decades which constitute a big barrier in sustainability and sustainable urban
regeneration issues. In the economically depressed areas, it is very difficult for the planners
and politicians to support the policies considering environmental, recreational, historic
preservation, and design principles and related solutions.

In Turkey, the planners and environmentalists have competed with political interest (often
unsuccessfully) to protect the historical and environmental sources in the cities. On the other
hand, the capitalism also reshaped the landscape with the emphasis of productivity more
strongly, rather than sustainability and urban efficiency concerns.

Consequently, beginning with recognized gaps in brownfield‐related literature and practice,
this study has taken the picture of the sustainable brownfield redevelopment issues in Turkey
and tried to develop some recommendations for future attempts through developed countries’
perspectives.

13

A Comprehensive Approach to Sustainable Urbanization



Author details

Gökçen Kılınç Ürkmez

Address all correspondence to: gokcenkilinc@yahoo.com

Bursa Technical University, City and Regional Planning Department, Bursa, Turkey

References

[1] Dixon, T, (2006) “Integrating Sustainability into Brownfield Regeneration: Rhetoric or
Reality? – An Analysis of the UK Development Industry” Journal of Property Research,
23(3) 237–267

[2] WCED (World Commission on Environment and Development), 1987. Our Common
Future. Oxford: Oxford University Press.

[3] Mehdipour,A.; Nia, Hoda R., (2013) “The Role of Brownfield Development in Sustain‐
able Urban Regeneration” Journal of Sustainable Development Studies, 4(2):78–87

[4] Oliver, L., Ferber, U., Grimski, D. Millar, K. and Nathanail, P. “The Scale and Nature
of European Brownfields” available at http://www.cabernet.org.uk/resourcefs/417.pdf

[5] EUGRIS(European Information System Soil and Groundwater),(2011) Available at
http://www.eugris.info/FurtherDescription.asp?Ca=1&Cy=9&T=Brownfields&e=93,
(February 15, 2016)

[6] Guglielmi, Andrew O, (2006) “Recreating the Western City in a Post-Industrialized
World: European Brownfield Policy and an American Comparison” Buffalo Law
Review, 53 (4):1273–1312

[7] Nathanail, C. P. (2011) “Sustainable Brownfield Regeneration” in Dealing With Conta‐
minated Lands: From Theory towards Practical Application, Frank A. Swartjes (ed.),
Springer, London, New York

[8] Cengizkan, A. (2004) “Silahtarağa:Bir Endüstri Arkeolojisinin Anιtι” Arrademento
Mimarlιk, 171: 96–102

[9] Asiliskender, B. (2008) “Modernity and Housing; Spatial and Social Change in Kayseri
By Industrial Enterprises of Turkish Republic”, Unpublished PhD Dissertation, ITU
Institute of Science, Istanbul.

[10] Asiliskender, B. (2010) “Cumhuriyet Sonrasι Kayseri’de Modernleşme: Mekansal ve
Toplumsal Değişim”, ITU Dergisi/a, Mimarlιk, Planlama Tasarιm, 9(1):31–42

[11] Oral, E.O. and Ahunbay, Z. (2005) “Bursa’nιn Ipekçilikle İlgili Endüstri Mirasιnιn
Korunmasi”, ITU Dergisi Mimarlιk, Planlama, Tasarιm, 4 (2) :37–46

14

A Comprehensive Approach to Sustainable Urbanization



[12] Oğuz, D.; Saygι, H. and Akpιnar, N. (2010) “Kentiçi Endüstri Alanlarιnιn Dönüşümüne
Bir Model: İzmit/Sekapark”, Coğrafi Bilimler Dergisi, 8(2):157–167

[13] Cιrιk, U. (2005) “Ankara’nιn İlk Endüstri Bölgesi-Kaybolan Tarih”, Planlama, TMMOB
Sehir Plancιlarι Odasι Yayιnι, 2005/4, Vol. 34, 84–93

[14] Bostan, M., Erdoğanaras, F. and Gorer Tamer, N. (2010) “Ankara Metropolitan
Alanι’nda İmalat Sanayinin Yer Değiştirme Süreci ve Özellikleri”, METU JFA, 27(1):
81–102

[15] Cahantimur, A.I.; Öztürk, R.B.; Öztürk, A.C. (2010) “Securing Land for Urban Trans‐
formation Through Sustainable Brownfield Regeneration - The Case of Eskişehir,
Turkey”, Environment and Urbanization, 22(1):241–258

[16] Koçan, N. (2011) “Sanayi Alanlarιnιn Dönüşümü: Uşak Eski Tabakhane Deri Sanayi
Bölgesi” The Black Sea Journal of Sciences, 1(3):124–138

[17] Tolga, H.B. (2006) “ Endüstriyel Alanlarιn Dönüşümü, Kentsel Mekana Etkileri: Beykoz
Kundura ve Deri Fabrikasι İçin Bir Dönüşüm Senaryosu”, Unpublished Master Thesis,
Yildiz Teknik Univesity, Institute of Science, Istanbul.

[18] Yerliyurt, B. and Aysu, E. (2008) “Kentsel Kιyι Alanlarιnda Yer Alan Sanayi Bölgeler‐
inde Dönüşüm Potansiyelinin Değerlendirilmesi: Haliç-Tersaneler Bölgesi”, Megaron
YTU Mim. Fak. E-Dergisi, 3(2):194–205

[19] Köksal, T.G. (2005) “ Istanbul’daki Endüstri Mirasι İçin Koruma ve Yeniden Kullanιm
Önerileri”, Unpublished PhD. Dissertation, ITU Institute of Science, Istanbul

[20] Köksal, T. G., (2001) “Istanbul’un Önemli Bir Endüstri Arkeolojisi, Haliç Tersaneleri”,
Tarih Vakfι , 27–32, İstanbul,.

[21] Akιn, N., Salman, S. G. and Kahya, Y. (2002) “20. Yüzyιl Endüstri Mirasιnιn Korun‐
masιna Bir Örnek: Bakιrköy İspirtohane Binasι”, Arredamento Mimarlιk, sayι: 5, s.110–
116.

[22] Tanyeli, G., (2003) “Istanbul’da Endüstri Arkeolojisi, İki Su Tesisi Örneği, İstanbul
Dergisi, 46: 94–98.

[23] Kιraç, B. (2001) “ Türkiye’deki Sanayi Yapιlarιnιn Günümüz Koşullarιna Göre Yeniden
Değerlendirilmesi Konusunda Bir Yöntem Araştιrmasι” Unpublished Phd Dissertation,
MSU Institute of Science, Istanbul

[24] Oral. A.H. (2006) “İşlevini Yitirmiş Endüstriyel Alanlarιn Dönüşümü İçin Bütüncül
Yaklaşιm: Haliç Yerleşim Örneği”, Unpublished Master Thesis, Gebze Istitute of Tech‐
nology, Institute of Engineering and Science, Gebze, Kocaeli.

[25] Gedikli, A.P. (2002) “The transformation of Urban Waterfronts in Istanbul and Evalu‐
ation of the Golden Horn Arsenals” Unpublished Msc Thesis, METU, Ankara

15

A Comprehensive Approach to Sustainable Urbanization



[26] Kazas, J. (2008) “Endüstriyel Miras Kapsamιndaki Alanlarιn Kentsel Yenilemeyi
Oluşturmadaki Rolünün Őrdelenmesi: Ödemiş Örneği”, Unpublished PhD Dissertation,
YTU Institute of Science, Istanbul

[27] Polat, S.; Erbil, Y. (2011) “Trademark City Bursa: Merinos Park And Ataturk Culture
and Congress Center”, Ozean Journal of Applied Sciences, 4(2):171–181

[28] Türer Başkaya, A. (2010) “Ways to sustainable brownfield regeneration in Istanbul”
ITU A|Z, 2010- 7 / 2 – A, pp.74–88

[29] Ergen, M. (2013) “A New Methodology Proposal For Urban Regeneration of Brownfield
Areas; Case Study Of Zonguldak City, Turkey” Unpublished Ph.D. Dissertation, Faculty
of Spatial Planning of Dortmund University of Technology.

[30] Kιlιnç G. (2011). “Brownfield Redevelopment in Turkey: Implementation Perspectives
Learned from US Experience”, SECoPA 2011- Building Trust and Confidence in the
Profession of Public Administration Conference, September 21–24, 2011, New Orleans, LA

[31] UNDPTURKIYE (1999) “National Environment Action Plan of Turkey”, Available at
https://issuu.com/undpturkiye/docs/neap-turkey (March 1,2016)

[32] UNESCAP, (1999) National Environmental Action Plan of Turkey, available at http://
www.unescap.org/stat/envstat/neap-turkey.pdf (August 31, 2011)

[33] Kιlιnç, G. (2012a) “The Impact of Environmental Movements on the Development of
Brownfield Revitalization Policies in U.S. and Recommendations for Turkey” 2nd
International Congress on Urban and Environmental Issues, (4–6 May 2012), Papers and
Proceedings of Congress, S.394–409 Trabzon, Turkey

[34] İzci, R. (2005) “The Impact of European Union on Environmental Policy” in Environ‐
mentalism in Turkey: Between Democracy and Development?, F. Adaman, M. Arsel (eds.)
Ashgate, Burlington, USA, 87–100

[35] Budak, S. (2000) Avrupa Birligi ve Turk Cevre Politikasi. Avrupa Toplulugunun Cevre
Politikasi ve Turkiye’nin Uyum Sorunu, Buke, Istanbul.

[36] Ekmeztoglou, T., Baladimos A., and Budak S. (2001) Türkiye’nin Avrupa Birliğine
Katιlιm Süreci: Avrupa Birliği’nin Çevre Politikasi ve Türkiye’nin Uyumu, Kitap 5, H.
Cansevdi (ed.) IKV, İstanbul.

[37] Kalaycιoğlu, S. ; Gönel, F. (2005) “The Role of Business in Environmental Policy
Making” in Environmentalism in Turkey: Between Democracy and Development?, F.
Adaman, M. Arsel (eds.) Ashgate, Burlington, USA, 117–130

[38] Tecer, M. (1992) “Privatization in Turkey” Availabe at http://www.ceri-sciences‐
po.com/publica/cemoti/textes14/tecer.pdf (September 14, 2011)

[39] Güzey, O (2009), “Urban Regeneration and Increased Competitive Power: Ankara in
an Era of Globalization”, Cities, 26(1): 27–37.

16

A Comprehensive Approach to Sustainable Urbanization



[40] Bezmez, D. (2009) “The Politics of Urban Waterfront Regeneration: The Case of Haliç
(the Golden Horn), Istanbul”, International Journal of Urban and Regional Research,
32(4):815–840

[41] Uzun, C. N. (2006), “Yeni Yasal Düzenlemeler ve Kentsel Dönüşüme Etkileri”,
Planlama, Chamber of Urban Designers Publishing, Ankara, Vol.2 pp. 49–53

[42] Kurtuluş, H. (2006), “Kentsel Dönüşüme Modern Kent Mitinin Çöküsü Çerçevesinden
Bakmak”, Planlama, Chamber of Urban Designers Publishing, Ankara, Vol.2, pp. 7–12

[43] TMMOB Chamber of City Planners Board (2006), “Kentsel Dönüşüm Değil Rant
Amaçlι Tasfiye Yasasi”, Planlama, Chamber of Urban Designers Publishing, Ankara,
Vol. 2, pp.5–6

[44] USEPA (1998) Final Guidance for Incorporating Environmental Justice Concerns in
EPA’s NEPA Compliance Analyses. Washington, DC

[45] Kιlιnç, G. (2012b) “Assessment of Brownfields Redevelopment Projects in Pittsburgh,
PA with their Economic, Social and Institutional Dimensions”, AESOP’2012, (10–14
September 2012), Ankara, Turkey.

[46] Kιlιnç, G., Özgür, H., Genç, F. N., (2012). “The Possible Sources of Ethical Issues in
Urban/Physical Planning in Turkey”, Turkish Studies, Vol. 13, No.1, 41-, http://
dx.doi.org/10.1080/14683849.2012.653126

[47] TEPAV (2015) Turkey’s Compliance with Industrial Emissions Directive, Available at
http://www.tepav.org.tr/upload/files/haber/1427475571-5.Turkey___s_Compli‐
ance_with_the_Industrial_Emissions_Directive.pdf (March 1 ,2016)

[48] Brachman, L. (2004) “Turning Brownfields into Community Assets: Barriers to
Redevelopment” in Recycling the City : The Use and Reuse of Urban Land, Rosalind
Greenstein and Yesim Sungu Eryilmaz (eds.) Lincoln Institute of Land Policy, Cam‐
bridge, Massachusetts, 67–88

[49] Dewar, M & Deitrick S. (2004) “The Role of Community Development Corporations in
Brownfield Redevelopment” in Recycling the City : The Use and Reuse of Urban Land,
Rosalind Greenstein & Yesim Sungu Eryilmaz (eds.) Lincoln Institute of Land Policy,
Cambridge, Massachusetts, 159–176

[50] McCarthy, L. (2009) “Off the Mark? : Efficiency in Targeting the Most Marketable Sites
Rather Than Equity in Public Assistance for Brownfield Redevelopment”, Economic
Development Quarterly, 23(3), 211–228

[51] Wernsted, K., Hersch, R. (1998) ’Through a lens darkly- Superfund spectacles on Public
participation at Brownfield Sites’, 9 Risk: Health, Safety & Environment,9:153–173

[52] APA (American Planning Association) (2011), Reuse: Creating Community-Based
Brownfields Redevelopment Strategies, Available at http://www.planning.org/
research/brownfields/pdf/brownfieldsguide.pdf (18 August 2011)

17

A Comprehensive Approach to Sustainable Urbanization



Smart Specialisation Strategies as Drivers for (Smart)
Sustainable Urban Development

Claudia Trillo

Abstract

The place-based approach is at the forefront of the current European cohesion policy
reform. The Smart Specialisation Strategy (S3) boosts economic development through
research and innovation. It is built on place-based areas showing higher potential for
growth. Although S3 is deeply rooted in the uniqueness of the place, its implementa‐
tion is still  far from being clearly spatial-led. The research programme MAPS-LED
(Multidisciplinary Approach to Plan Smart specialisation strategies for Local Econom‐
ic Development), financed by RISE-Horizon 2020, aims at filling this gap. This chapter
discusses a novel concept developed with the aim to incorporate a spatial component
in the innovative urban clusters, e.g. the urban pattern as cognitive infrastructure for S3.
The preliminary findings from the case study of Kendall Square, a former brownfield
located in Cambridge (MA), in close proximity with the Massachusetts Institute of
Technology, led to conclude that it is essential to complement S3 implementation with
spatial interventions in the built environment to create a physical ecosystem supportive
of  innovation,  including:  shared  facilities  and private  small  businesses  facilitating
interaction; public services and facilities that allow preserving uniqueness of the place
and inclusiveness. Furthermore, the spatial pattern has to be supportive of a walkable
and dense environment.

Keywords: smart specialisation strategies (S3), sustainable urban development, inno‐
vation districts, social innovation, Kendall Square, MAPS-LED, urban pattern as cog‐
nitive infrastructure

1. Introduction

Policy makers, planners, stakeholders at all latitudes constantly face the issue of developing
and implementing better policies to support local economic development and offer people better
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living environments and well-being. How it is made, varies a lot. Nowadays, the European
Commission is undertaking the huge effort of launching something that explicitly implies risk-
taking and therefore particularly needs and evidence-base for actions. The research role is to
reflect on this challenge from a theoretical perspective that might possibly suggest paths and
solutions.

This chapter stems from a broader research project financed by the European Commission and
aimed at approaching the issue of strategy building, developing and implementation from the
perspective of architects and planners, temporarily contaminating themselves with economic
matters to try to bridge the gap between shape of the built environment and economic growth.
The Smart Specialisation Strategy (S3) will be discussed through a spatial-oriented perspective,
arguing that if place matters, then also space matters, with all the implications within a concept
that incorporates environmental behavioural science, ecosystem and social values, cultural
assets and identity. All these elements are absolutely essential in a sustainability perspective.
Therefore, the overall discussion has in the background the fil rouge of demonstrating how
sustainable development (environmental, social and economic) can be systematically embed‐
ded in S3, in particular, in the urban built environment.

This chapter briefly explains what Smart Specialisation Strategy is and then discusses it in a
critical perspective, by clarifying explicit and less evident theoretical legacy of this rationale,
with the aim to support the construction of a robust logical framework suitable to produce
further novel approaches. Because of the dynamic nature of the topic, even the theoretical
section, rather than relying on a review of the literature, is nurtured by up to date interviews.
The chapter includes a discussion of the research hypothesis through empirical data gathered
in a US case study, Kendall Square. The major expected impact of this research is the oppor‐
tunity to support current implementation of S3 policies in Europe, both in competitive and in
lagging behind regions. To reinforce the transferability of the provisional findings, the field
work in the States has been preceded by some exploratory investigation in Europe, aimed at
observing the current gaps to be filled on the basis of the gap analysis of extant S3. The current
state of S3 in the Greater Manchester Area (Northern England) and in the Calabria Region
(Southern Italy) has been analysed, both on desk and through a set of informal unstructured
discovery interviews with key stakeholders, in order to find out weaknesses and potentials.
This preliminary analysis showed that both in lagging behind regions and in competitive
regions gaps in the current S3 still exist, and that a spatial-led approach could be supportive
in filling them. Therefore, although at a preliminary stage, the conclusions in this chapter may
be of interest for European planners, policy makers and stakeholders looking for effective
implementation of S3 in a spatially- oriented perspective.

2. Setting the overall policy framework for S3

The Smart Specialisation Strategy (S3) is an essential component of the current Europe 2020
Strategy, seeking to bring Europe towards a smarter, more inclusive and sustainable growth
[1]. In particular, S3 is a strategy for economic development that targets research and innova‐
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tion and involves an incremental approach based on the development of a shared vision. It is
built on place-based areas showing higher potential for growth and needs to be developed by
involving multiple stakeholders with a strong commitment to prioritise in a knowledge-led
perspective, not necessarily focusing on the high-tech sector, nor on sectors that are already
strong [2].

S3 has been introduced in the late 2000s as the main result of the work conducted by the
Research Commissioner Janez Potočnik’s expert group, also known as the Knowledge for
Growth (K4G) expert group, founded by the European Commissioner in March 2005 with the
task to address the issue of embedding innovation for promoting growth within the European
Member States, legacy from the Lisbon strategy. Not only the European Commission, but also
other organisations such as the OECD are highly interested in this innovative approach [3]
that has been recently systematised in the literature [4, 5]. A key concept underpinned in the
Smart Specialisation is the importance of knowledge, not meant as a mere technicality, rather
than as embedded knowledge among the actors of the economic ecosystem. Stemming from this
position, the methodology for developing appropriate strategies rooted in embedded knowl‐
edge could not be anything different from an ascending, bottom-up approach, characterised
by discovery and risk-taking, and finally, leading to something unique. As clarified by Foray et
al.: “It should be understood at the outset that the idea of smart specialisation does not call for
imposing specialisation through some form of top-down industrial policy that is directed in
accord with a pre-conceived grand plan” [6]. It is suggested that, rather than relying on external
consultants to develop an abstract strategy, policy makers should elicit a process of entrepre‐
neurial discovery, in order to find out what are the assets, even still hidden, that could be worth
supporting. These latter could be niches of excellence, and the process of discovery in itself
should act as an activator to unleash their potentials by making entrepreneurial actors “play
leading roles in discovering promising areas of future specialisation, not least because the
needed adaptations to local skills, materials, environmental conditions, and market access
conditions are unlikely to be able to draw on codified, publicly shared knowledge, and instead
will entail gathering localised information and the formation of social capital assets” [6].

Moving forward, the S3, also named Research and Innovation Strategies for Smart Speciali‐
sation (RIS3), is now “a key part of the proposed EU Cohesion Policy reform supporting
thematic concentration and reinforcing strategic programming and performance orientation”
[7].

By overcoming a one-size-fits-all approach, “the RIS3 requires an integrated and place-based
approach to policy design and delivery. Policies must be tailored to the local context, ac‐
knowledging that there are different pathways for regional innovation and development” [7].

A key aspect of smart specialisation is the emphasis on the principle of prioritisation in a vertical
logic—to favour some technologies, fields, population of firms—non-neutral. Foray and
Goenaga suggest to summarise the principles of S3 as follows: (1) Granularity, that is, the level
should not be too high; (2) Entrepreneurial discovery, with entrepreneurs -in the broadest
sense—who discover, produce information and transform the activities; (3) Priorities will not
be supported forever; (4) S3 is an inclusive strategy; (5) S3 has experimental nature and risk
taking is needed [8].
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The legal basis for incorporating the RIS3 within the current programmes is provided by the
Regulation (EU) 1301/2013 of the European Parliament and of the Council of 17 December 2013.
The implementation of RIS3 across the EU has to be ensured by managing authorities through
dedicated and mandatory policy frameworks. EU Member States and regions are required to
have S3 in place according to the RIS3 ex-ante conditionality, that is, a compulsory requirement
that if not met in the agreed timeframe, prevents managing authorities from keeping on
spending the given EU funds. Support in putting the RIS3 forward is offered by the European
Commission particularly through a specific tool, the S3 Platform [9].

Influences on the construction of the conceptual framework of the S3 can be found in several
theoretical positions and theories. On the basis of the industrial Italian experience, the concept
of industrial district was developed in the 1980s by Becattini [10, 11], drawing from the Marshall
agglomeration theory [12]. In particular, he considered the local community as a sort of social
glue suitable to produce economic added value. In this approach, the seeds of the communi‐
tarian root of the concept of embeddedness were planted [13]. It will take about two decades for
them to fully blossom.

With less emphasis on the social component of the proximity, and more attention for the scale
advantages, in the 1990s, Porter developed the concept of cluster, defined as: “A geographically
proximate group of interconnected companies, suppliers, service providers and associated
institutions in a particular field linked by externalities of various types” [14]. As possible
examples, Porter mentioned the financial services cluster in New York City, the cluster
producing medical device developed in the Boston area, and the IT clusters existing in Texas
(Austin) and in the Silicon Valley. The cluster rationale was deeply intertwined with the
concept of competitiveness [15].

Building on this concept, recognising the importance of the cluster structure in the US
economy, huge and systematic efforts have been done even at institutional level to pursue a
reliable and shared knowledge on cluster dynamics, leading to the construction of a dedicated
platform, such as the Cluster mapping platform: “The U.S. Cluster Mapping website is a
national initiative that provides open data on regional clusters and economies to support U.S.
business, innovation and policy, (where) users will find interactive, robust data and tools to
understand clusters and regional business environments, improve institutions, and locate
appropriate partners across the country” [16].

The relevance of clusters to the US economic success and the political awareness on the
significance of this topic clearly emerge, while analysing the data contained in the platform.
Clusters, far from being a theoretical concept, have become a conceptual framework to
coordinate and even further activate all scales of clusterizable initiatives, encompassing
national, regional and local stakeholders, entrepreneurs, companies, associations. In theory,
the potential underpinned in the US platform is that the richness of details creates an out‐
standing opportunity not only for advancing in terms of knowledge, but also for supporting
further networks and, finally, the entrepreneurial discovery that S3 is seeking to promote. In
practice, the impact of the US platform on reinforcing clusters can be further exploited [17].
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Following the work conducted by the Department for Competitiveness in Harvard, while on
one side of the Atlantic the US Department of Commerce, Economic Development Adminis‐
tration was turning an academic platform into an official public initiative by funding the
Clustermapping platform as a federal programme, on the other side of the Ocean also the
European Commission decided to introduce an analogous platform, namely the Cluster
European Observatory, whose architecture is similar to the US prototype [18]. In Europe, the
dataset made available through the Cluster Observatory platform is coupled by another
platform that targets companies and is specifically aimed at eliciting clusters reinforcement
and further development, namely the ECCP (European Cluster Collaboration Platform) [19].

The common goal of the US and EU platforms is not only to build a structured knowledge on
the cluster policy both in the States and in Europe, but also to create opportunities for making
cluster work in a rationale embedding shared knowledge and entrepreneurial discovery as
major triggers. This is a common trait that makes cluster policy useful to support successful
S3 implementation, behind the simple network rationale.

The notion of entrepreneurial discovery was introduced by Haussmann and Rodrik [20] as a self-
discovery process and is constantly recalled by Foray and Goenaga [21], which clearly mention
the legacy of the New Industrial Economy approach in discussing the above mentioned five
principles of S3. This core feature of S3 leads to another key concept at the forefront of current
European strategies, that is, social innovation. A strong link exists between the S3 strategy, the
cluster policy and the concept of social innovation as developed by the European Commission,
a cross-cutting approach suitable to be implemented as trans-sectoral innovation. In the Guide
to Social Innovation—commissioned by DG Regional and Urban Policy and completed with
DG Employment, Social Affairs and Inclusion with inputs by various other Directorates
General (such as, among others, DG Enterprise and Industry and DG Research)—social
innovation is defined as: “the development and implementation of new ideas (products,
services and models) to meet social needs and create new social relationships or collaborations.
It represents new responses to pressing social demands, which affect the process of social
interactions. It is aimed at improving human well-being. Social innovations are innovations
that are social in both their ends and their means. They are innovations that are not only good
for society but also enhance individuals’ capacity to act” [22].

Social Innovation is deeply intertwined with socially- oriented and citizens- led urban
regeneration and entails the granularity of the scale where it is more likely to happen through
catalysts such as shared knowledge and innovation building. Cross-fertilisation between S3
and Social Innovation can be pursued at the strategy implementation stage. The Guide
suggests that Social Innovation can be included in the Smart Specialisation Strategy and Plan
and /or incorporated in Social Innovation Clusters/Park (Step 4 and Step 8) [22].

The concept of social innovation may be supportive when seeking to understand some features
in S3, that still lack a clear spatial definition. In particular, if the concept of granularity, and in
particular of spatial proximity, is precondition to achieve cross-fertilisation across ideas and
expertise, as advocated by almost all the examples suggested as good practice in the guide,
what it the metric of proximity? Is the proximity needed for enacting social innovation
processes the same scale of proximity necessary to activate effective clusters or some specific
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kind of clusters, perhaps those that are more relying on innovation? Can we measure this
proximity?

If cooperation is based on mutual trust, personal knowledge and social reputation, in some
cases the scale of proximity requested for activating successful clusters overlaps with the scale
of the proximity necessary to enable successful social activation processes. Cluster theory
mainly rests on the opportunity for up-scaling economic mechanisms, thus creating advan‐
tages for the participating companies, and, in addition to it, also on shared knowledge and
exchange of competences within a given network, while this latter is central in social innova‐
tion mechanisms and in S3. In facts, the geography of clusters overlaps with the labour markets,
and—typically—cluster analysis and clusters data gathering are conducted at a regional scale.
The innovation component, essential in the social innovation process and in S3, can be optional
in clusters, ideally—but not necessarily innovative. These and other similarities and differences
are systematically discussed in a recent report commissioned by the DG Research of the
European Commission and produced by a group on independent experts chaired by Ketels.
In particular, the most important differences between clusters and S3 follow: “S3 focuses on
specific innovation-intensive sectors while clusters apply to a broader set of sectors in the
economy. S3 aims to exploit emerging linkages between economic activities that can cut across
traditional cluster boundaries…. The explicit goal of cluster policies is often to enhance the
performance of existing clusters(…). Clusters are potential elements of a regional innovation
eco-system, while S3 are wider policies aimed at transforming this eco-system. Clusters can
come close to “smart specialisation domains” if they stimulate new types of knowledge
spillovers with a high leverage effect on the growth path of the economy” [8].

Several attempts have been made in the cluster literature to find out a possible taxonomy;
however, in knowledge-intensive clusters, the triple helix concept (referred to the relationship
between universities, enterprises and government) is essential. As Porter has been highlighting
since 1990, four intertwined factors concur to the creation of a competitive environment for
companies, depicted in the form of a diamond. This combination works in two ways, since
investing in public good, always seen as a typically public activity, becomes important for the
private sector itself [23]. In an ecosystem approach, private vs public interests’ boundaries
finally blur. The same concept of producing social services as a matter of business is gaining
growing interest in the private sector [24]. The multiple actors involved with different roles in
supporting the economic growth depict the complexity of the entrepreneurial ecosystem, from
which S3 should stem. As stated by Foray and Goenaga, those who are asked to promote S3
by discovering “the domains of R&D and innovation in which a region is likely to excel given
its existing capabilities and productive assets”, are “entrepreneurs in the broader sense
(innovative firms, research leaders in higher education institutions, independent inventors
and innovators)” [19]. As in S3, also in cluster policy the whole context matters.

3. S3: how far do place and space matter?

The importance of a site-specific and context-related approach is at the forefront of the current
cohesion policy reform, since in 2009 the “Barca report” was released. Following an intense
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discussion, nurtured by three thematic hearings, one workshop and five policy seminars
involving 80 both EU and non EU experts, this report clarifies that a possible failure in the
European policies is due to a lack of place-based approach, thus advocating for the opposite,
i.e.: “A place-based policy is a long-term strategy aimed at tackling persistent underutilisation
of potential and reducing persistent social exclusion in specific places through external
interventions and multilevel governance. It promotes the supply of integrated goods and
services tailored to contexts, and it triggers institutional changes. In a place-based policy,
public interventions rely on local knowledge and are verifiable and submitted to scrutiny” [25].

By supporting a territorial based approach, the “Barca report” suggests to ground the reform
on pillars, consistent with the S3 approach, such as including the promotion of a learning
process, of experimentalism, of mobilisation of local actors. The similarity between the locally-
grounded approach of S3 and the place-based approach stemming from the Barca position,
converging towards a non-neutral approach, has been highlighted by Foray [26]. The position
expressed in the “Barca report” has been framed within the current debate between spatially-
blind vs place-based approach in policy implementation. According to Barca et al. [27], a
spatially-blind approach is that supported by the World Bank’s report [28], that recommends
to design policies without taking in consideration space, in order to ensure efficiency, equal
opportunities and improvement of the life conditions, as well as it is spatially-blind the Sapir
et al. report [29], that recommends to pay little attention to the sub-national scale. Under the
second approach, the place-based one, in addition to the Barca Report and among others, it is
possible to include in particular the OECD [30] position, that recommends a region- specific
perspective capable to unleash assets and to exploit synergies.

More in depth [27], in the place-based approach it is essential to consider the interaction
between institutions and geography in order to understand the best policy options for a given
territory. Moreover, also the impacts of a policy should be assessed by considering those two
factors, thus requiring tackling both the regional and the local context.

In terms of governance, the importance of a closer level of proximity to the local assets and
knowledge leads to the inadequacy of the national scale in capturing appropriate policies,
more specifically: “(…) by acknowledging the limits of the central state to design good local
development policies, place-based strategies recognise the need for intervention based on
partnerships between different levels of governance” [27].

Since the early documents on the spatial perspective of European policies, culminating in the
1999 European Spatial Development Perspective [31], the importance of a spatially-led
perspective in European policies has been advocated from different authors since long time
and the debate is still relevant [32, 33]. The spatial perspective is the physical setting for
enabling place-based policies grounded in the specific territories. A lack of territoriality even
interferes with a transparent exercise of democracy [34], thus, far from being a merely
geographic concept, space and territory are real and proper enablers of context specific policies
and related implementation. Moreover, because in the current EU programming period the
concept of territoriality is embedded within important and innovative policy instruments, such
as the Integrated Territorial Investments and the Community-Led Local Development, gaps
in a place-based approach would undermine the effective implementation of new instruments
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holding a high potential of unleashing context specific assets. A better awareness of the
governance within place-based S3 could support the creation of effective network of stake‐
holders for the Community Local Led Development strategies implementation, an innovative
approach in the ESRF and ESF programmes implementation drawn from the LEADER
approach and not yet fully developed outside the rural contexts. Despite of their strong roots
in a place-based approach, S3 are still far from being clearly spatial-led strategies. This may
depend on the original conceptualisation of S3, developed from a spatial idea [35]. It can be
therefore problematic to translate them into genuine place-based policies, reflecting a consis‐
tent social innovation based institutional framework, particularly in those regions, still lacking
in clear and updated spatial frameworks.

In order to fill this gap, a research programme has been proposed and accepted for grant under
the Horizon 2020 programme, namely MAPS-LED (Multidisciplinary Approach to Plan Smart
specialisation strategies for Local Economic Development) [36]. This program, run by a
consortium of 6 universities in EU and in the US aims in particular at connecting three
important key-factors including: (1) Governance—both in cluster policies and in terms of
embeddedness; (2) Localization—as spatial and place-based approach; (3) Territorial network
—as innovative milieu supporting social innovation, also based on urban-rural links. The
project is building a novel methodology to assess and exploit the potential of different clusters,
networks and chains in shaping spatially-led S3 policies for local economic development
through a spatial-led approach. After having explored the potential of S3 both through spatial
planning (city-region and S3) and regional economy (cluster policy, territorial milieu and S3),
the project will develop and test a tailored evaluative tool suitable to capture the socio-
economic spillovers of S3. By understanding how S3 can be translated and implemented into
spatially-oriented local development policies, in line with the territorial agenda of Europe 2020
incorporating a place-based dimension, the expected results are: (1) to identify and examine
S3 in terms of spatial, social and environmental factors; (2) to take into account local needs and
opportunities driving regional policy interventions not only to emphasise “Key Enable
Technologies”, but also to empower local innovation process—tacit knowledge, embedded
social networks, innovative milieu; (3) to build and test an evidence-based methodology for
recognizing and assessing emerging and potential S3, corroborated by successful factors of
existing clusters [36].

4. Urban patterns as cognitive infrastructure for successful S3

Shifting from the regional towards the urban scale, the concepts of social innovation, entre‐
preneurial discovery and local embeddedness can be found in the recent theorisation of
innovative district. Starting from a metropolitan centred perspective, the importance of the scale
and related metric is a recurrent concept for understanding the assets of the place: “The next
economy must have four characteristics: higher exports, to take advantage of rising global
demand; low-carbon technology, to lead the clean-energy revolution; innovation, to spur
growth through ideas and their deployment; and greater opportunity, to reverse the troubling,
decades-long rise in inequality. Metros will take the lead on all four fronts. Our open, inno‐
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vative economy increasingly craves proximity and extols integration, which allows knowledge
to be transferred easily between, within, and across clusters, firms, workers, and supporting
institutions. The vanguard of these megatrends is largely found not at the city of metropolitan
scale (…) but in smaller enclaves, which are increasingly being called innovation districts” [37].

The scale of the innovation districts is clear. They are walkable urban environments, typically
featured following the current urban design tendency of creating vibrant spaces offering a
variety of uses, shared places, and accessibility. If we look at an innovation district as the brain
of an innovative cluster [38], it follows that urban patterns have to be treated as cognitive
infrastructure of the collective knowledge production.

What is the rationale that creates value out of the proximity? Recent studies focus on the
creation of successful groups of players capable of activating cooperation on the basis of the
mutual trust [39]. Building on this concept, an extensive literature is blossoming in support of
mutual trust and cooperation as triggers for successful social dynamics (for example [40]).
What cluster potentially does is that it increases the roles of reputations by increasing the
frequency of interaction and also how observable actions are. Therefore, innovative urban
spaces, in order to be supportive for a specific kind of entrepreneurs, those who are willing to
cooperate in producing shared knowledge, has to support density, accessibility, and also
shared spaces that make good and cooperative actions frequent and observable [41].

Figure 1. MIT innovation cluster, March 2016 (Courtesy of the MIT).

The first attempt to corroborate this research hypothesis has been done through the investi‐
gation of the hidden mechanisms supporting the outstanding competitiveness of a US based
innovative district, the Kendall Square in Cambridge, MA (Figure 1). The history of Kendall
Square is intrinsically related with the presence of the Massachusetts Institute of Technology,
which makes this case study, obviously, almost unique. However, because of this uniqueness,
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it can well explain how, even in an outstanding context in terms of innovation, still spatial
factors play a significant role and are considered relevant both by public and private actors.
Kendall Square is a former brownfield located in Cambridge (MA), opposite side of Charles
River. It started in 1868 as an industrial district and consolidated this function with the opening
of the first underground line nearby. The presence of the Massachusetts Institute of Technology
dates back to 1916. Following the Second World War, the area entered an era of decline, which
the Cambridge Redevelopment Authority (CRA), established in 1955, sought to reverse also
through the clearance of 29 acres of land for the accommodation of NASA. Because of a change
in the federal government strategies, the plan was no longer implemented, and the vacant land
was partly redirected to the Department of Transportation. A shift in the approach to the
redevelopment of the area, managed as a detached industrial estate, happened first with the
implementation of the East Cambridge Riverfront Plan, then with the 2001 Citywide Rezoning.
Walkability, quality of open spaces and mixed-use real estate became the norm in the area [42,
43]. Recent massive capital investments confirm the tendency to invest in the area with high
quality interventions [44]. The importance of the urban structure as catalyst for local devel‐
opment is acknowledged both by public and private stakeholders [45, 46]. As emerges from
the current planning documents (Figure 2), the connection between urban fabric and attrac‐
tiveness of the area for private companies is evident: “A dynamic public realm connecting
diverse choices for living, working, learning, and playing to inspire continued success of
Cambridge’s sustainable, globally-significant innovation community” [47].

Figure 2. Kendall Square open spaces (Source: [42], p. 28).

27

A Comprehensive Approach to Sustainable Urbanization



Furthermore, recent studies on the companies’ behaviour in this area proved how the cluster
traditional policies based on subsidising “anchors” that—once settled down—would attract
smaller companies, is now coupled by a bottom-up oriented perspective, in which a significant
number of small, dynamic, highly innovative companies create the favourable ecosystem for
attracting big companies, interested in having an interaction with young talents and possibly
in incorporating smaller (and cheap) companies with higher potential for growth [48].
Therefore, public policy makers should also support the creation of a cluster of innovative and
cutting-edge start-up companies, rather than seeking to attract a big one to make them follow.
This creates the need for urban environments that are attractive, as Florida suggests, for young
talents [49]. How much companies value the competitive advantage of being in this kind of
environment is testified by what recently happened to a leading pharmaceutical company in
the Kendall area. Biotech is one of the historical companies located in Kendall Square, founded
by a MIT professor, Sharp, who at the time he launched the company, wanted to work close
to his laboratory. Despite of its roots in the area, in recent years a controversial decision was
made, to move the Biotech headquarters to the cheaper suburb of Weston. In a few years, this
decision was questioned and the willingness to return to the area prevailed [50]. The reasons
are clear: “Other biotech companies have come to the neighbourhood to take advantage of the
healthy infrastructure in Cambridge and its vibrant bioscience community. While there were
many individuals and organisations involved, MIT faculty members and administrators
indeed played a major role in reviving Kendall Square, because they understood that in order
to build a thriving bioscience programme, they would have to build a thriving community of
talented people—at MIT and beyond” [51]. This view is shared by experts on cluster and
industrial policies in the Massachusetts, who suggested that what brought Biotech back to the
Kendall area was the “atmosphere” [52].

Figure 3. Open spaces and public services around the Kendall Square area (author’s picture).
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Private companies perceive the economic benefit of being localised in an innovative district,
and are willing to pay the extra costs associated with a more expensive location in order to
get extra benefits in return, including the well-being (and related increase of productivity)
of their employees and the opportunity to benefit from the powerful network of informal
and multi-disciplinary connections, made possible by the specific features of the urban fabric
(Figures 3–12).

Figure 5. Companies located in the Kendall’s immediate surroundings: Biogen (author’s picture).

Figure 4. Companies located in the Kendall’s immediate surroundings: Akamai (author’s picture).
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Figure 6. Restaurants, coffee shops, in the Kendall’s surrounding (author’s picture).

Figure 7. Amenities in the Kendall’s immediate surroundings (author’s picture).
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Figure 8. Companies located in the Kendall’s immediate surroundings: Genzine (author’s picture).

Figure 9. Companies located in heart of Kendall: Microsoft (author’s picture).
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Figure 10. Bike sharing facilities in Kendall (author’s picture).

Figure 11. Transit station, bicycles, pedestrians: a walkable environment (author’s picture).
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Figure 12. Large sidewalks, benches, bus stops: a pedestrian friendly place (author’s picture).

Figure 13. Concierge in the Kendall Square CIC building (author’s picture).

Besides the urban pattern encouraging knowledge and innovation building, Kendall Square
also includes key-hotspots for informal decision making and cross-clustering, such as the
Cambridge Innovation Centre, CIC [53]. The CIC is not an incubator neither an accelerator, it
is a private entrepreneurial activity based on renting shared and flexible office spaces designed
with an innovative rationale. It currently hosts over 700 companies across two buildings,
located in Kendall Square and in downtown Boston, about 500 of which are start-ups. The
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Kendall Square building includes the Venture Café, a sister non-profit with the mission of
bringing together entrepreneurs, venture capitals and the greater Boston start-up community.
The field work conducted in the Kendall Square CIC (Figures 13–16), complemented by
interviews with CIC Relationship Managers [54, 55], proved the exceptional level of services
provided to the companies hosted. The quality of the concierge, of the reception desks at each
floor and of the complimentary meeting rooms and working spaces is outstanding. Flexible
and high quality spaces are offered for a reasonable cost, since prices range from $425 to $1500/
person/month all included (stocked kitchens, conference rooms, Internet, printing & copying,
phones, high-end furniture, operational & technical support and concierge). However, it is the
style of management of the spaces that really makes the difference in conceptual terms. Each
floor is equipped with a common kitchen, offering free food that varies on each floor in order
to encourage people to move around the building. Cross-fertilisation of innovative ideas is
considered the major asset offered to the hosted companies that are mixed across the floors
and not clustered by sector. Collaboration complements cross-fertilisation, since companies
looking for specialised services might find them within the CIC itself, resting on the assistance
of the Relationship Managers, whose presence is ensured at all floors. It is the personal
knowledge of the Relationship Managers with the individual company that orients the
potential advice. The institutionalised role of a facilitator is a concrete example of coupling
proximity with the opportunity of experiencing frequent and observable interactions. Further
informal interviews with local stakeholders [45, 46, 56] confirmed the extraordinary role
played by the CIC in building a favourable physical ecosystem, spurring innovation and
supporting start-ups creation. Also, the CIC allowed some large companies, such as Google,
to temporarily settle down in the area of Kendall Square prior to making the final decision of
moving there with the entire headquarters.

Figure 14. Complimentary meeting rooms in the Kendall Square CIC building (author’s picture).
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Figure 15. Complimentary shared spaces (author’s picture).

Figure 16. Venture Café (author’s picture).

In conclusion, it is essential to complement S3 implementation with spatial interventions of
the built environment that may facilitate the construction of a physical ecosystem supportive of
innovation. These spaces include: shared spaces and private small businesses facilitating
interaction, both informal and formal, both specialised and multi-disciplinary; public services
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and facilities that allow preserving uniqueness and inclusiveness. Furthermore, the spatial
pattern has to be supportive of a walkable environment, offering effective transit and public
transport facilities. The economic benefit for the private companies located in such areas is
proved by the empirical findings from the case study, although not yet quantified.

Further research development includes the effort to quantify with monetary proxy the extra
benefits above mentioned, incorporating in the assessment the public services and facilities in
the area. This goal will be achieved by spatialising clusters first, then companies at the urban
scale, then mapping the network of spaces that are supportive of social innovation and
entrepreneurial discovery.
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Mapping the Land-Use Suitability for Urban Sprawl
Using Remote Sensing and GIS Under Different
Scenarios

Onur Şatir

Abstract

Urbanization is one of the important issues in fast developing countries, such as China,
Turkey, Brazil, and South Africa. Therefore, sustainable urbanization strategies come
into question while designing the cities. In this point, land-use suitability mapping for
urban  areas  is  of  importance.  Spatial  information  sciences,  such  as  geographical
information systems (GIS) and remote sensing are applied widely for mapping land-
use suitability. In this study, Van City, which is the most crowded city in eastern Turkey,
was evaluated by applying three different scenarios called ecological, economic, and
sustainable. The multi-criteria evaluation technique was used in GIS environment in the
mapping stage. Distance from roads, distance from urban boundary, hillshade, slope,
elevation, land-use cover, and land-use ability factors were used as inputs in the analysis
stage. The weights of each input factor were calculated according to urban change
dynamics between 2002 and 2015. As a result of the study, the weighting approach using
the natural  change dynamics of  Van City has a great  potential  to define objective
weights.  In  addition,  Van  City  was  developed  orderly  on  agricultural  lands  and
grasslands, and it was not a sustainable development for the region because the main
income is still agriculture and animal production, so a new strategy was designed in a
sustainable scenario to prevent agriculture and grassland area loss in a mutual benefit
between nature and human.

Keywords: multi-criteria evaluation, urban land-use suitability, fuzzy standardiza‐
tion, ideal point-based weighting, remote sensing, geographical information system,
Van City, Turkey
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1. Introduction

Human and nature are always in a paradox after the industrial revolution. Human require‐
ments, such as food and accommodation, have increased in time because of raised human
population and fast industrial developments. Particularly, fast developing countries, such as
China, Turkey, Brazil, and South Africa, needed new lands for urban sprawl and industrial
facilities recently. Landscape planning is important for decision makers in this point, because
available lands for agriculture, urbanization, and industrial activities are limited and land-
use planning and decision-making process are vital for a sustainable development.

In this content, land suitability analysis is one of the oldest forms of decision-making sup‐
port systems in the field of landscape planning [1]. Nowadays, geographical information
system (GIS) and remote sensing (RS) based techniques are used frequently in land-use
planning to obtain land-use decisions and alternatives geographically. RS science is general‐
ly used to create layouts for spatial decision support systems (SDSS) in the analysis stage. RS
provides time energy and cost savings, and huge areas can be identified using satellite im‐
ages, radar and lidar technologies, and aerial photos from different platforms, such as un‐
manned air vehicles, towers, balloons, or planes [2]. RS can provide many data on the
ecosystem physical, biological, and social dynamics to land-use planning studies. For exam‐
ple, topographical dynamics [3, 4], vegetation dynamics [5, 6], LUC dynamics [2, 7], soil
physical, chemical, and biological dynamics [8, 9], and hydrological dynamics can be quanti‐
fied using several modeling or classification techniques by RS.

RS outputs can be integrated with other raster or vector data in GIS interface to derive land-
use decisions. When the decision support systems are integrated with GIS, it is called SDSS.
SDSS is allowed stakeholder participation, iterative analysis, and integration with external
spatial or non-spatial data sources [10]. Scientific literature has shown that SDSS is mostly
used in multi-criteria evaluation (MCE) analyses. MCE is a multiple data assessment techni‐
que, and it is used not only in land-use evaluation studies but also in environmental risk
probability mapping, such as landslide [11], forest fire risk [12, 13], and flood risk [14], in
landscape planning science. GIS-based MCE techniques have three essential stages: criteria
selection (factor definition), data standardization, and weighting [15].

“Criteria selection” is defined with respect to the study goal. All factors may be called as in‐
puts. In this extent, this stage is important to get an accurate result. These data sets must
identify the essentials of the research. For example, in an agricultural land-use suitability
mapping for wheat crop, inputs are related on wheat growth environment, such as climatic
variables (temperature, precipitation, solar radiation, humidity), physical variables (eleva‐
tion, aspect, slope, hillshade, soil depth, soil texture), chemical variables (soil pH, soil nu‐
trients, soil salinity), accessibility (road network, settlement location), and bio-
environmental variables (chlorophyll content, crop yield). Additionally, environmental risk
factors, protection areas (natural and historical sites), and restriction areas (roads, security
regions, built-up areas) must be defined spatially.

42

A Comprehensive Approach to Sustainable Urbanization



Figure 1. Sample slope standardizations using various techniques for urban sprawl suitability.

“Standardization” is necessary because of input data unit and range differences. Inputs will
multiply with detected weights and standardization is a vital part for input data compari‐
son. However, some non-parametric multiple data assessment techniques, such as artificial
neural network (ANN) or regression tree, do not need standardization process because of
internal weighting abilities [13]. There are many standardization techniques, such as fuzzy
standardization, linear ordered standardization, and Boolean approach. Introducing these
techniques with a sample is better for understanding. Imagine a slope map of a land in ur‐
ban built-up suitability study. The slope unit is degree and data range is between 0 and 90°.
In the fuzzy approach, flat fields defined the most suitable (1) and steep fields defined the
opposite (0). Other fields are valued between 0 and 1 according to the suitability values,
such as 0.1, 0.2, 0.25, etc. So that there will not be any absolute transition zone in the standar‐
dized map, all transitions will be soft surface. This technique is appropriate to avoid the
missing data effect in transition zone. Ordered standardization needs categorical data. In
this technique, slope data must be reclassified based on slope degrees, such as 0-5, 5-15,
15-25, 25-35, etc. Each slope range is reclassified as 1, 2, and 3 based on slope suitability for
urban built-up. In this method, there is no transition zone and the boundaries of the catego‐
ries are hard. In Boolean approach, all inputs are standardized as only 1 and 0 or suitable or
not. There is a threshold value to detect the suitable land for each factor. For example, if
slope degree less than 15 is suitable, other areas are not suitable for urban built-up. Slope
data standardization using these techniques is shown in Figure 1.

“Weighting” is the hardest part of an MCE analysis. Here, expert-based weighting, litera‐
ture-based weighting, and ideal point-based linear weighting are discussed. In addition,
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there are some non-linear ideal data-dependent techniques, such as ANN, logistic regres‐
sion, ant colony algorithm, and regression tree.

Expert-based technique is preferred by those who have not any ideal point data, because, in
this technique, all factors are evaluated by the experts, applying a survey that includes ques‐
tions about the priority of the factors. Analytical hierarchical process (AHP) can be used be‐
cause of pairwise comparison abilities to detect the weights of factors after the expert’s
decisions. Pairwise comparison matrix is defined as weights using binary priority definition
ability [16, 17]. Although expert-based weighting is easy, all experts may be given various
answers to the same question. Thus, the subjectivity of this method is high. However, this
method is still used widely [18].

Literature-based weighting is another approach to define factor weights. It is completely
based on similar studies in the literature and factor weights are adapted to the new research
from previous studies. This method is easy for weight definition; however, regional environ‐
mental and social differences are ignored in this approach, so the reliability of the technique
is a question.

Ideal data-based weighting is the most reliable approach in MCE studies. The problem in
this technique is that what is the ideal data. For example, in a crop-based agricultural land-
use suitability detection study, crop productivity can be used to define ideal crop suitability
areas and all factors can be weighted relating to high productive areas to find potential suit‐
able areas. Crop productivity data can be obtained from farmer surveys or using RS [13].
There is another technique using ideal point for weighting called the weight of evidence
(WOE). This approach is also effective to define factor weights in land-use suitability or en‐
vironmental hazard probability studies [19, 20].

This chapter discusses land-use suitability for urban growth using ideal point-based techni‐
que. Ideal urban sprawl is defined using urban growth dynamics from past to current. In
this extent, Van City, which is located in eastern Turkey, was modeled by applying three
different scenarios: economic, ecological, and sustainable. Distance from road and central
city area, elevation, slope, hillshade, land-use ability (LUA), and land-use cover (LUC) were
used as factors in the study. Weights were defined according to urban change and were
used in all scenarios. On the contrary, restriction areas and fuzzy suitability degrees of LUC
and LUA data were modified separately for the scenarios.

2. Short background: GIS-based land-use suitability studies

While factor and objectives are spatial, a GIS interface is necessary to analyze geographic da‐
ta, and it requires a combination of multi-criteria methods with a GIS interface [21, 22]. In
the literature, there are many land-use decision studies using GIS and other spatial informa‐
tion science, such as RS. Malczewski [22] completed a detailed study on the survey of the
GIS-based MCE techniques. Results showed that this method is used widely (top three sub‐
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jects) and orderly in environment and ecology, transportation, and urban-rural planning
studies. In addition, these techniques are used in waste management, agriculture and forest‐
ry, facility area suitability, rangeland management, recreation and tourism, natural hazard
studies, hydrological studies, and real estate-housing studies. Some techniques, data, and
criteria used for land-use suitability analyses are found in Table 1.

Source Technique Factors Suitability

field

Year

[31] GIS-based ANN Soil depth, moisture,

fertility, texture, salinity,

aeration, temperature, accessibility

Agriculture 1994

[32] Boolean overlay

method

Slope, soil mechanics,

flood-erosion hazard, water level

and drainage,

toxicities, rooting conditions

Crop growth

suitability

2002

[33] AHP Soil depth, LUA, erosion

hazard, slope,

elevation, distance from

water sources,

distance from road,

limiting soil factors

Land use 2009

[34] GIS-AHP Population density,

available land, land values

Public parks 2011

[35] GIS-AHP expert-

based weighting

LUC, DEM, slope,

tourist map, attraction places,

road map, population, protected areas,

wildlife areas

Tourism and

recreation

suitability

2011

[36] GIS-MCE-AHP

expert-based

weighting

Accessibility, slope,

interactions with other

facilities, population density

Educational

land-use

2011

[15] RS integrated

fuzzy, GIS-AHP,

productivity-based

weighting

Temperature, precipitation,

soil texture, soil salinity (EC), soil

depth, soil porosity, GDD,

crop productivity

Crop growth

suitability

2013

[18] AHP, expert-

based weighting

Soil groups, soil depth,

erosion, slope,

aspect, elevation, soil

parameters, LUA

Agriculture 2013
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Source Technique Factors Suitability

field

Year

[37] RS integrated

GIS, expert-

based weighting

using AHP

Slope, soil depth,

texture, moisture, organic C,

pH, EC, primary

nutrients (N, P, K)

Agriculture 2015

[30] GIS-MCE-

fuzzy AHP

Residential, extractive industry,

marine industry,

recreation subfactors

Urban land

suitability

2015

[38] RS integrated

GIS-based MCE,

AHP

NDVI, LUC, climate data set,

DEM, economic and

social data

Eco-city

evaluation

2015

[39] Fuzzy logic,

AHP-GIS-

WLC

Distance from river, LUC,

urban areas,

crop pattern, distance from

residential areas, roads,

proximity to interested

areas

Waste water

disposal

area suitability

2016

EC, electrical conductivity; GDD, growing degree days; NDVI, normalized difference vegetation index.

Table 1. Sample techniques and factors used in land-use suitability studies.

According to Table 1, even if the suitability target is same, there might be small differences
between factors. Some of the important essential factors are the same in agricultural suitability
studies, such as soil depth, slope, and soil texture. However, there are different factors: erosion
rate, soil nutrients, and crop productivity. Data accessibility, database availability, and method
can be affected factors despite the same purpose. Also, these factors may be changed with
respect to regional differences. If there is flood risk in an area, we have to assess flood risk rate
in land-use suitability analyses.

3. Study area

Van City is located in eastern Turkey, and it is the most crowded city of the Eastern Anatolian
Region of Turkey (Figure 2). Van Province’s population was 1,096,397 in 2015, and almost
472,000 of them lived in Van central city area. Population has increased almost 5.5% during
the last 5 years [23]. The main incomes in the region are animal production, agriculture, border
trading, and tourism. Mainly continental climate is dominant, but alpine and sub-alpine
climate effects are observed in high regions. Van central city’s area climate is warmer than in
those around it because of Van Lake. This lake is the biggest lake in Turkey and its water
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contains CaCO3. The central city area of Van was selected as the study area due to the fast
development in last 10 years. The city was damaged by two big earthquakes (7.2 and 6.1) in
2011. After these tragic events, urban area started to sprawl to the far regions from the central
city area.

Figure 2. Location of the study area and boundary of the case area (UTM WGS 84 Projection Zone 38N).

4. Data characteristics

The research data set contains (i) satellite images and LUC data, (ii) digital elevation model
(DEM) data, (iii) LUA data, (iv) distance from road and urban built-up area data, and (v)
restrictive areas or constrained areas (Figure 3).

4.1. Satellite images

Landsat 5 TM and Landsat 8 OLI data sets were used to detect urban area change between
2002 and 2015 in Van central city area. Landsat imageries have a great potential for monitoring
the land-use/cover change because of large time series database and available spatial (30 m)
and spectral (VIS, NIR, SWIR, and TIR) resolutions [24]. Two Landsat images were used for
LUC and change detection. An earlier image was taken on August 2002, and the later one was
recorded on August 2015.
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Figure 3. Input data set (criteria or factors) used in the urban sprawl suitability of Van City.

4.2. DEM data

Elevation data were obtained from ASTER Global DEM data set in 30 m spatial resolution.
Slope and hillshade images were produced from DEM data in GIS interface. Additionally,
DEM data were used as ancillary data in LUC classification stage to detect the LUC change
based on elevation. Also, such data sets may be improved for the accuracy of the LUC classi‐
fication [2].

4.3. LUA data

The LUA of Turkey was mapped by Soil Survey Staff of Turkey. This map shows capable
lands and capability degrees in eight categories (1 refers to very capable and 8 refers to not
capable) based on slope, soil depth, soil type, geological type, etc. Highly available lands can

48

A Comprehensive Approach to Sustainable Urbanization



be used for agriculture, urban built-up, and industrial facilities. However, land-use suitabili‐
ty is variable according to the scenarios. For example, agricultural areas are important be‐
cause available lands are limited so, in ecological or sustainable scenarios, highly available
lands must be protected for agriculture.

4.4. Distance images

Distance from roads and urban built-up areas are produced from road maps and urban area
maps, which are produced from classified LUC map. Road and settlement distance is signif‐
icant to evaluate the infrastructure and superstructure availability of a land for urban
sprawl.

4.5. Restrictive areas

Urban cannot sprawl to regions, such as water bodies, existing built-up areas, security areas,
and historical protection areas. Also, restrictive areas are modified according to the scenarios.
Some wetlands are closed for urban sprawl in the ecological scenario.

5. Methodology

The study was performed in two substages: (i) LUC classification, change detection, and
accuracy assessment and (ii) MCE process in GIS environment (Figure 4).

Figure 4. Summary of the methodology.
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5.1. Object-based classification

Many complex land covers exhibit similar spectral characteristics, making separation in feature
space by simple per-pixel classifiers difficult, leading to inaccurate classification. Therefore,
an object-based classification is a potential solution for the classification of such regions. The
specific benefits are an increase in accuracy, a decrease in classification time, and that it helps
to eliminate within-field spectral mixing [25]. Basically, there are three steps in object-based
classification: segmentation, classification, and per field integration. An image is divided into
segments dependent on pixel spectral similarities, structure of the image, and surface texture
characteristics. This progress is up to variables such as scaling factor, smoothness versus
compactness, and shape factors. Each segment contained a group of pixels, and scaling factor
is defined as the minimum pixel counts that have similar spectral characteristics in a segment.
Compactness and smoothness are important for creating pixel groups. Shape factor deals with
the boundary of a segment. Scale factor is variable according to the study scale and ideal scale
can be found trying different scale factors [2].

5.2. Accuracy assessment of LUC classifications

The accuracy of the LUC classifications is tested by applying error matrix and κ statistic. The
error matrix approach is the most widely used in accuracy assessment [26]. After the generation
of an error matrix, other important accuracy assessment elements, such as overall accuracy,
user accuracy, producer accuracy, and κ coefficient, can be derived. κ is the difference between
the observed accuracy and the chance agreement divided by 1 minus that chance agreement
[27]. Ground truth data collected from field trip and old topographical and forest maps are
used for the accuracy assessment of 2002 and 2015 LUC.

5.3. GIS-based MCE process

The general information on this process is discussed in Section 1. However, criteria selection,
standardization, weighting, and mapping progress and methods are introduced in urban
sprawl suitability extent in this study. Factors are defined based on similar literature, data
accessibility, and regional variations. Seven factors are defined: elevation, slope, hillshade,
LUC, LUA, distance from roads, and distance from built-up areas.

Weighted linear combination (WLC) is one of the most used MCE techniques to define
suitability degrees for continuous factors. With WLC, factors are combined by applying a
weight to each followed by a summation of the results to produce a suitability map [28]:

,S WiXi=å (1)

where S is suitability, Wi is the weight of factor i, and Xi is the criteria score of factor i.
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5.3.1. Fuzzy approach and weighting

Nothing is exact in nature. Fuzzy mentality is based on this simple rule. In a landscape,
boundaries are flexible and natural characteristics of a land do not change suddenly, such as
slope and soil texture. A fuzzy set can define a factor with transition zones according to the
suitability degree of the factor [29].

Factors are of different data ranges and units. Weighting a factor linearly needs a standard
input data set to define the priority degree of the factors. Standardization process is applied
to the factors separately. However, ideal and non-ideal values of the each factor have to be
defined primarily. In this study, ideal regions for urban sprawl are defined based on urban
development between 2002 and 2015. Changed regions are accepted ideal areas for urban
sprawl. The ideal and non-ideal values of each factor are defined considering the existing urban
growth. It does not mean that the existing urban growth is ideal for sustainable development,
but, finally, Urban was developed to these regions and the spatial characteristics of the changed
areas are good indicators for the future urban sprawl. All factors are reclassified based on ideal
intervals, which are defined according to data frequencies, and ideal data ranges are found for
fuzzy standardization.

The weights of each factor are obtained using ideal data diversity in the categories of the factors.
For example, slope is reclassified to five intervals: very high, high, medium, low, and very low.
If urban change is located in all areas homogeneously, it means that the slope is not important
for urban sprawl; if urban change is monitored heterogeneously, it means that the slope is
important because only one or two slope ranges are suitable for urban growth. The standard
deviation (SD) of the each factor diversity is shown as data homogeneity with a standard result.
If the SD value is high, weight should be high. The weights of each factor are defined according
to the SD values.

5.3.2. Scenario development

Three scenarios were evaluated in the study: economic, ecologic and sustainable. In the
economic scenario, only water bodies, existing city areas, security areas, and historical
protection areas were analyzed and defined as restrictive regions. There was not any limitation
on LUC or LUA. Therefore, the trend of the last 13 years was considered to define urban
suitability in the economic scenario. Ecologically important areas, such as wetlands, were
ignored.

In the ecologic scenario, important areas, such as wetlands (bulrush) and highly available lands
for agriculture and grasslands, were protected strictly from urban sprawl.

In the sustainable scenario, urbanization demands were considered using urban change in
time. According to urban change results, agricultural and wetland areas were protected partly
in addition to other restrictive areas, so that a balanced urban spread was provided for human
life and nature in the future.
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6. Results

In this study, urban change in time has the key role for standardization and weighting of the
factors. Therefore, RS science is into play in this point to create LUC layouts and define urban
change. Then, a GIS-based MCE process is applied according to the changed areas.

6.1. Urban change detection by RS

Landsat imageries taken on August 2002 and 2015 were classified using object-based classifi‐
cation approach. A post-classification change detection technique was applied and atmos‐
pheric or radiometric correction is not necessary in this technique. Also, Landsat imageries
have already been corrected geometrically. Segmentation parameters were modified after a
small experimental application. Seven LUCs were classified, except Van lake area: agriculture,
grassland, bareground, settlement, bulrush, woodland, and inland water.

August 2002 and 2015 overall κ classification coefficiencies were obtained as 0.89 and 0.92,
respectively. The urban built-up area was 2066 ha in 2002 and increased to 7694 ha in 2015.
Then, 3841 ha agriculture, 1265 ha grassland, 328 ha bareground, 89 ha woodland, and 18 ha
bulrush areas were transformed to the urban. Particularly, after the 2011 earthquakes, urban
growth system was changed and new residential areas were established on the far regions
from the city center. This was affected urban built-up area change fast (Figure 5).

Figure 5. LUC of Van central city area (2015–2002) and changes in urban built-up areas.
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6.2. Fuzzy standardization and factor weighting

Factors were reclassified based on natural breaks in ideal intervals. LUC and LUA data sets
were already categorical. However, other inputs were continuous data format. Elevation data
were reclassified into eight categories with 100 m intervals. Slope was divided into five
categories with 15° intervals as very low (flat), low, medium, high, and very high. Hillshade
was reclassified into five categories based on sun effect as very high, high, medium, low, and
very low. Distance from roads and distance from urban built-up areas were classified as 10
intervals for each 1000 m. Urban area change was recorded as 5628 ha and all changed areas
were separated according to urban change areal diversity to each category for each factor
(Table 2).

Categories 1 2 3 4 5 6 7 8 9 10

Elevation* 4169 1188 161 76 26 19 13 0 — —

Slope* 5631 20 0 0 0 — — — — —

Hillshade* 1 9 496 5109 37 — — — — —

Distance from road* 4293 863 177 124 6 39 91 14 17 4

Distance from built-up areas* 4367 532 257 168 137 62 39 33 28 5

LUA** 1783 973 1675 258 21 523 257 136 — —

LUC*** 3841 1265 328 89 74 — — — — —

*(1) Refers lowest value range of the factor.
**(1) Refers the highest value of the factor.
***(1) Agriculture, (2) grassland, (3) bareground, (4) woodland, and (5) bulrush.

Table 2. Areal diversity of urban change areas to each category inside the factors.

All factors must be evaluated alone based on the suitability degree for fuzzy standardization.
In this frame, following fuzzy standardization functions were applied to the factors and all
inputs were standardized between 0 and 1 (Table 3; Figure 6).

Categories Technique Function Explanation

Elevation Monotonically
decreasing

Almost linear When elevation is increased, urban suitability is decreased

Slope Monotonically
decreasing

User defined When slope degree between 0 and 15 suitability is
decreasing polynomial, urban growth is not possible after
the 35th degree

Hillshade Optimal value Gaussian or
symmetric in
narrow range

Sun effect should be high but not very high or very low
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Categories Technique Function Explanation

Distance from
road

Monotonically
decreasing

Almost linear If an area far from the road network, suitability of urban
sprawl is decreased

Distance from
built-up areas

Monotonically
decreasing

Almost linear If an area far from the road network, suitability of urban
sprawl is decreased

LUA Optimal values User defined Suitability degree of each category was defined based on
urban growth distribution from past to currentLUC

Table 3. Fuzzy standardization rules of the factor for urban built-up suitability.

Figure 6. Standardized factors by fuzzy approach for urban sprawl suitability.
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Weighting the factors was performed according to the SD of urban change in each factor. Areal
diversity of urban change was already obtained for each category of factors. SDs were used to
see the heterogeneity of urban change diversity in the factors. The SD values and weights are
shown in Table 4.

Categories SD Weights

Elevation 1456 0.131

Slope 2516 0.227

Hillshade 2234 0.2

Distance from road 1336 0.12

Distance from built-up areas 1346 0.121

LUA 699 0.063

LUC 1498 0.135

Table 4. Weights of factors.

As a result of the weights, slope and hillshade were the most significant factors for urban
sprawl. The lowest effect was recorded in LUA because the urbanization aspects from past to
current were not the care of LUA for urban sprawl. However, these results showed that urban
sprawl in time was not sustainable if this situation continued, because city growth on the
agricultural areas that are limited in the region and there is no too much option for income,
except agriculture and tourism in the region.

6.3. Scenario applications

Scenarios are described in Section 5.3.2. In the application stage, there are several approaches
to apply a scenario. Some of these approaches were applied modifying the weights of each
factor for each scenario. However, in this study, all factor weights have been already obtained
based on urban change, and physical variables, such as hillshade, elevation, slope, and distance
factors, are not changed according to the our scenarios. Therefore, the weights of these data
were used the same in all scenarios. However, LUC and LUA suitability can be changed
according to the economic, ecological, and sustainable scenarios.

In the economic scenario, the fuzzy standardization of the LUC and LUA was defined without
any limitation. For example, agricultural areas were transformed to urban areas in 13 years
dominantly. In the economic scenario, this situation was continued; in the ecological scenario,
some of the agricultural areas were protected, which were located in the first, second, and third
zones of the LUA. Also, in the ecological scenario, wetland, coastal line, and nearby and natural
grassland usage was limited for urban sprawl.

In the sustainable scenario, only the first zone of the LUA was protected because, if first three
zones were protected, there would not be enough urban sprawl area in the future and this
situation would not be sustainable.
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6.3.1. Urban sprawl suitability in the economic scenario

Restrictive areas were defined as historical protection areas, current built-up areas, water
surfaces (lake and rivers), and security zones (military security areas). There was no limitation
on LUC and LUA or wetland usage in the area. In this scenario, urban change was presumed
continuous in the future like in the last 13 years.

Suitability degrees were classified into five categories and constrained areas. In the economic
scenario, particularly, medium and high suitability regions covered 35% and 32%, respectively.
Restrictive areas only covered 12% of the total area (Figure 7).

Figure 7. Distribution of the urban sprawl suitability under the economic scenario.

6.3.2. Urban sprawl suitability in the ecological scenario

This scenario was protected in all important natural lands and high capable lands for agricul‐
tural usage strictly. In this extent, the LUC map of 2015 and LUA maps were re-standardized
and the lowest suitability degree was assigned to agriculture after the bulrush (wetlands) areas
in the LUC map. In the LUA map, the first, second, and third zones were extracted from the
result map, because these lands are available for agriculture.
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Medium suitable lands and constrained areas covered 41% and 36%, respectively. High
suitable lands were located in the north and east sides of the city mainly (Figure 8).

Figure 8. Distribution of the urban sprawl suitability under the ecological scenario.

6.3.3. Urban sprawl suitability in the sustainable scenario

This scenario is a mixture of the economic and ecological scenarios. Restrictive areas were less
than the ecological scenario, because only the ecological scenario is not applicable and
sustainable for a fast developing city like Van City. However, natural lands and coastal regions
that have a good recreational ability were ignored in the economic scenario. Additionally, most
of the agricultural areas were suitable for urban growth under the economic point of view
because of construction expenses (less filing process and infrastructure necessity). Therefore,
we have to both protect important areas for high-quality life in the future and answer the future
urban built-up demand. Therefore, the sustainable scenario was considered in both variables.

Medium and high suitable areas covered 43% and 28% of the total area, respectively, in the
sustainable scenario. Restrictive areas covered 19%. Agricultural areas were protected partly
according to the suitability degree in the LUA map. Only the first zone was extracted from the
result map, and the fuzzy suitability map of the LUA was defined based on LUA stages orderly
in a negative way. Urban sprawl was planned on less productive agricultural areas without
ignoring the urban sprawl on agricultural areas (Figure 9).
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Figure 9. Distribution of the urban sprawl suitability under the sustainable scenario.

7. Discussion and conclusions

Urban sprawl suitability under the various scenarios was applied to Van City, which devel‐
oped fast in the last decade in Turkey. The purpose of the study was not only to focus on the
Van City growth options but also to present how we can apply various scenarios in GIS
interface for a land-use decision-making process using an objective weighting technique based
on an indicator data set such as urban change in time.

Suitability degree Economic scenario Ecological scenario Sustainable scenario

Area (ha) % Area (ha) % Area (ha) %

Constrained 8910 12 25,814 36 13,597 19

Very low 425 1 125 <1 62 <1

Low 4220 6 4125 6 2617 4

Medium 25,032 35 29,434 41 31,356 43

High 23,047 32 11,243 16 19,860 28

Very high 10,505 15 1406 2 4613 6

Table 5. Areal diversity of the urban suitability categories of scenarios.

Three different scenarios were cross-checked as economic, ecologic, and sustainable using
seven factors, which have significant effects on urban sprawl. These factors were diversified
according to the regional differences or data accessibilities for urban growth suitability [30].
As a result of the study, restrictive areas covered too much places in the ecological scenario.
The highest suitability areal cover was recorded in the economic scenario. On the contrary, in
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the sustainable scenario, development areas were defined ideally for the future urban sprawl
of Van City. Van City changed almost 5700 ha in 13 years, and it needs a minimum of 5000 ha
area for the next 10 years according to the population increase. In the sustainable scenario,
very high suitable lands almost satisfied this demand. Also, high suitable areas were enough
for the long future development (Table 5).

In general, very high and high suitable areas were located in north, east, and south parts of
the city. In the city development plan, a belt highway is under construction from the north to
south parts of the city shaped as a half-circle. In this extent, heavy industrial places are located
at the north side of the city and it will improve to near the belt highway in the northern side.
These regions are available for industrial development. The south part of the city started to
develop after the earthquakes in 2011. According to the ground surveys (ground stability map
could not be used in this study because of data accessibility problem), this is available for urban
sprawl without taking any additional construction preventions for built-up area growth. The
east part of the city developed so fast after the 2000s. Particularly, immigrants from the rural
areas and other cities settled in the east part of the city. Unfortunately, the east part is a good
sample for unplanned urbanization, so this part will probably be within the scope of urban
transformation in future. Therefore, urban sprawl in this region will be less than expected.

In conclusion, GIS-based MCE techniques are efficient to evaluate the land-use options because
of geographic interface and scenario application abilities. Also, this visual ability can be
integrated with public participation in weighting or decision-making stages. In this study, RS
data were used to define fuzzy rules and weights of factors using a categorical diversity of
changed areas in the factors. This approach was provided objective weighting by an ideal data
set. This ideal data set was not an ideal city development, but finally the city developed on
these areas in time and priority of the factors can be organized according to past urban
development. For the ideal urban growth, scenarios were tested. Sustainable urban sprawl
areas were detected comparing the ecological and economic scenarios and urbanization
demand in the future. As a result of the decisions, a sustainable scenario was developed and
applied to Van City considering sustainable life quality, urbanization demands, and nature
protection.
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A Theoretical Framework on Retro-Fitting Process Based
on Urban Ecology

Selma Çelikyay

Abstract

Today, natural resources have been destroyed to make developed built environment.
Furthermore, this destruction is on behalf of the creation of quality urban environ‐
ments. It  is necessary that dynamics of the planning, design, application processes
which  build  urban  environments  should  be  taken  into  account  and  firstly  these
processes should be retrofitted. In this context, approaches, principles, action plans, and
application tools from planning to architecture, from architecture to building materi‐
al, from material to production and consumption technologies based on ecology should
be ranked in a hierarchical row and this frame should be adopted. This ecological
framework is  the theoretical,  legislative,  administrative base for  sustainable  settle‐
ments, and sustainable and livable cities, in addition to the creation of the quality built
environments in which the community has a chance for comfortable and quality living
condition. In this chapter, urban ecology and ecosystems of the cities ,which can be
embraced as living organisms, are mentioned. With the integrated approach, begin‐
ning  ecological  planning,  importance  and  utilization  of  eco-technologies  also  are
emphasized in the framework of ecological architecture and ecological urban design
based on urban ecology.

Keywords: Ecological planning, ecological urban design, ecological architecture, eco-
technologies, urban ecology

1. Introduction

In most of the cities of some countries, due to rapid urbanization, urban growth related to
urban population growth has been seen. Rapid growth in built environment and land uses
without planning and lack of ecological approach have natural environment make smaller
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and have risen to ecological and biological destruction on natural resources. When the global
population continues to grow, dramatic challenges in the early twenty-first century are those
ecosystems are changing from the landscape to the global scales, due to increase in popula‐
tion and urbanization [1].  It  is  time to consider all  decisions from planning strategies to
architectural design and usage of technologic tools for retro-fitting ecological condition in the
cities. The result to be occurred is to change the view point looking and taking into account
or monitoring cities and settlements in which we live.

Adoption of the city as an ecosystem gives rise to protection and consideration of this
ecosystem for spatial organizations at every scale and adoption of ecological balance in land
use planning. Fictionalize of urban space is a process starting planning. If ecological ap‐
proach guides not only in planning, but also in urban design and building design process,
natural resources can be used without consumption and it can be enabled that people live in
a healthy urban environment.

Urban ecology has become an expanding field of research during the last two decades. Various
studies carried out on urban climate, soils, flora, fauna, urban habitats, and green space of
cities [2]. Urban areas contain many land use types and every land-use type has a distinctive
structure from vegetation perspective. The knowledge of characteristic vegetation structure of
land-use types can help making a connection between urban areas and surrounding natural
areas and taking advantage for studies building up urban open space systems [3].

Recently, although some issues like rational utilization of natural resources and energy
efficiency in buildings have been taken place in legal legislation in some developing coun‐
tries, still there are some issues to be added to the legislative frame and application process in
order to decrease ecological footprint on the settlements and built environments, not only
consume at minimum level of natural resource but take maximum advantage from them.
Transformation of nonrenewable natural resources to the unique capital of socio-economic
development and growth process is depend on adoption of the eco-economic policies and
utilization of the eco-technologies enabling the life circle and increasing retrieval possibili‐
ties of wastes which occur in every steps of consumption process.

There is an increasing need to enable the transformation of our preferences from using
nonrenewable resources to renewable energy, non-consumable resources in order to supply
fundamental human requirements [4]. This will demand a large data source of ecological
planning and design tools, indicators, case studies, and applicators.

For sustainable urbanization, as many scientists have pointed out, growing urban environ‐
ment depend on human’s increasing demands, it is time to consider planning, design, and
producing strategies and to measure with indicators ecological footprints, CO2 emissions, air
and water pollution, degradation, deforestation, and unpredictable urban sprawl. To realize
monitoring and controlling the issues mentioned above, there is a need for frameworks
theoretically constituted and applicable.

64

A Comprehensive Approach to Sustainable Urbanization



2. Ecological approach in organization process of urban space

On the one hand, urban growth and urbanization have caused built environment to expend,
on the other hand, built environment growing together with the economic development has
negative impacts on the natural resources. From planning perspective, in most of the settle‐
ments or cities, natural resources have not been taken into account during urban growth and
economic development due to the lack of ecological approach in planning or decision-making
process [5].

From planning to design, there are three dimensions of ecological approach for making cities
livable. None of them has not priority but all of them should be considered and guide to spatial
organization process of urban space for livable and sustainable cities and also sustainable
urbanization. Human, nature and built environment trio and the relation among them should
guide to planners, urban designers, architects, urban policies in planning process from the
beginning to the end based on ecology. From people-oriented approach, basically and

Figure 1. Human in the nature.

Figure 2. Human and growing built environment in the nature.
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schematic presentation on the relation of human and nature is that human is a point in the
nature (Figure 1).

There is an interaction between human and the nature, both human has an impact on the
nature for his vital activities and the nature influences on the human. Once, it was an
organic interaction among human, surroundings and nature (Figure 1). But negative and
devastating effect on the other is coming from human (Figure 2). Human changes his en‐
vironment for housing, recreational, commercial, or industrial activities. This is the begin‐
ning of his making nature destroyed when built environment occurs.

The simplified relation between human and built environment surrounded him, shown in
Figure 2, is everywhere in which human groups or community live. From holistic approach
to nature, built environment, which is the footprint of human in the nature, looks as if it is a
kind of viral infection covered the whole body. Beginning ecological framework, it is of great
importance that understanding human and urban environment from aspects based on ecology
is necessary.

2.1. Human ecology

Originally coming from the Greek root oikos meaning “home”, the term of ecology was the
basis for the field of home economics. Then, it was changed to human ecology by many
contemporary researches. Looking at humans as not only social beings, but also biological
organism, human ecology theory focuses on interaction between human and their environ‐
ments; thus, emphasized issues in this theory are utilization and management of resources for
human development and sustainability [6].

Ecology is commonly defined as the study of the relation of organisms to their environment
[7]. The position of human ecology in this context was determined primarily by the point of
view cultivated initially sociologists, particularly to account for certain aspects of American
cities in the first quarter of nineteenth century [7]. While the cities of that period were
experiencing rapid and troubled growth, and therefore, the focus of human ecology changed
direction to a concern with the humans’ environment. This aspect added useful content to the
issue of spatial analysis [7].

The city is a conspicuous example of a system of relationships among differentiated activi‐
ties by means of which a population is able to occupy a unit of territory. Although ecology
includes the relation between all living organisms and their environment, human ecology is
on the relation between only humans and their environment. Quite clearly, therefore, human
ecology is a sociological concern [7]. From this point, it is necessary to consider interaction
between human and environment and as well interaction between the social system of humans
and the rest of the ecosystem, because an ecosystem includes all built elements by humans as
parts of the ecosystem [8].

Based on short definitions and approaches about human ecology mentioned above, this
interaction and relationship should be taken into account as a system, in decision and policy
making process on urban land, so that next generations can live sustainable settlements.
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2.2. Urban ecosystem

As outlined by most theorists, an ecosystem consists of three indicative components: hu‐
mans, their environment, and the interactions between them. In urban ecosystems, high-
density population, or the built structure of environment occupies a large place on the land [9].
There is now convincing proof on changing nearly all of the earth’s ecosystems by humans [10].
With urbanization becoming a global phenomenon, urban population increased all over the
world causing huge pressure on the environment [11]. Land consumption, habitat fragmen‐
tation, and biodiversity loss may have negative impacts on society and economic systems on
a local scale, impacting urban sustainability [11].

In order to comprehend the impact of urbanization, a clear consideration of the temporal
dynamics, although constantly missing, is vital for determination impacts on biodiversity in
rapidly urbanizing landscapes [12]. While more than half of the natural resources are used by
humans, whereas approximately half of the land cover has been changed by human actions
causing important losses of biodiversity [10]. As a result of these activities, most ecosystems
can argumentatively be taken into account human-dominated ecosystems; nevertheless,
humans are also building different ecosystems particularly for residence as urban ecosys‐
tems [10].

Although city is a settlement in which people live and whose population exceeds the certain
amount, urban ecosystem is a living organism with specific dynamics and components. If
relation and interaction of the elements and components in this organism occur according to
ecological principles, it is possible that livable and healthy urban spaces can be built up.
Urban lands contain heterogeneous materials with a variety of lands and complex interac‐
tions. Excluding water surfaces, the combinations of impermeable surface materials, green‐
ery plants, and soil are essential elements of the urban ecosystem [13]. An evaluated model
contains above approaches “in reference [13]” which proposes a large content of data for ur‐
ban ecosystem researches on physical and ecological characteristics of the nature and hu‐
man disturbances.

Comprehension the relation and interaction between humans and natural components of
urban ecosystems are major characteristics of the integrated model combining social quali‐
fications of humans and their establishments [14]. As the emergent phenomena of local
scale [15], cities are now recognized as ecosystems, and many of the concepts and theories
considered central to ecosystem ecology can be modified for application to urban systems
[16]. Long-term environmental changes in urban ecosystems have raised commitments
among scientists, researchers across several disciplines, having a determining role in poli‐
cies, plans, designs, and management strategies to reply to these changes. Integrating eco‐
logical researches with urban policies, planning, design, and management strategies is
complex, yet it is one of the significant themes and research preferences in landscape ecolo‐
gy [17]. It is necessary that ecologists, social scientists, urban planners, urban designers,
landscape architects, and whoever concerns urban issues to use such interdisciplinary
knowledge for development of cities and sustainable settlements, they need to work in col‐
laboration with interdisciplinary approaches in order to address this challenge.
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2.3. Urban ecology

Urban areas and ecology are contrary to each other theoretically and as to substance, urban
ecology connects with them. Urban ecology was originally developed as a part of human
ecology in the 1920s by a small but influential group of sociologists at University of Chicago
and they identified urban ecology as “the study of the relation between people and their urban
environment” [18]. Urban ecology is a scientific field on the issue of effects on organisms, the
interactions among them, and the transformation and flux of energy and matter in urban and
urbanizing systems [16]. Urban ecology is ecological research conducted in cities, towns, and
urban areas [19]. To understand the structure and dynamics of urban systems, they must be
recognized as social-ecological systems that integrate socioeconomic drivers and responses
with ecological structures and functions [16].

Basically, “urban” is a term identifying the land use on a place. A common comprehension
of “urban” a densely populated urban space characterized by multifunctional land uses. This
comprehension seems to be more useful for researches on urban ecology; yet, it is difficult to
determine ecological thresholds surrounding urban space. Although ecology is a natural
science concerned with the distribution and abundance of organisms, the word has many other
meanings as well [19]. Urban ecology is not only a view to urban land from the science of
ecology but may include concerns from the social sciences. Urban ecology is a research subject
forming a continuum from “pure” ecology in the urban space to an integration of ecology and
social sciences to investigate urban systems [19]. Today, the sociological approach to urban
ecology continues to exist and evolve [18].

An explicit focus of researches about urban ecology is on sustainability, which includes bio‐
diversity and ecosystem services, energy consumption and carbon footprint for climate
change studies [20]. Implementation of nature conservation in the cities will be possible by
means of arrangements make harmonic natural–cultural and social environment with each
other. Although the conflicting approach on ecology of urban areas focused on ecological
footprints, and summaries of citywide species richness, contemporaneous ecosystem ap‐
proaches have begun to integrate physical environment of the nature, including urban cli‐
mate, hydrology, soils, and energetic issues, and to indicate the necessity for comprehension
the social dimensions of urban ecology [9]. Urban ecology has increasingly played a signifi‐
cant leading role to overcome the conflicts faced by urban ecosystems. The major focus in
many studies about application of urban ecology was on urban green network and its con‐
nection to citizens [20]. Three main goals based on ecology “in reference [9]”, “may be ach‐
ieved in urban areas; Firstly, plant ecology can support to improved comprehension of the
structure and function of urban ecosystems. Second, ecological function of urban areas must
be increased. Third goal is to take advantages to humans of the vegetation elements of ur‐
ban lands” [9].

As emphasized by many scientists and researchers, with an in-depth comprehension of
ecology in cities, focusing on the ecology of cities is increasingly being more significant. A
framework to put ecological information into practice in urban areas requires interdisciplina‐
ry approaches for enhancing social welfare and providing sustainability in urban areas.
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3. Tools for ecological retro-fitting of urban environment

Ecological approach should accompany to planners, urban designers, architects, landscape
architects, builders, from beginning of the planning process to production of the urban
elements and building materials [5].

From ecological point of view, to retro-fit our settlements and urban environments in which
we live, to reduce ecological footprints on the settlements, it is essential that ecological
approach and ecological decision making systematic should be adopted. This systematic
begins with ecological planning and contains ecological urban design for urban landscape and
ecological architecture and eco-technologies for livable and sustainable cities.

Figure 3 shows the hierarchic succession of the phases from planning to architecture and to
the production technologies.

Figure 3. Tools for ecological retro-fitting of urban environment.

3.1. Ecological planning

Planning is a decision-making and spatial organization process connecting with human,
nature, and life (Figure 4). In addition to this definition, planning also creates a system
including connection and interaction among social, natural, and built environment. As the key
issue of sustainable development, the principle of “using of the natural resources without
exhausting them” was adopted nearly by the whole world and the space planning strategies
gained a new dimension which considers natural resources [5, 21–23]. In the world, spatial
planning strategies targeting sustainable development of cities gained ecological dimension
guiding to both the regional and city planning process [21, 23]. Ecology should be the major
theme to be considered from the beginning to the end of planning process [5]. Consideration
of natural resources and ecological characteristics of an area is of great importance. In

69

A Comprehensive Approach to Sustainable Urbanization



ecological land-use planning process, strategic environmental assessments, impact assess‐
ments, and ecological risk analysis are of great importance as basic phases [5, 21, 22].

Figure 4. Function of planning.

Land use involves the process of biologically and technically reshaping, converting and
managing land for socio-economic benefits [24]. Built environment growing together with the
economic development has taken a toll on the natural resources [22, 23]. Overexploitation and
utility of resources due to extensive economic growth have now become the common causes
of environmental degradation [24]. One the one hand, land-use decisions on the settlements
impact economic actions, this also affect the physical environment, land surface, soil, and
natural biotopes, on the other hand, negative impacts of these actions on ecological structure
cause environmental problems [23]. Furthermore, the interconnectivity of ecosystems is
increasingly jeopardized by the uncontrolled development, land-use conversion, tourism
activities, and endless disturbances caused by anthropogenic agents [24]. There is a need also
for cost-benefit analysis in planning process, so that it can bring ecological benefit, besides of
economic development in growth process of the cities. While some of land-use decisions
economically benefit in the short run, whereas they cause ecological costs in the long run [21,
23].

Therefore, the land-use decisions should be defined by environmentally sensitive/ecological
planning process, during which natural characteristics and potentials of the lands must be
examined by ecological threshold analysis [21–23]. The aim of ecological planning was to
protect of natural resources and to create ecological cities and settlements. Ecological plan‐
ning is not only physical planning understanding, but also a planning process which aims
sustainability of an integrative urban-nature development [23].

On the one hand, one of the most important approaches in the creation process of ecological
cities is to utilize of natural resources efficiently and without consumption of them. On the
other hand, one of the basic principles in ecological planning process is to create an integrat‐
ed green network in the cities. The management of urban lands, namely adding green
components to open spaces is an increasingly important subject. Urban biodiversity is essential
for residents as recreational areas, and their presence in the neighborhood unit is an appreci‐
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ated characteristic reflected in property prices [25]. Open and green spaces, which were
planned, applied, directed with the ecological, and recreational aims, play an important role
for controlling urban growth and shaping urban form, in addition to being important for
residents [26]. Open and green lands in the cities can perform their functions if the practices
are suited development projects and ecological planning rules.

Geographical information systems (GIS) are major tools for planning in order to make available
to spatial outputs of land-use decisions. Thus, increasingly approaches using GIS for visual‐
izing the spatial dimension and extent of change are being employed to ensure these spatial
aspects [27].

3.2. Ecological urban design and landscape design

In rethinking the city as a “human ecosystem”, urban design is emerging as one tool for
adaptation as we face complex, wide-ranging issues from food security to sea-level rise. The
practice of urban design is interdisciplinary in nature, often claimed by several professions
and residing somewhere at the intersection of urban planning, architecture, and landscape
architecture.

Urban design process is a period in which planning decisions change to applications. In this
context, urban spaces are created adding third-dimensional to two-dimensional planning
decisions. Urban design is both an interface and a bridge between planning and architecture.
The aim in urban design process including designing of the streets, avenues, squares, public
spaces, green areas, plants, and surface waters was to create healthy living areas, besides
fictionalize of an aesthetic environment. The main issue of ecological urban design process is
urban ecology. Green areas, plants, and water surface are ecological components of urban
landscape surrounding buildings. With the ecological urban design and ecological land‐
scape design approaches, urban design, landscape ecology, the knowledge of policy makers,
and the demands of neighborhood dwellers are integrated for creation of new patterns of
greenery areas, buildings, and land covers.

Recently, due to rapid urbanization, green infrastructure within the built environment has
gained importance. Thus, most of the cities in the world have been designed adding green
areas to public and open spaces. Plants as green elements make environment relaxing, green,
and aesthetic in addition to healthy for city community. Linking plant ecology with urban
design and landscape design can help to take advantage of urban design projects as useful
tools for ecological researches [9]. Plants at the parcel scale including open spaces, multifunc‐
tional land uses, and pedestrian walkways are of great importance, namely in high-density
neighborhood designs to enhance physical performance and improve citizens’ life [28].

When the world’s cities are becoming increasingly crowded and polluted, green spaces in
urban areas provides a lot of ecosystem services that could help struggle with many urban ills
and improve living for citizens, namely their health [29]. From urban ecology aspects, green
and ecological networks have been important elements of urban planning in recent years and
have been organized based on ecological and social services to provide regulated climate,
recreational occasions, environmental conservation and biodiversity, while they also supply
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social and psychological necessities of the community [30]. While residential landscapes have
been taken into account for their aesthetic value, recently, residential landscapes, especially
trees, have been interested, due to their role in ecosystem services, such as reducing air
pollution, reducing energy use, and regulating microclimatic conditions in the cities [31].

There is a need to gain experience to make a bridge between human and nature from urban
and landscape design aspects. Our neighborhoods and cities, as designed mess, face to the lack
of practice of design, which concerns comprehension of ecology [32]. As emphasized by Ryn
and Cowan “in [32]”, “until our everyday activities keep ecological integration by design, their
cumulative effect will keep to be destroying”. Ecological planning, ecological urban design,
and landscape design provides a framework for retrofitting and redesigning urban environ‐
ments, streets, avenues, landscapes, buildings, and cities with the natural components, besides
of physical elements. Urban designers imagine the future of the city, and point out their
architectural and infrastructural perspectives from the neighborhood to the regional scale [9].
These approaches are essential principles for profession experts on architecture, landscape
architecture, urban planning to plan and design in urban areas.

3.3. Ecological architecture/ecological design

Beginning planning process and keeping on urban and landscape design at urban scale,
ecological principles, and indicators should be also taken into account at building design.
Ecological principles in spatial planning can be realized when they are kept on architecture.
This approach based on ecology is essential either for sustainability or sustainable urbaniza‐
tion.

Ecological design was defined “as any form of design that minimizes environmentally
destroying effects by integrating itself with living processes” by Ryn and Cowan “in refer‐
ence [32]”. This integrative definition addresses ecologically responsible design, which is not
only a style, but also a form integrated with nature. In the context of the definition, “ecologi‐
cal architecture is eco-design approach to policies that an enhanced thought systematic”,
enhancing the conservation and improvement of microclimate, the new buildings for green
areas by improving the energy and ecological principles of old buildings, and is located in the
renewal of ecological architecture thought systematics [33]. Based upon the principle of
ecological architectural design, it discusses architectural ecological design strategy from water
saving, energy saving, earth resource saving, humanistic environment, and greening ecolog‐
ical environment, so as to enhance the sustainability of urban development and realize the
sustainable development of architectural industry.

With the ecological/sustainable design approach, the effects on the environment of the
construction materials used in building should be examined [34]. The scope of ecological
design embraces the study of architects rethinking their preferences of building materials [32].
The production process of building materials has negative effect on the nature; “harvesting
trees could result in deforestation; mining mineral resources destroys the nature and causes
environmental pollution” [34].
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As it should be in both planning and urban design-landscape design process, one of the
ecological indicators of architecture is to integrate of architecture and greenery as a part of
urban green network. Some researches on sustainability of cities have promoted the applica‐
tion and protection of green components in the urban context. At this point, green architec‐
ture and green planning are of great importance. The benefits of plants, which will improve
the climate and ventilation, reduce energy and water usage, are not just environmental but
recreational, aesthetic, and emotional. In the last 10 years, a lot of studies about the full benefits
of plants in building and the role they play in the ecology of cities were conducted. In addition,
many indicators were evaluated by researchers for measuring of ecological benefits of green
components in architecture.

With the multiple expressions based on “design with nature” approach, recently, “ecological
accounting” has become a major force in architecture and construction. The guidance of
ecology in design, it creates new aspects to design to minimize energy and materials use,
reduce pollution, improve climate, preserve habitat, and to increase community well-being.

3.4. Eco-technologies

Although technologic improvement and economic development have increased in most
countries, the numbers of livable cities and healthy environments have decreased. It is time to
exchange damaging behaviors of the human and to reduce ecological footprints on the earth
and on the settlements [5]. The cities experienced unpredicted economic development in recent
years, have faced severe challenges caused by ecological and environmental degradation due
to over-consumption of natural resources. Although ecology and technology look as if they
are contrary to each other, taking into account the connection between them makes cities
livable and sustainable.

Despite susbstantial socioeconomic achievements, concerns are growing over water availa‐
bility and pollution, land degredation, and depletion of exhaustible resources [35]. Rapid
urbanization associated with economic development is thus considered to be unsustainable,
and supporting the ambitious goals of building an economically livable and environmental‐
ly sustainable society is difficult over the long term [35]. Urbanization is an integral compo‐
nent of economic development and civil evolution, as observed in both developed and
developing countries. Energy consumption and CO2 emissions are a direct result of the
urbanization and industrialization process. Urbanization planning must include purposeful
CO2 emission control through comprehensive and scientific design [36].

Ecological engineering and eco-technology can be defined “as the design of human society
with its natural environment for the benefit of both” [37]. Eco-technology can also be identi‐
fied “as the usage of technological methods for environmental management so as to mini‐
mize damage to the environment” [38]. However, as technology uses methods causes harmful
impact on environment, eco-technology uses remediation techniques with the aim of a
greenery environment and environmentally friendly products or processes [38].

The protection of natural environment resources, which are impossible regain, is bound up
with eco-economic policies, adoption of eco-technologies and usage of them. Environmental
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consequences of productions and services have also become a significant theme for enter‐
prise management. Resent approach on enterprises’ environmental precautions aims envi‐
ronmental performance of production process, especially, through eco-innovation [39]. In
order to minimize environmental effects of a production and to realize its life cycle, design,
and post-design processes should be organized in accordance with ecological principles.

4. Conclusion

In order to retrofit settlements and cities in which we live and make them more livable and
sustainable, it is necessary that our point of view and approaches related to urban spatial
arrangements should be retrofitted and be gained ecological dimension. Ecology should be
the key issue in the spatial planning and design process at every scale.

This chapter proposed a theoretical framework on retrofitting process based on urban ecology
for making cities, settlements, and the whole environment livable and sustainable. From
planning to design and to production technologies of the building and landscaping materi‐
als, adoption of throughout process based on ecology and ecological principles is essential so
that habitats for the next generation to live in the earth have not been destructed.

Figure 5. Ecology-based retro-fitting cycle in the framework.

With the guiding of the hierarchic succession on both creating and retro-fitting process urban
environment shown in Figure 3, decisions, strategies, actions and studies conducted in every
phase should consider the other phases’ and should be integrated to each other. Thus, the
framework emphasized in this chapter is an ecology-based cycle which contains integrated
tools for ecological retro-fitting of urban environment (Figure 5).

Following this theoretical framework, it may not be remove ecological footprint of the human
on the earth, but it would be reduced considering ecology from planning for human and
making decisions for land uses in the urban areas to production processes of building and
industrial materials. Thus, ecological and biological destruction on natural resources due to

74

A Comprehensive Approach to Sustainable Urbanization



rapid urbanization would be stopped. With the sustainability of natural resources and
ecologically balanced conservation-utilization strategies, livable and sustainable urban
environment and cities can be realized.

As a summary of the retro-fitting framework based on ecology, the following checklist of which
some items suggested by author [5], can be used for a guide to sustainability of natural and
ecological resources for sustainable cities:

• At the beginning, ecological holistic approach and “planning–design–production based on
ecology” should be adopted for integrated action plan

• As an inventory, data regarding natural resources in the planning area should be stored

• Ecological planning is the first process to determine suitable lands for new land uses

• As a strategic planning, ecological planning should begin with strategic environmental
assessments

• Sensitivity of natural resources to negative impacts and possible effects caused by current
land uses and activities on the lands should be investigated by ecological risk analysis

• With the help of ecological threshold analysis, new land uses suitable for natural ecologi‐
cal resources should be determined

• The balance between protection and utilization of the natural resources should be consid‐
ered

• With the aim of sustainability of an integrative urban-nature development, an integrated
green network in connection to the citizens should be created in the cities

• In urban design and landscape design process based on ecology, the demands of neighbor‐
hood residents should be combined to create a new pattern of vegetation, buildings, and
surface covers

• Ecological architecture/ecological design should be major force on building

• From the planning to the building and production of the building materials, ecology based
approach should guide to planner, architects, landscape architects, builders, and applicators

• Eco-technologies should be used for production of from building to industrial materials

• Environmentally sensitive local administration and environmentally sensitive community
are also essential to create sustainable and livable environments, eco-cities, eco-tech
settlements, or to retro-fit urban environments

From spatial planning and design point of view, eco-cities, eco-tech cities, smart cities, which
are final phase of hierarchic succession of integrated retro-fitting tools, are ecology based
settlements in which natural resources are not exhausted, technology is used for ecology
(both human ecology and urban ecology), and there is a sustainable balance between econo‐
my and ecology.

Eco-tech has great influence on the construction of environment. The utilization of eco-tech is
the necessary means of architecture to the aim of sustainable development [40]. Ecological and
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technological design of new comfortable, healthy, environment-friendly, minimum carbon
consuming, self-efficient settlements contribute to urban sustainability [41]. From design point
of view, eco-technology can be identified as the design of human society with its natural
environment for the benefit of both. Eco-tech planning/design for eco-cities considers energy,
environment and ecology for human wellbeing.

The principles of eco-tech city can be explained as the following: “Eco-tech city, when planned
in collaboration with local investor, local management and technical team, can decrease
ecological footprint of that city by using high performance ecological building and city
technologies” [42].

Among the various types of “eco-city” initiatives currently underway across different parts of
the world, this tension is arguably particularly pronounced in the case of entirely new, large-
scale cities. According to a recent global survey, of the 80 or so recent eco-city initiatives-which
include the retro-fitting of existing cities and urban expansion through variously sized “eco-
districts” and “eco-towns”—there are a dozen or so brand new cities in the process of being
realized [43].

Author details

Selma Çelikyay

Address all correspondence to: scelikyay@bartin.edu.tr

Department of Landscape Architecture, Faculty of Forestry, University of Bartın, Bartın,
Turkey

References

[1] Steiner F. Frontiers in urban ecological design and planning research. Landscape and
Urban Planning. 2014;125:304–311. doi:10.1016.2014.01.023

[2] Rebele F. Urban ecology and special features of urban ecosystems. Global Ecology and
Biogeography Letters. 1994;4(6):173–187. doi:10.2307/2997649

[3] Deniz B., Eşbah H., Küçükerbaş E.V., Şirin U. Kentsel alan kullanımlarındaki vejetasy‐
on yapısının analizi. Ekoloji. 2008;17(66):55–64.

[4] Ryn S.V.D., Cowan S. Ecological Design Tenth Anniversary Edition. Island Press; 1996.
239 p.

[5] Çelikyay,  S.  Ecological  planning  for  livable  and  sustainable  cities,  a  case
study  for  Bartın  city.  In:  Proceedings  of  the  International  Conference  on

76

A Comprehensive Approach to Sustainable Urbanization



Sustainable  Development  of  Contemporary  City;  6–7  December,  2013;  Bakü,
Azerbaijan.  pp.  40–48

[6] Bubolz M.M., Sontag M.S. Human ecology theory. In: Boss P.G, Doherty W.J., LaRossa
R., Schumm W.R., & Steinmetz S.K, editors. Sourcebook of Family Theories and
Methods: A Contextual Approach. Springer; 1993. pp. 419–450. doi:
10.007/978-0-387-85764-0_17

[7] Hawley A.H. Human Ecology: A Theoretical Essay. The University of Chicago Press,
Ltd.; 1986. 168 p.

[8] Marten G.G. Human Ecology-Basic Concepts for Sustainable Development. Earths‐
can; 2001. 256 p. ISBN: 9781853837142

[9] Pickett S.T.A., Cadenasso M.L. Linking ecological and built components of urban
mosaics: an open cycle of ecological design. Journal of Ecology. 2008;96:8–12. doi:
10.1111/j.1365-2745.2007.01310.x

[10] McIntyre, N.E., Knowles-Yánez, K., Hope, D. Urban ecology as an interdisciplinary
field: differences in the use of “urban” between the social and natural science. Urban
Ecology: An International Perspective on the Interaction Between Humans and Nature.
2008;49–65. doi:10.1007/978-0-387-73412-5_4

[11] Salvati L., Sateriano A., Rontos K. Towards an indicator of urban centrality? Explor‐
ing changes in present and resident population (1911–2011) in Greece. Ecological
Indicators. 2016;61:188–192. doi:10.1016/j.ecolind.2015.09.011

[12] Ramalho C.E., Hobbs R.J. Time for a change: dynamic urban ecology. Trends in Ecology
and Evolution. 2012;27(3):179–188. doi:10.1016/j.tree.2011.10.008

[13] Ridd M.K. Exploring a V-I-S (Vegetation Impervious System) analysis through remote
sensing: comparative anatomy for cities. International Journal of Remote Sensing.
1995;16(12):2165–2185. doi:10.1080/01431169508954549

[14] Pickett S.T.A., Burch W.R., Dalton S.E., Foresman T.W., Grove J.M., Rowntree R.A.
Conceptual framework for the study of human ecosystems in urban areas. Urban
Ecosystems. 1997;1(4):185–199. doi:10.1023/A:1018531712889

[15] Alberti M., Marzluff J.M., Shulenberger E., Bradley G., Ryan C., Zumbrunnen C.
Integrating humans into ecology: opportunities and challenges for studying urban
ecosystems. BioScience. 2003;53(12):1169–1179. doi:10.1641/0006-3568(2003)053

[16] Cadenasso M.L., Pickett S.T.A. Urban Ecology. Encyclopedias of the Natural World,
Encyclopedia of Theoretical Ecology. University of California Press; 2012(4).pp.765–
770 ProQuest Ebrary [Accessed 2016-01-19]

[17] Musacchio L.R., Wu J. Collaborative landscape-scale ecological research: emerging
trends in urban and regional ecology. Urban Ecosystems. 2004;7:175–178. doi:10.1023/
B:UECO.0000044034.55695.bd

77

A Comprehensive Approach to Sustainable Urbanization



[18] Wu J. Urban ecology and sustainability: the state-of-the-science and future directions.
Landscape and Urban Planning. 2014;125:209–221. doi:10.1016/j.landurbplan.
2014.01.018-0169.2046

[19] Niemela J. Is there a need for a theory of urban ecology? Urban Ecosystems. 1999;3(1):
57–65. doi:10.1023/A:1009595932440

[20] Breuste J., Qureshi S., Li J. Applied urban ecology for sustainable urban environment.
Urban Ecosystems. 2013;16:675–680. doi:10.1007/s11252-013-0337-9

[21] Çelikyay S. Determination of land uses by ecological threshold analysis, a study on
Bartın case [thesis], Yıldız Technical University; 2005.

[22] Çelikyay S. Determination of land use by ecological threshold analysis. In: Proceed‐
ings of the International Congress on Information Technology in Agriculture
(ITAFE'05); Food and Environment. October 2005; Adana. pp. 419–423

[23] Çelikyay S. Research on new residential areas using GIS. In: van Leeuwen J.P.,
Timmermans H.J.P., editors. Innovations in Design & Decision Support Systems in
Architecture and Urban Planning. Springer; 2006. pp. 221–233.

[24] Leman N., Ramli M.F., Khirodin R.P.K. GIS-based integrated evaluation of environ‐
mentally sensitive areas (ESAs) for land use planning in Langkawi, Malaysia.
Ecological Indicators. 2016;61:293–308. doi:10.1016/2015.09.029

[25] Niemela J. Ecology and urban planning. Biodiversity & Conservation. 1999;8:119–131.
doi:10.1023/A:1008817325994

[26] Güleç R. Kastamonu yeşil kuşak planlaması [thesis]. Gazi University; 2003.

[27] Young H.C., Jarvis P.A. A simple method for predicting the consequences of land
management in urban habitats. Environmental Management. 2001;28:375–387. doi:
10.1007/s002670010230

[28] Jackson L.E. The relationship of urban design to human health and condition.
Landscape and Urban Planning. 2003;64(4):191–200. doi:S0169-2046(2)00230-X

[29] Wolch J.R., Byrne J., Newell J.P. Urban green space, public health, and environmental
justice: the challenge of making cities ‘just green enough’. Landscape and Urban
Planning. 2014;125:234–244. doi:10.1016/j.landurbplan.2014.01.017

[30] Ignatieva M., Stewart G.H., Meurk C. Planning and design of ecological networks in
urban areas. Landscape and Ecological Engineering. 2011;7:17–25. . doi:10.1007/
s11355-010-0143-y

[31] Fissore C., Hobbie S.E., King J.Y., McFadden J.P., Nelson K.C., Baker L.A. The residen‐
tial landscape: fluxes of elements and the role of household decisions. Urban
Ecosystems. 2012;15:1–18. First online: 6 July 2011. doi:10.1007/s11252-011-0189-0

78

A Comprehensive Approach to Sustainable Urbanization



[32] Ryn S.V.D., Cowan S. An introduction to ecological design (1996). In: Ndubisi F.O.,
editor. The Ecological Design and Planning Reader. Island Press; 2014. pp. 191–202.
doi:10.5822/978-1-61091-491-8-19

[33] Tönük S. Bina Tasarımında Ekoloji. Yıldız Teknik Üniversitesi Yayını; 2001. 133 p.
YTÜ.MF.DK-01.0628.

[34] Çelebi G. Environmental discourse and conceptual framework for sustainable archi‐
tecture. Gazi University Journal of Science. 2003;16(1):205–216.

[35] Gao J., Tian M. Analysis of over-consumption of natural resources and the ecological
trade deficit in China based on ecological footprints. Ecological Indicators. 2016;61:899–
904. doi:10.1016/j.ecolind.2015.10.044

[36] Zi C., Jie W., Hong-Bo C. CO2 emissions and urbanization correlation in China based
on threshold analysis. Ecological Indicators. 2016;61:193–201. doi:10.1016/J.ecolind.
2015.09.013

[37] Mitsch W.J., Joergensen S.E. Ecological Engineering: An Introduction to Ecotechnolo‐
gy. John Wiley and Sons; 1989. 472 p.

[38] Gianetti B.F., Bonilla S.H., Almedia C.M.V.B. Developing eco-technologies: a possibil‐
ity to minimize environmental impact in Southern Brazil. Journal of Cleaner Produc‐
tion. 2004;12(4):361–368. doi:10.1016/S0959-6526(3)00033-7

[39] Kobayashi H., Kato M., Maezawa Y., Sano K. An R&D management framework for eco-
technology. Sustainability. Special Issue “Innovation and Environmental Sustainabili‐
ty”. 2011;3:1282–1301. doi:10.3390/su3081282

[40] Yang Y. Eco-tech and architecture design. Journal of Chongqing Jianzhu University
(Social Science Edition). 2000;3:017.

[41] Ercoşkun Ö.Y., Karaaslan Ş. Ecological and technological cities of the future. Megaron
Yildiz Technical University Faculty of Architecture .E-Journal. 2009;3(3):283–296.

[42] Ercoşkun Ö.Y., Karaaslan Ş. Guidelines for ecological and technological built environ‐
ment: a case study on Güdül-Ankara, Turkey. Gazi University Journal of Science.
2011;24(3):617–636.

[43] Joss S., Molella A.P. The eco-city as an urban technology: perspectives on Caofeidian
International Eco-City (China). Journal of Urban Technology. 2013;20(1):115–137. doi:
10.1080/10630732.2012.735411

79

A Comprehensive Approach to Sustainable Urbanization



The Analysis of Turkish Urban Planning Process
Regarding Sustainable Urban Development

Okan Murat Dede

Abstract

Sustainable urban planning is the recent phenomenon arising with the sustainability
concept. Urban areas are the main bodies where sustainable policies can be applied and
sustainability criteria have to be tested in. Urban life is equal to the social system in the
contemporary  world.  Urban  sustainable  development  becomes  crucial  and  this
condition can be obtained with urban planning.  In this  respect,  sustainable  urban
planning becomes a crucial factor to maintain sustainability. Main problem is how to
adapt  existing  planning  procedures  and  processes  into  sustainable-based  urban
planning. In this chapter, it is analyzed how Turkish existing urban planning process
can be adapted to sustainable urban planning without a radical paradigm shift in the
Turkish planning system.

Keywords: participation, rational comprehensive planning model, sustainability indi‐
cators, sustainable urban planning, urban planning process in Turkey, governance,
urban plans

1. Introduction

The main aim of this chapter is to define how Turkish planning process, as a rational com‐
prehensive top-down one, adopts to the necessities of sustainable urban planning. It is obvious
that most of the academic research focus on the necessity of changing the structure of existing
planning systems as a tool for maintaining urban sustainability regarding the land use, built-
up environment, and infrastructure. It is the subject of debate that conventional planning
approaches become insufficient to ensure urban sustainability. Strategic planning concept,
participatory planning, and community-driven planning are all examples and parts of new
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planning approaches adopted to urban planning process to ensure sustainability of urban
settlements.

Planning, especially the “urban planning” concept, has a potential of playing a vital role for
ensuring sustainability aim for the future of cities, in other words “sustainable urban devel‐
opment”. Especially, the planning structure and planning processes are important variables
to maintain sustainability of settlements. Urban planning is the most important tool or factor
to maintain sustainable urban development. Characteristics and various dimensions of
sustainability concept have to be coherent and compatible with the urban planning dynam‐
ics and urban planning processes and techniques.

In order to obtain the sustainable urban development, several models on sustainable urban
planning have been offered since 1980s. Planning structure and sustainable urban develop‐
ment together have become one of the most important academic and research subjects since
the end of the twentieth century. Especially, new planning initiatives address the necessity of
changing traditional comprehensive master planning. In 2001, Naess [1] discussed that as
rational comprehensive planning is goal oriented, it is appropriate for sustainable planning,
but there are also some shortcomings. There are debates that advocacy and collaborative types
of planning can best fit to overcome those shortcomings [2].

Rational comprehensive planning approach is the one which is used most frequently in the
world. However, it is criticized that rational comprehensive planning method cannot an‐
swer the necessities of sustainable urban development. It is stated that existing urban planning
system based on aiming at development goals and prepared by an authority cannot be able to
maintain appropriate land use built-up environment and infrastructure in a contemporary
world within a changing era [3].

The main aim of this chapter is not to criticize various planning approaches with regard to
sustainable urban planning but to criticize how rational comprehensive approach can be
adopted to the sustainable planning with reference to the Turkish spatial planning system.

The Turkish planning system is selected to refer the subject because, first of all, the differ‐
ence between developed and developing countries has to be identified. İf it is a fact that the
urbanization concept is simply related to the ratio of population living in urban areas, than it
can be easily accepted that developed nations (Japan, North America, and Europe) had almost
completed their urbanization as over 80–90% of their population living in urban areas and the
increase in the population rates is becoming slower and slower. However, they confront with
the mass number of refugees as well as gentrification seems another important urban problem
area in front of developed countries. On the other hand, urbanization is still an important factor
in developing countries like Turkey. Despite the decreased rates, rural–urban migration is still
continuing and urban areas are expanding and developing rapidly against natural environ‐
ment.

For these reasons, urban planning becomes more important tool to guarantee sustainable
urbanization in developing or less developed countries as Turkey is among one of these
countries. Turkey is a country, living traditionalism, modernism, and postmodernism at the
same time. Turkey’s urban planning process is a conventional comprehensive master planning
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approach, and it is a subject of debate that whether this planning process can be able to ensure
sustainable urban development or not because at every passing moment urban built-up
environment and natural environment are deteriorating and even ordinary people in the street
suffering from these unfavorable conditions.

Especially, Turkish urban plans are mostly executed on design desks, now on computers, and
unfortunately, these plans have no chance to be applied because spatial decisions concluded
always become the subject of the related Courts as there are a lot of discrepancies about these
plans. Most of the planning decisions in these urban plans have a way on courts instead of
application.

Depending on this type of frame of reference, after the priorities of the urban planning with
regard to sustainability characters are explained, criticism of the Turkish planning system is
given and how can this planning system can be adapted to the sustainable urban planning is
discussed.

2. Sustainability concept and sustainable urban development

The history of sustainability concept dates back to 1970s. Sustainability concept arose when
environmental degradation and economic bottlenecks were increased and developed
countries started suffering from these conditions. Therefore, it becomes a necessity being aware
of the common future of the humankind. The concept of “Sustainable Development” gained
importance after the Work of the World Commission on Environment and Development
known as the Brundtland Commission in 1987. The final product is known as the Brun‐
dtland Report. This is also the first milestone that sustainability concept starts to reflect itself
on urban planning. Sustainable development is a continuing and balanced development
model. As cities are the basic elements of contemporary civilization, it can easily be claimed
that sustainability concept is an urban-based concept. Sustainable urban areas are the key
factors for the success of sustainability approach. This situation is emphasized and gained
more importance after the Earth Summit or the UN Conference on Environment and
Development in Rio in 1992 and Habitat II Conference held in Istanbul in 1996. After the
Habitat II Conference, sustainable development became a necessary strategy that countries
have to adopt as a requisite.

“Local Agenda 21 accepted in Rio Conference has a special importance that it could be accepted
as the primary mechanism for the application of sustainable development at the local level.
This shows that urban areas have become the focus of sustainable development policies
starting from the 1990s” [2].

Substantially, the sustainability concept can be adapted to all components, sectors, and
institutions of any society. Sustainable city, sustainable economy, sustainable mining,
sustainable education, and sustainable environment are some of the examples of this state‐
ment. However, sustainable development has a framework that contains five stages as political
and supervisory (related to decision making, participatory processes, use of resources, etc.),
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physical (spatial relations, land use, etc.), environmental (eco systems, artificial urban systems,
land, air, water, etc.), economic (production, consumption, employment, etc.), and social
(equity, security, life quality, etc.) stages [4].

Sustainable development and sustainable society are urban-based concepts. Though there is
a concept of rural sustainability in the literature, it is not wrong to assimilate the sustainable
development concept within urban sustainable development as the basic determinants of the
civilization are the urban concept and urban life. In addition, urban areas are against the nature
and natural ecology as built-up environment of cities invades natural land in a very fast
manner. Even you built up a cabin in the woods, you can give damage to the microenviron‐
ment and ecology on the area you built up your cabin. The concept of city and urban sys‐
tems is naturally against the ecological sustainability concept. That is why the urban areas have
become the key factors of the sustainable development. Not only the environmental and
ecological concerns are the focus of the problems, but also economic and social problems arise
from urban systems and mechanisms become the source of global anxiety of future. Especial‐
ly, as cities of developing world are overgrowing, environmental, social, and economic
problems are not remaining as local problems but they are seen as global problems and tried
to be solved. In this respect, sustainable urban development takes place at the heart of the
sustainability concept. Sustainability of urban areas becomes the key factor in sustainability
debates.

Definitely, planning is the main director of urban development and urbanization. Planning
not only deals with the physical development of the cities but also affects the social, econom‐
ic, and cultural future. For this reason, a sustainable urban planning model is very essential
for the sustainable urban development and a sustainable society.

3. Factors come into prominence with sustainable urban planning

A new debate arises as how the existing planning processes and methodology fulfill the
achievement of obtaining sustainable urban development target or is there a need for new
planning paradigm shift with regard to increasing sustainability discussions.

Our discussion is based strategic thinking, inclusive decision-making, governance, participa‐
tion, monitoring, and sustainability indicators. Especially, these factors are interrelated and
interwoven.

Strategic thinking widely depends on and takes its roots from the Urban Strategic Planning
Process. This is the planning process offered by UN in the series of publications on “Inclu‐
sive and Sustainable Urban Planning: A Guide for Municipalities” [5]. Especially, “strategic
planning” is a very wide concept and it represents the adoption of management type of private
sector business planning to public planning concept such as urban planning. Indeed, it is not
the consequence of only sustainability debates but it is mainly related to the privatization,
globalization, and deregulation efforts within the socioeconomic systems. This planning
approach is an inclusive, strategic, and action oriented [5].
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UN offers the following four phases of urban strategic planning [5]:

a. Urban situation analysis consists of stakeholder analysis, urban situation profiling, urban
situation appraisal, investment capacity assessment, and consolidated urban diagnosis.

b. Sustainable urban development planning consists of urban consultations, drafting the
strategic urban development plan (SUDP), and approval and adoption of SUDP.

c. Sustainable action planning consists of drafting action plans, local resource mobilization,
and public–private partnerships.

d. Implementation and management of projects consisting of project design, management
and coordination, and monitoring and accounting reporting.

According to these phases, strategic planning is different from rational comprehensive
planning process as it is a bottom-up approach and depends on project making.

Also, it is a dynamic process so that the participation concept is crucial. The urban strategic
planning process is based on participatory decision-making approach that all stakeholders
involve the plan-making process at any stage. Participation is a wide concept and becomes a
crucial factor for sustainable character of an urban plan. Especially, participation contains both
citizen participation and participation of several institutions in the planning process. It can be
formed as a passive participation of citizens as contribution to questionnaires and surveys,
semiactive participation held in meetings, or active participation in which people come
together in planning workshops.

In UN’s publication on ``Inclusive and Sustainable Urban Planning: A Guide for Municipali‐
ties,” participation is defined as follows [5]:

• Information (one-way communication in which citizens are informed).

• Consultation (two-way communication in which stakeholders have an opportunity to have
suggestions and concerns for the suggestions of other people).

• Consensus building (stakeholders interact to understand each other and arrive at negotiat‐
ed positions).

• Decision making (expression of full commitment).

• Risk sharing (to take risks all together).

• Partnership (to be at equal status and have a common goal).

• Self-management (stakeholders take the responsibility from beginning to the end).

Participation in the planning process is closely related to the concept of governance. Sustain‐
able development requires well-shaped governance. Furthermore, sustainability itself is
defined as a fundamental principle of good urban governance [5]. The sustainability concept
emphasize on cities as actors to take balance on the environmental, social, and economic needs
of present and future needs. To relate this fact with governance, it means that all individuals
and public and private institutions come together to plan, organize, and arrange all the
common works of an urban area.
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Governance is a broader concept than administration or government. If governance is the
structure, then it is easily claimed that elitist planning decisions come from the authority
beyond will not be the case for sustainable urban planning. A participatory democratic
decision-making process is seen as the requirement of the sustainable planning that gover‐
nance is the key in the process.

Another important subject is the inclusive decision-making strategy. This is defined as a
strategy where norms of good governance are put into practice [5]. Inclusiveness is related
with participatory decision-making processes, equal opportunities, safeness, information
clarity, equal access to urban services, and consideration of urban poor and marginal groups.

Another determinant and essential factor of sustainable planning is the monitoring process
after plan making. Though it is not included in the plan-making process, it has a very crucial
meaning for the proper implementation of the plans. When sustainability is considered,
monitoring stage is used to test whether primarily defined sustainable goals are accomplish‐
ed or not.

These goals are highly related with sustainability indicators. Another factor for the sustaina‐
ble urban planning is the integration of sustainability indicators into the planning process.
Rosales and Yazar insisted on the importance and necessity of these indicators in planning.
Rosales [6] defines them as ex-ante tools in urban planning. These indicators are classified as
environmental, economic, and social. These indicators were first discussed in first Aalborg
Conference in 1994 [7] and emphasized that they ought to take place within urban planning
in the second Aalborg Conference in 2004 [8].

4. A brief history of Turkish spatial planning system

In this part, the focus is on the basic characteristics and application of a rational comprehen‐
sive planning method instead of a detailed history of urban planning and legal aspects of
spatial planning in Turkey as it has a very changing structure.

History of the Turkish spatial planning system dates back to the second half of the nine‐
teenth century of the Ottoman period. These efforts are known as spatial arrangements rather
than an official urban planning. This situation is also true for the 1920s and 1930s; the first
years of the new Turkish Republic. Urban spatial planning was first institutionalized after the
acceptance of the first Development and Zoning Law in 1956 numbered as 6785. This date was
important as urbanization in Turkey was really accelerated after 1950 hand in hand with
industrialization efforts.

As masses of people from rural areas started to migrate to big cities, such as Ankara and
İstanbul, new urban planning arrangements and efforts on spatial planning were started with
the first Development and Zoning Law accepted in 1956. This law gave way to a rational
comprehensive planning approach for the Turkish spatial planning system. Also regarding
the whole planning concept; “planned era” was started in 1960 at the country level with the
establishment of State Planning Organization. (Note: It was transformed into Ministry of
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Development in 2012.) The starting point of the planned development is the Main Law
accepted in 1961. After this period, the Five Year Development Plans were started to be
prepared for national and regional progress. First plan was accepted in 1962. It was a devel‐
opment plan for the period of 1963–1967. These Five Year Development Plans were organ‐
ized to be implemented by yearly programs. Though there were no strict decisions on
urbanization in successive Five Year Development Plans, there were decisions about urbani‐
zation issues and urban planning related to the conjuncture of the period they were applied.

Return to the first Development and Zoning Law accepted in 1956, the planning authority was
chosen as municipalities. The law numbered 6785 was not able to prevent pseudourbaniza‐
tion as it was only about the physical planning dimension [9]. This law was replaced by the
law numbered 1605 in 1972. The main difference was the fact that authority was given to central
authority instead of municipalities. With rapid urbanization, this law and planning efforts
became insufficient and the law numbered 3194 was accepted in 1985 instead of the existing
one. This law is the current operative law with some changes until it has been accepted.

This law clearly defines and suggests a rational comprehensive urban planning aspect. After
accepted, it was criticized as how to engage participation and how macrodecisions are taken,
and how policies will be defined and applied to urban areas and urban space [9].

Several directives and bylaws were accepted until 1990s in order to organize and adapt spatial
planning to the conjuncture changes and fast-changing characteristics of the society and cities.
A new paradigm shift for whole social and economic issues becomes the focal point of
academic and political debates. Globalization and effects of information technologies are the
main determinants of the new paradigm shift. In addition, the deterioration of the environ‐
ment and steadily decreasing natural resources are the other important milestones in this
paradigm shift. Regarding this part, the last regulation about making spatial plans that was
accepted in June 2014 called “Regulation on Making Spatial Plans” is insisted on. The coming
part is largely based on the main principles and processes of the Turkish spatial planning
system depending on the related ``Regulation on Making Spatial Plans.”

5. Turkish current spatial planning process

The Turkish urban planning system is a rational comprehensive one with a strict hierarchy of
various kinds of plans varying from strategy plans to urban design stage. Though urban design
is appreciated at the Project level, provisions concerning urban design are added to the
legislation. Especially, the implementation of the urban decisions is shown at the scale of
Implementation Plan level.

“Regulation on Making Spatial Plans” accepted in 2014 clearly defines the hierarchical system
of the Turkish planning system [10]. This hierarchy shows the comprehensive character of the
planning system as the hierarchy of the plans is one of the most important characteristic of the
rational comprehensive urban planning.

Regarding general planning hierarchy, various plan types can be listed as follows:
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– Country Plans

– Regional Plans

– Spatial Strategy Plans

– Environmental Order Plans

– Master Development Plans

– Implementation Plans

Especially, Country Plans and Regional Plans are socioeconomic in character while the spatial
strategy plan is in between socioeconomic character and high physical plan level. Environ‐
mental Order Plans can be included into high physical plan level. Master Development Plan
level and Implementation Plan levels are characterized by the local physical plan levels.

The plan-making process represents the comprehensive rational planning process that is
divided into the four main groups, these are listed in a hierarchical manner as follows:

a. Spatial Strategy Planning

b. Environmental Order Plans

c. Master Development Plans

d. Implementation Plans

Basic characteristics of the spatial planning system can be itemized as follows:

– All plans have to obey the decisions of the current upper plans and all of them have to direct
the lower plan hierarchies.

– Regarding land use and built-up environment, development authorities and the all stake‐
holders in the society and citizens have to obey the decisions of Spatial Strategic Plans,
Environmental Order Plans, and Master Plans.

– All other plans have to maintain inputs for these plans.

– Local governments have to obey the decisions of Environmental Order Plans while prepar‐
ing the Master Development Plans and Implementation Plans.

The main characteristics of these plans have to be identified to understand the convenience of
the system for sustainable urban planning and sustainable urban development.

5.1. Spatial strategic plans

These plans are appreciated as the level which integrates the national development policies
and regional development strategies with the spatial level. In other words, this plan level stays
between the socioeconomic level and the physical plan level. It helps to transform the decisions
of national and regional plans into spatial planning of the localities.

It has the following several characteristics:
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– Relates the National Development Policies and Regional Development Policies with the
spatial level.

– Defines the spatial strategies related to the urban growth, transportation system, and social
and technical infrastructure.

– Relates the spatial strategies with sectoral strategies.

– Especially prepared by using schematic and thematic graphic language on 1/250,000 or
1/500,000 or upper scales.

– Prepared for the regions or localities that are appreciated as this plan is necessary.

Planning principles for Spatial Strategic Planning are as follows:

– Conservation of historical and cultural values;

– Minimizing the threats and risks of disasters;

– Maintain sustainable use of resources;

– Distributing infrastructure, service, and production facilities suitable for development
policies along urban and rural areas ;

– Maintain public utilization and efficiency in resource use, productivity, and transparency;

– Maintain multidisciplinary mode of planning with contribution of institutions that affect or
can be affected from planning such as Development Agencies, Non-Governmental Organiza‐
tions (NGO’s), Chambers, Local Governments, Universities, Private Sector Represents;

– Maintain spatial harmony;

– Making of necessary spatial arrangements to establish innovative, flexible, and competi‐
tive economic structure;

– Adaptation capability to the changing conditions.

Elements of the Spatial Strategic Plan are as follows:

– Sectoral and thematic decision sheets/maps on settlement systems, transportation, water,
risky situations, infrastructure, economy, and specialized regions.

– Sectoral or thematic sheets/maps of several regions if it is prepared for a region.

– Spatial strategy report including vision and priorities, principles, strategies, sectoral
decisions, provisions of the plan, and main headings of the action plan.

Application and monitoring of the Strategic Spatial Planning is maintained by the activity
reports of the relevant institutions. These are evaluated in accordance with these institutions
and revised if necessary.

As it is the one of the most important stages of all plan levels, also quite a few information and
data are collected. These data are with regard to dangerous areas, all types of ecosystems, water
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resources, site areas, settlement systems, national parks, demographic data, sectoral data,
sectoral plans, national development plans, transportation networks, housing strategies, etc.

5.2. Environmental Order Plans

These plans are implemented at least on the province level or especially at statistical region‐
al units that appreciated as the high-level spatial plan performed at the scale of 1/100,000 or
1/50,000.

Planning principles and essentials can be listed as follows:

– It has to be coherent with spatial strategic plans;

– Regional dynamics and potentials have to be evaluated;

– Sectoral investment decisions that can affect spatial decisions of the related public institu‐
tions have to be evaluated;

– Appropriate ecological and economic decisions have to be decided together to the sustain‐
able development;

– Conservation and improvement of the natural structure and the landscape such as histori‐
cal and cultural assets, forests, agricultural lands, and water resources;

– Maintain unity of land use to preserve continuity of ecological balance and ecosystems;

– Generate routes of transportation network;

– Determine preventing strategies and policies for the environmental problems and generate
land use decisions;

– Take precautions for the destructive effects of disasters.

Within the process of preparing Environmental Order Plans, these types of analyses have to
be fulfilled:

– All types of borders (administrative, planning etc.);

– Administrative and regional structure;

– Physical and natural structure;

– Site areas and other conservation areas, and sensitive areas that have to be preserved;

– Economic structure;

– Sectoral developments and employment;

– Demographic and social structure;

– Urban and rural settlements and land use;

– Infrastructural systems;

– Open spaces and green areas;
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– Transportation systems;

– Risky areas;

– Military areas and security zones;

– Public projects and investment decisions regarding the planning area;

– Hydrological and hydrogeological areas;

– Environmental areas and affected areas.

Environmental Order Plans are prepared at the scales of 1/100,000 or 1/50,000. On the other
hand, the sensitivity of the 1/25,000 scale is expected. All necessary information and docu‐
ments are gathered by experts and land works. Geographic information systems and remote
sensing methods have to be applied in the planning process and a database is generally
structured after the work.

If the Environmental Order Plan is not satisfied with the needs or the vision, aims, targets,
strategies, and policies are not satisfied with the upper decisions, then a revision of the whole
plan has to be made. The revision becomes necessary at the following special circumstances:

– When the population needs are not satisfied,

– When new regional investment opportunities arise which change the basic strategies and
policies of the plan,

– When the new land use demand is occurred that has a potential effect on regional issues,

– When there are changes at regional dynamics through new developments.

According to these factors, a plan change can be made, which cannot damage the integrity of
the plan decisions and plan continuum.

5.3. Land Development Plans

This plan is considered as the special spatial plan that allows the application of Spatial Strategic
Plan decisions and Environmental Order Plan decisions at the settlement level. These urban
plans include constituted alternative solutions for settlement patterns and their growth trends.
Land use decisions are the main part of Development Plans. In addition, there are decisions
on conservation, limitation, organization, and application.

Land Development Plans are divided into two parts as Master Development Plans and
Implementation Plans. All types of Land Development Plans are prepared and approved by
the related municipalities.

These plans have to obey the decisions of upper scale plans. In a plan-making process,
geological and geotechnical land etudes have to be completed, field surveys, threshold
analysis, and other compulsory analysis have to be accomplished, and opinions of the public
institutions have to be taken into consideration.
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There are several principles that dominate the preparation and application of Land Develop‐
ment Plans in general. These can be listed as follows [11]:

a. Obey the state of law: Plan has to depend on legal basis.

b. Principle of clarity: Urban planning decisions and plan have to be known by every
stakeholder in the public. This can be maintained by participation of different institu‐
tions and citizens in the planning process.

c. Principle of universality: Especially, Master Development Plans and upper scale plans
show the general and common decisions, and they do not deal with details.

d. Hierarchy principle: There is a hierarchical relation between different plans. The main aim
is coordination between plans. Upper scale plans have to direct lower scale plans. Their
decisions have to be coherent.

e. Public welfare: One of the important aims of making Land Development Plans is
maintaining public welfare. Primarily, urban spatial plans are prepared for public welfare.

f. Obligatory characteristics: Plan decisions have to be obeyed by every stakeholder in the
society. Also, coherence of various level decisions is important.

g. Flexibility: Urban plans have not to be changed without very important reasons. On the
other hand, due to dynamic social structure, and rapidly increasing population, these
plans have to be changed within a given time period. So, flexibility covers revision plans
or additional plans.

h. Long range characteristics: Land Development Plans are long range plans. New regula‐
tion defines the period as 20 years.

i. Being scientific: Scientific data and information have to be collected and evaluated in the
planning process. All analyses that have to be carried out are related to this principle.

j. Participation principle: That means individuals taking the decisions about the physical
and built-up environment and collaboration in the planning process. According to the
Regulation of Making Spatial Plans, participation tools include surveys, opinion re‐
search, meetings, workshops, information services, etc. It becomes important to take
decisions about all stakeholders.

5.3.1. Master Development Plans

Master Development Plan is prepared at the scale of 1/5000. Plan determines the alternative
growth and development structure of the following:

– All kinds of administrative, planning boundaries;

– Area restrictions for special conditions;

– Housing areas and housing development areas;

– Administrative centers;
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– Trade and work centers;

– Industrial areas and warehouses;

– Tourism areas;

– Site areas;

– Conservation and resource areas;

– Energy transmission lines;

– Open and green spaces;

– Social reinforcement areas, such as, education, health, and culture;

– Technical infrastructure such as roads, auto parks, different transportation modes, water
infrastructure, waste treatment, and garbage areas.

While preparing Master Development Plans, the data listed below are analyzed and land work
studies are conducted:

– Administrative boundaries;

– Geological, geomorphological, and hydrogeological structure;

– Characteristics of different settlement areas and spatial growth tendencies;

– Renovation and transformation zoning;

– Climate;

– Vegetation;

– Soil structure and agricultural use of the land;

– Flora and fauna (ecological searches) ;

– Site areas, national parks, natural parks, wildlife conservation area, and protected water
basins;

– Forests, pasture lands, and highlands;

– Cultural and touristic conservation and development regions;

– Industrial areas and organized industrial sites,

– Landscape elements;

– Demography;

– Social and economic structure;

– Transportation systems;

– Environmental problems;

– Logistic center areas;
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– Sectoral structure (agriculture, industry, services, transportation, energy, mining, and
construction) ;

– Solid waste and recycling facilities;

– Waste water discharge areas and facilities;

– Mining areas;

– Military zones;

– Risky areas and risk plan if exist;

– Decisions of environmental order plans.

The Master Development Plan process consists of the following six steps:

i. Determination of the planning area;

ii. Gathering planning data:

– Opinions of public institutions;

– Field studies:

a. Building characteristics (storey heights, use, type, etc.);

b. Survey study (housing, working places, industry, administrative units, social
utilities, etc.);

iii. Analysis and synthesis: After field surveys and evaluation of various opinions, some
sorts of analyses have to be completed. These data are superposed and then synthe‐
sis maps are produced. Hence, it is able to determine appropriate land for settle‐
ment growth. Analyses are executed on land use, slope, natural factors, geology,
physical data on buildings, population density, structure analysis, land ownership
pattern, land values, transportation networks, transportation zones, and upper scale
plan decisions. Synthesis studies are conducted on natural threshold, and appropri‐
ate zones for settlement.

iv. Clarify plan decisions: Different plan alternatives are produced after the analysis part
and evaluation of the socioeconomic structure. These alternatives are evaluated and
planning decisions are made.

v. Plan drawing and report preparation: Once the best alternative has been chosen, the
plan is nearly completed. Urban Master Development Plan is a unity with its
drawings and plan report.

vi. Evaluation and approval of the plans by Municipality Councils.

5.3.2. Implementation Plans

This stage of the spatial planning system represents the application of all planning decisions
on the urban space. It is prepared at the lot and parcel level with the scale of 1/1000. That is
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why it is called as “Implementation Plan.” It can be performed at once as well as stage by stage.
It is the plan level, which urban standards have applied at the lots level. Building conditions
are the main point of Implementation Plans. Especially, it is the best plan type at planning level
to take decisions at third dimension apart from the urban design stage.

Some important principles of Implementation Plans are as follow:

– Defining building conditions, such as, lot coverage ratio, floor area ratio, floor area index,
building heights, setback distances, etc.;

– It is important to develop design principles for maintaining accessibility of handicapped,
elder ones, and children to all social infrastructure and urban uses;

– It is essential to develop pedestrian and bicycle networks and bicycle parks;

– Natural and historical site areas are given importance within the plan.

As similar to upper planning scales, some set of data have to be gathered while preparing the
Implementation Plan. In light of these data, the following analysis and research have to be
performed:

– Analysis of the decisions of Master Development Plan,

– Boundaries of the planning area,

– Existing building density,

– Location of building lots and characteristics,

– Construction and setback distances,

– Existing population density and population distribution,

– Social infrastructure facilities,

– Technical infrastructure facilities,

– Land ownership pattern,

– Site areas and officially registered assets,

– Accessibility to services,

– Geological etude works,

– Topography and thresholds,

– Water resources,

– Transportation networks and nodes,

– Open space building relations,

– Assembly areas,

– Auto parks and capacities,

94

A Comprehensive Approach to Sustainable Urbanization



– Pedestrian and bicycle networks,

– Service areas and locational choice characteristics,

– Lands of urban design project areas,

– Logistics areas.

Implementation Plans contain notations of the following areas or functions:

– All types of boundaries including administrative, planning and restriction zones, and risky
area zones;

– Housing areas;

– Social and cultural areas;

– Trade areas;

– Industrial areas;

– Recreational and green areas;

– Cemeteries;

– Special areas like military zones.

Adjustment tools utilized within plan-making process are zoning, surveillance of building lots,
and norms and standards. Zoning consists of functional, density, and height zoning. Division
of building lots is needed for the implementation of architecture of buildings on building
parcels. Standards are used for the comfort, livability, and sustainable living of urban residents.

Implementation plans are implemented on urban space with programs. These programs are
especially prepared for the five-year period. It has to be executed successively. Continuity is
the essential principle in this process. Municipalities have to prepare programs within a time
period of three months after the completion of the plan.

6. Criticism of the Turkish planning process with regard to sustainability
necessities

Besides the structural shortcomings of the Turkish planning system, emphasis is on the critics
of the Turkish planning process and planning hierarchy with respect to sustainability criteria.
Even in the Habitat-III National Report of Turkey, it is claimed that sustainable urban planning
in Turkey takes its reference from the physical dimension. The report claimed that there are
shortcomings in proper handling of social, cultural, economic, and ecologic dimensions of
planning [12]. Also, there is no evidence on how relations between economy–ecology and
society are shaped within the planning process. On the other hand, the main bottleneck of the
Turkish planning system is defined as follows [13]:

• Lack of a spatial planning system integrated with national development planning,
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• Lack of a cooperative planning vision and strategy,

• Partial implementations in planning and various conflicts between decisions of different
public authorities,

• Numerous authorities for the same spatial scale,

• Lack of coordination between institutions.

With reference to the Turkish planning process explained in the former part, there are some
shortcomings of the planning process related to sustainability essentials.

First, there is a one-way flow of decision-making takes place in the system of Turkish urban
planning. An elitist type of planning is dominant. Spatial decisions of all scales are taken at
bureaucratic levels and they are dictated to citizens by the plan itself. In this elitist type of
planning, planner’s role is taken only at technical level. This causes a problem to the rant-
oriented decision making of municipalities as they are the approval mechanism of the Master
and Implementation Plans. That is, especially, not the problem of planning process but it is
entirely an ethical problem. These types of actions commonly bring out many legal problems.

The Turkish urban planning process also suffers from the absence of feedback mechanism.
Feedback is executed as preparing ``revision plans” and ``local plan changes.” This situation
really leads to the waste of resources because all plans need an important amount of effort.
The lack of feedback and elitist type of decision making leads to legal problems that are always
tried to be solved at administrative courts. Every case in the courts makes plans imperma‐
nent and ineffective and leads to waste of resources.

Another important problem is the lack of a monitoring process in the Turkish urban plan‐
ning system. As it is the case of the lack of feedback, the lack of a monitoring process is also
tried to be covered by revision plans and local plan changes. The lack of a monitoring process
is an obstacle on the control of the Master and Implementation Plans. For this reason, it is
compulsory to prepare a Master and Implementation Plan for all of the settlements, most of
the settlements in Turkey are perceived as a nonplanned locality. Decisions of original plans
cannot find a chance to be applied till the deadline of the plans but are always changed by the
revision plan or plan changes. There are definite development programs for the implementa‐
tion of the urban plans but this mechanism is not organized as a monitoring process. However,
these programs do not get a chance to be implemented as the construction activities are totally
in the hand of speculator contractors.

The sustainability concept is emphasized in the last Regulation of Plan Making Process, as it
was described in former parts. On the other hand, there is no evidence that how sustainable
urban development can be achieved. Especially, sustainability indicators are not included into
planning process, even no such indicators exist in the Turkish planning process. A lot of
necessary or unnecessary data are collected throughout the planning process but neither of
them are used for evaluating the sustainability indicators. The data collected at higher levels
cannot be used at lower scales. With the collected data, it will be easy for evaluating sustain‐
ability indicators if they exist within the plan process.
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One of the most important bottlenecks of the Turkish planning process is the lack of partici‐
pation even though the “participation” concept takes place in the Turkish planning system.
On the other hand, this does not fulfill the conditions that sustainable type of planning requires.
In Turkey, the participation of citizens to planning is achieved by two ways. One is participa‐
tion in questionnaires and surveys before the plan-making process and the second one is
related to gathering information from the prepared plan itself. After completion of Master and
Implementation plans, these plans are exhibited on municipality boards. This is for gather‐
ing information of the landowners about their parcels. Citizens can make their objections to
the plan within a month time. Usually, nobody has information that plans are exhibited on the
Municipal Boards unless they see or heard about by chance. These two situations about
participation have no relation with participatory democratic planning. As a result, citizens are
given no right to have opinions about the plan throughout the plan-making process. Even,
they did not know the existence of such a planning process. This condition is also valid for
other public institutions. The court cases of the plan conflict between the Public Treasury Office
as owner of public lands and Municipalities as making and approving urban plans, which are
the best examples for this situation.

Though there is an obligation to take decisions about all institutions in the planning process,
this is not a guarantee that the participation of institutions to the planning process is treated
in a proper way. These decisions are taken from only relevant institutions on relevant lands,
not for the whole plan.

All these findings clearly indicate that the Turkish current planning system is not emphasiz‐
ing governance though this concept is given much importance in the stage of Strategic Spatial
Plans. As the hierarchy of the plan scales is lowered, government-dictated decisions become
dominant instead of governance principles.

7. Conclusion and recommendations

There are increasing debates on the subject whether the rational comprehensive method of
urban planning can be able to ensure sustainable urban development or not, and whether this
type of planning approach has the requisites of the sustainable urban planning. The rational
comprehensive planning model is a pure top-down hierarchical approach using deductive
point of view. The rational comprehensive type of planning is dominant in many countries, as
it is the case in Turkey. This situation in Turkey depends on the law accepted in 1985. However,
there were many efforts to change the planning system, it continued as a dominant planning
approach with minor changes and adjustments in passing periods.

The sustainability concept and sustainable urban development require many new intentions
for the planning or the plan-making process. Governance, participation especially in partici‐
patory democratic planning, use of indicators, existence of efficient feedback mechanism, and
monitoring process are some novelties for the sustainable-based urban planning.
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Regarding the existing planning approach and the sustainable urban planning concept, the
most important question is how to adapt the sustainability concept to the rational compre‐
hensive planning process without a paradigm shift in the Turkish spatial planning system.

As mentioned earlier, the Turkish planning system is a rational comprehensive process having
substantial efforts to maintain sustainability. With regard to deficiencies of the planning
process, several measures or precautions can be taken within the existing plan-making process
in order to adapt sustainable planning requisites.

This can be held without a total system change, but with some serious and radical adjust‐
ments in the process. National and regional decisions can be made from the upper scale
decisions but these decisions have to be transformed and adapted to the levels of Master
Development Plans and Implementation Plans. Most problems about urban sustainability
arise at these lower scales.

First keyword for the change is the participation. Citizen participation in the process has to be
achieved in an active way. Meetings and open workshops will be the main instruments. People
who own land in the planning area can be informed completely by this way and as this situation
is legalized decisions will be taken at consensus and there will be no need for court cases.
Planners have to persuade these people in a peaceful manner and this is possible when face-
to-face active participation takes place in the planning process. The situation does not affect
the role of urban planner as a decision maker, but adds a new mission and a new role for
planners as a persuader and intermediator. Though the planning process can take a bit longer,
implementation will be guaranteed. There will also be several feedback on decision and all
these feedback lead to healthy decision making.

The second important factor is the monitoring process. Monitoring can be completed easily
with the help of participation. Here, participation is related to the acts of several public
institutions and landowners that control and direct the land development programs.

Monitoring processes are mostly used for the control of the sustainability indicators that have
to be included into the planning process.

The sustainability indicators can be added to the process at different plan levels such as at the
Environmental Order Plan level, Master Development Plan level, and at the Implementation
Plan level. These indicators can be related to the following sustainability criteria:

At Environmental Order Plan Level (scale of 1/50,000)

• Conservation of natural and cultural heritage,

• Improvement of transportation,

• Resource saving (reuse of technologies and recycling),

• Conservation of agricultural areas,

• Qualify services,

• Satisfying all actors,
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• Strengthening local economy,

• Generating employment opportunities for the local economy,

• Maintain infrastructure standards,

• Fresh water supply,

• Waste disposal.

At Master Development Plan and Implementation Plan levels (scale of 1/5000 and 1/1000)

• Mass transit opportunities,

• Less noise pollution,

• Protection of cultural and natural assets,

• Reusing,

• Public spaces,

• Contaminant minimization,

• Sanitation facilities,

• Open areas,

• Improvement of living conditions,

• Energy and water saving,

• Accessibility,

• Establishment of effective infrastructure,

• Livable environments and neighborhoods,

• Qualification and adequacy of services

• Interaction with nearby settlements

• Energy saving

• Adaption of local design styles

With several interventions to the Turkish planning process, it has a potential to adapt
sustainable type of urban planning. These interventions are related to the variables of citizen
participation, monitoring, and sustainability indicators as these are the most common and
important determinants of sustainable urban planning. Sustainable urban planning is not a
new paradigm. It is a broader phenomenon that all types of planning approaches and planning
processes have to adapt.
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The Environmental Dimension of Urban
Design: A Point of View

Ilaria Giovagnorio and Giovanni M. Chiri

Abstract

International research on sustainable architecture ascertained the responsibilities of
urban  forms  for  buildings’  energy‐environmental  performances,  highlighting  the
necessity to broaden the field of  intervention in urban design.  Furthermore,  goals
concerning the sustainable city increased design complexity, due to the involvement
of different interrelated disciplines, which modified design processes by incorporat‐
ing  external  contributions.  In  particular,  environmental  analyses  are  growing  in
importance and need to be reintegrated into the urban project at the conceptual stage.
This ‘environmental awareness’ accompanies the history of the city, and numerous
pieces of evidence clearly show the mutual and in‐depth relationship between urban
form and local microclimates. Lessons from the ancients constituted the fundamen‐
tals in urban design until the Modern Movement, during which knowledge of the past
also influenced the work of G. Vinaccia,  an Italian pioneer in microclimatic urban
design. After the World War II, most of the lessons had been forgotten in favour of
technology systems that have since revealed their failures. The current design condition
requires  a  discovery  of  past  abilities,  coupling  them with  contemporary  scientific
advances. This work introduces a methodology through which to integrate current
urban design processes with environmental data and analyses. It is illustrated through
a case study and is supported by software.

Keywords: urban design, environmental design, sustainability, sustainable architec‐
ture, Gaetano Vinaccia

1. Introduction

During the last few years, actions directed towards the sustainability of architecture mainly
involved buildings. Nevertheless, several international research groups have ascertained the
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influence of the urban form on local microclimate.1 In fact, the way in which buildings are
arranged on a site heavily affects their owners’ energy performances and environmental
behaviours. The growing awareness of these issues is gradually attracting the attention of both
international organizations and international researchers towards the urban dimension (urban
block or district), thus broadening the field of architectural interventions. In this light, urban
design,  which lies  in‐between urban planning and architectural  design,  has  become the
appropriate tool through which to operate in achieving sustainability's goals. This recommen‐
dation, however, is not novel. In 1976, the European Commission suggested it during the first
United Nations Conference on Human Settlements, ‘Habitat’ (Vancouver), in which the ‘design
of human settlement’ was recognized as a strategic matter in contrasting the «social, economi‐
cal, ecological and environmental deterioration» of urban areas [1]. Nevertheless, the latest
‘sustainable urban design’ seems to increase its own complexity due to the involvement of
different interrelated disciplines, such as fluid dynamics, climatology, technical physics and
computer engineering.  This interdisciplinary perspective demands updates to the design
process in order to incorporate external contributions while maintaining architecture at the heart
of the process. In particular, both environmental data and analyses need to be reintegrated into
the urban project from the design's initial phases. In fact, this has been an ordinary considera‐
tion in the history of architecture, in which several pieces of historical evidence prove in a clear
way the in‐depth relationship between urban form and local climatic conditions. Examples occur
throughout history, starting from vernacular settlements until the Modern Movement's masters,
and most of the ‘environmental’ knowledge of past designers is also stated in important
recommendations contained in ancient manuscripts (Vitruvius, Aristotle, Varrone, Columel‐
la, Palladio, etc.). Nevertheless, most of the established abilities have been forgotten in favour
of building technology systems, with an illusory belief in their supremacy. The energy and
environmental crises of the 1970s clearly displayed their failure, encouraging designers to
rediscover projects’ environmental components as a function of a sustainable future. In this
light, the past's lessons on ‘sustainable practices’ have grown in importance, especially when
coupled with scientific and informatic progress. Computer advances, in fact, make it possible
to study increasingly broad areas (CitySim, ENVI‐met, Virtual Environment) and contribute to
supporting urban design's processes with environmental analysis software. The latter acts as
useful ‘feedback’ tools, able to verify (qualitatively) the environmental behaviour of the project's
concept by taking into account different climatic data (air temperature, relative humidity, wind
velocity and main directions, etc.) and form parameters (sky view factor, aspect ratio). In this
way, designers experiment with a new methodology in the project's development, one that
allows them to evaluate the initial urban proposal and, gradually, to modify it in relation to the
main criticalities that emerged from previous environmental analyses’ results. Nevertheless,
modifications must respect a project's fundamentals and collaborate in the improvement of its
overall performance.

1 Examples are the Martin Centre for Architectural and Urban Studies of Cambridge; the ‘Urban Physics’ research group
(ETH, TU Delft and Cypro University); the Centre for Advance Urbanism and the SENSEable Lab of MIT; the Harvard
Centre for Green Buildings and Cities and the City Form Lab; the EPA’s EPFL Solar Energy and Building Physics Laboratory
(Luisanne); the Environment People and Design (ePad) Research Group in Nottingham (UK); the Berkeley’s Center for
Environmental Design Research (U.S.A.) and the UCL-Institute for Environmental Design and Engineering in London
(UK).
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In this light, this work aims at introducing a methodology that is able to integrate current urban
design processes with environmental data and analyses. The method is illustrated through an
urban‐design case study in Sardinia (Italy). It concerns the urban expansion of Monserrato in
developing a new university district of 1.4 km.2 All the design phases were supported by
Heliodon and ENVI‐met software. The work was preceded by a study on the main directions
of current ‘sustainable design’, highlighting both the necessity (and the advantages) of
broadening the field of intervention to include the urban dimension (urban blocks or districts),
and its current interdisciplinary character. Previous goals are also supported by several
examples in the history of architecture, which show the ancient roots of this environmental
approach.

2. Sustainable design: from buildings to the city

As stated above, the relationship between a building and its context has a heavy influence on
both local microclimatic conditions and a building's energy‐environmental impact, shifting
designers’ and planners’ attention from buildings to the block dimension. The urban structure
substantially affects a building's access to sunlight and ventilation, defining its capability to
exploit passively the heat produced by solar radiation on vertical surfaces, the natural daylight
and ventilation of inner spaces, as well as the reduction in environmental and noise pollution.
The necessity of this ‘change of scale’ has been affirmed, in the last few years, in several national
and international scientific works, in which authors highlighted the achievable benefits both
in relation to climate change goals and energy issues. Among the most significant attestations,
the U.S. Green Buildings Council stated that the neighbourhood level was «the primary scale
at which building professionals can begin to address impacts of climate change». In fact, «the
design and pattern of neighbourhoods […] play an important role in amplifying or dampening
climate effects» [2]. Evidence of this is the Urban Heat Island phenomenon (UHI), fostered by
cities’ higher densities and the albedo properties of common urban materials, and the more
frequent extreme weather events, such as flooding, strengthened by urban pavements’
waterproofing and inadequate storm‐water runoff.

Furthermore, in relation to the energy issues, several pieces of national and international
research supported the block dimension as the only possible way to decrease buildings’
consumption and, therefore, to improve their environmental impacts. A recent study by
Hachem, Athienitis and Fazio [3] showed how different layouts of the same building typology
(terraced houses) modify their energy consumption, increasing their values between +6 to 8
and +25%. Orientation and buildings’ arrangements are considered central in the project's
process by its authors, conferring on the initial phase of the design huge energy responsibilities,
which were estimated as being between 65 and 85% of successive building energy demands.

2 The International Congress of Modern Architecture focused on the work of Hannes Meyer, Mart Stam, Walter Gropius,
Erns May, and Alexander Klein on Existenzminimum (“minimum dwelling”), aimed at reducing building costs (including
the cost of land consumption) by a reduction of the worthless surfaces of houses. Research on typology reached some
standard formulations of the new working-class building environment, in which the amounts of daylight, fresh air, heat,
and silence were radically maximized.
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The results of this study are comprehensible in relation to the microclimatic consequences of
different buildings’ arrangements. The influence of the modification of urban geometry on the
urban microclimate was well known until the 1970s, in the main works of the climatologists
T.R. Oke [4] and H. Langsberg [5], which became the theoretical basis of reference for most of
the successive work on environmental design. As stated by Givoni in 1989 [6], and reported
later in Steemers’ and Ratti's work [7], the influence of climatic change on outdoor temperature,
solar radiation and wind speed, caused «by ‘the structure’ of the city […] result in modified
energy consumption». An urban grid's orientation, density and a building's typology heavily
influence the wind pattern and the solar access in urban areas, while also defining the
microclimatic conditions of outdoor and inner spaces. Further significant studies on the energy
and environmental ‘costs’ of urban form have been developed during the last few years by
several scholars (K. Steemers [7–10]; V. Gupta [11, 12], R. Compagnon [13], R. Knowles [14],
E. Ng [15, 16], F. Allard [17, 18] and B. Blocken's research group [19, 20], including J. Carmeliet
and M.K.A. Neophytou [21]).

Interest in this ‘change of scale’ in sustainable design is slowly extending from scientific
research into concrete actions. In 2010, the European Commission introduced the Advisory
Group ICT Infrastructure for Energy‐Efficient Buildings and Neighbourhoods for Carbon‐Neutral
Cities [22] and, in June 2014, the European Urban Knowledge Network (EUKN), together with
the Cellule Nationale d’Information pour la Politique Urbaine (CIPU), presented the Certifi‐
cation Systems for Sustainable Urban Neighbourhoods «as tools to evaluate and maintain high
quality standards in urban development» [23]. Although practical initiatives are still few in
number, they clearly envisage architects and planners’ future goals.

3. Environmental lessons from history

Even though the application of sustainable environmental theories and practical solutions in
the urban dimension appears to be novel today, it was actually a common praxis in the past.
It concerned both vernacular settlements and the foundation of ancient cities, such as Greek
and Roman examples. Furthermore, the ability of past designers to plan in accordance with
local weather and environmental features guided their constructive practices for the following
centuries. Palladio's works included important environmental devices, although these were
mainly applied to individual villas, whereas the Hygiene Movement and the successive
Modern Movement (XIX‐XX centuries) extended them to the urban dimension.

3.1. Vernacular settlements

According to G.D. Carlos et.al. [24], the morphological consolidation of vernacular settlements
is constrained by three main concerns, among which are local microclimatic conditions. A
building's aggregation system is «the primary instrument to attenuate the relation between
the inhabitants and the natural elements», controlling a building's exposure, both to the sun
and the wind. Climatic challenges, together with available construction technologies and relief
constraints, usually originated «a diffuse or compact spatial organization, and a scattered or dense
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building aggregations». Furthermore, the energy supply, based mainly on wood and animals’
muscle strength, contributed in developing a ‘discrete’ urban model, limited in its growth by
the presence of natural resources in the surrounding area [25]. Examples exist in every
continent, and each morphological configuration responds through its own buildings’ spatial
organization to the local conditions. A significant example of hot‐dry climate architecture is
the medieval citadel of Shali in the Oasis of Siwa (Egypt), as described by A. Picone [26]. Here,
housing aggregation creates an absolutely compact nucleus that seems from the outside to be
«one single large building» [27] (Figure 1). This compactness allows the reduction of surfaces
facing solar radiation, thus increasing buildings’ mutual shadows. Since the traditional
Arabian courtyard is missing in Siwa's houses, it is the streets (very small with curved
geometries) that perform as temperature regulators.

Figure 1. The Oasis of Siwa (Egypt), «one single large building».

A second example of a vernacular climate‐sensitive architecture is the ‘solar communities’ of
Pueblo Indian tribes of south‐west America, built during the eleventh and twelfth centuries
A.D. The most well‐known ruins of the Long House at Mesa Verde, Pueblo Bonito and Acoma
Pueblo (or ‘sky city’) in New Mexico prove that their sophisticated design skills were able to
provide year‐round comfort for people dwelling within these structures. A study by R.
Knowles [28], conducted during the 1980s, deepened knowledge of the settlements’ environ‐
mental behaviour, focusing on their correlation with solar dynamics. Concerning the Long
House case study, both the location and the siting of structures within the cave collaborate to
«mitigate extreme environmental temperature variations by responding to the differential
impact of the sun during summer and winter, night and day» [28]. Both the southern orienta‐
tion and the conformation of the cave allowed the Ancestral Puebloans to exploit passively the
low winter sunrays to heat houses and, at the same time, to shade them from the high summer
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sun. Building's adaptation to solar dynamics also characterized Pueblo Bonito. Furthermore,
in this case, the dwelling «relied primarily on its form to respond to solar access». Its semicir‐
cular form, coupled with the buildings’ disposition to take the form of terraces descending
towards the city centre, helps to mitigate the extreme seasonal climatic effects. The use of
terraces is also common in Acoma Pueblo buildings [29]. Here, the urban structure is organized
in three main rows oriented east–west and each row is distanced from the others in order to
ensure the exposure of the entire facade to winter rays. Openings’ orientations and dimensions,
the different employment of natural materials and the buildings’ shapes contribute effectively
to their overall performance. In particular, «even more surprisingly is the orderly town plan
that guarantees all residents full, equal access to the sun's heat» [30].

A final example is the vernacular underground settlements and their bioclimatic advantages.
An interesting research project conducted by Vegas, Mileto, Cristini, and Checa in 2014 [31]
collected several examples of cave dwellings, highlighting their environmental weaknesses
(land consumption, lack of ventilation and the risk of dampness) and potentials (great
insulation potential, great heat retainer and very low energy costs). Among the outstanding
cases, the Berber dwelling of Matmata in Tunisia [32] responds to the extreme conditions
structuring its hypogean houses around a circular courtyard, located at approximately 11 m
below ground level. This has a 5–12 m diameter, and it is provided with a tank for the collection
of rainwater. The circular form allows part of the courtyard to always be shaded, whereas the
underground condition protects it from hot sandy winds.

3.2. The ‘oriented’ urban grid: the new city

According to Secchi, «the grid is the ordering element, par excellence» [33]. Its application
dates back centuries and «certainly, it is not a founding shape of the Occident culture».
Important examples exist worldwide and all of them share similar organizing principles: an
urban grid, oriented along the cardinal points that define the dimension and orientation of
blocks, and a building typology, which was mostly southern oriented and provided by
transition components, which mitigated the outer climatic conditions. Repetition of such
communal features is probably due to similar environmental conditions, since, according to
Los's research [34], the first ancient ‘solar cities’ originated between the 30th and 40th parallels;
thus, they were characterized by hot and temperate climates. Among the oldest examples El
Lahun working‐class neighbourhood (Egipt, 1800 B.C.), Babylon (Mesopotamia, 2300 BC) and
the Pakistani settlement of Mohenjo Daro (Indus civilization, 2750 BC) where «street grid [was]
oriented according to prevailing winds» [35].

The grid plan shows so basic a principle that it is not necessarily linked to influencing or
dependent relationships among populations. Furthermore, several scholars often find in its
recurrence the evidence of cultural exchanges among Western and Eastern communities. As
stated by Castagnoli [36], the use of an urban grid defines, upstream, the existence of the
authorities’ planning intentions; and for this reason, it is a common feature of foundation cities
(as colonies, military camps and reconstructions). Although the application of a grid structure
can be ascribed to different purposes (political, religious, military, etc.), most scholars agree
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on both the importance of its orientation and how the orientation is strongly related to
astronomical issues: in particular, to the sun's path and the winds’ main directions.

Although the grid's origin is not precisely known, nor is the mutual ‘contamination’ of different
cultures, the first use of a north–south‐oriented urban grid is usually attributed to Hippodamus
of Miletus. Furthermore, it is important to point out that «it can be proposed that the name of
Hippodamus goes not connected with the far ancient orthogonal system, but with that
developed plan for a regular reticulated city, which can be identified during the fifth century
[...] therefore [Hippodamus was] not an icon, nor a simple theoretician, but an urban planner,
who played an important role in the urbanism of the fifth century». This kind of planning,
which could not be documented before these data, is characterized by two main features: the
presence of a complete urban plan and an in‐depth study of residential blocks. Von Gerkan
insists on the topographical and sanitary meaning of Greeks cities’ orientations, whose
purposes were more suitable wind exposure and access to the sun's rays [37]. Both Hippoda‐
mus's works and the later essay by Hippocrates, On Airs, Waters and Places, attempted to
reconcile urban studies with environmental theories, paying attention to the city's healthiness.
In reference to this, it is interesting to underline that Hippodamus was also called a ‘meteor‐
ologist’ (meterewlogoς) by Hesychius and Photios.

Ruins of the Greeks’ ‘solar cities’ show as urban grids, and blocks were designed to take into
account the different seasonal heights of the sun in order to guarantee the correct solar access
in buildings over the whole year. Priene and Olynthus's plan testified to these ‘solar principles’:
in particular, Olynthus's block‐long row of houses distinguished the northern façade (thicker
walls without openings) from the southern one, which was open to the sun. In addition, both
the houses’ and the rows’ distance from one another contributed to the ‘solar’ strategy,
avoiding the buildings’ mutual shadows in wintertime. The case of Delus, moreover, confirms
the importance of the southern orientation, which was declined to single houses where
topographic conditions impeded the application of the wider urban grid. The real functioning
of the ancient Greeks’ environmental urban design was finally proved by Tatcher's studies on
rooms’ solar‐heating capabilities, whose results demonstrated comfortable performances «on
67% of the days during the colder months» [38].

Even if most Roman cities were based on the same reticular structure, their models appeared
to be less strict, showing several rule variations. Furthermore, the grid's orientation to the
functions of the sun and the winds still remains a feature that it has in common with the Greek
model.

According to Vinaccia's statements [39] (Italian architect, a pioneer in microclimatic design
issues during the 1930s–1940s), the city's inclination with regard to the north depended mainly
on both the main winds’ directions and sun exposure.

His studies on Roman castra (Roman military camps) advanced interesting and important
theories on Ancient knowledge regarding a city's healthiness. In particular, Vinaccia's research
highlighted that the north–south‐oriented plan was extremely rare, «perhaps due more to
fortuity than to sacred precepts’ observance». Conversely, a plan's disposition on territory
depended mainly on the local necessity to avoid ‘annoying’ and insalubrious winds inside the
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urban areas. The author's theories found their foundation in ancient manuscripts, particularly
in Vitruvius, who stated that: «[cities] will be well built if winds are wisely kept out from
squares and streets; [winds] which offended if cold, vitiate if hot, harm if wet» [40]. The
Ancients knowledge of winds was proved by the construction of a bronze wind rose, repre‐
senting a triton, on which were depicted the 12 main winds. The station was probably built by
Flavius Eutropius, during Valentinian II's empire. According to the winds’ mythological
representation, the ‘annoying’ winds came from north/north‐westerly directions (cold winds),
whereas the ‘unhealthy’ ones arrived from the south‐south‐east (usually, hot wet winds)
(Figure 2).

Figure 2. Roman castrum orientation plan in function of winds directions. The plan is extracted from Vinaccia's Orien‐
tation issue in Ancient Roman Planning (1939).

Plans’ focus on wind conditions needed to be coupled with local solar dynamics. In regard to
Roman castra located in Italy, Vinaccia affirmed that their orientation, useful to prevent the
built‐up area from injurious winds, also aimed at assuring the best exposure to the sun during
the entire year. The rotation of almost 22°N, which, according to Vinaccia, corresponds with
the average orientation measured for Italian cases in the study, allowed sunrays to reach all
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the buildings’ facades, including the northern ones. This ‘equisolare’ orientation, which will
be better investigated in the author's successive works, permitted designers to rationalize solar
radiation prorating it in function of seasonal needs. This theory finds its roots in ancient essays,
in which Latin authors (Varrone, Columella, Cato and Vitruvius) related the buildings’
dispositions with local «orienting urban points», which corresponded to the horizon's sunrise
and sunset points in solstices and equinoxes. The depth of past studies shows the Ancients’
advanced knowledge on both the sun's path (during seasons and at different latitudes) and
solar radiation intensity, as a function of solar height and the hours of the day.

Currently, the Department of Architecture at the University of Cagliari (Prof. G. M. Chiri) is
studying the effectiveness of Vinaccia's theories on Roman castra's orientation. At the mo‐
ment, the research has examined the fluid‐dynamic behaviour of several Italian case studies,
analysing the relationship between urban forms and local wind conditions. Analyses have
taken into account the urban grids’ orientations and the main wind directions during the
winter and summer seasons. CFD calculations have been developed in collaboration with
the CONSELF Company (https://conself.com/). A short example, representative of the work,
is summarized in Box n.1.

                  Box n.1

               Luca ‐ Roman Castrum

         (authors: G.M. Chiri, I. Giovagnorio, and D. Usai)

According to Livy, the Roman castrum of Luca (Lucca, Italy) was founded in 180 B.C. The name
root, ‘luk’ (‘marshy place’), which reveals its Celtic‐Ligur origin, originated from the environ‐
mental context in which it arose (1). Urban form and location were influenced by the Serchio
River, which still flows today to the northern part of the modern city. Thanks to its position,
Luca was a relevant road hub until the Middle Ages. The Roman city was quadrilateral —it
shows just a little irregularity on the northern side—and its east–west fronts measured around
500 m, whereas the north–south ones were around 650 m. The urban grid, constituted by
secondary orthogonal streets, defined rectangular blocks (insulae) of 105 × 120 m.

Figure 3. Luca's wind flows in summertime.

110

A Comprehensive Approach to Sustainable Urbanization



According to results gathered in 2005 by Frisia et al. (2) on paleoclimatology, and quoted by
Chen et al. (3) in 2011, «the “Roman Classical Period” temperatures were similar or slightly
higher than those of today with the highest temperatures reached between around 400 BC and
0 AD». This correspondence supposes similar data to those of contemporary conditions. In this
light, the validation of Vinaccia's statements has been done, taking into consideration Lucca's
current weather data (Meteonorm database source)—in particular, the winds’ main directions
and monthly values in the wintertime (≈90 N and ≈3 m/s) and the summertime (≈270 N and
≈2.5 m/s).

Analyses on wind flows have been developed with the support of the CONSELF company
(CFD software); the results confirm Vinaccia's theory. In fact, Lucca's environmental condition
as a ‘marshy place’ led the Romans to orient the urban grid in the direction of the main winds,
in order to remove insalubrious humidity throughout the year (Figure 3). Contrary to common
belief, Lucca's north–south orientation is not due to religious or astronomical precepts but to
practical, healthy needs.

3.3. The Renaissance treatises

Knowledge of Latin was rediscovered during the Renaissance, following the humanistic
culture's diffusion. Architecture acquired an intellectual rigour typical of the liberal arts, such
as literature and science. Its progress, coupled with advancements in drawing techniques,
contributed to transforming design practices in a scientific, exact procedure [41]. The birth of
perspective allowed designers to describe objects’ proportional features directly (their shapes
and mutual positions) and, indirectly, their dimensions and physical characteristics. Relation‐
ships among urban and architectural elements took inspiration mainly from Roman models;
nevertheless, according to Benevolo, «thus, Renaissance architecture achieves its model of
proportionality and regularity in single buildings, whereas it is not able to establish, or change,
a whole city». However, L.B. Alberti's urban theories, contained in De Re Aedificatoria, pose the
basis for the planning experiences of the fifteenth century. Since at its origins were Latin's
principles, in particular those of Vitruvius, also the Renaissance theories on design practices
pointed attention to local microclimatic characteristics [42]. According to Benevolo [41],
European colonies in American territories are the most significant urban planning examples
of the sixteenth century. New cities employed the urban grid, usually defined by square blocks.
This model was codified by Philip II into the first town‐planning act of the modern era, in 1573.
The law included recommendations to protect the public square from the main winds.
Microclimatic advantages of the old grids, compared to the successive Jeffersonian one, have
been studied by R. Knowles [28] for the city of Los Angeles. The author highlighted the
relationship between Spanish grids’ orientation (nearly 45°) and sea breezes, and the grid best
performances in relation to the sun's access throughout the year.

In Renaissance examples, bioclimatic buildings were more common. They exploited passive
cooling and heating systems, using natural ventilation and solar radiation. Sirocco rooms in
Sicily [43, 44], Rafaello's Villa Madama (1517) and Vatican Loggias [45], in Rome, and the
Costozza's Villas (Vicenza) [46], appear to be particularly significant examples. The latter was
quoted by Palladio in his essay I quattro libri dell'architettura (The Four Books on Architectures),
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one of the most important Renaissance treatises, which was published in 1570 [47]. The ancient
relationship between architecture and local environmental conditions also permeates Palla‐
dio's work. Several important references are reported in the treatise concerning both the
building and the urban issues. Particularly interesting are Palladio's considerations on the
villas’ sites (Chapter XI, Book II) and on urban streets (Chapter II, Book III), where reflections
extend from buildings to the surrounding areas. Concerning the latter, the author suggests
orienting and dimensioning them as functions of the sun's access and local wind conditions,
in strict coherence with Vitruvius's recommendations.

3.4. Bioclimatism in the European Modern Movement

In the early nineteenth century, cities’ awful conditions after the Industrial Revolution led to
the Hygienism movement. Hygienists condemned the squalid, crowded working‐class slums,
considering the absence of fresh air and sunlight the main reason for lethal diseases’ devel‐
opment [48–50]. This belief mobilized several studies, besides concerning disciplines correlat‐
ed to the architectural issues (such as medicine, physics, sociology), which proved the absolute
efficacy of sunlight and solar radiation on living spaces’ healthiness. Starting from the end of

Figure 4. Examples of German modern ‘row‐houses’. Extraxt from Diotallevi, Marescotti, Aspetti e Problemi della Casa
Popolare. Casabella n.164 (1941), p. 11.
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the nineteenth century «architects and planners began to study the question of solar orientation
more scientifically» [51], with the exception of a few rare previous examples, such as Port
Sunlight in England, built in 1860 [51, 52]. A broad classification of European solar studies on
buildings and the grid street orientation had been developed in Harzallah [50] and Montavon's
[49] doctoral theses. The growing interest in buildings’ salubrity fed the international archi‐
tectural debate, focusing initially on building typological research (CIAM II, Frankfurt am
Main, 1929) [53, 52, 56, 58] and, later, widening the scope to the city (CIAM III, Bruxelles, 1930)
[54]. During the third CIAM congress, Siegfried Gideon [55] defined the goal of the so‐called
Modern Movement as that of reaching the most efficient formulation for a typological scheme
for building on a different scale. The proposal for new neighbourhoods based on the Zeilen‐
bau Plan—linear high‐rise blocks— which was developed in the early 1920s in Germany,
became the standard (Figure 4).

The influence of the German avant‐garde on urban solar studies is demonstrated by its early
research and urban experiences. In 1824, Faust expounded in his Sonnenbaulehre (building
orientation theory) [56] the plan for a solar city. According to Plessner [57]), Vitruvius largely
inspired Faust. His Sonnenbau system aimed at providing as much sun as possible to houses
by planning settlements on a north–south‐oriented grid and by ensuring the correct distance
between the blocks. The Sonnenbau theory was supported by the Bayern architect, Gustav
Vorherr (1778–1847), who designed in 1818–1821 the so‐called “Sun Road” [58]. The road,
placed on the border between the ancient city centres of Munich and Ludwig, is strictly south
oriented. Interesting theories on buildings’ solar orientation were also published in 1879 by
Franz Knauff [59] and Alfred Vogt [60]. In 1919, Theodor Fisher (1862–1938) realized the Alte
Heide plan, in which each block is at a distance from other ones by twice its height, in order
to prevent façade shading. Five years later, Otto Heasler (1880–1962) developed the principle
in the Georgsgarten Siedlung. This rule, later called the Heiligenthal rule after R.F. Heiligen‐
thal's studies [61] on German city planning, became the Neue Sachlichkeit's standard approach
for housing‐climate control between 1925 and 1933, after attracting the enthusiasm of the
international architectural community. The linear high‐rise blocks were south–north oriented
in order to ensure maximum and equal insulation for the apartments. Gropius's diagrams
aimed to define a new universal typology for new settlements and were applied in «numerous
long, narrow apartment buildings that soon dotted the German landscape» [51]. The history
of architecture reported several examples: W. Gropius's Daamerstock Siedlung (1929), the
Siedlungen of E. May in Frankfurt (1925–1930) and the Siemensstadt Colony of H. Scharoun
in Berlín (1929–1931). In 1927, Ludwig Hilberseimer published his Großstadtarchitektur [52],
starting from a criticism of the Siedlung model. In his plan for a ‘vertical city’, the urban grid
is oriented as a function of sun exposure and the dimensions of both streets and blocks adhered
to ventilation and sunlight requirements in order to ensure the provision of space, air and sun
to each house. In his studies, Hilberseimer conferred great importance to the block's arrange‐
ment, defining both different typologies in terms of orientation [34], building density and
shape in relation to the sun's access at different latitudes [49].

France also developed pioneering studies strictly connected to solar urban design. According
to Butti and Perlin, «The possibility of extending the same benefits [spacious, sunlit working‐
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class communities] to urban residents inspired Augustin Rey, a French housing official, to
investigate the feasibility of comprehensive urban solar planning» [51]. In 1912, his studies
focused on the minimum blocks’ distance in order to avoid winter shadows among buildings.
Rey analysed the winter sun's path for several cities and correlated the different land areas’
consumptions in relation to north–south and east–west blocks’ orientations. His knowledge
of the daily difference in the time it took to reach the maximum solar radiation and the
maximum air temperature—la vague thermique— led Rey together with Barde and Pidoux, to
develop the heliothermic theory [62], «qui prétend rendre compte de «l'échauffement» des bâtiments
en tenant compte à la fois de leur exposition au soleil et de la température de l'air» [63]. The wide
dissemination of the heliothermic axis influenced the work of several important designers,
such as Le Corbusier, who presented at the third CIAM in Brussels his plan for the Ville
Radieuse, which was oriented by 19 northeast degrees [64]. The axis's effectiveness was
disputed during the 1940s; it opposed the “hygienists”, the partisans of east–west exposure,
to the “climatologists”, who were advocates of southern exposure, among whom was Vinaccia
(1943), who counterposed his equisolare orientation theory [65]. Even though Vinaccia did not
have available contemporary tools to demonstrate the correctness of his opinion, it is inter‐
esting to highlight (as recent research has confirmed) the inefficacy of Rey's theory [63, 66].

The Cité Industrielle (1917) of Tony Garnier [67] was also designed by the author as a function
of healthy principles. According to Butti [51], he was «heavily influenced by studies of ancient
Greek city planning, the young designer […] bore a close resemblance to Olynthus and Priene».
Long rectangular east–west oriented blocks recall the ancient Greek organization, as well as
buildings’ arrangement, whose form «was to achieve good ventilation and high levels of
sunlight into all homes».

Although Italy shows representative examples, such as Vinaccia's works, the international
debate on urban healthiness arrived several years after the previous experiences. Irenio
Diotallevi and Franco Marescotti are still often considered the Italian forerunners for the topic
of building‐related illnesses. In Costruzioni‐Casabella, they published some evidence for the
relation between wellness and housing. These articles, which were grouped together in Ordine
e destino della casa popolare (1941) [68], aim to directly link illness and the shape of buildings,
focusing on the lack of insulation and ventilation as the main factors for the onset of disease
in the working class.

Within the national architectural debate, the Roman architect Gaetano Vinaccia attempted to
use several publications to discuss the relationship between urban form and local microcli‐
mates. Because of his status as a minor architect, his biography has not been studied in depth
and only modest information is available [69]. In examining his productions, we can recognize
four different phases [70]. In the first period, from 1919 until 1926–1927, he applies his
knowledge to the field of architecture, achieving only mediocre success. The second, from 1926
to 1930, which corresponds to his studies in Freiburg where he graduated in civil engineering,
can be considered as the more fruitful experience of his life, due to the opportunity to be in
contact with the most advanced research in architecture, meteorology and civil engineering.
The third occurs during his stay in Rome, when, as a board member of the architectural
magazine Case d'Oggi, he tried to influence the debate on typology, which was led by rationalist
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architects worldwide. The last phase was during his attempt to lead the field towards an Italian
approach to urban microclimate design and closed with the publication of his most frequently
cited work, La Città di Domani, Come il clima plasma la forma urbana e l'architettura: la sanità e
l'igiene cittadina, Vol. 1 (1943) [65]. This work, which is the first complete treatise on the matter,
marks him out as an absolute pioneer, even if his influence on architecture and urbanism has
not been considerable, due to the unfavourable context in which his studies evolved.

Although most of Vinaccia's theories were already known in distinct international scientific
sectors (climatology, physics, astronomy, etc.) he was perhaps the first to organize these into
a systematic approach, also thanks to his education as an architect, which contributed to a more
humanistic idea of architecture and planning. In this light, it is important to highlight the
author's attempt to found a new scientific discipline, called Polisclimatology, in‐between
planning and microclimatology. His nature as a ‘polyhedral’ architect, able to manage design's
various aspects that were related to distinct disciplines, made him an absolute innovator and
his ideas extremely contemporary in our own time.

4. Contemporary experimentations

After World War II, the illusory belief in the technological system's supremacy led architects
to forget their past environmental tradition. This trend continued until the 1970s–1980s, when
the international oil crisis and environmental disasters (global warming, 1986; the hole in the
ozone layer, 1985; the Chernobyl disaster, 1986; etc.) showed clearly the environment's
weaknesses. This induced technicians to rethink the global development model in favour of a
more sustainable one. Bioclimatism in architectural and urban design practices, which had in
Rudofsky's vernacular research (1964) [71] and Olgyay's architectural regionalism (1963) [72]
two anticipatory events, caught on again. Scientific and technological progress that had
occurred during the last few decades, allowed integration of the design process with important
external ‘environmental’ contributions of interrelated disciplines (technical physics, fluid
dynamics, microclimatology, computer engineering, etc.). According to the Bjarke Ingels
Group (BIG), «[computer information models] allow us to shift the ultimate performance of a
building away from the mechanical room and back into the permanent attributes of the design»
[73]. Complexities resulting from this interdisciplinary perspective call for an update to the
current process without being overcome by them.

On this topic, Monserrato's master plan tests a methodology (Figure 5) through which to
integrate both environmental data and analyses, starting from the design's initial phases. It
has been supported by Heliodon and ENVI‐met software that act as useful ‘feedback’ tools
able to verify qualitatively the environmental behaviour of the project's concept. In particular,
the environmental analyses focused on the microclimatic consequences of urban form, taking
into consideration different climatic data (air temperature, relative humidity, wind directions
and velocities, hours of sunlight and direct solar radiation) and form parameters (aspect ratio
and the sky view factor). Analyses were conducted in relation to winter and summer solstices,
characterized by the most extreme environmental conditions during the year. The initial urban
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proposal has been gradually modified and re‐evaluated several times in relation to the main
criticalities that have emerged from analyses’ results and bio‐climatic diagrams’ information
(Olgyay). Nevertheless, modifications respect the master plan fundamentals and collaborate
in the improvement of its overall performance.

Figure 5. Diagram of design methodology.

The case study concerns a new urban expansion around the Academic Citadel area, in
Monserrato (Sardinia, Italy). The main goals of the master plan were the reconnection of the
University with the city centre, starkly separated by Highway 554; the urban sprawl's con‐
tainment and, finally, the respect of local agricultural tradition. With these aims, the project
designed an anti‐sprawl territorial system, which encircles the existing Citadel with a new
urban district (1.4 km2) linking it to the north‐west city's edge (Figure 6). The blocks are
arranged on the perimeter of the area along the existing position that is already in common
with the historical city centre, the Citadel and the waterways system. The Citadel and the new
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expansion are interconnected by a wide central park, towards which the ‘c‐shaped’ blocks open
their inner courts. Their connection is achieved through a podium, which bends back on itself,
defining two different public spaces. The park's layout makes a direct reference to the previous
rural pattern, with past tracks of land's plots, which host pedestrian and cycle paths bordering
different green areas (lawns, gardens, etc.) (Figure 7). The blocks’ dimensions are contained
between 50 and 200 m, and the maximum height remains constant, opposing the increasing
altitude of the terrain. Functions and the infrastructure network are designed in order to assure
mixed use within the 400 m.

Figure 6. View of the master plan.

Environmental analyses evaluated environmental criticalities, taking into account man's
thermal comfort in open spaces. Results recognized that the worst performances occurred
during the summer season, when north‐west blocks reached high wind velocities and high
solar radiation values in courtyards, which were exposed to direct sunrays for most of the day.
Uncomfortable conditions were also confirmed by Olgyay's diagrams, in which this cluster of
blocks moves away from average seasonal values.
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Figure 7. Monserrato plan.

In order to mitigate environmental weaknesses, the initial design has been modified, focusing
on the northern part. Specifically, modifications concerned the blocks’ height, which was raised
in order to protect courtyards from the cold mistral, the introduction of a portico in each
courtyard aimed at increasing shadows, and, finally, greenery's variation and implementation.
The ‘updated’ master plan has been tested again in order to verify the variations’ efficacies,
confirming the performances’ improvement. The additional vegetation, together with the
portico, collaborate in reducing wind velocities without obstructing airflows. At the same time,
the insertion of the latter increased shadows on courtyards’ surfaces, reducing direct radiation
by 20% and sun hours by 25–30% (Figure 8—above).

Referring to the transformation process adopted in several contemporary urban designs, such
as the ZAC Bercy (Paris) by the architect J.P. Buffi [74], the work defined a set of restrictions
in order to preserve the master plan's overall strategies and shape. Typological and morpho‐
logical rules did not represent such blocks’ final configurations, but they did have the task of
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explaining clearly to designers the spatial relationships among parts, guiding their successive
work on single blocks (Figure 8—below). The restrictions list of Monserrato metadesign
coupled general rules with technical datasheets that referred to specific blocks. The former are
structured in six main sections (1. edges; 2. blocks; 3. special blocks; 4. pedestrian routes and
courtyards; 5. park and gardens; 6. roads), whereas the latter include special, additional rules
combined with explanatory drawings.

Figure 8. Design's comparison of sun hours analysis (above) and examples of design general rules (left) and datasheet
(right) (below).

5. Conclusion

According to most current scholars, goals in sustainable architecture need to be approached
via the urban dimension. The necessity of this ‘change of scale’ has been proved, in the last
few years, in several national and international scientific works, in which authors highlighted
the benefits that are achievable—in relation to both climate change goals and energy issues.
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In order to overcome sustainable challenges, urban design, which falls in between city
planning and architectural design, becomes the appropriate tool through which operate,
thanks to its ability to solve ‘upstream’ the buildings’ environmental and energy deficiencies.
The strategy was common in ancient times, when bioclimatic urban solutions were applied,
both to mitigate extreme environmental conditions and to exploit passively the sun's heat in
wintertime. Examples of ‘solar cities’ across the history of architecture until World War II, after
which technology‐system diffusion and the functions’ specializations, were deemed less
interesting in environmental practices. Despite the fact that bioclimatism partially caught on
during the energy and environmental crises of the 1970s and 1980s, it was mainly applied to
single buildings, neglecting urban theories. Today, when important research has shown the
limits of strategies related to energy consumption reduction in single buildings and favours
broader policies, ancient lessons have acquired relevance. In particular, the ‘polyhedral’
figures of past architects have gained in prominence, as they have provided us with extensive
interdisciplinary knowledge. A significant example is the figure of Gaetano Vinaccia, an Italian
architect and pioneer in urban microclimate design. Although he is classified as a minor
architect and only a little information is available regarding his biography, his most cited work,
La Città di Domani, Come il clima plasma la forma urbana e l'architettura: la sanità e l'igiene cittadina,
Vol. 1 (1943), can be considered the first complete treatise on urban environmental design and
marks him out as an absolute innovator. These urban environmental principles, which allowed
past technicians to manage urban shapes and functions without renouncing quality of space,
have to be recovered by contemporary architects. Scientific progress over the last few decades
allows architects and planners to reintegrate the project process with the important contribu‐
tions of external disciplines. Complexities resulting from this multidisciplinary perspective
call for an update to the current process, without it being overcome by those complexities. In
this light, the methodology tested through the Monserrato case study offers a point of view
on current design practices.
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Landscape Ecology Practices in Planning: Landscape
Connectivity and Urban Networks

Ebru Ersoy

Abstract

The increasing need to conserve the nature and biodiversity and to maintain human
well-being has motivated landscape planners and researchers to seek different planning
approaches in urban environments. In this context, different approaches to planning
urban networks have been developed to promote the sustainable use and functioning
of landscapes, to conserve the nature and species, and increase its use and enjoyment
by people [1, 2]. In principle, these approaches have been founded on the conserva‐
tion of natural areas/biodiversity and with a consensus on their benefits to nature,
biodiversity and people [3–5]. However, they generally differ from each other with
respect to their expected aims, and ecological and/or social functions [6]. Therefore, by
examining different planning approaches to networks, this chapter clarifies what is
meant by these concepts and approaches in the literature.

Keywords: landscape planning, landscape ecology, landscape connectivity, sustaina‐
ble landscapes, urban networks

1. Introduction

Landscape fragmentation affects habitats and wildlife and causes loss of connectivity [7–9].
The detrimental effects of fragmentation can be avoided or minimised by the creation of new
habitats and/or the protection of existing habitats by ensuring more connected habitat patches
(or the networks of habitats/green and open spaces). Hence, the growing awareness of the
need for connected habitats/green and open spaces was reflected in planning approaches such
as greenbelts and linked park systems, greenways, ecological networks, green networks and
green infrastructure (GI).

Chapter �
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These approaches have their own planning aims and strategies, in particular in the early stages
of their development. But they have become closer with regard to their common concerns and
the underlying concept of landscape connectivity to identify their spatial configuration. In the
context of this chapter, the theoretical and scientific background of different network ap‐
proaches has been reviewed.

The scope of early landscape planning approaches to networks was limited by their foci, where
the spatial planning of nature and human dimensions has been treated as separate sectors.
However, nature conservation and landscape planning practices have started to evolve into
more integrated and multidisciplinary approaches, which are centered on the concepts of
sustainability and multifunctionality [6, 10, 11].

A more recent planning approach is GI and it is thought to be able to ensure the multifunc‐
tionality of different land uses and provide sustainable benefits to nature, biodiversity and
people from available land in and around urban environments. However, there is still need
for a more robust decision-making structure and feasible planning approach as well as a
measurable and traceable tool to planning GI in order to achieve these goals.

This chapter reviews and discusses the literature on landscape ecology applications in
landscape planning with an emphasis on sustainability in urban environments. The chapter
starts with urbanisation as an issue and explains how it leads to fragmentation and the loss of
connectivity. After giving a brief overview of issues related to fragmentation, it moves on to
the relationship between urbanisation and sustainability. Thereafter, it introduces different
ways in which networks have been developed in ecology and planning to mitigate the adverse
effects of fragmentation by enhancing landscape connectivity.

2. Urbanisation and sustainability

2.1. Urbanisation, fragmentation and connectivity

Urbanisation can be defined as a dynamic process, where the land is mainly modified with an
extension of the urbanised area and/or increased population [12–14]. While different social
processes are regarded as the main drivers of urbanisation (i.e., population growth and
employment opportunities), the process of urbanisation itself affects social, economic and
political life [14, 15].

In general, urbanisation is thought to have adverse effects on the nature, biodiversity, the
quality of life of people as well as the functioning of local and global ecosystems [16]. Since
the built-up areas cover a large proportion of the land surface in urban environments, they are
generally thought to be more disturbed and degraded compared to rural areas [16, 17].

However, it has been claimed that the process of urbanisation may also provide favourable
conditions for biodiversity as it creates and supports a variety of species because of the
diversity of habitats included in urban environments [12, 18, 19]. This is exemplified in the
work undertaken by Gaston et al. [20] who demonstrated that domestic gardens in Sheffield
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contain a large amount of biodiversity. Also, Savard et al. [21] drew our attention to some other
benefits of urban ecosystems to people, species and the other aspects of biodiversity (e.g.,
population structure and genetic diversity). This is evident in the case of the cultivation of rare
plants in urban areas, which may attract species that are dependent on those plants.

On the other hand, changes in the existing land uses/covers and fragmentation have as‐
sumed to be the most important environmental issues associated with the process of urbani‐
sation [7, 22–24]. The term fragmentation reflects both a status and process. As a status,
fragmentation can be defined as the degree of isolation of previously connected landscape
components [25, 26]. As a process, it implies a dynamic process of structural and functional
changes in a landscape where a continuous habitat type is split into separated patches with
different sizes, shapes and functions [9, 10, 27].

Bennett [23, 24] summarises the major effects of fragmentation under structural changes in the
landscapes and adverse effects on wildlife. With regard to its effects on landscape structure,
fragmentation causes the loss and/or degradation of valuable habitats with an increasing
isolation – or in other words the loss of connectivity [9, 23, 24, 28–30]. Recent evidence suggests
that larger habitats can support a wide diversity of animal and plant species [31–33].
Accordingly, the loss or reduction of habitats also means a dramatic reduction in biodiversi‐
ty, where some species become rare or extinct depending on their habitat requirements [9, 10,
32]. Therefore, the maintenance of connectivity has been regarded as a worldwide concern to
mitigate the detrimental effects of fragmentation as well as the conservation of the nature and
biodiversity.

The concept of connectivity stems from the relationships between the spatial structure and
functioning of landscape and means “the degree to which a landscape facilitates or impedes
movement of organisms among habitat patches” [4, 35, 36]. As one of the fundamental
properties of landscapes, connectivity has been considered as “a measure of the ability of
organisms to move among suitable habitat patches” [4, 30, 37].

According to another definition provided by Ahern [38], connectivity is “a spatial character‐
istic of systems which enables and supports the occurrence of specific processes and func‐
tions, through adjacency, proximity or functional linkage and connection”. In this regard, the
concept of connectivity encompasses the structural and functional aspects of a landscape.
While structural connectivity refers to the degree to which habitat patches are physically/
structurally linked to each other [23, 24, 39], functional connectivity denotes the measure of
species’ ability to move between habitat patches and does not necessarily require physical
connections between habitat patches [19, 40, 41]. Functional connectivity, therefore, depends
on the behavioural responses of organisms to the spatial structure of landscapes [39, 42, 43].

2.2. Urbanisation and sustainability

The relationship between urbanisation and sustainability largely depends on their dynamic
interactions and interdependencies with environmental, societal and economic processes [44].
In urban areas, natural habitats and biodiversity have been subjected to intense human
disturbances, and so urban environments and their surroundings have been the focus of
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conservation efforts [45]. In conjunction with the increased concerns for the nature and
biodiversity, sustainability has become a central issue in urban areas, as a response to the
growing concern for the quality of the natural environment as well as the social and econom‐
ic life in the early nineteenth century [46, 47].

The concept of sustainable development is formally defined for the first time in the Brun‐
dtland Report (Our Common Future) as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” [48]. The
concept of sustainable development seeks to achieve a dynamic and long-term balance
between socioeconomic (e.g., well-being and equity of people) and environmental systems
(e.g., protection and maintenance of the nature and biodiversity) [49]. As suggested by
Selman [10], the landscape itself provides an arena in which this balance might be provided
and maintained.

With regard to sustainability in landscapes, it is claimed that a generally accepted definition
of landscape sustainability is lacking or it is generally defined in different contexts [49, 50].
While some researchers used the Brundtland Report as the source of definition with an
emphasis on the maintenance of ecological integrity and basic human needs [27, 51], some
highlighted the importance of natural capital and ecosystem services [52, 53], while others
considered the localisation and self-regenerative capacity as the essential property of sustain‐
ability in landscapes [54]. However, in broad terms, landscape sustainability is defined as
“the capacity of a landscape to consistently provide long-term, landscape-specific ecosystem
services essential for maintaining and improving human wellbeing in a regional context and
despite environmental and sociocultural changes” [49].

As with the three pillars of sustainability (environment, society and economy), landscape
sustainability has been described on the basis of a variety of dimensions. Selman [50] draws
attention to the five dimensions of landscape sustainability – i.e., environmental, economic,
social, political and aesthetic sustainability. Likewise, Musacchio [55] describes six dimen‐
sions of landscape sustainability: environment, economy, equity, aesthetics, experience and
ethics.

Selman [20] claims that environmental sustainability stems from landscape ecology as a
response to the fragmentation of landscapes with an emphasis on the importance of land‐
scape multi-functionality, ecosystem services and/or resilience. First of all, a sustainable
landscape should maintain and improve landscape connectivity to facilitate species’ life cycles
as well as sustaining healthy and viable populations through a biodiverse network of
habitats [50, 55, 56]. It should also be able to support other functions, provide a variety of
ecosystem services to people, biodiversity and nature, besides its ability to achieve a state of
relative stability [50, 57]. Another dimension of a sustainable landscape, the economic
sustainability, draws attention to the importance of a “virtuous circle” in which the endoge‐
nous economic vitality of a local landscape maintains and supports environmental produc‐
tion practices (i.e., tourism, recreation, and the production of food and timber) as well as
promoting landscape quality and the quality of life [10, 55, 58]. The social sustainability of a
landscape, on the other hand, refers to opportunities for public participation in decision-
making processes, inclusivity and equity in access, equal right to benefit from the use of
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resources, social inclusion and community cohesion [50, 58]. The political aspect of land‐
scape sustainability focuses on an effective governance structure, where the planning,
protection and management of different landscape elements are put in place on common
grounds for both the public and private sectors [50]. Finally, the aesthetic sustainability of a
landscape relates to the visual amenity and healthy functioning of the landscape [50, 55].

In view of all that has been mentioned so far, we can clearly see that a sustainable landscape
is a multidimensional and dynamic system in which every component is crucial for provid‐
ing multi-functionality, supporting the essential ecosystem services, benefiting the health and
well-being of people as well as meeting the different needs of people in urban environments.

3. Landscape ecology and landscape planning

While a variety of definitions of landscape ecology have been proposed, one of the first people
to use landscape ecology was Carl Troll [59], who integrated the different concepts of
geography and ecology into a new inter-disciplinary research area [60, 61]. Defined as “the
study of structure, function and change in a heterogeneous land area composed of interact‐
ing ecosystems" [62, 63], landscape ecology encompasses three main characteristics of
landscapes: structure, function and change.

Landscape structure is the mosaic of different geographical units (ecosystems, etc.) and is
characterised by the amount and occurrence of different units (composition) as well as their
spatial distribution and arrangement in the landscape (configuration) [64–68]. Landscape
function refers to the interaction between spatial components of landscapes (flow of matter,
energy and organisms) and landscape change expresses alterations in the structure and
functions of a landscape over time [27, 62, 69]. These three characteristics of landscapes are
closely associated with each other and their relationships constitute the past, current and future
landscapes [64, 70, 71].

Landscape ecology not only helps researchers to investigate the spatial structure and func‐
tions of changing landscapes, but it also can help to identify the origin of changes and the
interactions between spatial structure, function and change of a landscape in order to find the
most appropriate options for decision making [62, 63, 72–75]. Hence, it is clear that the science
of landscape ecology provides valuable insights into how short and long term landscape
planning processes can improve the quality of life and achieve sustainability in urban
environments [74, 76].

According to a definition provided by the Landscape Institute [77], landscape planning is
“the development and application of strategies, policies and plans to create successful
environments, in both urban and rural settings, for the benefit of current and future genera‐
tions". This definition refers to a formal process of decision making and technical/spatial
planning activity built upon the assessment of physical, natural and cultural resources, where
the main concern is the enhancement, restoration and/or creation of landscapes [10, 38, 78].
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As mentioned earlier, urbanisation has been regarded as one of the main drivers of the change
in landscape structure and function. As being one of the fundamental functions of a land‐
scape, connectivity enables the movement of organisms through landscapes as well as
sustaining other functional processes in a landscape [10]. Therefore, the crucial role of
landscape connectivity for the conservation of nature and biodiversity has been emphasised
by researchers to reduce the adverse effects of urbanisation, in particular the fragmentation
and isolation of habitats [4, 32, 34, 69, 79, 80].

While planning is regarded as a key tool to deliver sustainable development [10], the need for
multi-disciplinary and more integrated approaches to nature conservation and landscape
planning has been highlighted [6]. Within this context, in order to mitigate the effects of
fragmentation and to conserve nature and biodiversity in urban areas, different spatial
planning approaches and strategies have been integrated into landscape planning and ecology,
i.e., habitat creation or preservation that produces more connected patches or networks [7, 23,
26].

The growing recognition of connected systems was reflected in planning strategies such as
greenbelts and linked park systems since the early nineteenth century. Thereafter a variety of
approaches have been developed throughout the world with regard to the connected systems
of green spaces in urban areas (i.e., ecological/green networks) [1, 2, 6, 38, 81, 82].

Even though each of these network approaches shares a great deal of common ground in terms
of their main idea and structural properties, they typically differ from each other in their
intended aims and functions that the networks will deliver [6]. While there has been a
consensus on the main benefits of different network approaches for nature, biodiversity and
people [4, 5, 83–85], there is a degree of uncertainty around the terminology on these ap‐
proaches [3]. In this regard, it is necessary to clarify exactly what is meant by different network
concepts and approaches in the literature. The next section therefore looks at the definition,
the underlying rationale and the development of different networks being planned and
managed in urban areas.

3.1. Linked park systems, green belts and greenways

The idea of greenways originates in the concept of parkways, the linear system of green and
open spaces in urban areas, which was first developed by Frederick Law Olmsted in the
nineteenth century [6, 86, 87]. Frederick Law Olmsted, the founder of the profession of
landscape architecture in the USA, proposed two important plans for Brooklyn and Boston in
order to connect urban parks and the surrounding areas as linear park systems. With a width
between 65 and 150 m, these parkways aimed to deliver aesthetic and recreational functions
for the benefit and use of people [6, 88, 89].

As the first greenway approach in the USA, the Boston Park System – or in other words the
“Emerald Necklace” – was an attempt to integrate urban and suburban areas to increase the
functioning of these areas [89–91]. On the other hand, in the same period in the UK, the concept
of the “green belt” was first introduced by Ebenezer Howard, in his book Garden Cities of To-
Morrow [92, 93]. Howard [94] claimed that if green and open spaces were located in close
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proximity to residential areas, they would contribute significantly to the physical and mental
health of residents as well as their well-being.

The underlying idea of green belts was separating urban and rural environments from each
other by designating some of the land around the inner cities as green to regulate urban sprawl
and protect the countryside beyond the urban areas [6, 10, 93]. The fundamental difference
between the traditional linked park systems and green belts is in their main functions. While
the concept of parkways is built upon green corridors from and to the urban parks which are
surrounded by trees (linking function), the concept of green belts is largely based on the idea
of controlling urban growth by separating urban and rural areas with a buffer of undevel‐
oped land (separating function) [6, 92]. Conversely, according to Kühn [95], in the future, green
belts might behave as complementary zones between different urban areas by linking them in
a polycentric city region [95]. Within this framework, being located in the urban fringe, green
belts have the potential of providing a multifunctional and dynamic environment where there
is a wide variety of low-density economic activities and a diversity of wildlife [96, 97].

At that time, the town planner Patrick Abercrombie developed another pioneering approach
to planning and implementing a park system for Sheffield: the Sheffield Civic Survey and
Development Plan. In this comprehensive city plan, Abercrombie [98] proposed a park system
where all the individual open spaces (e.g., existing and new parks, playgrounds, accessible
moorlands and waterwork properties) were linked to each other with tree-planted avenues.

According to Abercrombie [98], the success of a systematic provision of open spaces in urban
areas is dependent on the area, use and distribution of open spaces. Accordingly, the follow‐
ing planning principles underpinned the Abercrombie’s city plan:

• The area of different open spaces must be proportional to the whole extent of the city.

• The different uses and functions of open spaces should be determined by their user groups.

• Open spaces must be distributed throughout the city, in particular where it is appropriate
and required. Therefore, planners should take into account the travelling distance to open
spaces. Additionally, depending on the use of open spaces, certain types of parks should be
located evenly throughout the city, whereas some of them must be placed in the city centre
or distributed irregularly [98].

The underlying principle employed in Abercrombie’s plan represented an emerging theoret‐
ical basis for the linked park systems, where it was suggested that all the green and open spaces
should be located close to the centres of population it serves. Additionally, Winkler [99] claims
that this strategic plan, grounded on an in-depth analysis process, has a crucial role in the
development of Sheffield. Perhaps most importantly, Abercrombie’s plan revealed the actual
structure of Sheffield at that time, offering a complete framework for green and open spaces
throughout the city and towards the Peak District National Park as well as making clear
connections between green and open spaces and the centres of population [99].

Following these pioneering planning strategies, the concept of greenways has become a
common landscape planning approach all over the world. Little [100] defined a greenway as
the following:
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• “A linear open space established along either a natural corridor, such as a riverfront, stream
valley, or ridgeline, or overland along a railroad right-of way converted to recreational use,
a canal, scenic road, or other route,

• Any natural or landscaped course for pedestrian or bicycle passage,

• An open-space connector linking parks, nature reserves, cultural features, or historic sites
with each other and with populated areas,

• Locally, certain strips or linear parks designated as parkway or green belt”.

Additionally, according to a definition provided by Ahern [3], greenways are the “networks
of land that are planned, designed and managed for multiple purposes including ecological,
recreational, cultural, aesthetic, or other purposes compatible with the concept of sustaina‐
ble land use”. Thereafter, a further definition is given by Ahern [38] who describes green‐
ways as “the connected systems of protected lands that are managed for multiple uses
including: nature protection, recreation, agriculture, and cultural landscape protection”.

As shown in the abovementioned definitions, the focus of greenways has been moved from a
single purpose planning approach to a multifunctional network approach, which is intend‐
ed to assist key ecological functions as well as supporting public enjoyment and movement in
urban environments [101]. In this regard, Ahern [91] claimed that the term greenway is a
generic description of various strategic landscape planning approaches and plans which
embodies a multitude of concepts with the main aim of ensuring multifunctionality in urban
areas.

3.2. Ecological networks

Historically, the term “ecological” was inserted into the network approaches in the Nether‐
lands with the ecological infrastructure concept [102]. As with greenways, the concept of
ecological networks has been an attempt to integrate landscape ecology into landscape
planning in order to protect nature and biodiversity, manage natural resources, and also to
connect people with nature conservation [6]. Even though these terms have been used
interchangeably, as pointed out by Ahern [91, 103], the term ecological networks is more
common in Europe, whereas the term greenways is more common in the USA. Also, while
greenways initially aimed to provide access to people between urban and rural green and open
spaces in the USA, ecological networks in Europe stemmed from the need to conserve species
and habitats [6].

Similar to greenways, a variety of definitions have been suggested for ecological networks in
the literature. Bennett [104] defined ecological networks as “the coherent systems of natural
or semi-natural landscape elements configured and managed with the objective of maintain‐
ing or restoring ecological functions as a means of conserving biodiversity, besides provid‐
ing appropriate opportunities for the sustainable use of natural resources”. According to a
definition provided by Jongman and Pungetti [6], ecological networks are “the systems of
nature reserves and their interconnections that make a fragmented natural system coherent,
so as to support more biological diversity than in its non-connected form”.
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Although differences of definitions exist, there appears to be some agreement that the concept
of ecological networks is founded on the conservation of natural areas and biodiversity as well
as the enhancement of the functioning of ecosystems [2, 105, 106]. In addition to these, Ignatieva
et al. [107] claim that urban ecological networks are one of the most effective tools for providing
physical, visual and ecological connectivity between urban areas and surrounding natural
areas. Hence, the development and the integration of ecological networks into the planning
system have been regarded as the spatial expression of the idea of landscape connectivity in
planning activities [6].

In general terms, spatially, the structural elements of ecological networks are composed of core
areas, which are usually protected by surrounding buffer zones and are linked to each other
with linear corridors [1, 78, 108, 109].

As claimed by Jongman [88], core areas are generally defined on the basis of traditional nature
conservation practices as the natural and seminatural areas of conservation concern or the
ecologically important areas with high nature value. Thus, the primary functions of core areas
are thought to be the conservation of nature and biodiversity by meeting the ecological
requirements of species or ecosystems [78].

The main purpose of corridors is to enable dispersal and migration of animal and plant species
by providing functional connections between core areas (e.g., ecosystems or habitats for
species) [1, 78, 108]. With regards to their intended ecological functions, Bouwma et al. [109]
emphasised the crucial role of the spatial arrangement, internal structure and management of
corridors, where the more complex corridors can provide multiple functions for different
animal and plant species. Within ecological networks, three types of corridors are defined on
the basis of their spatial structures and they are landscape, linear and stepping stone corri‐
dors [1, 78]. While landscape corridors can be in various forms of linked landscape matrices,
linear corridors are composed of linear landscape elements such as rivers or forest strips.
Conversely, stepping stone corridors are composed of a range of small habitat patches within
the landscape matrix.

Buffer zones, on the other hand, prohibit the damaging effects from external influences and
maintain landscape processes within core areas and corridors by creating environmental
gradients around these [78, 88, 110]. Finally, another spatial element of ecological networks
mentioned by Bouwma et al. [109] includes sustainable use areas which refer to the exploita‐
tion of opportunities within the landscape mosaic for the maintenance of ecosystem services
and sustainable use of natural resources [1]. Also, more intensive human uses are allowed in
buffer zones and sustainable use areas only if these activities support the maintenance of
ecosystem services and sustainability [78, 110].

The common goals of ecological networks are to maintain the functioning of ecosystems and
to promote the sustainable use of natural resources by assisting policy sectors [6, 81]. Within
this framework, ecological networks have been considered one of the most important
landscape planning approaches to address issues associated with human-induced habitat
depletion. The concept of ecological networks has therefore attracted the attention of conser‐
vationists and planners in Europe [111, 112]. In Europe, many international initiatives and
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strategies for ecological networks have been developed [105, 113]. For example, the Pan-
European Ecological Network (PEEN) is thought to be one of the most ambitious internation‐
al ecological network programmes. The aims of the PEEN programme are to ensure the
following:

• the conservation of a full range of ecosystems, habitats, species and landscapes of European
importance,

• the maintenance of the habitats that are large enough to conserve animal and plant species,

• the promotion of sufficient opportunities for species to disperse and migrate,

• the restoration of the damaged parts of the key environmental systems, and

• the prevention of potential threats on key environmental systems [10–114].

Overall, the ecological network approach has been regarded as an important tool to main‐
tain some level of ecological structure and function in urban areas, since they are thought to
provide habitats and ecological connectivity for species and to conserve the wildlife [6]. But,
as indicated by Andrian [115], the emphasis of the wildlife and nature conservation has been
a major driver for the development of urban ecological networks and there is still a need for
integrating social and cultural values into ecological networks.

3.3. Green networks

The green network concept has been inserted into urban planning practices, principally based
on the idea of ecological networks [116]. Accordingly, the ecological and green network
concepts have been used synonymously. However, the transition from ecological networks to
green networks has created a noticeable shift in the spatial planning of nature and human
dimensions. In other words, while the focus of the ecological network concept was on the
conservation of species and habitats, the concept of green networks has brought the needs of
species and humans together under the same roof [6, 82]. Moreover, the concept of green
networks recognises the crucial role of green and open spaces and the linkages between them
to support and improve sustainable development and also to enhance the functioning of urban
environments [82]. Here, it is also important to note that the multiple benefits (social, eco‐
nomic, health and environmental) of urban green and open spaces have already been
recognised by researchers, planners and decision-makers [84, 117–121].

Barker [122] defined green networks as “natural, or permanently vegetated, physically
connected spaces situated in areas otherwise built-up or used for intensive agriculture,
industrial purposes or other intrusive human activities”. Additionally, the term green network
was used by Bennett [104] to refer to a “spatial planning tool for the purpose of balancing and
integrating land uses”. Thus, the concept of green networks has been seen as a multifunction‐
al urban planning approach, in which the value and importance of natural, seminatural
habitats and human-dominated habitats (e.g., urban green and open spaces) are appreciated
to deliver benefits both for people and the environment.
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Regarding the requirements of people in urban environments, a recent study by Scotland and
Northern Ireland for Environmental Research claimed that green networks are capable of
increasing the number of people visiting urban green spaces and the countryside by provid‐
ing a safe environment for people to move across [85, 123]. Furthermore, the green network
approach goes beyond the limited vision of developing individual green spaces in urban areas
just for recreational and visual purposes and focuses on the functionally connected systems of
formal and informal green and open spaces [122, 124].

According to Forest Research [82], the concept of green networks takes into account multiple
functions offered by green spaces as well as their ability to support the movement of people
and species by the interconnections between them. Within this framework, the differences
between individual green and open spaces and a green network have been explained according
to their functions and spatial configurations. While green spaces refer to publicly accessible
individual green areas in urban environments, green networks reflect a strategically identi‐
fied and functional system of green spaces for the benefit of people, habitats and biodiversi‐
ty [82, 125].

As well as these important features of green networks, Barker [122] suggested that one of the
major benefits of green networks is their ability to provide connections between urban and
rural landscapes. Therefore, green networks are said to be able to fulfil the requirements of
wildlife, support ecological processes and meet the recreational, visual and social needs of
people. In most countries, even though green networks have been primarily developed for
their benefits to nature and biodiversity, they also serve multiple uses and functions such as
meeting the ecological requirements of species and providing recreational facilities to people
[122]. For example, in Sheffield, reasons for conserving and improving a green network for
people and wildlife are defined as the following:

• to increase and support biodiversity in Sheffield and the surrounding areas,

• to allow the dispersal and genetic exchange of species throughout the city,

• to reduce the adverse effects of fragmentation and isolation,

• to control and support a sustainable drainage system,

• to encourage the movement of people by increasing the access to open and green spaces,
and countryside,

• to improve the well-being and health of people, and

• to improve the general character of the city as an attractive and healthy place [126].

From a theoretical point of view, it is obvious that the intended functions of green networks
are broadly compatible with the main functions of ecological networks, which aim to sup‐
port and enhance the movement of animal and plant species. Besides maintaining and
enhancing urban biodiversity and nature, the green network approach also provides appro‐
priate opportunities for the sustainable use of natural resources, and so is regarded as one of
the fundamental components of a more sustainable urban environment [82]. To conclude, the
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green network approach has been inserted into the planning and management strategies as a
broad concept to achieve multifunctionality for biodiversity and people in urban areas.

3.4. Green Infrastructure

As a more recent approach, the GI concept takes its theoretical and conceptual background
from the abovementioned network approaches to provide multiple benefits for biodiversity,
nature and people within an urban environment [127, 128]. For this reason, we can claim that
the GI concept is not a new idea in landscape planning and management [129]. Accordingly,
it can be suggested that the concept of GI is grounded on the recognition of the crucial role of
green networks in the wider landscape to provide essential services, functions and resources.
In this context, Rouse and Bunster [130] claim that the previous plans of green and open
spaces (e.g., greenways) have been increasingly adapted as GI plans to provide environmen‐
tal, economic and social benefits in urban environments.

GI is defined by Benedict and McMahon [127] as “an interconnected network of waterways,
wetlands, woodlands, wildlife habitats, and other natural areas; greenways, parks and other
conservation lands; working farms, ranches and forests; and wilderness and other open spaces
that support native species, maintain natural ecological processes, sustain air and water
resources and contribute to the health and quality of life for communities and people”. In
addition, according to Natural England [131], GI is “the network of multifunctional open
spaces, waterways, trees and woodlands, parklands and open countryside within and between
our cities, towns and villages”. In an urban context, the Natural Environment White Paper
defined GI as “the living network of green spaces, water and other environmental features in
both urban and rural areas. It is often used in an urban context to cover benefits provided by
trees, parks, gardens, road verges, allotments, cemeteries, woodlands, rivers and wetlands”
[132]. Furthermore, Natural England [133] suggested that GI is “a strategically planned and
delivered network comprising the broadest range of high quality green spaces and other
environmental features”.

The careful wording of these definitions includes three important ideas at the heart of the GI
concept: connectivity in the form of networks, multifunctionality and green components [127,
129, 134]. In spite of the emphasis on the term “green”, it is quite important to note that GI also
includes the features of blue infrastructure, such as river systems, other water features and
coastal environments [127, 131]. As mentioned earlier, connectivity refers to the functional
linkages in a landscape for the movement of animals, plants and/or people as well as the flows
of materials, nutrients and energy [30, 35, 41]. Accordingly, supporting and enhancing
connectivity between (habitat) patches is an important issue for biodiversity and nature
conservation, and also to support human well-being and health in GI planning [127, 134].

Moreover, taking into consideration the abovementioned definitions, it is obvious that the
concept of multifunctionality is the core idea of the GI concept, since the ability of a land‐
scape to deliver multiple benefits and functions for wildlife, nature and people has been widely
recognised by decision-makers, planners and managers. Multifunctionality refers to “the
potential for GI to have a range of functions to deliver a broad range of ecosystem services”
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[135]. The key benefits of a GI approach are summarised by Forest Research [136] as the
following:

• mitigating and adapting to the effects of climate change,

• supporting and promoting the health and well-being of people,

• supporting economic growth and investment,

• regeneration of previously developed, derelict, underused and neglected (brown fields)
lands,

• protecting, supporting and improving wildlife and habitats, and

• enhancing social inclusion and creating community cohesion.

The Landscape Institute [137] claims that a strategically planned and managed GI approach
may provide enhanced multifunctions in comparison with the sum of individual green and
open spaces in an urban area. The concept of multifunctionality can be fitted into the plan‐
ning of individual green and open spaces as well as routes but we can achieve a fully multi‐
functional GI network when these individual sites and their connections are taken together
[10]. In this respect, it is important to note that multifunctionality in a landscape is character‐
ised by a high level of complexity, where different functions occur at the same time and interact
with each other [138].

Consisting of natural, seminatural and man-made ecological systems altogether in a system,
a GI forms a multifunctional network within and around urban areas [139]. Hence, the
planning and management of a GI approach should take into account its capacity to deliver
multiple ecological services, address the requirements of people and enhance the spatial
character and quality of landscapes in urban environments [96, 131, 133]. Accordingly, a GI
approach also requires involvement of a variety of stakeholders (e.g., planning authorities,
policy makers, conservationists and the general public) in order to meet its intended func‐
tions and benefits that we expect them to provide [5, 140, 141].

In brief, the GI is a more promising and comprehensive planning approach to develop a
coherent system of green and open spaces which serve multiple purposes and provide
multifunctionality in urban areas [142].

4. Discussions and conclusions

The objective of this chapter was to provide a deeper understanding of the context and
evolution of different approaches to planning and designing urban networks. While, during
their early stages, different approaches had their own planning aims and strategies to define
networks spatially, subsequently, their general concerns about nature, wildlife and people
have become more aligned [6].

In early network planning practices, although natural and seminatural habitats were connect‐
ed to each other for the benefit and use of wildlife, the linkages between urban green and open
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spaces were more concerned with people’s use and enjoyment of nature. However, in urban
environments, it is hard to develop a network which focuses only on the conservation of nature
and biodiversity or the benefit of people [3]. In many cases it is not appropriate to apply such
an approach, since we cannot ignore the interactions between nature and people in urban
environments. In this context, there has been a shift from single purpose planning ap‐
proaches to more comprehensive and integrative planning approaches in order to deliver
multifunctionality in urban environments [10, 80].

All network approaches recognise the importance of functional connections for biodiversity
and people in an increasingly fragmented urban environment. Accordingly, the common
characteristics of the different network approaches are their spatial configuration and focus
on connectivity. With regard to their spatial configuration in landscapes, all networks benefit
from a linear structure in which different habitats and green and open spaces are included and
connected. In relation to that, there is evidence for the benefits of networks to wildlife and
biodiversity and people. The wider benefits to wildlife and biodiversity include facilitating the
dispersal, genetic exchange and variability of many animal and plant species; increasing
species’ resilience to the environmental changes, predators and human disturbances and
supporting the essential ecosystem services [2, 4, 83]. The benefits of networks to people, on
the other hand, include supporting the health and well-being of people and enhancing
community spirit [5, 84, 85, 136].

However, our understanding of the underlying science and the ways of planning, designing
and managing networks in urban landscapes is still developing. Accordingly, one of the most
important obstacles to enhance connectivity, maintain biodiversity and support human well-
being through the planning of networks has been the gap between their intended aims and
actual outcomes in urban environments.

A comprehensive network planning approach requires the following considerations in order
to achieve sustainability and multifunctionality in urban environments. Sustainability is a
natural characteristic of any planning activity. Accordingly, the spatial planning of networks
requires the investigation and integration of ecological, societal and economic aspects to
provide multiple benefits to wildlife, nature and people. Also, detailed research is required to
explore how differing land use/cover morphologies within the wider landscape matrix would
support or detract from their expected functions. In addition, after the determination of areas
for different functions and/or multifunctionality, their applicability should be evaluated using
different tools, such as the use of multicriteria analysis as well as defining opportunities and
constraints for the planning decisions. Moreover, the planning strategies for networks require
cooperation between the local and regional authorities to provide and support connectivity at
landscape and regional levels. It is also important to identify and cooperate with stakehold‐
ers including public/private sectors and organisations to provide and support multifunction‐
ality and sustainability in urban environments. Finally, it is a necessity to monitor the results
of networks in order to measure and ensure the success of the network plans as well as
identifying any changes and modifications to these plans.
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Abstract

Marine fishing occurs along the coast and oceanic islands within the Exclusive Economic
Zone of Brazil and is practiced mainly in an industrial fashion in the southern and
southeastern regions of the country as well as in an artisanal fashion in the northern
and northeastern regions. Artisanal marine fishing is practiced by fishermen who use
sailing rafts or mid-size motorboats in daily fishing activities or activities that surpass
20 days at sea. To face the ocean and extract sustenance and income, the majority of
artisanal fishermen do not have advanced fishing technologies, but rather empirical
knowledge passed from one generation to another, which has allowed fishermen to
maintain their activities for hundreds of years. The shared knowledge with regard to
fishing and gear as well as fishing territories and the discovery of new territories allows
artisanal fishermen to maintain catches while resources have become scarce. Howev‐
er, different factors in urban areas have been contributing to changes in artisanal marine
fishing, such as the facility to education and jobs in other sectors of the economy. The
aim of the present study was to investigate the experiences of artisanal fishermen in
traditional  communities  of  northeastern  Brazil  in  the  occurrence  of  urbanization.
Traditionally in artisanal fishing, the transmission of knowledge occurs in the family,
generally from father to son. However, this traditional transmission of knowledge is
being lost in urban fishing communities. The urban environment facilitates access to
formal education and provides opportunities for both formal and informal jobs, leading
to income in more attractive sectors to the sons of fishermen than the activity of fishing.
This is caused by changes in schooling and has triggered the avoidance of youths with
regard to fishing activities. Moreover, urban pressures, such as the loss of areas of
embarkation and landing, further hinder the maintenance of fishing in such areas. Thus,
issues related to urbanization have been changing the structure of fishing communi‐
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ties and compromising the maintenance and sustainability of marine artisanal fishing
activities in urban areas.

Keywords: Fishermen, traditional knowledge, artisanal fisheries, urban pressures,
sustainable fisheries

1. Introduction

The coast of Brazil is considered a national heritage in the constitution passed in 1988 (Article
225, Section 4) [1] and corresponds to the geographic space of the interaction among the air,
ocean and land, including renewable and non-renewable resources as well as the terrestrial area
that encompasses municipalities under the direct influence of phenomena that occur in this zone
and a marine area that extends for 12 nautical miles (Decree 5300, Article 3, 2004) [2]. The Brazilian
Exclusive Economic Zone (EEZ) starts at the end of this marine area and extends an addition‐
al 200 nautical miles, in which, according to Article 7 of Law n° 8617 [3], “Brazil has sovereign
rights for the exploitation, use, conservation and management of living and non-living natural
resources of the waters over the ocean floor and its subsoil as well as other activities directed at
the exploration and use of this zone for economic purposes.” The zone extends from the tropical
region at the mouth of the Oiapoque River in the state of Amapá (north of the equator) to the
temperate region at the mouth of the Chuí Stream in the state of Rio Grande do Sul (southern
Brazil), spanning 17 states and more than 8500 km.

The EEZ is a marine area of approximately 3.6 million km2. However, adding the approxi‐
mately 900 thousand km2 that Brazil has formally requested from the United Nations, the total
will be approximately 4.5 million km2, corresponding to 52% of the mainland area. Due to this
oceanic territory, the strategic importance and riches of living and non-living resources, the
Brazilian Navy denominates this area the “Blue Amazon” [4]. The EEZ of the northeastern
region of the country (EEZ/NE) extends from the mouth of the Parnaíba River in the state of
Piauí to the city of Salvador in the state of Bahia.

The coast of Brazil is on the Atlantic Plate being characterized by three well-developed
provinces: the continental shelf, continental slope and continental rise [5]. The continental shelf
of the EEZ/NE is divided into two distinct stretches: (1) from the mouth of the Parnaíba River
in the state of Piauí to Ponta do Calcanhar in the state of Rio Grande do Norte; and (2) from
Ponta do Calcanhar to the city of Salvador in the state of Bahia [6]. In the first stretch, the
continental shelf has a mean width of 63 Km and various platforms on the outer portion, which
are well individualized between 23 and 30 m, 40 and 50 m as well as 60 and 70 m [6]. After
Ponta do Calcanhar to Belmonte in the state of Bahia, the continental shelf gradually becomes
narrower, with a maximum width of 42 km, depths down to 60 m, a quite irregular topography
and typical bio-constructional occurrences (beach rocks), which are parallel to the coast and
more developed from Cape Calcanhar southwards [5]. The North Brazilian Chain and volcanic
Fernando de Noronha Chain, which is a line of underwater mounts, are also found off the
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northeastern continental shelf; only the Fernando de Noronha archipelago and Rocas atoll
reach the surface [5].

The surface currents that traverse the northeastern continental shelf originate from the South
Equatorial Current, which runs westward and splits at Cape Calcanhar to form the North
Brazil Current, which passes over the Equator, whereas the larger part, the Brazil Current, runs
in the southerly direction [7–8]. The South Equatorial Current and its two offshoots (North
Brazil Current and Brazil Current) are warm and oligotrophic [9], but small-scale, highly
transitory topographic resurgent phenomena occur around the chains of the EEZ/NE [10],
which enrich the surface with nutrients from deep waters and enhance both primary and
secondary productivity [11].

Small estuaries lined by mangroves are found on the northeastern coast of Brazil [12] and only
the Parnaíba and São Francisco Rivers have large enough mouths to provide nutrients for the
outer continental shelf [9]. The lack of large rivers and the occurrence of warm waters have
led to the formation of coral reefs that extend approximately 3000 km from the state of
Maranhão to the south of the state of Bahia. These ecosystems are home to the greatest diversity
of fish fauna in marine environments [13], which have considerable ecological, economic and
social importance to the region [14], sheltering important fish stocks and contributing to the
subsistence of traditional coastal communities [15].

In this extensive stretch of ocean in off northeastern Brazil, with its geological, oceanographic
and biological diversity, an enormous contingent of fishermen that mainly practice artisanal
fishing operations exploit living resources, facing the ocean on a daily basis to extract their
sustenance. Fisheries in the northeastern region are characterized by a wide variety of species
with low abundance [12], but high commercial value [16] and multi-species catches. These
fisheries are essentially artisanal (96.3%) and target pelagic (anchovies, halfbeaks and sar‐
dines), demersal and benthic (spotted goatfish, parrotfishes, tomtate grunt, drums, mutton
snapper and white grunt) fish species as well as crustaceans (lobsters and shrimps) and
mollusks [12].

The technology is unsophisticated, landings are decentralized and there is a lack of technical
assistance and infrastructure from production through to sales [16]. Besides these problems
related directly to fisheries, fishermen are affected by anthropogenic pressure on ecosystems,
live resources and fishing territories. Fishermen in urban areas also face the difficulty or even
impossibility of passing down their traditional knowledge regarding the environment and the
resources they exploit, as the urban setting offers more attractive opportunities to the younger
generation, making youths disinterested in fishery activities.

The object of the present study was marine artisanal fishermen on the northeastern coast of
Brazil, who traditionally pass on knowledge regarding their occupation orally within the
nuclear family. As urban fishing communities have been experiencing the breakdown of this
tradition due to opportunities offered to youths to seek other ways of life as well as urban
pressures that further hinder the perpetuation of fishing practices in such areas, the aim of the
present investigation was to analyze the effects of urbanization on the main traditional fishing
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communities in northeastern Brazil (Figure 1) that can compromise the continuity and
sustainability of marine artisanal fishing.

Figure 1. Map of the Brazil showing northeast region and sites described in the text.

2. Marine artisanal fisheries and fishermen in northeastern Brazil

2.1. Artisanal fishing

Fishing was an activity practiced by indigenous peoples prior to the arrival of the Portuguese.
In the colonial period, European fishing practices were combined with native fishing practices,
giving rise to different coastal cultures, such as the “jangadeiros“ in the northeastern region,
the “caiçaras“ on the coast of the states of Rio de Janeiro and São Paulo in the southeastern
region and the “açorianos“ on the coast of the states of Santa Catarina and Rio Grande do Sul
in the southern region [17].

In the 1960s, the Brazilian government implanted fishing industries mainly on the central-
southern coast, which reached a peak in the 1970s, followed by a severe crisis the next decade,
when the majority of these industries shut down [17]. In this period, industrial fisheries
accounted for 64.5% of Brazilian fishery production [18]. However, this situation changed over
the years. In 2006, artisanal fisheries accounted for 65.2% of the fishery production in the
country and industrial fisheries accounted for 34.8% [19]. In northeastern Brazil, artisanal
fisheries alone accounted for 96.3% of fishery production in the region in 2007 [12].

According to Brazilian Law n° 11959 issued on June 29th, 2009, artisanal fishing is defined as
“any fishing activity practiced directly by a professional fisher in a self-employed fashion or
in a familial economic regimen, using one’s own means of production or landing through a
partnership contract, which may involve the use of small watercraft” [20]. However, this
definition does not consider the historic, social and cultural context of each community.
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Artisanal fishing goes beyond a mere work activity and constitutes a way of life corresponding
to social aspects that follow a behavioral pattern in traditional communities [21].

The artisanal fleet in the northeastern region is mainly comprised of sailboats (70.9%) due to
the low production and maintenance costs as well as adaptation to the climate of the region,
which has strong winds throughout nearly the entire year. Fishing operations are conducted
in shallow waters near the coast and estuaries. However, motorboats account for the largest
portion of fishery production (60.4%) due mainly to the greater autonomy, which allows longer
fishing trips and consequently greater production [16].

Fishermen use a gamut of methods for exploiting the aquatic environment, as different species
are targeted using a variety of technologies, which reflect local knowledge on the different
environments in which these individuals live [22]. The gear is crafted artisanally using both
local raw materials and industrial equipment, such as hooks and nylon nets [18, 23]. The type
of fishing may be active (when the boat or gear is in motion) or passive (when the gear remains
still throughout the duration of the practice) [16].

The main fishing gears used to catch fishes are gillnets, handlines and traps. Three types of
gillnets are used: (1) a purse seine that encircles the school at the subsurface of the water; (2)
a set gillnet, which is used to capture fish on the bottom or in the middle of the water column;
and (3) a flying fish net, used to capture flying fish on the surface, which is only found in the
state of Rio Grande do Norte. These fisheries occur in areas of shallow depths near the coast
and involve trips of 0.5 to eight days. For fisheries targeting flying fish, however, distances of
up to 35 miles and depths of approximately 1000 m have been recorded [16, 24].

Three types of handlines are used: (1) a bottom line with one to five hooks, weight and length
adjustable to the depth, which can be as much as 250 m, with operations conducted 20 miles
from the coast; (2) a surface line, on which secondary lines with hooks are attached to the main
line above the fishing grounds; and (3) “corso” or “corrisco”, which is similar to a surface line,
but generally two lines (each with a one hook) are dragged as the boat moves across the water.
This gear has the longest duration on the open ocean, with trips lasting 0.5 to 22 days and
operations conducted 35 miles from the coast at depths as much as 1000 m [16, 24].

The use of a semi-fixed bottom trap has only been recorded in the state of Pernambuco. This
type of trap has a hexagonal shape. It has a wood frame and is lined with mesh. The entrance
is in the shape of a funnel. The fish enter the trap and cannot get out. This type of fishery is
restricted to areas near the coast with a maximum depth of 80 m [16, 24].

Among all fishing gear, the handline accounts for the greatest fishery production due to the
greater number and size of the catches. During the accompaniment of landings at 79 locations
in seven states of northeastern Brazil between 1991 and 2001, handline operations accounted
for 34.6% of the total production, followed by gillnets (27.3%) and trawl nets (10.8%) [16]. At
landings in 16 locations in six states of the northeastern region between 1998 and 2000, 170
species from 52 families were identified, among which 149 species from 44 families were bony
fishes and 21 species from eight families were cartilaginous fishes. The following are the main
species targets in the different fisheries: Seriola dumerili (12.9%), Mycteroperca bonaci (11.6%)
and Lutjanus jocu (7.4%) in bottom line operations; Coryphaena hippurus (10.3%), Scomberomorus
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cavalla (9.9%) and Thunnus albacares (3.1%) in surface line and “corrisco” operations; Opistho‐
nema oglinum (23.1%), Scomberomorus brasiliensis (14.1%) and Euthynnus alleteratus (6.3%) in
mid-water gillnet operations; Carangoides bartholomaei (5.6%), Ocyurus chrysurus (5.3%) and
Rhizoprionodon porosus (5.3%) in bottom net operations; Hemiramphus brasiliensis (78.2%) and
Hyporhampus unifasciatus (21.1%) in set gillnet operations; only Hirundichthys affinis in flying
fish net operations; and Pseudupeneus maculatus in trap operations (45.6%) [24].

Corral fishing has also been recorded in the region, which involves a fixed trap made of stakes
and wire similar to a fence, which imprisons fishes inside until their removal at low tide. These
traps are deployed in regions where the continental shelf is wide and has a low incline. This
practice is mainly found in the states of Ceará (91.1%) and Pernambuco (8.0%). In the state of
Maranhão, only 10% of fishery production comes from corral fishing due to the high cost and
need for constant maintenance. Fifty-seven species distributed among 26 families and 13 orders
have been recorded, among which 22 species have commercial value in the region, such as
Scomberomorus brasiliensis, Centropomus parallelus, Cynoscion acoupa, Mugil curema and Megalops
atlanticus [16, 25].

The trawl net is bottom gear for catching shrimp that has structures, denominated otter boards,
to maintain the net open. Farfantepenaeus brasiliensis, Penaeus schmitti and Xiphopenaeus
kroyeri are the main species targeted in such operations [16]. The use of this gear is restricted
to the mouths of important rivers due to the occurrence of reefs throughout nearly the entire
coastal region [18], which impede trawling. The state of Alagoas accounted for the largest
production of shrimp in the region between 1991 and 2001, followed by the states of Ceará and
Sergipe [16].

Lobster fishing is performed over bottoms with calcareous algae on the continental shelf using
three catch methods: (1) traps (locally denominated “covo” or “manzuá”), very similar to the
fish traps employed in the state of Pernambuco, at depths of 10 to 40 m; this was the first
method developed for catching lobster, but is currently little used due to its low degree of
productivity; (2) dive fishing, in which the fisher dives with an air tank, catching lobsters in
an active fashion; and (3) a gillnet made with multi-filament nylon 0.3 to 0.4 mm in diameter,
buoys on the upper section and lead sinkers on the lower section at depths of 20 to 70 m [16].
Despite the fact that dive fishing and gillnet fishing are widely employed in the northeastern
region, Brazilian law n 11.959 issued on June 29th, 2009 [20] prohibits these practices, which
are considered predatory methods. In one community in the state of Rio Grande do Norte,
53.2% of the interviewees caught lobster using a gillnet, 20.6% performed dive fishing and only
9.5% deployed traps [21]. The same has been found in a community in the state of Ceará [26],
demonstrating that illegal lobster fishing practices continue to be employed in the region due
to the greater yields leading to overexploitation and unsustainability of this fishing.

The state of Ceará was the largest national lobster producer between 1991 and 2001, followed
by the state of Rio Grande do Norte, with Panulirus argus and Panulirus laevicauda the main
species targeted [16]. In recent decades, lobster stocks have suffered from overfishing due to
the large number of vessels, illegal catch methods and catches of juveniles smaller than the
permitted size [26]. Thus, this type of fishery has a defense period in the breeding season
(December to May), when lobster fishing is prohibited by Law n 11959/2009 [20] and Norma‐
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tive Instructions n 138/2006 [27] and 206/2008 [28], with the fishing, transportation and sales
of catches from illegal fishing practices considered an environmental crime (Law n 9605, Art.
34) [29].

The aforementioned characteristics of artisanal fisheries have been found in many locations of
northeastern Brazil, such as one community in Pernambuco studied by the authors since 2006,
one community in Rio Grande do Norte [30], two communities in Alagoas [31–32] as well as
communities in the states of Bahia [21, 33] and Ceará [23, 26]. This demonstrates that, regardless
of the location of the fishing community, the fishery characteristics in the northeastern region
of the country are very similar, with no considerable operational differences. The variety of
fishing gear and methods reflect the diversity of living resources found in different habitats
as well as different types of bottoms and the currents that affect the region. This results in
various multispecies fishing resources, which is the main characteristic of artisanal fisheries
in the region.

2.2. Artisanal fishermen

Coastal areas in Brazil have very productive ecosystems, in which fishery and forest resources
are important, as such environments ensure the survival of different human populations [34],
including artisanal fishermen. Fishermen need to have empirical knowledge regarding natural
environments, which was constructed through the process of appropriation of the environ‐
ment during the practice of fishery activities both materially in the form of technologies and
symbolically in the form of cognitive systems created in society [35]. Such knowledge involves
understanding the environmental variables that affect fishing practices, such as tidal patterns,
winds and seasonality, knowing how to manage fishing equipment as well as identifying the
different forms of use and ecology of the targeted species, which constitutes vital information
to the success of the activity. These characteristics have led to the denomination of artisanal
fishermen as traditional peoples. According to Brazilian decree n° 6040 issued on February
7th, 2007 [36], “traditional peoples and communities are culturally differentiated groups that
recognize themselves as such, have their own forms of social organization, occupy and utilize
territories and natural resources as a condition for their cultural, social, religious, ancestral and
economic reproduction, using knowledge, innovations and practices generated and transmit‐
ted through tradition.” Communities such as artisanal fishing communities constitute an
inestimable cultural heritage [37], but generally reside on the margins of society, overlooked
by the government and public policies.

Marine artisanal fishing in Brazil is predominantly a male occupation [21–23, 38–43], which is
mainly related to characteristics that favor men, such as the need for physical strength and
long periods on the high sea. Women are culturally responsible for other tasks, such as
household chores and raising children, which render marine fishing impossible. When women
participate in artisanal fishing, they are more involved in shellfish gathering, which is an
important activity in the estuaries of northeastern Brazil.

Marine artisanal fishing involves individuals of all ages, from youths to the elderly. In the city
of Recife (state of Pernambuco), 80.5% of fishermen are adults [43]. In the community of Itacaré
in the state of Bahia, 68% of fishermen are between 26 and 45 years of age [33]. In a rural
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community in the state of Rio Grande do Norte, 54% of fishermen are between 31 and 50 years
of age [21]. The striking presence of adults in fishing communities in the economically active
age range confirms the importance of fishery activities to the local economy.

Fishermen generally have a low degree of schooling [43–46]. However, advances in schooling
between generations have been found in a community in the city of Recife, where most
fishermen have incomplete elementary (26.1%) or high school (25.0%) educations, 61.1% of
their parents are illiterate and 25.4% of their descendants have a complete high school
education [43]. However, this is not the case in the state of Bahia, where 40.0% of fishermen
remain illiterate [44], or the state of Rio Grande do Norte, where 78.8% have an incomplete
elementary or middle school education and only 4.7% have a complete high school education
[21]. With the reduction in the illiteracy rate in Brazil [47], some urban fishing communities
have a higher level of education, which may be related to the proximity to large cities, where
schools are more accessible. The low degree of schooling among fishermen exerts a direct effect
on the social organization of this class of laborers [42], which may result in the unawareness
of workers’ rights, thereby weakening this category of professionals and causing both
disadvantages and negative repercussions regarding the negotiation of the price of the catch.

Artisanal fishermen generally have ties with the community in which they live and a longer
period of time spent in such communities leads to a greater feeling of belonging [48]. This
characteristic is fundamental to strengthening the activity, as a united community faces
difficulties with greater ease. In the state of Bahia, fishermen reside an average of 40 years in
the rural community [44]. In a community in the city of Recife, a large portion of fishermen
have resided in the location since birth (42.0%) or since the creation of the neighborhood
(10.2%) [43], which demonstrates that, even in an urban community, the influence of urbani‐
zation has not yet changed this important aspect of artisanal fishing.

The type of residence varies considerably with the socioeconomic status of each community.
For fishermen in an urban area of the city of Recife, most homes are made with bricks and
mortar [43, 45]. In a rural community in the state of Paraíba, a large portion of residences are
made of wood and clay [48], but this form of home is being replaced by the practicality and
durability of bricks and mortar in the capital of the state [49]. In a rural community in the state
of Rio Grande do Norte, the majority of homes were made with sticks and mud. However, the
municipal authorities benefitted the residents by constructing homes made of bricks and
mortar, thereby changing the face of the community [30].

Sanitation is another factor that varies with the characteristics of the location. Rural fishing
communities are generally isolated, with inadequate living conditions, such as the coastline
or areas near mangroves, where sanitation conditions are often precarious [46, 48]. For the
urban fishermen in the city of Recife [43] and the state of Paraíba [49], the conditions might be
considered better. However, a similar situation is reported. Even with more frequent trash
collection, most urban waste is dumped into rivers and estuaries near fishing communities,
which does not differ from many large cities in Brazil with a sewage system, the treatment of
which is incomplete and precarious [50], demonstrating that the deficiency in sanitary
conditions is not only found within fishing communities.
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Fisheries are important to coastal communities due to the large number of direct and indirect
occupations created in the different sectors of the productive chain [37]. In one community in
the state of Pernambuco, mean monthly income was higher than the minimum wage at the
time, with higher salaries for those with their own fishing vessels. However, 20.9% exerted
other activities to complement their income [43]. In communities in the state of Bahia, 55% of
fishermen exercise other activities to increase their income [33]. The same is reported for
communities in the state of Ceará [21, 26]. Despite the economic importance of fishery activities,
income varies based on the yield and many fishermen seek other activities to complement their
income, which demonstrates the low yields and economic under-valuation of artisanal fishing
practices in northeastern Brazil.

3. Transmission of traditional knowledge and urban pressure

Artisanal fishermen reveal complex knowledge acquired through tradition inherited from
older fishermen and contribute to the maintenance and sustainable use of natural ecosystems
[51]. Such knowledge is generally transmitted orally from father to son and carefully guarded
by fishermen [51] as a precious inheritance to ensure family survival and the continuation of
the activity. The family is an important source of the transmission and maintenance of
traditional knowledge and practices. Indeed, family ties constitute the main transmission route
of knowledge regarding fishing in artisanal communities. The empirical knowledge of
fishermen involves information of considerable cultural and ecological value that is essential
to the continuation of local customs and the investigation of natural resources. This traditional
knowledge can be used as a source of data for the establishment of species management and
conservation plans, as it generally corresponds to scientific knowledge. In some countries,
social ecology has used the knowledge of traditional communities for conservation purposes,
as the strong dependence on natural resources, symbolic structure, management systems
developed over long periods of time and often isolation make traditional fishing communities
partners in conservation efforts [51].

The knowledge of fishermen involves navigation and the identification of fishing grounds
through triangulation systems as well as the diversity, seasonality, migration habits and
feeding habits of fish, fishing methods, depths and types of ocean bottoms [51]. Knowledge
on the feeding habits of fish is evident in the community of Brasília Teimosa in the city of Recife
(state of Pernambuco), where fishermen know which type of gear to use to enhance the success
of fishery production [52].

In the community of Itapissuma near the coast in the state of Pernambuco, fishermen have
precise knowledge of the estuary-mangrove complex, which allows social production and
reproduction, maintaining a cultural heritage in which fishing practices are transmitted orally
between generations and through both observations and practical learning [53]. In the rural
community of Itacaré in the state of Bahia, most fishermen learned their craft in childhood,
especially from fathers and family members. This demonstrates that knowledge regarding
fishing practices and the use of natural resources can still be transmitted from generation to
generation, thereby maintaining the characteristics of artisanal fishing [33].
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Although rooted in tradition, artisanal fishermen have also been transformed by internal and
external dynamics, but at a slower pace than that found in urban societies [51]. Traditional
communities customarily maintain local knowledge accumulated and constructed over the
years, which allows close contact with nature and the use of natural resources, even in
communities located in urban areas, where the environment, albeit changed, allows sustaining
modes of living based on the use of natural resources. However, this knowledge undergoes
constant pressure from the urban way of life and can become lost over time due to the
characteristic of the oral transmission as well as the contrast between traditional management
practices and technologies available in the urban environment [54].

The urban community of Poti Velho in the city of Teresina (state of Piauí) continues to preserve
its own culture, in which traditional knowledge is passed on from generation to generation,
transferred within the family, but undergoes constant pressure from the urban way of life [54].
The community of Vila Velha in the state of Pernambuco entered into a stage of the transfor‐
mation of habits in 1999 due to the increase in tourism and real estate speculation. Knowledge
related to fishing was passed on from generation to generation by family members and more
experienced fishermen. However, the continuity of these practices is rather doubtful, as the
increase in the level of schooling of the descendants offers different professional opportunities
to future generations [55].

The community of Brasília Teimosa, which is located in an urban area in the city of Recife (state
of Pernambuco), has been the object of study of the authors of the present investigation for
several years and changes have been observed in this community. In studies conducted since
2006, the family constituted an important source for the transmission and maintenance of
knowledge and traditional practices, as most fishermen report having learned this knowledge
from fathers, uncles and brothers, with the constant presence of relatives in the activity.
However, a small number of the descendants of fishermen become involved in fishing
practices, which suggests that the descendants may not give continuity to the fishing tradition.
This situation is aggravated, as the relationship between father and son was the most important
form of the transmission of knowledge regarding fishing practices in Brasília Teimosa [52].
Thus, the community may be losing the traditional form of knowledge transmission within
the family, which can change the face of its traditional nature. As this community is situated
in an urban area in the city of Recife, residence in Brasília Teimosa allows a set of job oppor‐
tunities in other sectors, which may be more attractive to young people due to the advantages
offered as well as social benefits. As a result, artisanal fishing is currently being threatened as
an economic and social activity in this area.

Porto de Galinhas Beach in the city of Ipojuca is the most visited touristic point in the state of
Pernambuco and was a community decades ago in which artisanal fishing was an important
activity. This community has been undergoing constant change due to the economic growth
stemming from tourism. The authors of a study conducted in the community found that most
fishermen had descendants who worked in local stores or in the tourism industry, whereas
only 12% practiced fishing with local traditional gear [56]. Besides the disorderly human
occupation on the coast due to tourism, the destruction of mangroves and riparian forests due
to real estate speculation and agricultural activities has also contributed to a reduction in fish
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stocks [56], further leading to the avoidance of fishery activities on the part of youths. Thus,
there is no renewal of the group with the inclusion the descendants of fishermen, which
constitutes a barrier to the transmission of traditional knowledge, leading to the risk of this
community not surviving another generation [56].

In urban fishing communities in the state of Paraíba, the disbelief among fishermen regarding
improvements in working conditions and quality of life has led these traditional laborers to
not want their descendants to enter the fishing profession, explaining that it would be better
for them to study and become qualified for professions available in the urban setting in which
they live [57]. This demonstrates a degree of disinterest among these fishermen in passing on
knowledge of the activity to the next generation. In such urban communities, with the
diminished fish stocks in recent decades, fishing is no longer advantageous in comparison to
other urban opportunities and has become a secondary activity [57] that does not attract the
interest of younger generations.

In São Francisco do Conde, which is an urban area in the city of Salvador (state of Bahia),
studies report that the descendants of fishermen prefer to study and learn a different profes‐
sion, with the encouragement of their parents and government assistance in the form of
scholarships, thereby becoming unaware of fishing knowledge and leaving this activity as an
option for those who have no other opportunities [58]. In Fernão Velho, which is an urban
community in the city of Maceió (state of Alagoas), 30% of interviewees learned to fish from
family members, but do not want their descendants to be fishermen, which demonstrates that
cultural components are no longer being transmitted to younger generations. The intensive
changes in the natural landscape due mainly to urbanization and industrialization have led to
a reduction in native vegetation and fish stocks, with a direct reflection on socioeconomic
aspects. While many traditional fishermen and their descendants no longer consider fishing
an attractive profession, unemployed individuals enter into this activity, which indicates a
likely marginalization of fishery practices and the risk of the extinction of the artisanal nature
of this community [59].

In the municipality of Cabo de Santo Agostinho (state of Pernambuco), the Suape region has
also been undergoing changes due to industrialization and tourism. This region has been the
object of studies conducted by the authors of the present investigation since 1997. Suape Bay
was a native coastal region in past decades and considered one of the most important marine
and estuarine areas on the coast of northeastern Brazil. Moreover, one of the main artisanal
communities in the state is situated in this area. With the implantation of the Suape Port and
Industrial Complex beginning in 1979 and the subsequent creation of a large resort on the bay,
changes have occurred in local geomorphology and hydrodynamics. In studies conducted in
1997 and 1998, local fishermen reported that the implantation of these two enterprises was
causing a reduction in local fishery production, thereby compromising the income of fishermen
and leading to the avoidance of the profession on the part of younger generations. This fishing
community is currently much smaller, as most descendants of fishermen are not interested in
the activity and have entered other professions, indicating the likely extinction of this tradi‐
tional community in upcoming generations.
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The urbanization process may not initially affect the traditional nature of fishing communities,
but exerts an influence on ways of thinking as well as the very characteristics of fishery
activities, compromising the maintenance and continuity of such activities by impeding the
transmission of knowledge. As the perpetuation of fishery knowledge occurs orally, with no
records to ensure the practice of operations, catch techniques, knowledge regarding fishing
grounds and fish species, the maintenance and sustainability of marine artisanal fisheries in
urban areas as well as the communities themselves are seriously affected due to the pressures
imposed by the new developmentalism.

4. Territoriality and urban pressures

The immense socio-cultural diversity of Brazil has been accompanied by an extraordinary land
diversity that includes different forms of territoriality maintained by traditional communities
and populations [60]. Thus, the term “territoriality” is defined as a collective effort of a social
group to occupy, use, control and identify itself with a specific portion of its biophysical
environment, converting it into the group’s “territory” or homeland [61]. However, a three-
dimensional concept of space is found in the cultural tradition of artisanal fishermen, which
encompasses distinct domains of life (ocean, land and sky) imbued with meaning [62], giving
such populations a broader notion of territory.

Although artisanal fisheries involve extractist activities conducted in a family economy
regimen with specific means of production and striking characteristics in the profile of the
laborers, urban growth has been affecting these traditional communities and transforming
their forms and functions, which requires new models for understanding the changes imposed
by urbanization [57], such as real estate speculation, a reduction in living and working space,
disorderly tourism practices, pollution and social exclusion. Rapid urbanization along coastal
areas also results in the emission of effluents. The implementation of industrial centers has led
to a breakdown of the natural productivity of ecosystems and fishing practices [63], with
consequent environmental degradation and the loss of quality of life in traditional commun‐
ities [64].

The tendency toward occupying coastal areas in Brazil has substantially aggravated the impact
on artisanal fishery activities. Such areas hold a strategic position in commercial exchanges,
concentrating port activities, favoring the establishment of cities and industries and offering
numerous recreational attractions to large urban masses [65]. This process has led to the
shrinking of fishing areas and territories, with the loss of launching and landing locations as
well as fishing grounds.

Northeastern Brazil accounts for 18% of the national territory and has nine coastal states, the
most evident characteristic of which is the large concentration of the population along the
coast, resulting from centuries-long occupation related to commercial relations with other
countries [66–67]. Prior to Brazil’s incorporation into the process of globalization, native
populations disputed their territorial spaces with real estate developers. Fishermen were
forced to form small communities with no basic infrastructure or urban services or began to
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reside in the periphery of nearby urban centers, also without infrastructure or services [67].
One such example is the real estate pressure that occurred in the 1970s on the urban beaches
of Tambaú and Lucena in the city of João Pessoa (state of Paraíba) and currently occurs on
Penha Beach in the same city. This is due to the peripheralization process of richer classes of
society, who have exchanged residences in the center of town, which has since become more
directed toward commerce, for spaces occupied by fishing communities, which are currently
highly prized by the real estate industry, thereby compromising the ability of fishing com‐
munities to remain in coastal areas [57]. In the neighborhood of Brasília Teimosa in the city of
Recife (state of Pernambuco), where the main office of the Z-01 Fishers’ Colony is found and
most artisanal fishermen of the city reside, there are longstanding reports of pressure to remove
the fishing community from the area. This struggle for the right to use the land, defined as
“stubbornness”, coincided with the construction of the federal capital (Brasilia) in the center
of the country and gave rise to the name of the community: Brasília Teimosa (Stubborn Brasilia)
[68–69]. This community continues to face real estate pressure and other social pressures
stemming from the economic growth of the state of Pernambuco [43].

Tourism and real estate speculation also exert significant pressures on fishermen in rural areas
of northeastern Brazil. Rural communities, such as Prainha do Canto Verde on the coast of the
state of Ceará, exhibit much greater strength and organization. Thirty years ago, a Brazilian
Court granted this community the recognition of its right to land against a real estate company
that declared itself the proprietor of the land. To remain, the inhabitants combined fishing with
community tourism managed by the social group itself, which established operational rules,
such as the prohibition of sales of land to individuals who were not part of the community [67].
This demonstrates community ties with the location and a feeling of belonging.

Besides the pressure regarding territory due to real estate speculation and tourism, the
expansion of capital due to enterprises such as shrimp farming also results in a change in the
land structure of rural fishing communities. In Canto do Mangue in the state of Rio Grande
do Norte, lands located on the banks of the estuary, which were previously leased to fishermen
for family agricultural purposes, began to be the target of private initiatives for the shrimp
farming industry with the raising of the exotic species Litopenaeus vanammei, which besides
occupying areas used by artisanal fishermen, has contributed to the reduction in fish stocks as
well as the accelerated degradation of mangroves [30]. This type of activity also leads to the
discharge of toxic effluents in bodies of water, the expulsion of the families of fishermen from
their places of residence and the restriction of their access to traditional fishing grounds [63],
thereby imposing the loss of territories.

Artisanal fisheries are also affected by offshore oil exploration, which brings serious risks to
the coast of the states of Sergipe and Bahia, the severe pollution from alcohol production plants,
which is released directly into estuaries, especially in the states of Pernambuco and Alagoas,
and the discharge of toxic waste into lagoons and bays of high natural productivity, such as
Manguaba lagoon in the rural area of Marechal Deodoro (state of Alagoas), Mandaú lagoon
in the urban area of the city of Maceió (state of Alagoas) and Todos os Santos Bay in the city
of Salvador (state of Bahia) [63]. Todos os Santos Bay is an environmental protection area
surrounded by a metropolitan area with port and industrial activities, including an oil refinery
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[70], where an important fishing community is being negatively affected by the new develop‐
mentalism.

Even with the social changes occurring in fishing communities in recent decades due to the
expansion of urbanization, tourism and real estate speculation, artisanal fishermen constitute
social subjects that have a form of spatiotemporal ordination that is dissonant with the urban-
industrial context and have a heritage stemming from their centuries-long interaction with
nature, which modernity cannot disregard [62]. Through material and immaterial cultural
manifestations of fisheries, the activity may still last, as many individuals, especially tourists,
enthusiasts of nautical trips and amateur fishers may pay to experience the work and way of
life of traditional fishermen. Moreover, the traditional community in the urban setting may
also be considered an obligatory part of social reports for environmental licenses granted to
large enterprises [57], especially those that affect fishing territories.

The environmental impact report (denominated RIMA) by Brazilian environmental agencies
for enterprises of the Marine Waterfront Recovery Project in the cities of Jaboatão dos Guar‐
arapes, Recife, Olinda and Paulista (state of Pernambuco) is an example of the participation of
urban fishing communities in reports for environmental licenses. This report involved the
participation of 50 leaders who answered questionnaires and 203 fishermen who participated
in meetings and workshops to report on the impact of enterprises [71]. The fishermen were
only considered in the final phase of the project, but should have been consulted during its
design, as the numerous negative impacts are generally not mitigatable for artisanal fisheries.

The meaning of the surrounding environment is fundamental to artisanal fisheries, as
fishermen maintain interactions with natural resources and their territory, even if the activity
is threatened by different forms of pressure as well as environmental and social changes. Thus,
understanding sustainability in this situation requires a new look at social practices, in which
fishers should have greater participation, as these men and women struggle to maintain their
identities, ways of life, territories and social visibility.

5. Public policies and the sustainability of artisanal fisheries

5.1. Public policies directed at artisanal fishing in Brazil

Historically, Brazilian public fishery policies were designed with no consideration for tradi‐
tional communities and were based on the modernization of the exploitation of natural
resources [72], with a position clearly in favor industrial fishing activities and large enterprises
based on the dualism of the old versus the new, with small-scale fishermen considered
reactionary, uncultured, predatory and incapable of assimilating new technological standards
[73]. In the minds of the proponents of modernity, the tradition of professional artisanal fishing
as work and a way of life no longer performs any efficient role in human development and is
even seen as the cause of different forms of environmental degradation due to the fact that it
is an activity the uses natural resources. Such an equivocal argument could be clarified if these
proponents of modernity accompanied fishery routines [74].

165

A Comprehensive Approach to Sustainable Urbanization



In Brazil, fishery policies after World War II followed a worldwide tendency of growth based
on industrialization that dominated the 1950s and 60s. The Superintendence of Fishery
Development [Superintendência do Desenvolvimento da Pesca (SUDEPE)] was created in
October 1962 for the regulation of fisheries and fishing resources. During the time when
fisheries were regulated by SUDEPE, the priority was the modernization and industrialization
of fishing activities and catches went from 300,000 tons in the 1960s to 900,000 tons between
1970 and 1980 [75]. However, this massive incentive for industrial fishing practices led to the
decline of stocks and the failure of businesses linked to the fishery sector [75].

With the failure of the adopted public policy, SUDEPE was extinguished in 1989, passing the
control of fisheries and fishing resources to the Brazilian Institute of the Environment and
Renewable Resources [Instituto Brasileiro do Meio Ambiente e dos Recursos Renováveis
(IBAMA)]. In 1998, the Fishery and Aquiculture Department was created (Decree n° 2.681 of
June 21st), linked to the Ministry of Agriculture and Water Supply, and, together with IBAMA,
served as the regulating agency of fishery activities.

To optimize the regulation of fishery operations, the Special Secretary of Aquiculture and
Fisheries was formed by the Federal Presidency through Provisory Measure n° 103 (January
1st, 2003) and later became the Ministry of Fisheries and Aquiculture (MPA) through Law n°
11.958 (June 26th, 2009) issued symbolically on June 29th, 2009, which is Fishers’ Day in Brazil
[76]. The aim of the MPA was to “foster and develop policies directed at the fishery sector in
conjunction with its aspirations. […] founded in the marks of a new management policy,
maintaining a commitment with environmental sustainability regarding the use of fishery
resources” [76].

Due to the increase in domestic and industrial pollution, real estate speculation and the few
possibilities of a significant increase in fishery production, except for marine fisheries, the
Brazilian government proposed a credit policy for the fishery sector in 2003 to encourage the
conversion of artisanal fishing to aquiculture, arguing that this would be an alternative for
fishermen due to the overexploitation of wild fishes [74]. However, there was no participation
on the part of artisanal fishermen in the stock evaluation process and no consideration of
regarding their traditional knowledge. Thus, wishing to modernize the fishery sector, the
Brazilian government ended up promoting the breakdown of fishing community traditions
[74], mainly by not adopting a participative management plan that considered traditional
knowledge accumulated and passed down from generation to generation.

During the existence of the SEAP and MPA, fishery management made some advances in
public policies directed at the profession, with the revising or implantation of laws to ensure
benefits and rights for fishers, such as (1) economic subsidies for diesel oil used for fishing
vessels (Law n° 9445, March 14th, 1997) [77]; (2) the General Fishery Register related to licenses,
permission and authorization granted for fisheries and aquiculture (Law n° 10683, May 28th,
2003; Normative Instruction n° 6, May 19th, 2011) [78–79]; (3) unemployment insurance during
the fishery defense period (Law n° 10.779, November 25th 2003) [80]; (4) rural credit for family
enterprises among small-scale farmers and artisanal fishers (Law n° 11326, July 24th, 2006) [81]
through the National Family Agriculture Strengthening Program; (5) the recognition of fishery
colonies as well as state and national fishers’ federations as agencies of the class of laborers of
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artisanal fisheries (Law n° 11699, June 13th, 2009) [82]; and (6) the New Fishery Law (Law n°
11959, June 29th, 2009) [20], which lays down the National Aquiculture and Fishery Sustainable
Development Policy. Besides these policies, social programs of the government, such as the
Family Grant, have assisted in improving the living conditions of a portion of fishermen [83].
However, during fishery management by the SEAP and MPA, many aspirations of fishermen
were not considered, as artisanal fishermen are often impeded from using government benefits
due to not meeting the required criteria or for not being part of the official Brazilian statistics
regarding fisheries. As a result of current political affairs in Brazil, the MPA was extinguished
on October 2nd, 2015 (Provisory Measure n° 696/2015) [84], when fisheries and aquiculture
began to be regulated by a secretary linked to the Ministry of Agriculture, Livestock and Water
Supply. The discontinuity of the MPA has generated uncertainties regarding the new direction
of fisheries.

5.2. Sustainability of artisanal fisheries

Artisanal fisheries account for more than 90% of fishing jobs and the catches of this modality
represent more than half of fishing catches throughout the world [85]. A worldwide decline
in fish stocks [86–88]) as a result of unsustainable practices and an increase in fishing efforts
[89–90] have been well documented in recent decades. Moreover, the global marine fisheries
catches reported by FAO are underreported, being captured 30% more than is declared, with
a peak catch of 130 million tons in 1996 and has been declining more strongly since [91].

In Brazil, artisanal fishing also faces a general lack of biological, socioeconomic, technological
and organizational information, resulting from the dispersion and complexity of the activity.
The difficulty is even greater when considering the variety of multispecies gear and the
diversity of the resources captured. The insufficient information is evidenced by the lack of
political attention directed at the profession, which is often a reflection of the conventional
approach with a focus on biological aspects and no consideration given to the economic and
institutional aspects of fishing communities, which contributes the invisibility of artisanal
fisheries with regard to public policies [18] as well as the lack of sustainability of this modality.

Considering the worldwide decline in catches, efforts have been made to implement global
actions directed at the sustainability of fisheries based on (1) the Code of Conduct for Respon‐
sible Fisheries [92] established in 1995 by the Food and Agriculture Organization (FAO) of the
United Nations aimed at the ecological and social sustainability of fisheries; (2) the principles
of the ecosystem approach to fisheries [93] aimed at planning, developing and generating
fisheries to meet the different needs and desires of societies, benefiting from the complete
variety of goods and services provided by marine ecosystems; and (3) the RAPFISH method,
which is a multidisciplinary rapid appraisal technique for evaluating the comparative
sustainability of fisheries [94–95]. In Brazil, the RAPFISH method has been used in eight states
from north to south. When fisheries were compared jointly, sustainability indicators did not
reveal any clear patterns, demonstrating that similar approaches will be needed in the future
to assist fisheries in Brazil [96], and RAPFISH is a method that undergoes a constant improve‐
ment process.
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Other global actions with an impact on sustainable fishing are (1) labeling and certifications
for sustainable fishing products, such as the eco-labeling guidelines for fish and fishery
products from marine fisheries designed by FAO [97] to certify and promote labels for products
from well-managed marine fisheries and focus on issues related to the sustainable use of
fishery resources; (2) the certificate from the International Social and Environmental Accred‐
itation and Labelling Alliance (ISEAL Alliance), founded in 2002, which is an association of
leaders of international organizations that establishes standards for social and environmental
issues and certifies products, including fish catches, that comply with the ISEAL good practices
code [98], involving open, transparent, participative processes with a proven standard of
credibility and measures to ensure that even the most marginalized interested parties have
something to say about the development of standards; and (3) the certification of the Marine
Stewardship Council (MSC), which is an international non-profit organization aimed at
contributing to the health of oceans that certifies fishery based on sustainable practices [99];
the MSC is a pioneering agency that maintains dialogs with all fishery sectors as well as a broad
spectrum of stakeholders [100]. Sustainable fishing is the aim of such labeling and the MSC
certification has had a positive impact on the environment, but has marginalized fisheries,
especially those in low-income countries, as the council focuses on the sustainability of fish
stocks and not fisheries [101].

Besides these important guidelines, fishery management must also consider the actions of the
United Nations Millennium Development Goals, the aims of which are the eradication of
poverty on the global scale, problems such as bycatch, habitat loss, species introductions and
invasive species as well as the globalization of the fishery market [102]. Regardless of global
guidelines, each nation adopts its own public policies and presents specific regulations based
on its particular situation. In Brazil, the bases of fishery sustainability are founded on the
National Policy for the Sustainable Development of Fishery Activities (Law no. 11959/2009)
[20]. To achieve a balance between the principle of the sustainability of fishery resources and
the obtainment of both economic and social results, this policy establishes access regimens,
total permissible catches, sustainable fishing efforts, defense periods, fishing seasons, catch
sizes, protected areas, reserves, gear, methods, fishery systems, aquiculture systems, the
support capacity of the environment, fishery monitoring/control and the protection of fishes
in the process of reproduction or the re-composition of stocks. Section 1 of this law declares
that fishery management should consider the peculiarities and needs of artisanal fishermen,
subsistence activities and family farming to ensure the continuity of these aspects and
practices. In 1995, the Code of Conduct for Responsible Fisheries [92] officially recognized the
need to consider the traditional knowledge of artisanal fishermen regarding fishery resources.

With the growing crisis in recent years [86, 103] and the limited capacity to predict complex
systems, such as the marine ecosystem, together with the fact that fishery management should
be conducted in a broad-scoped, integrated fashion to maintain the productive capacity and
resilience of linked social/ecological systems [102, 104], there has been a recent increase in
information, indicating the importance of including traditional knowledge in fishery man‐
agement. However, despite the fact that the importance of such knowledge is frequently
expressed, it has not been observed in practice in Brazil, as demonstrated in a recent study
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through the reports of artisanal fishermen in the communities of Baldo do Rio and Carne de
Vaca (state of Pernambuco), who state that political actions are distant from their interests
[105]. Urban artisanal fishermen, in the state of Pernambuco, are also affected by the lack of
attention given by institutions linked to fisheries [106].

The implantation of marine protected areas and marine extractive reserves is recognized as an
important tool for fishery sustainability. The aim of such areas is to achieve the conservation
and sustainability of fisheries, thereby contributing to biodiversity and habitat conservation
as well as other ecological/social benefits beyond the boundaries of these areas [107]. In Brazil,
such areas are considered a community-based, site-specific, multi-use, land and sea resource
management approach based on claims of culturally distinct groups with longstanding
livelihood ties to ‘artisan-scale’ production territories [108]. Thus, it is essential to consider
social issues and long-term benefits for the effective management of these areas [109]. Studies
conducted in Brazil indicate that such protected areas have been established without consult‐
ing artisanal fishermen and that fishery management plans are designed by scientists without
incorporating the traditional knowledge of fishermen, thereby increasing social marginaliza‐
tion and the loss of cultural identity, whereas management involving fishermen is crucial to
the success of the project [109]. Therefore, the success of this tool in Brazil remains dependent
on managers willing to include all stakeholders in the implementation of protected areas.

Sustainable fishing remains a goal to be reached that should involve inclusive governance,
encompassing the complexity of the ecosystem and its natural uncertainties, such as climate
change, the dynamics of the market in the light of growing globalization and all stakeholders
involved in fisheries, with particular inclusion of the protagonists of this activity – artisanal
fishers.

6. Conclusion

Artisanal fishing is a longstanding activity responsible for numerous direct and indirect jobs
and the largest portion of fishery production in northeastern Brazil. The modality is charac‐
terized by a variety of gear and techniques that reflect the diversity of living resources found
in different habitats, resulting in fishery activities with multispecies resources. To exploit such
resources, artisanal fishermen rely on rich traditional knowledge regarding the environment
and fishery resources, which is fundamental to the maintenance of the way of life of these
communities and is directly responsible for the success of fishery practices. Despite the
economic importance of fisheries, many fishermen seek other activities to complement their
income. This underscores the low yields and economic devaluation of artisanal fishing in
northeastern Brazil, which, together with the pressure of the new developmentalism in urban
areas, have been causing changes in traditional fishing communities. Pressure from real estate
speculation, the reduction in fishing territories, disorderly tourism and pollution have led to
a drop in the natural productivity of coastal ecosystems and fishery production, thereby
compromising the quality of life and maintenance of urban fishing communities.
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Moreover, the process of urbanization affects ways of seeing and thinking as well as the very
characteristics of fishery activities, such as the transmission of knowledge, since younger
generations are not interested in fishing and look to more attractive professions offered by
large urban centers. As the perpetuation of knowledge occurs through oral practices, with no
written records to ensure continuity, the maintenance and sustainability of marine artisanal
fishing in urban areas as well as the communities themselves are seriously compromised in
the face of the pressures imposed by the new developmentalism. Besides urban pressures and
declines in fish stocks, which contribute to the discontinuity of urban fishing communities, the
Brazilian federal government does not strengthen traditional fishing communities and adopts
actions that fail to take traditional knowledge into consideration, thereby contributing to the
breakdown of the transmission of the activity as well as the social invisibility of these laborers.

Sustainable fishing remains a goal to be reached that should involve inclusive, participatory
governance, encompassing the complexity of coastal ecosystems, the sustainability of fisheries
and fishery resources as well as the maintenance and continuity of traditional communities.
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Sustainable Urbanization in the China‐Indochinese
Peninsula Economic Corridor

Dong Jiang, Jingying Fu and Gang Lin

Abstract

Countries in the China‐Indochinese Peninsula are home to rich human and natural
resource  endowments  and  have  the  potential  to  be  one  of  the  world's  fastest
growing  areas.  Sustainable  urbanization  in  the  China‐Indochinese  Peninsula
Economic  Corridor  is  important  for  the  regional  economic  development  and
prosperity.  Taking  the  advantages  of  the  remote  sensing  and  Geographic
Information  System  (GIS)  technologies,  this  chapter  is  first  presents  a  general
overview of urbanization procession in this region and monitors the spatiotemporal
dynamics of the urban environment;  the second objective is  to present the multiple
driving  force  factor  analysis  for  urban  development  in  countries  of  the  China‐
Indochinese  Peninsula  Economic  Corridor  using  statistical  models.  The  results
indicated that the China‐Indochinese Peninsula Economic Corridor has experienced
a rapid urbanization process during the past 15 years both in terms of urban areas
and  urban  population  (UP).  In  addition  to  socioeconomic  factors,  there  is  also  a
noticeable  correlation  between  foreign  direct  investment  (FDI)  and  international
trade  and  urban  development  in  the  China‐Indochinese  Peninsula  Economic
Corridor.  Active  participation  in  international  trade  and  attracting  foreign
investment  are  helpful  for  the  regional  urbanization.  As  a  neighboring  country,
China's  economic  and  trade  activity  also  has  a  significant  impact  on  the
urbanization  in  countries  of  the  China‐Indochinese  Peninsula  Economic  Corridor.
Furthermore,  as  the  launch of  the  Silk  Road Economic  Belt  and the  21st  Century
Maritime  Silk  Road  and  the  Asian  Infrastructure  Investment  Bank  (AIIB),  the
China‐Indochinese  Peninsula  Economic  Corridor  will  witness  a  more  rapid
urbanization  progress  in  the  next  decade.  This  study  has  its  characteristics  in
focusing  on  the  region  of  the  Indochinese  Peninsula  in  which  the  most  rapid
urbanization is  occurring,  presenting the state‐of‐the‐art  techniques for monitoring
urban  expansion  and  probing  into  the  driving  factors  of  the  urban  expansion  in
the  China‐Indochinese  Peninsula  Economic  Corridor  by  multiple  principles  and
multiple‐level  data.  It  is  expected  to  benefit  policymakers  in  urban  development
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and  also  provide  a  basis  for  further  studies  of  sustainable  urbanization  in  the
China‐Indochinese Peninsula Economic Corridor.

Keywords: sustainable urbanization, China‐Indochinese Peninsula Economic
Corridor, remote sensing, GIS, driving force analysis

1. Introduction

Urbanization is one of the most powerful and visible anthropogenic forces on Earth. Although
urban areas only occupy a relatively small part of the Earth's land area, they represent 54%
of the global population (and even more in the following decades) [1]. With rapid econom‐
ic globalization, urbanization is now having a huge impact on the political, socioeconomic,
and environmental landscape of countries across the world. In recent years, taking advant‐
age of remote sensing, many studies have been performed by scholars from universities,
academic  institutions,  and  international  organizations  on  different  subjects  related  to
urbanization. Funded by the National Aeronautics and Space Administration (NASA), the
100 Cities Project was implemented in 2010 by Arizona State University (ASU) to supply
remote sensing images of 100 international cities as a tool for creating urban models and
formulating an effective policy for policymakers and researchers from around the world. The
data set generated by this project could be used to create sustainable urban planning practices
in various climatic,  ecological,  and social regions [2].  In 2012, using the urban and rural
information derived from satellite data and other sources, NASA's Socioeconomic Data and
Applications  Center  (SEDAC)  launched  the  Global  Rural‐Urban  Mapping  Project  to  re‐
spond  to  the  challenges  of  sustainable  development  and  environmental  management
presented by world urbanization. That project presented a series of spatial distribution data
of human populations to study urban ecology and address critical environmental and societal
issues in urban areas [3]. Recently, the World Bank (WB), in collaboration with the Univer‐
sity of Wisconsin and the WorldPop project, has developed a map of built‐up areas, urban
expansion, and urban population (UP) changes across the East Asian region (stretching from
Mongolia to the Pacific Islands) for the years 2000 and 2010. These data sets include data on
all 869 urban areas in the region with populations of more than 100,000 and serve as a valuable
reference  for  urban  geography studies  on  changing  patterns  of  urbanization  [4].  Mean‐
while, many scholars also devote urban development studies using remote sensing technol‐
ogy [5, 6], and studies on sustainable urbanization are ongoing. To leave extreme poverty
behind and prosper, East‐Southeast Asia is currently experiencing rapid urbanization, and
cities play a transformative role in this economic growth. Sustainable urban development in
the cities of East‐Southeast Asia draws an increasing amount of global attention to the region's
stability and development.
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Figure 1. Location of the Indochinese Peninsula.

The Indochinese Peninsula is located between China and the South Asian Subcontinent. It is
bordered by the Bay of Bengal, the Andaman Sea and Malacca in the west and the South China
Sea in the east (Figure 1). In the Indochinese Peninsula, a peninsula in southeastern Asia that
contains Myanmar, Cambodia, Laos, Thailand, and Vietnam, the rapid urbanization of recent
years exerted strong influences on regional development. In 1992, with assistance from the
Asian Development Bank (ADB), those five countries and China established a program of
subregional economic cooperation in the Greater Mekong Subregion (GMS) that aimed to
enhance economic relations among them. The GMS program helps the five countries imple‐
ment many high‐priority subregional projects in transportation, energy, telecommunications,
the environment, human resource development, tourism, trade, private sector investment, and
agriculture, all of which were strong drivers of the economy and urbanization process in the
Indochinese Peninsula. Table 1 shows the number of cites in the Indochinese Peninsula in 2015
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classified by country‐size class; that information was obtained from the World Urbanization
Prospects reported by the United Nations (UN) [1]. In the five countries of the Indochinese
Peninsula, there are 26 cities with populations of more than 300,000 and 16 cities with popu‐
lations of more than 500,000. From the table, we conclude that Thailand and Vietnam contain
many more big urban agglomerations than the other countries, thus showing their high level
of urbanization. Second, despite the presence of some metropolitan cities, urbanization in
countries of the Indochinese Peninsula is broad‐based. Only 1 city with a population of more
than 300,000 can be found in Cambodia and Laos; Thailand and Vietnam have only 1 supercity
(5 million or more inhabitants) each. Increasingly, after a process of transition and transfor‐
mation, modernization and industrialization are emerging in Myanmar, Cambodia, Laos,
Thailand, and Vietnam. These countries are gradually shifting from traditional farming to
more diversified economies and to more open market‐based systems [7]. Parallel with this
development are the growing economy links between the five countries and their neighbors,
notably in terms of cross‐border trade, investment, and labor mobility [8]. Moreover, natural
resources, particularly hydropower, are beginning to be developed and used in the region [9].
The Silk Road Economic Belt and the 21st Century Maritime Silk Road [One Belt and One Road
(B&R)], which was proposed by China in 2014, comprise a development strategy and frame‐
work that aims to enhance the economic relationship among countries in Asia and Europe [10].
The China‐Indochinese Peninsula Economic Corridor, as an important international gateway
of B&R, is supposed to develop a regional economic entity with common development that
uses the railways and roads as a medium. The rich human and natural resource endowments
of the Indochinese Peninsula region have made it a new frontier of Asian economic growth.
The Indochinese Peninsula has tremendous potential to promote both regional economic
growth and urban development. Thus, following the 2014 launch of B&R, the China‐Indochi‐
nese Peninsula Economic Corridor will witness a more rapid urbanization progress in the next
decade.

Size class Cambodia Laos Myanmar Thailand Vietnam

5 million or more – – – 1 1

1–5 million 1 – 3 1 3

500,000–1 million – 1 1 2 2

300,000–500,000 – – 2 5 3

Sources: World Urbanization Prospects: The 2014 Revision, UN.

Table 1. Number of agglomerations classified by country‐size class in the Indochinese Peninsula, 2015.

This chapter gives a general overview of the urbanization procession in countries in the
Indochinese Peninsula region and presents the state‐of‐the‐art techniques for monitoring the
spatiotemporal dynamics of the urban environment. An analysis of the forces driving urban
expansion was also performed based on an integrated analysis of both natural and social
economic factors.
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2. Methodology

2.1. Monitoring urban expansion in the Indochinese Peninsula

Urban sprawl monitoring constitutes basic information for urban studies, and accurate
information about the extent of urban growth is of great interest to researchers investigating
urbanization progress. Long ago, conventional surveying and mapping techniques were
primarily used to estimate urban sprawl. These methods were usually expensive and time‐
consuming, and some key information was unavailable for most cities, especially in develop‐
ing countries [11]. Fortunately, because remote sensing enjoys the advantages of being both
cost‐effective and technologically sound, it is increasingly used in the analysis of spatiography
and urban geography. Since the 1970s, a variety of studies have been conducted using remote
sensing and Geographic Information System (GIS) technologies to examine land‐use change,
to analyze large landscapes, to analyze farmland change and classification, and to analyze
urban space structure and fractal shapes [12–15]. In recent years, with rapid economic
development and population increases, rapid urbanization occurs and the city quickly
expands; the strained relationship between the population and urban land‐use is attracting
increasingly broad scholarly attention. Thus, extensive research studies have been performed
to monitor urban sprawl using remotely sensed images through either an image‐to‐image
comparison or a postclassification comparison [16–19]. In the countries of the Indochinese
Peninsula, there has also been a great deal of research effort devoted to land‐use changes using
remote sensing and GIS technologies. Kong et al. [20] investigated forestland changes attrib‐
uted to urbanization and agricultural land expansion in Naypyidaw (Myanmar's capital) using
Landsat images. Similarly, based on an analysis of the pattern of urban growth from 1993 to
2011 in Siem Reap, Cambodia, Ourng and Rodrigues [21] reported that urban growth always
came accompanied primary roads and the river. Using remote sensing images, Okamoto et al.
[22] studied the urbanization of Vientiane (capital of Laos). Kimijiama and Nagai [23] also
presented the relationship between urbanization and socioeconomic activities in Savannaket,
Laos. Nevertheless, because of the limited availability of regional spatial data, those previous
studies rarely focused on urban sprawl at the national level; moreover, there is no systematic
study available on the multiple temporal phases and long time series of urban sprawl moni‐
toring by multiple‐sourced remote sensing data in the countries of the Indochinese Peninsula.
Remote sensing and GIS technologies have broad application space in the estimation of urban
sprawl in this region.

2.1.1. Methods for extracting urban land with remote sensing

Remote sensing image classification is a primary method of extracting land surface information
at large scale. Different ground objects have different spectral characteristics, which are
recorded in satellite remote sensing images, and pixels with similar spectral characters would
be considered as one landscape class.

The process of landscape classification is complex. Its accuracy is always influenced by many
factors such as the sources of the data, the image quality in remotely sensed images, and the
method selected for the classification [24]. The classification method is important for landscape
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classification. Typically, the classification can be divided into two types: (1) pixels compared
one by one, which involves monitoring the changes to each pixel by comparing the various
temporal phases, and (2) first classifying and then comparing, which involves classifying the
remote sensing images in different temporal phases separately and then comparing the
classification results to monitor the land‐use change [25, 26]. The various methods all have
their own advantages and disadvantages; therefore, there may be no single method that is
suitable for all situations. For example, although the previous method is simple and easy to
achieve, it only monitors the changes of the pixel rather than obtaining the changes of the
objects; the second method is limited by classification accuracy in different temporal phases
and accumulates calculated errors, thus making its accuracy dependent on the accuracy of the
previous classification result. In reality, we should select a landscape classification method
based on our needs. The common methods for extracting urban information are as follows:

2.1.1.1. Supervised classification

Supervised classification is also known as the training classification method. In this method,
we select training samples of different land‐use types in the image and analyze the sample
information for each training area by the computer. Next, each pixel can be classified into the
similar sample area based on the comparative result of the pixel and the training samples [27–
29]. The common methods for supervised classification are the single linkage method [30], the
Fisher discriminant method [31, 32], the Bayes linear discriminant analysis [33], and the
maximum likelihood method [34]. Supervised classification has the advantage of selectively
determining the quantitative and categorical classification based on the study object and area
while eliminating needless classifications. Additionally, supervised classification can control
the selection of the training samples. Supervised classification is limited, however, by the
subjective factors of humans to select the training samples and determine the classification
system [35].

2.1.1.2. Unsupervised classification

Unsupervised classification primarily relies on the structural features of the image data and
natural points for the object classification without the known training data and the number of
the classification. Based on similar levels of the luminance value of the samples in the multi‐
dimensional spectrum space, the computer can automatically analyze the classifying param‐
eters and then classify the pixels accordingly [36–38].

Unsupervised classification depends on similar levels of the pixels’ luminance value for object
classification instead of relying on prior knowledge. The dependency on spectra quality
replicates the biggest flaw of unsupervised classification; because of differences in location,
shape, and character, the same ground objects may have different manifestations in the spectra
image, inducing errors in classification. Compared with the method of supervised classifica‐
tion, the unsupervised classification is neither fast nor precise but does have the advantage of
being highly objective [39]. According to the study by Xue and Ni [40], although unsupervised
classification is unsuitable for the extraction of residential areas compared to the supervised
classification, the selection of the training areas has a greater impact on classification accuracy
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determined by the supervised classification method. Moreover, Hu et al. [41] also extracted
urban land‐use information using the two methods.

2.1.1.3. Visual interpretation

Visual interpretation relates to extracting information about specified ground objects from the
remote sensing image using either direct observations or assisted instruments [42]. Visual
interpretation, which enjoys the advantages of easy operation and less equipment, is popular
with geographers. The interpretation marks of visual interpretation can be categorized as
direct and indirect. The ground object directly interpreted by the characteristic of the image is
defined as the interpretation mark. The basic elements of the direct interpretation mark are the
tone and the diagram: the tone reflects the image's physical property, whereas the diagram
reflects its geometric properties. The tone is the analog recording of the grayscale, which shows
the color code and chroma in the color image. In visual interpretation, although the tone of the
recognized ground object is a quick mark, it is an uncertainty criterion because it suffers from
various influence factors. Thus, the tone could merely be a relative reference for interpretation,
and we cannot identify the ground object by relying exclusively on it [43]. The diagram can
reflect the shape, size, location, and plane relation among the ground objects. In general,
geomorphologic shape, vegetation distribution, water bodies, and bare land are all interpreted
by the tone and diagram. Moreover, clouds, snow, urban land, open‐pit mines, and airports
can be identified by the image [44]. Based on the studies of the phenomenon close to the
interpreted objects, indirect interpretation is defined as inferring and distinguishing among
the ground objects. Location, relative positions, and other things close to the interpreted objects
can all be regarded as indirect marks. Location is both the reflection of the environment of the
objects in the image and the relationship between the objects and the environment. Relative
positions relate to the plane layout of the dependence relationship among the landscape
elements and the objects in the image [43]. The common methods of visual interpretation
include the direct identification method, the comparison method, and logical reasoning. The
direct identification method can quickly interpret ground objects by their marks, whereas
logical reasoning needs to identify objects’ existence and properties by the appearance of the
internal relations of the objects or natural phenomena. The comparison method first compares
the ground objects and natural phenomenon in the image with a known remote sensing image
and then identifies the properties of the objects. In any event, it is very important to analyze
the comprehensive feature of interpretation objects for each visual interpretation method. To
improve the precision of the interpretation, direct and indirect interpretation marks should be
used conjunctively, and the image should be taken as a contrastive analysis of various bands
and temporal phases [45].

2.1.1.4. Automatic classification and change detection

On a regional scale, moderate spatial resolution remote sensing images such as land resource
satellite data are usually used for the data used in landscape classification and change
detection. To rapidly achieve an accurate classification rapidly and to minimize human
intervention, Jiang et al. propose an efficient, automatic landscape classification approach
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taking prior accurate land‐cover data as the background experience [46, 47]. By adopting the
prior knowledge, this approach is distinguished from the previous semisupervised findings
of landscape classifiers. This approach involves two steps. First, based on the historical image
data, one detects changed landscape pixels from satellite images. Second, one classifies the
changed pixels in the landscape based on pattern recognition and changed rules. This approach
enjoys the advantages of multimethods in landscape classification, primarily described as
follows: (1) the historical data for land‐use cover is high precision and can be better matched
with the remote sensing data, and (2) based on the ecology view, this approach assumes that
the junction of different land types is the fragile area, which is the main changed areas and the
inner area is the relatively stable region. Furthermore, the big plaque will be more stable than
the small one. This approach can be applied not only to microsatellite data but also to landscape
classification for other spectral remote sensing images.

2.1.1.5. Normalized Difference Built‐up Index (NDBI) method

Based on the deep analysis of the Normalized Difference Vegetation Index (NDVI), the NDBI
was first proposed by Yang [48] and later improved by Zha and Ni [39]. For the Landsat TM
image, the gray value of the objects will show only small changes, except for the urban land
in the bands of TM4 and TM5. Based on the spectral characteristics, NDBI achieves urban land
extraction using the following formula:

( 5 4)
( 5 4)

-
=

+
TM TMNDBI
TM TM (1)

where TM4 is band 4 and TM5 is band 5 of the TM image. Obviously, the value of NDBI should
be between −1 and 1; after the two binary transform, the interval value of −1 and 0 is assigned
as 0 and the others are assigned as 255, then obtaining the binary image for urban land
extracting.

Based on the National Oceanic and Atmospheric Administration images, NDVI, which is used
for vegetation‐information extraction on a regional scale, has tended to be mature. In recent
years, this approach, which has been improved for urban land extracting, has been widely
used in urban sprawl monitoring [41, 49].

2.1.1.6. Artificial neural network (ANN) classification

ANN is a complicated network system that is composed of abundant and simple processing
elements; it contains engineering systems that simulate the operative mechanism and organ‐
izational structure of the human brain based on studies of human brain. ANN belongs to the
nonparametric classifier. Since it was proposed in 1988, this approach has been attracting
increasing attention to landscape classification and change detection. ANN is widely used in
landscape classification such as land‐use classification, ground object identification in different
temporal phases, fuzzy classification, remote sensing image classification, and the extraction
of the shape structure of the image. With the development of the theory of ANN and techno‐
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logical improvements, ANN has been an effective means for remote sensing classification. In
recent years, numerous studies on ANN have been successfully performed for the geologic
application. According to the characteristic of remote sensing, Dong et al. propose a landscape
classification model based on the Hopfield ANN; this classifier proved to have better accuracy
and higher efficiency than other methods [50]. Chen et al. have developed the Self Organizing
Feature Map (SOFM) neural network, which is based on the weight of samples and data, to
achieve the direct classification change detection for temporal and multispectral remote
sensing data [51]. Common ANN models for landscape classification are the Multilayer
Perceptron (MLP) classification model, the radial basis function (RBF) neural network
classification model, the SOFM classification model, and the Adaptive Resonance Theory
(ART) classification model. Aside from the above models, more other ANN models have been
gradually applied to remote sensing classifications. In general, compared to other classification
methods, ANN for land‐use extraction has the following advantages: (1) it has the properties
of self‐learning, self‐organizing, and self‐adapting and can not only make maximum use of
prior knowledge of the known samples type but also automatically extract the rules for
multiclassification; (2) ANN need not make the assumptions of the probabilistic models; (3)
with its capacity for fault tolerance, nonlinear decision boundaries can be developed in feature
space in the ANN model; and (4) the ANN model has superior association power [52].

2.1.2. Satellite data for extracting urban land

2.1.2.1. Resource satellite data

Land resource satellites are primarily used for resource exploration and studying the natural
ecoenvironment status of land surface; they are widely used for resource investigation,
environmental monitoring, hazard monitoring, land‐use planning, and regional development.
The most common resource satellites are NASA's Landsat, France's SPOT, the China Brazil
Earth Resource Satellite, India's Cartosat‐1 (IRS‐P5), and the Moderate Resolution Imaging
Spectroradiometer (MODIS). The following is a detailed introduction to NASA's Landsat.

2.1.2.1.1. Landsat

Landsat‐1, which the United States developed in 1972, is the first resource satellite in the world.
It orbits at 704 km high and an angle of 98.2°; it circles the Earth in 16 days. Landsat‐2 and
Landsat‐3 were launched in 1975 and 1978, respectively. The three satellites were the first‐
generation test satellites and carried the same sensors [i.e., the Return Beam Vidicon (RBV)
and Multispectral Scanner System (MSS)]. Landsat‐4 and Landsat‐5 were launched in 1982 and
1984, respectively. They were first‐generation practical satellites, carrying the MSS and
Thematic Mapper (TM) sensors. Landsat‐7, launched in 1999, was the third‐generation
satellite. The Enhanced TM Plus (ETM+) sensor, which had eight bands, was first carried in
Landsat‐7, replacing the TM sensor [53]. The new sensor can work for the spectral region of
visible light, near infrared, shortwave infrared, and thermal infrared, and it contains the
following improvements over the TM: (1) it introduced the panchromatic band with a
resolution of 15 m, (2) the resolution of thermal infrared band was improved to 60 m, and (3)
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the solar calibrators reduced the satellite's radiation‐calibration errors to less than 5%, which
is five times that of a traditional satellite. Landsat‐8, which carried the Operational Land Imager
(OLI) sensor and the Thermal Infrared Sensor (TIRS), was launched in 2013 by NASA [54]. OLI
includes all of the bands in ETM+, improved to exclude water absorption characteristics.
Comparing the previous sensors, OLI excluded the water absorption characteristics in 0.825
μm in band 5; the range of panchromatic band 8 was narrow, which can help in differentiating
the vegetation and nonvegetation. Furthermore, two added bands were included in Landsat‐
8, which were band 1 coastal (0.433–0.453 μm) for coastal zone monitoring and band 9 cirrus
(1.360–1.390 μm) for clouds monitoring; the near‐ and short‐infrared bands were closer to the
MODIS bands. Tables 2 and 3 show the Landsat launched by the United States and the bands
included in ETM+ and OLI.

Satellite Landsat‐1 Landsat‐2 Landsat‐3 Landsat‐4 Landsat‐5 Landsat‐6 Landsat‐7 Landsat‐8

Height (km) 920 920 920 705 705 – 705 705

Cycle (days) 18 18 18 16 16 16 16 16

Scan width (km) 185 185 185 185 185 185 185*170 170*180

Number of band 4 4 4 7 7 8 8 11

Sensor MSS MSS MSS MSS, TM MSS, TM ETM+ ETM+ OLI, TIRS

Table 2. Landsat launched by the United States for remote sensing monitoring.

Name OLI Name ETM+

Band (μm) Spatial

resolution (m)

Band (μm) Spatial

resolution (m)

Band 1 Coastal 0.433–0.453 30

Band 2 Blue 0.450–0.515 30 Band 1 Blue 0.450–0.515 30

Band 3 Green 0.525–0.600 30 Band 2 Green 0.525–0.605 30

Band 4 Red 0.630–0.680 30 Band 3 Red 0.630–0.690 30

Band 5 NIR 0.845–0.885 30 Band 4 NIR 0.775–0.900 30

Band 6 SWIR 1 1.560–1.660 30 Band 5 SWIR 1 1.550–1.750 30

Band 7 SWIR 2 2.100–2.300 30 Band 6 SWIR 2 2.090–2.350 30

Band 8 Pan 0.500–0.680 15 Band 7 Pan 0.520–0.900 15

Band 9 Cirrus 1.360–1.390 30

Table 3. Bands included in ETM+ and OLI.

189

A Comprehensive Approach to Sustainable Urbanization



2.1.2.2. High‐resolution satellite data

2.1.2.2.1. High spatial resolution remote sensing satellite

High spatial resolution remote sensing data have been a fundamental and strategic national
resource, serving to provide accurate mapping, urban planning, land resource management,
environmental monitoring, ground mapping, military mapping, and intelligence gathering.
Because of its huge economic and military benefits, high spatial resolution remote sensing
satellites are quickly developing all over the world. The IKONOS satellite, which was launched
in 1999, marked the beginning of the commercial high‐resolution satellite era; in 2001, the
QuickBird satellite was developed by Digital Globe Company. Table 4 shows the high spatial
resolution remote sensing satellites that have a resolution of no more than 1 m [55].

Satellite State Launch time Panchromatic
resolution

Multispectrum
resolution

OrbView 5 USA 2007 0.41 1.64

WorldView USA 2006 0.5 2

QuickBird USA 2001 0.6 2.5

EROS‐B Israel 2006 0.7 3.5

EROS‐C Israel 2008 0.7 2.5

Pleiades‐1 France 2008 0.7 2.8

Pleiades‐2 France 2009 0.7 2.8

IKONOS‐2 USA 1999 1.0 4

OrbView 3 USA 2003 1.0 4

Kompsat Korea 2004 1.0 4

Resurs DK Russia 2005 1.0 3

IRS Cartosat 2 India 2006 1.0 –

Table 4. Bands included in ETM+ and OLI.

2.1.2.2.2. Hyperspectral remote sensing satellite

Hyperspectral resolution remote sensing is performed to obtain many narrow‐ and continu‐
ous‐spectrum remote sensing images in the visible light, near infrared, intermediate infrared,
and thermal infrared of the electromagnetic spectrum [56]. Hyperspectral resolution remote
sensing technology contains the special properties of a fine structure of spectra and abundant
date information; moreover, it has incomparable application advantages with respect to the
identification, assortment, and information extraction of ground objects, which give it great
potential for application to ecological environment monitoring [57].

On August 23, 1997, the first hyperspectral remote sensing satellite (LEWIS) was launched in
the United States. After years of development, many hyperspectral remote sensing satellites
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have been developed and successfully operated. Table 5 shows some of the hyperspectral
resolution remote sensing satellites [57].

Satellites Launch time State Band (nm) Number of
bands

Spatial resolution (m)

MODIS 1999 USA 400–1400 36 250, 500, 1000

ASTER 1999 USA–Japanese 520–860 3 15

1600–2430 6 30

8125–11,650 5 90

MightySat 2000 USA 500–1050 256 or 512 30

HYPERION 2000 USA 400–1100 60 30

900–2500 160

CHRIS 2001 European Space
Agency (ESA)

400–1050 18–62 17

ARIES 2004 Australian 400–1100 60 30

900–2500 160

HSI 2008 Chian 450–950 115 100

Table 5. Common hyperspectral resolution remote sensing satellites.

2.1.3. Extracting urban land areas using remote sensing in the Indochinese Peninsula

2.1.3.1. Remote sensing data sources

In this chapter, for the study of urban expansion of the primary cities in the Indochinese
Peninsula, Landsat TM/ETM+ and Landsat‐8 images from 2000 to 2015 were primarily selected
for urban area identification. Dynamic changes were analyzed using results from multiple
years. In the process of interpreting the remote sensing data, Google Maps is an important
reference for this region. Table 6 shows the various types of high‐quality satellite remote
sensing data used in this study. To study urban expansion at the national level, spatial data
on built‐up areas in the East Asia region for the period from 2001 to 2010 were also used in
this chapter.

2.1.3.2. Image processing of remote sensing

To study urban development in the Indochinese Peninsula, eight primary cities with popula‐
tions of more than 500,000 were selected in this chapter: Naypyidaw and Yangon (Myanmar),
Hanoi and Bien Hoa (Vietnam), and Bangkok and Chon Bury (Thailand) for the period from
2000 to 2015 and Vientiane (Laos) and Phnom Penh (Cambodia) for the period from 2000 to
2010 because the remote sensing data for Vientiane and Phnom Penh were deficient in 2015
(Figure 1). In this study, we extracted the urban land information from the remote sensing

191

A Comprehensive Approach to Sustainable Urbanization



image by visual interpretation. This approach was used because of its advantages of simplicity
and accuracy, although it is also time‐consuming and costly. According to the shape and image
features of the ground objects, most of the study area can be identified using this approach.
For example, farmlands, water bodies, residential blocks, etc., can be easily recognized. Remote
sensing TM7 is a medium‐infrared waveband in which the rock shows a strong reflection, TM4
is a near‐infrared waveband in which vegetation can be strongly reflected, and TM3 is the red
waveband that shows the primary absorption of vegetation chlorophyll. Thus, we selected
band combinations 7, 4, and 3, which can be used to identify the urban area with the charac‐
teristic of the built‐up areas on less vegetation biota, whereas the suburban area shows
abundant vegetation biota. Figure 2 shows the technical route for the built‐up area extraction,
and Figure 3a–d shows the distribution of built‐up areas in the representative cities of Yangon,
Chon Bury, Bangkok, and Hanoi during various periods.

Figure 2. Map showing the technical route for the built‐up area extraction.

Type of data Years Sources Band

Landsat TM/ETM+ 2000 and 2010 Global Land Cover Facility Earth
Science Data Interface (URL: http://glcfapp.glcf.
umd.edu:8080/esdi/index.jsp)

7, 4, 3

Landsat‐8 2015 Download system for Landsat‐8
(Chinese Academy of Sciences;
URL: http://ids.ceode.ac.cn/query.html)
China Centre For Resources
Satellite Data and Application
(URL: http://218.247.138.121/DSSPlatform/index.html)

7, 4, 3

Table 6. Types of high‐quality satellite remote sensing data used in this study.
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Figure 3. Maps showing the distribution of built‐up areas in the cities of Yangon (a), Chon Bury (b), Hanoi (c), and
Bangkok (d) in the Indochinese Peninsula in different periods.

2.1.4. Urban expansion rate

In some of those previous studies [58, 59], the built‐up area is considered an indicator for urban
sprawl monitoring, and these areas always represent the status of a city's construction and
development from the perspective of space in urban geography. Thus, in this study, the urban
expansion rate was adopted to evaluate the spatial distribution and rate of urban sprawl in
the Indochinese Peninsula for the period 2000 to 2015. The urban expansion rate that can be
defined in Equation (2) shows changes in the quantity of the urban area per unit time and is a
key parameter for evaluating spatial changes in urban sprawl [59, 60].

1 100%+ -
= ´ ´n i i

UL
i

UL ULR
UL n (2)

where RUL stands for the expansion rate of urban land; ULn+i and ULn stand for the built‐up
area in the target unit at times n+i and i, respectively; and n is the interval of the calculation
period (in years).

2.2. Methodology for driving force analysis for urban expansion

The dynamic changes of urban areas meet socioeconomic development, along with land use
in the urban fringe area and the interior region, after continuous adjustment and configuration
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result in a transformation into urban land. With increased population, an increasing amount
of the rural population is changed into an UP [61]. The dynamic changes of urban areas express
urbanization in space and are an inevitable consequence of urbanization. Pattern‐process‐
mechanism always guides the geographical study, and pattern is the distribution of the
geographical objects and phenomena; process stands for the analysis of changes in the
geographical objects and phenomena in time and space; and mechanism finds the reasons for
these changes. Thus, driving force analysis for urban expansion can enable a better under‐
standing of urban development and policy decisions [62]. This chapter presents a multiple‐
factor model (geographic position, regional economic development, population,
infrastructure, and foreign economic and trade relations) to explore the driving forces of urban
expansion in countries of the Indochinese Peninsula using multiple principles and multiple‐
level data.

Figure 4. Map showing GDP in the countries of the Indochinese Peninsula.

2.2.1. Data sources for driving force analysis

2.2.1.1. Regional economic development

Urban development primarily rests on financial strength, and economic development accel‐
erates city changes and urban expansion. To an extent, urban land‐use can be viewed as an
economic issue, which is also noted in prior studies [63, 64]. Thus, Gross Domestic Product
(GDP) can be regarded both as an integrated index reflecting regional economic development
and as a predictive factor for urban development. Figure 4 shows GDP in the countries of the
Indochinese Peninsula. These data were obtained from the GMS Statistics data set on the ADB
Website, and the data set provided the latest state and trend of key GMS economic data
according to the International Monetary Fund (IMF) World Economic Outlook [65, 66]. From
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2000 to 2014, the economies of the countries of the Indochinese Peninsula have experienced
rapid growth. Except for Thailand, the peninsula's economy has grown almost 7‐fold over the
last 15 years in Myanmar, Laos, Cambodia, and Vietnam.

2.2.1.2. Population data

To analyze the driving force of urban expansion, data on the UP (% of total) were used in this
study. The number of people living in the urban land area is generally defined as UP, and the
ratio of UP to total population relates to the percentage of the total population living in cities;
UP (% of total) is usually regarded as an indicator of urbanization additional to built‐up areas
[67, 68]. The UP (% of total) data set for countries in the Indochinese Peninsula for the period
from 2001 to 2014 used in this chapter were obtained from the WB's World Development
Indicators (WDI), and these data show the numbers of urban residents per 100 total population
[69]. The UN Department of Economic and Social Affairs, using the cohort component method,
has developed population estimates for developing countries that lack census data. The
Department calculated this data set and provided information that is convenient for popula‐
tion studies. These data are considered a valuable scientific reference for population studies,
although there is some uncertainty caused by data limitations. Figure 5 shows the UP (% of
total) for countries in the Indochinese Peninsula for the period from 2001 to 2014. According
to that figure, the UP proportion increased during the 14 years and the region appeared to
experience rapid urbanization, especially in Thailand.

Figure 5. Map showing the UP (% of total) for countries in the Indochinese Peninsula for the period from 2001 to 2014.

To explore the relationship between urban expansion and UP, the UN's population statistics
for urban agglomerations with 300,000 inhabitants or more in 2014 by country were used in
this chapter to perform an urban expansion analysis of the eight cities in the Indochinese
Peninsula [1]. Based on national statistics data (population censuses are the most commonly
used sources), the UN developed the UP estimation to respond to the sustainable development
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challenges of urbanization. Figure 6 shows the UP in Naypyidaw, Yangon, Hanoi, Bien Hoa,
Bangkok, Chon Bury, Vientiane, and Phnom Penh in 2000, 2010, and 2015.

Figure 6. Map showing the UP in Naypyidaw, Yangon, Hanoi, Bien Hoa, Bangkok, Chon Bury, Vientiane, and Phnom
Penh in 2000, 2010, and 2015.

Figure 7. Map showing the existing, under construction, and planned/potential railways in GMS countries in 2012.
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2.2.1.3. Infrastructure

As seen from the development of urban areas, transport infrastructure will necessarily
accelerate the expansion of urban land‐use and is one of the primary driving forces of urban
expansion [70]. Chen and Xia [71] also reported that a cross‐regional high‐speed rail network
had greatly advanced China's urban development. In this study, we therefore presented a
qualitative analysis of the impact of railways in the Indochinese Peninsula on urbanization
during the period from 2000 to 2015. Figure 7 shows existing, under construction, and planned/
potential railways in countries of the Indochinese Peninsula in 2012. These data were obtained
from the GMS Core Environment Program of ADB and were developed based on the Inter‐
national Vector Data and ADB maps [72]. These data provided the state of the railways in the
Indochinese Peninsula around 2012 for academic research.

2.2.1.4. Foreign economic and trade relations

According to the econometric analysis by Huff and Angeles [73], in some Southeast Asian
countries, the measures of globalization are more predictive of urbanization than domestic
factors. Increasingly, the five countries in the Indochinese Peninsula are linked with the global
economy through both trade and foreign direct investment (FDI) [74], and their increased
outward orientation toward regional and global markets was regarded as a key contributing
factor to the rapid growth during the 2000s [75]. To present a comprehensive analysis of the
driving forces for urban expansion in this region, the FDI inward data and Total Merchandise
Exports (TME) data were used in this chapter; they were designed to investigate the impact of
foreign economic and trade relations on the region's urbanization. These two data sets were
obtained from the GMS Statistics data set on the ADB Website [66], and the source of their data
was the UN Conference on Trade and Development (UNCTD) [76]. Figure 8 shows the FDI
inward (a) and TME (b) for the five countries in the region.

Figure 8. Map showing the FDI inward to Myanmar, Vietnam, Cambodia, Thailand, and Laos for the period from 2001
to 2013 (a) and TME of the five countries for the period from 2001 to 2014 (b).

In addition, as a neighboring country, China has played an important role in the economic
development for the five countries of the Indochinese Peninsula; in GMS, according to Poncet
[77], there has been a high degree of trade linkage between China's Yunnan Province and its
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neighboring countries (Laos, Myanmar, and Vietnam) based on the development of a gravity
model of trade. In recent years, China's outward investments in the Association of Southeast
Asian Nations (ASEAN) have increased in spite of an overall global decline in FDI because of
the 2008 financial crisis [78]. For this reason, China is to believed to have immense influence
on the economic development in the Indochinese Peninsula. Therefore, a statistical analysis of
UP (% of total), FDI from China to the five countries, and foreign trade with China was also
performed in this study. FDI from China to the five countries for the period from 2003 to 2013
was used in this chapter; the data were extracted from China's Outward FDI of 2010 and 2013
[79, 80]. Data for gross imports and exports (GIE) with China for the period from 2000 to 2010
were obtained from World Integrated Trade Solution (WITS) because data from 2011 to 2015
were not obtained in China. Figure 9 shows the FDI flowing to the five countries from China
(a) for the period from 2003 to 2013 and GIE between China and the five countries (b) for the
period from 2000 to 2010.

Figure 9. Map showing the FDI from China to Myanmar, Vietnam, Cambodia, Thailand, and Laos for the period from
2003 to 2013 (a) and GIE between China and those countries for the period from 2000 to 2010 (b).

3. Result and analysis

3.1. Analysis of urban expansion in the Indochinese Peninsula

For clear information about urban expansion at the national level, the spatial data on built‐up
areas for the East Asian region for the period from 2000 to 2010 developed by WB were used
first (data source: Platform for Urban Management and Analysis (PUMA) of WB [4]). Fig‐
ure 10 shows the built‐up area in the countries of the Indochinese Peninsula in 2000 and 2010.
Generally, as shown in the figure, regionwide from 2000 to 2010, the built‐up area increased
approximately 1963.2 km2, expanding from 11,022.21 to 12,985 km2. In addition, Thailand and
Vietnam had much larger urban land areas in both 2000 and 2010 than the other three countries.
Table 7 shows the expansion area, expansion rate, and annual change rate for urban sprawl
of the five countries for the period from 2000 to 2010. The expansion rate shows a clear
heterogeneity in the region and that Thailand and Vietnam's expansion rates were higher than
those of the other countries.
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Figure 10. Built‐up area (km2) in countries of the Indochinese Peninsula in 2000 and 2010.

Item Myanmar Thailand Vietnam Laos Cambodia

Expansion area (km2) 182.54 749.88 897.63 60.59 72.58

Expansion rate (km2/year) 20.28 83.32 99.74 6.73 8.06

Annual change rate (%) 1.11 1.80 2.37 4.15 3.69

Table 7. Expansion area, rate, and annual change rate for urban sprawl in countries of the Indochinese Peninsula for
the period from 2000 to 2010.

Table 8 shows the built‐up areas of Bangkok, Chonburi, Yangon, Naypyidaw, Hanoi, Bien
Hoa, Phnom Penh, and Vientiane in 2000, 2010, and 2015 (Vientiane in 2000 and 2010), and
Table 9 shows the expansion rate and annual change rate for urban sprawl in those eight cities
for the period from 2000 to 2015 (Vientiane for the period from 2000 to 2010). As shown in the
tables, the built‐up area of the cities in the Indochinese Peninsula, except for Phnom Penh and
Vientiane, increased quickly with increased urbanization from the period from 2000 to 2015.
In 2015, the built‐up area of Bangkok reached 1211.55 km2, increasing 397.19 km2 compared to
the year 2000, which shows that Bangkok has experienced a rapid urban expansion in terms
of space during the past 15 years. The high annual change rate also indicates Bangkok's rapid
urbanization from 2000 to 2015, especially in the past 5 years. Chonburi, Thailand, also
experienced rapid urban development in the past 15 years, and the built‐up area of Chonburi
was approximately 94.51 km2 in 2000 but reached 466.56 km2 in 2015, which appears approx‐
imately five times larger than in 2000; moreover, Chonbur's annual change rate is 37.7%, the
largest among the cities studied, from 2010 to 2015, which indicates a much more rapid urban
development than Bangkok and the other cities in that period. In Myanmar, the built‐up areas
of Yangon in 2000, 2010, and 2015 are all larger than those of Naypyidaw, which indicates a
high urbanization level in Yangon. Nevertheless, the expansion rate and the annual change
rate of Naypyidaw are much larger than those of Yangon during the period because Myanmar's
capital was moved to Naypyidaw from Yangon in 2006, thus greatly promoted urban devel‐
opment in the latter city. Hanoi, the capital of Vietnam, has the biggest built‐up areas among
the eight cities. The built‐up areas of Hanoi expanded immensely in the past 15 years, increas‐
ing from 284.4 to 1164.1 km2. The annual change rate in Hanoi from 2010 to 2015 is 36.6%,
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whereas it was 4.5% in the period from 2000 to 2010, which shows that Hanoi has experienced
more rapid urban development in the past 5 years. Bien Hoa, as an industrial city in Vietnam,
also rapidly expanded its built‐up area from 2000 to 2015, with its area increasing from 58.38
to 121.54 km2. Bien Hoa's proximity to Ho Chi Minh City and its convenient transportation are
considered two important contributions to its rapid urban development. Similar to the
situation in the national level, the built‐up area in Phnom Penh and Vientiane are both small
and the urban development levels of the two cities are relatively low. The lower expansion
rate and the annual change rate also prove that the urbanization of Phnom Penh and Vientiane
is slower than in other cities, and there is room for growth in their urban development.

City 2000 2010 2015

Bangkok 724.36 795.50 1121.55

Chonburi 94.51 161.60 466.56

Yangon 419.00 440.00 710.50

Naypyidaw 8.88 34.48 71.57

Hanoi 284.40 411.00 1,164.10

Bien Hoa 58.38 84.88 121.54

Phnom Penh 23.53 24.57 25.29

Vientiane 42.34 44.33 –

Table 8. Built‐up area (km2) of the eight cities selected in this study for the years 2000, 2010, and 2015.

City 2000–2010 2010–2015

Expansion rate
(km2/year)

Annual change
rate (%)

Expansion rate
(km2/year)

Annual change
rate (%)

Bangkok 7.114 1.8 65.21 8.2

Chonburi 6.709 7.1 60.992 37.7

Yangon 2.1 0.5 54.1 12.3

Naypyidaw 2.56 28.8 7.418 21.5

Hanoi 12.66 4.5 150.62 36.6

Bien Hoa 2.65 4.5 7.332 8.6

Phnom Penh 0.104 0.4 0.144 0.6

Vientiane 0.199 0.5 – –

Table 9. Expansion rate and annual change rate for urban sprawl in the eight cities for the period from 2000 to 2015.

Table 10 shows the increased and annual change rate of population growth in cities with
populations of more than 300,000 in the Indochinese Peninsula. In general, the total increased
population in Thailand is approximately 3,419,230 persons for the period from 2000 to 2010
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and 2,408,580 persons from 2010 to 2015. The mean of the annual change rate is approximately
7.78% from 2000 to 2010 and approximately 3.12% from 2010 to 2015, which shows that the UP
increased much more slowly in the past 5 years than in the past. It is particularly necessary to

Cities Country Population
growth
from 2000
to 2010

Annual
change
rate
from 2000
to 2010

Population
growth
from 2010
to 2015

Annual
change
rate
from 2010
to 2015

Bangkok 1852.88 2.9 1056.46 1.3

Chonburi 184.14 9.9 147.49 4.0

Hat Yai 79.16 4.2 48.97 1.8

Lampang 131.20 8.7 100.55 3.6

Nakon Patchasima Thailand 98.40 4.8 62.90 2.1

Nonthaburi 74.57 2.5 41.40 1.1

Rayong 121.53 11.2 101.92 4.4

Samut Prakan 703.96 18.1 721.48 6.6

Udon Thani 173.39 7.7 127.41 3.2

Bien Hao 228.45 5.0 147.83 2.2

Can Tho 412.09 9.4 324.05 3.8

Da Nang 237.35 4.2 146.88 1.8

Hanoi 1151.28 6.9 818.47 2.9

Haiphong Vietnam 290.34 4.8 186.50 2.1

Hue 71.47 3.0 40.97 1.3

Nha Trang 32.09 1.2 15.61 0.5

Ho Chi Minh City 1800.00 4.1 1108.41 1.8

Vung Tau 89.59 4.4 56.01 1.9

Bago 136.10 4.7 90.13 2.1

Mandalay 222.81 2.7 133.67 1.3

Mawlamyine Myanmar 93.82 2.8 56.43 1.3

Monywa 140.95 5.9 98.89 2.6

Naypyidaw 908.04 162 65.68 0.7

Yangon 789.40 2.5 459.79 1.2

Vientiane Laos 318.99 7.2 235.45 3.1

Phnom Penh Cambodia 361.01 2.2 221.57 1.1

Table 10. Increased (1000 persons) and annual change rate (%) for population growth in cities of the Indochinese Pen‐
insula with populations of more than 300,000.
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note that Samut Prakan, Rayong, and Lampang's UPs grew faster than in the other cities from
2000 to 2010, and this is also the case during the most recent 5 years. The high annual change
rate indicates that the three cities have higher urbanization levels than other cities. For cities
with populations of more than 300,000 in Vietnam, the UP is also increasing rapidly, with the
number growing by 4,312,660 for the period from 2000 to 2010 and 2,844,730 from 2010 to 2015.
The mean of the annual change rate is approximately 4.78% and 2.03% for the period from
2000 to 2010 and from 2010 to 2015, respectively, and UP growth also slowed in recent years.
In Thailand, no city showed an obvious population increase for the past 15 years, except for
Can Tho. There are six cities with populations of more than 300,000 in Myanmar, and the
increased population in those cities is 2,291,120 for the period from 2000 to 2010 and 904,590
for the period from 2010 to 2015. The mean of the annual change rate is 30.1% for the period
from 2000 to 2010 but only 1.53% from 2010 to 2015. It should be noted that the annual change
rate in Naypyidaw for the period from 2000 to 2010 is far greater than in other cities, which
proves once again that moving the capital significantly contributed to population growth in
Naypyidaw. Unlike the situation of urban expansion, the population of Vientiane, Laos, grew
rapidly during the past 15 years; this growth was more obvious in the previous decade. Phnom
Penh's population only increased by approximately 582,580 persons over the past 15 years and
its population growth rate remains lower compared to other cities during that period.

3.2. Analysis of driving forces for urban expansion in the Indochinese Peninsula

3.2.1. Geographical elements

Geographical location, including absolute and relative location, plays an important role in the
formation and development of the city, and the correlation between urban growth and
geographical location is primarily reflected in the interaction between urban and geographic
elements. A city's location is the characteristic of the combination of the city, nature, politics,
and economics in space, and a favorable geographic location will promote urban development.
In addition, the urban area's geographical location can also decide the specificity of the city's
function and size. The urban development in the countries of the Indochinese Peninsula is
generally affected by their relative geographical location, and cities with populations of more
than 500,000 are primarily distributed around the coastal areas of the Peninsula (see Fig‐
ure 1). Ho Chi Minh City, the largest city in Vietnam, is one of the world's largest seaports,
and its urban development is primarily credited to its favorable geographical location, which
is close to the rivers. Haiphong, Vietnam's urban development is largely influenced by the
international maritime services. In addition, a favorable geographical location is also consid‐
ered as one of the key factors in the urban development of Yangon, Myanmar. In any event,
geographical location has determined the development of cities in the Indochinese Peninsula,
at least to some extent.

3.2.2. Transport infrastructure elements

There is a complicated relationship between urban development and the transport infrastruc‐
ture, and urban development creates many advanced vehicles to improve the urbanization
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process. The influence of the transport infrastructure on urban development primarily
emanates from two important aspects. First, we consider metropolitan transportation and
exterior traffic conditions. Very convenient transportation conditions can optimize the
industrial layout of the city, and its changes can directly affect the city's structure and industrial
layout. Second, convenient transportation conditions also have a substantial impact on
economic development, thus accelerating urbanization. Moreover, the direction of emigration
is decided by the transport infrastructure, and convenient transportation conditions provide
opportunities for labor‐force exchanges. In the cities of the Indochinese Peninsula, in addition
to the influence of seaway transportation, regional railways’ transportation conditions
determine urban development. Figure 7 shows that the big cities in the region all follow
convenient railway transportation. This phenomenon can be better illustrated by the urban
development differentials among the five countries. As mentioned above, the level of urban
development in the five countries reveals heterogeneity, and the urbanization process for the
period from 2000 to 2015 varies by country. Thailand, Vietnam, and Myanmar, which have
more developed railway networks, show much stronger capabilities in their urban develop‐
ment than do Laos and Cambodia. To improve the railways, basic facilities construction is
essential for urbanization in Laos and Cambodia. Furthermore, with the development of high‐
speed rail, the cities in the Indochinese Peninsula will obtain a new development opportunity.

3.2.3. Economic growth elements

Most empirical studies report that economic growth promoted the increase of both the built‐
up areas and UP growth, and there is a strong correlation between economic growth and
urbanization [81, 82]. Table 11 shows the summary statistical results from the linear regression
model examining the relationship between urbanization and GDP in the countries of the
Indochinese Peninsula during the period from 2001 to 2014. In general, we learn that there is
an obvious correlation between UP (% of total) and GDP in each country, with an average
value of 0.981. Additionally, there are no significant differences in the R values among the
countries. Furthermore, the functions of the linear regression model indicate that UP grows
with the increase of GDP, demonstrating the most direct influence on UP growth by economic
growth in the cities.

Country Dependent variable (y) Independent
variable (x)

R Functiona

Myanmar UP (% of total) GDP
(billion USD)

0.982 y = 0.09x + 27.23

Thailand 0.983 y = 0.05x + 27.67

Vietnam 0.986 y = 0.05x + 24.23

Laos 0.970 y = 1.42x + 22.67

Cambodia 0.985 y = 0.13x + 18.3

aThe functions were valid because they all passed the F‐test, and all of the regression coefficients passed the t‐test (at the
level of 0.05).

Table 11. Relationship between urbanization in the countries of the Indochinese Peninsula and GDP during the period
from 2001 to 2014 (n = 14).
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3.2.4. Foreign economic and trade relations

Table 12 shows the summary statistical results from the linear regression model examining
the relationship between UP (% of total) and FDI in the five countries. High R values appear
in the five countries, thus indicating that the two items are highly correlated. The functions
also illustrate that increased FDI could drive urban development in the countries of the
Indochinese Peninsula. Much like the situation in the previous model, high R values between
UP (% of total) and TME are obtained in all countries (Table 13), denoting that there is a positive
correlation between them. From the results of the functions, we further find that boosting the
export value can promote urban development in the five countries. Moreover, from the
summary statistical results for both scenarios, we learn that the influences from FDI and TME
on UP growth are at almost the same level because there is little difference in the values of the
Pearson correlation coefficient. FDI and foreign trade have played an almost equally important
role in the urban development of the five countries for the period from 2000 to 2015. Further‐
more, there is little difference among the various nations in the R values in both scenarios,
which indicates that the continued outward orientation towards the global market and the
absorption of foreign investment are considered key contributing factors to the rapid urbani‐
zation of each country of the Indochinese Peninsula during the studied period.

Country Dependent variable (y) Independent
variable (x)

R Functiona

Myanmar UP (% of total) FDI
(billion USD)

0.964 y = 0.54x + 26.17

Thailand 0.986 y = 0.10x + 30.40

Vietnam 0.968 y = 0.10x + 24.51

Laos 0.961 y = 5.48x + 22.26

Cambodia 0.979 y = 0.20x + 18.58

aThe functions were valid because they all passed the F‐test, and all of the regression coefficients passed the t‐test (at the
level of 0.05).

Table 12. Relationship between urbanization in the countries of the Indochinese Peninsula and FDI during the period
from 2001 to 2013 (n = 13).

Country Dependent variable (y) Independent
variable (x)

R Functiona

Myanmar UP (% of total) TME
(billion USD)

0.962 y = 0.52x + 26.82
Thailand 0.979 y = 0.08x + 27.92
Vietnam 0.964 y = 0.06x + 25.31
Laos 0.964 y = 5.38x + 23.75
Cambodia 0.976 y = 0.20x + 18.58

aThe functions were valid because they all passed the F‐test, and all of the regression coefficients passed the t‐test (at the
level of 0.05).

Table 13. Relationship between urbanization in the countries of the Indochinese Peninsula and TME during the period
from 2001 to 2014 (n = 14).
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3.2.5. Trade and investment linkage with China

Tables 14 and 15 show both the results of the linear regression model examining the relation‐
ship between urbanization and FDI from China during the period from 2003 to 2013 and the
results examining the relationship between urbanization and GIE with China during the
period from 2000 to 2010 in the countries of the Indochinese Peninsula. As shown in Ta‐
ble 14, the UP is highly correlated with FDI from China in the five countries, and the high R
values indicate that urbanization is sensitive to increased investment from China. In addition,
the functions derived from the analytical models demonstrate that investment from China is
a key driving force for UP growth in the region. According to the analytical results of the
relationship between UP (% of total) and GIE with China, we can obtain a similar situation
with the aforementioned scenario, and the two items are highly correlated with each other in
each country of the Indochinese Peninsula. Moreover, the derived functions show both that
trade with China has positive effects on UP growth in the five countries and that increasing
bilateral trade will be beneficial to facilitate urbanization in the region. Briefly, trade and
investment with China have a substantial effect on the urbanization process in the countries
of the Indochinese Peninsula during the study period, and improving the economic coopera‐
tion between China and the five countries will contribute to the region's urbanization.

Country Dependent variable (y) Independent
variable (x)

R Functiona

Myanmar UP (% of total) FDI from China
(million USD)

0.946 y = 0.001x + 29.07

Thailand 0.950 y = 0.005x + 37.60

Vietnam 0.952 y = 0.003x + 26.96

Laos 0.892 y = 0.004x + 28.08

Cambodia 0.939 y = 4.2x + 19.21

aThe functions were valid because they all passed the F‐test, and all of the regression coefficients passed the t‐test (at the
level of 0.05).

Table 14. Relationship between urbanization in the countries of the Indochinese Peninsula and FDI from China during
the period from 2003 to 2013 (n = 11).

Country Dependent variable (y) Independent
variable (x)

R Functiona

Myanmar UP (% of total) GIE with China
(million USD)

0.934 y = 1.17x + 27.00
Thailand 0.979 y = 0.26x + 31.19
Vietnam 0.950 y = 0.21x + 24.97
Laos 0.854 y = 9.54x + 24.64
Cambodia 0.961 y = 0.95x + 18.55

aThe functions were valid because they all passed the F‐test, and all of the regression coefficients passed the t‐test (at the
level of 0.05).

Table 15. Relationship between urbanization in the countries of the Indochinese Peninsula and GIE with China during
the period from 2000 to 2010 (n = 11).
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3.3. Sustainable urbanization in the China‐Indochinese Peninsula Economic Corridor

The coordinated development between urban area expansion and UP growth is one important
aspect of sustainable urbanization [83]. In this chapter, we use Spearman rank correlation to
test the association between the annual change rate of urban expansion and population growth
in the Indochinese Peninsula for the period from 2000 to 2015. According to the result of the
Spearman model, we determine that the correlation coefficient between the two items is 0.807
(Sig.=0.015) for the period from 2000 to 2010 and 0.536 (Sig.=0.215) for the period from 2010 to
2015. It is obvious that the annual change rates for urban expansion and population growth
are highly correlated with each other for the period from 2000 to 2010 among the cities in the
Indochinese Peninsula; however, for the period from 2010 to 2015, the statistical analysis result
does not pass significance testing, which indicates that there has been disequilibrium devel‐
oping between urban expansion and population growth in the region since 2010. Thus, in the
future, more attention should be paid to sustainable urbanization in the Indochinese Peninsula.

Based on the analysis of driving forces for urban expansion, we conclude that, in addition to
socioeconomic factors, FDI and international trade have a noticeable correlation with urban
development in the countries of the Indochinese Peninsula. As we have discussed above,
railway infrastructure construction is significant to urbanization in countries of the Indochi‐
nese Peninsula. However, some previous studies reported that the lack of financial resources
was a serious obstacle to infrastructure development in Southeast Asia, and transportation
infrastructure in the region could not meet the need for urban development because of fiscal
pressures [84]. With assistance from the ADB and the WB, Asian countries receive approxi‐
mately 20 billion USD in annual fiscal support but still cannot maintain basic transport
infrastructure investments in the railways, airports, seaports, roads, and communication
facilities needed for urban development [85]. Therefore, new investment has become a key
factor, especially in Cambodia and Laos. The Asian Infrastructure Investment Bank (AIIB),
proposed by President Jinping Xi of China on October 2, 2013, primarily aims to provide
financing for infrastructure projects in the Asia Pacific region [86]. Increased investment by
the AIIB will be very helpful for the construction of urban infrastructure and the promotion
of urban development. Furthermore, the trade cooperation between the five countries and
China is an important contributing factor to the forces driving urbanization at least according
to the statistical analysis. With the benefit of the investment and trade opportunity provided
by B&R, the China‐Indochinese Peninsula Economic Corridor will embrace new and increased
opportunities for urban development.

4. Conclusion

This chapter presents a review of the urbanization in countries of the Indochinese Peninsula
using advanced remote sensing technology. It also analyzes the driving forces for urban
expansion. Our conclusions are as follows:

1. The urbanization progress increased rapidly in the Indochinese Peninsula region both in
terms of urban areas and UP; however, the level of urban development in countries of the
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Indochinese Peninsula appears to represent a spatial heterogeneity; Thailand and
Vietnam have expanded rapidly in urban land compared to the other countries in the
study period, whereas Laos remains at a low level of development. Overall, the urbani‐
zation of the Mekong countries remains broad.

2. In addition to socioeconomic factors, FDI and international trade also have a noticeable
correlation with urban development in the Indochinese Peninsula. Foreign investment
plays a significant role in regional urbanization.

3. Investment from China increased quickly in the past 5 years and has close relationship
with regional urbanization rate. China, as a neighbor to the Mekong countries, will play
an increasingly important role in their urbanization.

4. The China‐Indochinese Peninsula Economic Corridor will witness a more rapid urbani‐
zation progress in the next decade primarily because of the launch of the Silk Road
Economic Belt and the 21st Century Maritime Silk Road and the AIIB.

5. The primary advantages of the manuscript include the following:

• Its focus on the areas of the Indochinese Peninsula in which the most rapid urbanization
is occurring.

• It adoption of the latest and most precise data set.

• Its integrated analysis that employed multiple principles and multiple‐level data.
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Towards Sustainable Sanitation in an Urbanising World

Philippe Reymond, Samuel Renggli and
Christoph Lüthi

Abstract

Urban sanitation in low‐ and middle‐income countries is at an inflection point. It is
increasingly acknowledged that conventional sewer‐based sanitation cannot be the only
solution for expanding urban areas. There are other objective reasons apart from the
lack of capital. The lack of stable energy supplies, of spare parts and of human resources
for reliable operation, and the increasing water scarcity are factors that seriously limit
the expansion of centralised systems. This chapter argues that a new paradigm for urban
sanitation is possible, if the heterogeneity within developing cities is reflected in the
implementation of different sanitation systems, adapted to each urban context and
integrated under  one institutional  roof.  This  new paradigm entails:  (1)  innovative
management arrangements; (2) increased participation and the integration of individ‐
ual,  community  and  private  sector  initiatives;  (3)  thinking  at  scale  to  open  new
opportunities; (4) improved analysis of the situation and awareness raising. Moving
beyond conventional approaches towards sustainable urbanisation needs to follow both
a  top‐down  and  a  bottom‐up  approach,  with  proper  incentives  and  a  variety  of
sanitation  systems which,  in  a  future  perspective,  will  become part  of  the  ‘urban
ecosystem’.

Keywords: urban sanitation, sanitation planning, decentralised sanitation, wastewater
management, faecal sludge management

1. Introduction

The world is experiencing unprecedented urban population growth rates, and most of this
growth is projected to take place in cities of low‐ and middle‐income countries in Africa and
Asia. The United Nation's latest global population estimates, published in early 2015, project
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that the global population in 2100 will be 11.2 billion. It is estimated that Africa will have 39%
of the world's population, almost as much as is estimated for Asia [1].

The rapidly urbanising societies of Africa, Asia and Latin America are constricted by a
quadruple challenge: urban environmental degradation, global climate change with accentu‐
ating water stress, infrastructure deficits and fast expanding peri‐urban areas and informal
settlements. As pointed out by [2], even when urban sanitation management infrastructure is
available, it often serves only a small percentage of the urban population. Small‐ and medium‐
sized towns (<500,000 inhabitants) will carry the brunt of future urbanisation in low‐ and
middle‐income countries and will have a pronounced backlog in urban sanitation infrastruc‐
ture. A recent infrastructure study of the World Bank highlighted the low access to improved
sanitation in urban Africa with 51% of the population relying on traditional (unimproved)
latrines, 14% on improved latrines and only 25% connected to sewers or a septic tank [3].

Urban sanitation is at an inflection point. The international community and national govern‐
ments are increasingly acknowledging that conventional sewer‐based sanitation cannot be the
solution for all the different urban areas. Apart from the lack of capital, there are other good
objective reasons why conventional urban water management does not offer the only solution
for the rapidly growing cities in Asia and Africa: the lack of stable energy supplies, of spare
parts and of human resources for reliable operation are factors that limit the expansion of
centralised systems. In an increasing number of cities, water scarcity is also becoming an
important bottleneck. As a special case, the improvement of sanitation conditions in informal
settlements in low‐ and middle‐income countries has proven difficult due to disabling
institutional environments, as well as the lack of secure tenure and of the rule of law, often
preventing the development of innovative management schemes. Today, a majority of urban
citizens rely on on‐site systems, such as septic tanks, pit latrines or cesspits. With sewer‐based
systems out of reach for a large part of the global population, there is an urgent need to develop
more cost‐effective and resource‐efficient systems that can deliver the desired water services
necessary for public health, protection against flooding, and the preservation of natural
resources. In this chapter, we present the main reasons for environmental sanitation deficits
and lay out arguments for a holistic sectoral approach that is inclusive and that incorporates
innovative management arrangements for growing urban areas.

2. Different urban contexts—different sanitation challenges

Cities are not homogeneous, especially in low‐ and middle‐income countries. Lüthi et al. [4]
identified four typical urban contexts: (1) inner‐city middle and high‐income settlements, (2)
planned urban development areas, (3) informal settlements and (4) peri‐urban interface (see
Figure 1). Contrasts between these contexts can be striking, that is skyscrapers and slum
pockets in India or favelas next to villas with swimming pools in Brazil. It is currently common
to find modern city centres next to informal neighbourhoods that lack the most basic services.
The tendency in current urbanisation is an increase in segregation, with a densification and
sprawling of informal settlements on the one side, and the rapid extension of medium density
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planned urban development areas, that is large fully fledged new neighbourhoods or gated
communities for the middle and upper classes, on the other.

Figure 1. Main settlement contexts that need to be addressed in urban sanitation in low‐ and middle‐income countries
(Source: [4], p. 79).

Inner‐city middle‐ and high‐income settlements, as well as planned urban development areas,
are usually characterised as having conventional centralised water supply and sewer system
schemes managed by governmental institutions, typically a utility. Informal settlements and
the peri‐urban interface, however, often rely on on‐site sanitation systems, from basic pit
latrines to flush toilets with septic tanks, and sometimes on water kiosks or water trucks for
their water supply. These so‐called ‘off‐the‐grid’ solutions are often not managed by the
government, but by self‐organised private stakeholders, community‐based organisations or
NGOs.

The characteristics of low‐income settlements make the provision of basic services intrinsically
very difficult and, therefore, conventional service delivery approaches are often not viable [5].
For instance, slums are often located in areas with specific physical constraints, such as low‐
lying ground, steep slopes or densely packed housing with very poor access via narrow and
irregular pathways. When settlements are informal, key sanitation stakeholders are reluctant
to invest: governmental agencies, because such area is not formal and thus not recognised;
landlords, because they often do not live there; and tenants, because they are afraid of
gentrification and do not want to invest without having security of tenure. This usually results
in the inhabitants of such neighbourhoods paying much more for water and sanitation than
people served by the government, and the services that are provided often threaten public
health.
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Providing sanitation services to a city as a whole invariably requires a mixture of sanitation
systems, which are appropriate for different parts of the city and which can be implemented
at different scales [5]. It is unlikely that the same model of service delivery will be appropriate
for all areas. Therefore, a citywide sanitation plan is likely to consist of several components
designed to meet the specific physical, socio‐economic and service conditions for different
parts of the city. The city is characterised into sanitation zones or clusters based on such aspects
as topography, population density, user preferences, affordability, existing systems and/or
water availability, taking into account both the existing situation and expected changes due to
urbanisation. This helps to determine where on‐site or off‐site, networked or non‐networked,
dry or wet systems are most appropriate in the short‐ and long term.

3. Sewered or non‐sewered: various sanitation systems

The previous section highlights urban diversity and the related heterogeneity in terms of
sanitation status. Different contexts mean different sanitation systems, therefore it is important
to adopt a sanitation system approach, as illustrated by [6]. Sanitation cannot be reduced to
latrines or sewers but needs to be considered as a whole value chain, consisting of a user
interface (the toilet), collection/storage (e.g. pits and septic tanks), conveyance (e.g. sewers or
vacuum trucks), treatment and use and/or disposal. In particular, systems can be categorised
as sewered or non‐sewered, as well as dry or wet (without or with water). They can also be
differentiated through their scale/domain of application: on‐site (for households or buildings),
small‐scale (for cluster of houses or neighbourhoods) or large‐scale (centralised at city level).
Urban centres and western cities are usually served by a single‐sewer network that conveys
the wastewater to a treatment plant; we will refer to this type of system in this chapter as the
‘conventional system’. However, most cities around the world still rely mainly on on‐site
systems, where domestic wastewater accumulates in pits and tanks in a form called ‘faecal
sludge’ or ‘septage’. Now and then, this faecal sludge needs to be pumped and transported to
a faecal sludge treatment plant.

It is clear that it will not be possible to connect all urban areas to a conventional system in the
foreseeable future. Nor is it desirable. The main bottleneck is of course financial: the amount
of money needed to provide this is immense, and most governments do not have enough funds
to build such infrastructure; besides, when such an infrastructure exists, the risk of failure is
high when there is no financial means and capacities to operate and maintain the system
properly. The further one is from the city centre, the more expensive it also gets. The economies
of scale that can be achieved at the treatment plant level are outweighed by the dis‐economies
of scale of the sewer network [7]. Low‐density peri‐urban areas especially have a very high
cost per capita. Sometimes, the geography and population density of the city make a conven‐
tional system simply unrealistic, such as in Durban, South Africa, which is characterised by
low density and a hilly topography. Other cities such as Dakar, Senegal, fully assume faecal
sludge management (FSM) as part of its sanitation system in its own right, cohabiting with
sewers. By accepting this and by investing in FSM, the utility ends up treating a lesser volume
of wastewater per capita, while avoiding the massive investments required to provide a sewer
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connection to all. It is the role of a good master planning exercise to determine which areas are
best connected to sewers and which can be best served by FSM.

Besides the crucial system choice, there is also the choice of scale. This results from the
comparison of both the costs involved, on a life‐cycle basis, and the associated management
schemes. For both sewered and unsewered systems, there are viable alternatives at different
scales, from city to neighbourhood and the individual building level. Small‐scale sanitation
systems or ‘decentralised systems’ are seen as a promising alternative for some selected urban
areas. They offer the opportunity to implement new management schemes and go beyond
some of the current sanitation bottlenecks.

Total sewerage coverage may also not be desirable in cities that are water scarce. In such
circumstances, it does not make sense to use large amounts of drinking water simply to flush
excreta and to keep the sewer system running. Besides the current threat of water scarcity to
our societies, there is also the forecasted lack of nutrients for agriculture, especially for
phosphorus. While phosphorus and nitrogen are now considered treatment priorities for
Western governments as they may lead to eutrophication problems in natural water bodies,
they are also essential for food safety. Since these nutrients are located in urine and excreta,
the sound management of resources advocates for source separation to avoid diluting them
in large amounts of water, which renders their recovery or treatment both cumbersome and
expensive. Source separation or even on‐site treatment could offer major advantages for future
sustainable urban water‐management systems [8].

The following sections cover the current bottlenecks for the fast increase in sanitation coverage
and how innovative sanitation planning and management can contribute to the development
of more sustainable sanitation systems that are contextual, integrative and inclusive.

4. Current sanitation backlog and bottlenecks

While development priorities shift from the millennium development goals (MDGs) to the
sustainable development goals (SDGs), it has to be recognised that few low‐ and middle‐
income countries were even close to reaching their sanitation MDGs. In many of them,
demographic growth outweighed the progress made, despite the billions of dollars poured
into the sector. A lot of infrastructure is not adapted to the context and/or not sustainable, thus
failing to serve the population properly in the long run. Besides, the conventional approaches
fail to reach large (and often most) parts of the population. The dearth of pragmatic answers
to the need for quick increases in sanitation coverage is mainly due to the lack of an enabling
environment to develop solutions that move away from the conventional system. Lüthi et al.
[9] structure the enabling environment in six categories: (i) government support; (ii) legal and
regulatory framework; (iii) institutional arrangements; (iv) skills and capacity; (v) financial
arrangements; and (vi) socio‐cultural acceptance. In the past, many water and sanitation
projects failed because of the lack of an integrated approach. Sanitation programmes should
take these six dimensions into consideration to ensure the long‐term sustainability of sanitation
infrastructure and services.
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The major barriers to progress in sanitation coverage lie within the institutions, policies and
realities of low‐ and middle‐income countries [2]. The public sector is often weak in terms of
skills, structures, planning capacity and bureaucratic procedures, and mechanisms are not
always in place to recover investment, operation or management costs, leading to the degra‐
dation of service provision or even system failure. Depending on the political structure of the
city, the division of responsibilities relating to sanitation can be an institutional headache.
Responsibilities for sanitation service provision are often fragmented and sometimes overlap‐
ping among different departments and ministries. This fragmentation and overall ‘poor’ urban
governance make coordinated action difficult and can even lead to conflict between stake‐
holders for resources and areas of influence.

For example, some reasons why faecal sludge management systems have not been widely
implemented are the financial and political complexity involved, as well as the overlap‐
ping and unclear allocation of responsibilities and a lack of incentives for efficient opera‐
tion [10, 11]. This is due to the number of stakeholders who have a financial interest in
the system and also to the diversity of interests of each stakeholder. Unlike other types of
infrastructure (e.g. electricity) where a single utility is usually responsible for generation,
delivery, operation, maintenance and billing, a faecal sludge system is more commonly a
collection of stakeholders, each of whom is responsible for a different part of the treat‐
ment chain. Dysfunctional institutional frameworks result in both a lack of accountability
and disagreements between stakeholders, which can even sometimes lead to sector block‐
age.

The situation is similar with small‐scale and on‐site systems: such systems often show a mis‐
match with many institutional conditions (regulations, professional codes or user expecta‐
tions) [12]. Many factors have been put forward to explain that conventional sewerage
remains the predominant paradigm for urban sanitation delivery. There is, however, little
hard evidence to say whether this is mostly due to bureaucratic or technical inertia, risk
aversion, corruption (and, hence, the preference for high‐cost schemes with limited local ac‐
countability), political expediency (the need to be seen to be doing something), the percep‐
tion that only these systems are ‘modern’, or simply a lack of knowledge [13]. What is clear
is that whatever incentives currently exist tend to encourage local and central authorities
and their advisors to stick to conventional top‐down planning and conventional centralised
sewerage schemes.

Moving beyond conventional approaches towards sustainable urbanisation needs to be both
top‐down and bottom‐up. Top‐down, because it is often the only way to reform institutions,
laws and regulations and bottom‐up, because little can be done without dynamic individuals,
communities and private sector stakeholders who have the energy, vision and creativity to
innovate and validate new approaches. Flexibility is needed from governments to integrate
non‐governmental initiatives in their planning and to allow them to be replicated and scaled
up. Above all, developing the right incentives to let initiatives grow and prevent them from
being stopped by the established bureaucracy is essential.
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5. The new paradigm: integration of several sanitation systems under one
roof

Moving beyond business as usual necessitates leadership, vision and building partnerships.
The sanitation sector is, and will remain for decades to come, under the overarching respon‐
sibility of the public sector. What can be changed is the mode of operation, adapting it to multi‐
stakeholder settings and fostering enabling environments. The new paradigm, which is
advocated in this chapter, could materialise along different axes:

1. Building interfaces: integrated and inclusive planning implies the development of
interfaces between the different sanitation systems in order to create synergies and bring
them under one roof. This requires innovative management and financial schemes.

2. Participation: while conventional sewer‐based system are mostly planned and imple‐
mented by a top‐down approach, this is not the case with faecal sludge management or
neighbourhood‐level systems, where the government and utility are not the only ones to
run the show. Here, the role of individuals, communities and the private sector are
essential for sustainability.

3. Large‐scale vision: planning for sustainable sanitation alternatives means thinking at scale
from the outset with an incremental approach. Many projects fail because they remain at
pilot scale and cannot reach the economies of scale necessary for their survival or
replication.

4. Communication: focus on state‐of‐the‐art data collection, analysis and communication in
order to allow urban leaders and sanitation stakeholders make informed decisions.

Innovative management schemes need to provide the incentives required by urban sanitation
stakeholders to change their mode of operation if the conventional paradigm of top‐down
planning and conventional centralised sewerage is to be challenged [13].

5.1. Towards innovative management arrangements

Proper management is above all a matter of setting the right incentives and ensuring financial
sustainability. In the current situation, many governmental schemes do not provide the
incentives or the financial resources for sanitation systems to be run properly, and a fortiori to
be extended to low‐income areas. One way of responding to this mismatch in incentives is to
unbundle urban sanitation vertically and horizontally [13]. The horizontal unbundling
characterises the implementation of different systems for different urban areas, as described
earlier. This is a departure from one‐size‐fits‐all solutions and allows for the use of least‐cost
solutions because it enables the deployment of both on‐site and off‐site systems in areas,
depending on housing density, ground conditions, tenure and a range of other factors. Vertical
unbundling recognises that communities or private sector stakeholders may be willing and
able to take responsibility for part of the sanitation supply chain. Both vertical and horizontal
unbundlings tend to promote decentralisation.
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The result of conceptually dividing a city into management units depending on both incentives
and technical feasibility is that many elements of the system can then be developed independ‐
ently [13]. Community initiatives can become less dependent on city‐wide actions, and
financing for small elements of the system may be easier to mobilise. These reconfigurations,
therefore, allow for incremental development. Notwithstanding, whatever level of delegated
or decentralised management is chosen, overall government supervision is needed with
proper management interfaces.

5.1.1. Management interfaces

While vertical and horizontal unbundling offer increased flexibility, they also require skilled
coordination [13]. Communities or informal private stakeholders can rarely manage the whole
sanitation supply chain. For example, communities may be willing to invest in a sewer
network, but rarely in a treatment plant; they also often do not have the skills or the willingness
to commit sufficient financial resources to build a state‐of‐the‐art sewer network. This may
result in dysfunctional networks, which in the end cannot be connected to a small‐scale
treatment plant, or to the city sewer system.

The creation of well‐designed management interfaces is, therefore, key for sustainable
urbanisation. The scaling up of small‐scale wastewater treatment systems necessitates good
coordination at the state/city level. Indonesia integrated community‐based decentralised
wastewater systems into its sanitation policy, which resulted in the implementation of
thousands of systems. However, it turned out that communities alone cannot manage the
treatment plants in the long run. There is a necessity for a higher structure, a ‘centralised
management of decentralised schemes’ to carry out the minimum operation and maintenance
required, to monitor the effluent quality and to take care of major troubleshooting. Scaling up
entails more than replicating a large number of discrete projects [14].

Coordination is also necessary for faecal sludge management. In most cities in low‐ and
middle‐countries, there is a thriving private sector around faecal sludge/septage emptying.
Unfortunately, without coordination at the city level and faecal sludge treatment infrastruc‐
ture, most of the sludge ends up being discharged directly into the environment.

In Dakar, Senegal, the utility (ONAS) built faecal sludge treatment plants and integrated the
faecal sludge emptying sector (privately owned vacuum trucks) into its scheme. It turned out
to be a win‐win situation, as the private service providers desperately needed locations to
safely discharge sludge within the city. ONAS further improved the quality of the service with
the creation of a call centre. This optimised the distances that the private service providers
have to drive and, as a consequence, decreased the emptying fee, thus making it more
affordable—a sort of ‘Uber’ for sludge collection.

Small‐scale sanitation systems, unfortunately, still lack good examples of centralised manage‐
ment in low‐ and middle‐income countries. A clear competitive advantage of most small‐scale
sanitation systems is that they do not require permanent staff on‐site, except, perhaps, for a
community member to run the pumps. Therefore, a centralised management unit at the city
level, embedded within the utility, would consist of a few skilled staff, specially trained to
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operate small‐scale systems. Such a unit would be in charge of monthly monitoring and
troubleshooting, whereas the sewer network and routine maintenance (such as cleaning)
would be delegated to community or neighbourhood members. Both could be connected via
a call centre in case of problems. Recent technological advances in fields, such as mobile
communication, chemical sensors and remote control, open up a broad and promising range
of new system configurations [15].

5.1.2. Delegated management

Servicing low income and informal settlements remains a big challenge. Delegating service
provision to local operators, including private companies, NGOs, CBOs, User Associations or
Water Trusts is one solution for the utility to help service these areas [11, 16]. It is an effective
approach, but a number of barriers must be overcome, especially technical and financial
capacities and access to credit. Above all, delegated management models need to be based on
clearly defined contracts which ensure benefits to all parties (consumer, local operator, utility)
[16]. The utility takes on the role of a controller, setting standards and monitoring the service
delivery.

Case study: Delegated management in Lusaka, Zambia

In Lusaka, Zambia, the commercial utility, the Lusaka Water and Sewerage Company (LSWC), has the mandate for

water supply and sewerage delivery for the whole city. Since LWSC, however, was not serving informal peri‐urban

areas, two community‐based Water Trusts were established by the NGO CARE to fill the gap in service delivery in

Kanyama and Chazanga, two of the biggest peri‐urban areas of the city. LWSC decided to integrate this initiative in its

water supply service delivery scheme and formally delegated the management of the water supply in these neighbour‐

hoods to the Water Trusts through the provision of a license. LWSC later also recognised that the conventional sewer

system approach they followed in the city centre would not work in the peri‐urban areas where the Trusts are working

and decided to also delegate sanitation service provision to the latter. A latrine emptying service was established for

the two neighbourhoods by formalising the status of informal manual emptiers already working there. These workers

collect faecal sludge from pit latrines and bring it to a treatment plant. The long‐term goal was for them to work as

proper private entrepreneurs [17].

The Water Trusts are successfully delivering water and sanitation services due to several reasons: (i) services are

adapted to the local conditions; (ii) they are well positioned and known within the community, have local staff and

offices, and are therefore easily accessible; and (iii) they can support the latrine emptiers with their management ca‐

pacities [18].

In the meanwhile, LWSC further recognised that the different conditions in low‐income peri‐urban neighbourhoods

require different management schemes within their organisation and, therefore, established a department for peri‐ur‐

ban affairs, consisting mostly of social workers. This department is taking the lead in the coordination of these innova‐

tive delegated management schemes.
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Following the example of several European countries such as Germany or France, which
established decentralised management schemes in rural communities, collaborative arrange‐
ments should be sought for. A management interface also means the creation of operator
networks, joint capacity building and cooperation between communities and neighbourhoods.
This results in an increase in capacities and efficiency, as well as a higher level of profession‐
alism.

5.1.3. Inclusive stakeholder involvement

Innovative management arrangements imply the involvement of stakeholders beyond the
utility in the planning, implementation and operation of sanitation systems. In faecal sludge
management for example, the involvement of the private—and sometimes informal—service
providers is crucial; for small‐scale sanitation systems at neighbourhood level, the involvement
of the community is not less important. Engagement with different stakeholder groups is a
critical activity that is essential for the successful development of sustainable sanitation
services and behaviour change [5, 9, 19]. Enabling the civil sector and the local private sector
to take a more proactive role in the definition, selection, planning and eventually management
of appropriate and locally contextualised services is seen as the way forward for sustainable
urban sanitation.

Stakeholder involvement in the water and sanitation sector is justified by four main arguments:
ownership, efficiency, better design and empowerment. Stakeholder involvement is the art of
including stakeholders in the urban planning process in order to take into account their needs,
priorities and interests, to achieve consensus and to remove opposition; in other words, to
make them participate. It is largely about defining the participation level of people in the
process, from simple information to consultation, collaboration or delegation, and how to best
answer their needs, for example through awareness raising or training and capacity building.

The benefits of alternative sanitation systems may not be clear to everybody from the beginning
and some people may be reluctant to change their daily routine. For these reasons, information
and transparency are fundamental. Involvement is also about showing the benefits of change
to the different stakeholders and giving incentives. For example, with proper FSM, authorities
gain recognition by improving the population's welfare. Informal service providers may get a
voice, a status and get out of the margins of society, while the service they provide gets widely
recognised. Private collection and transport entrepreneurs gain formal disposal sites and the
price of services may be reduced for the households [20].

The capacity to provide services effectively and efficiently is the backbone of sustainable
service provision. This includes well‐trained engineers and planners at all levels (municipal,
provincial and central government), but also private sector and NGO stakeholders who have
their role to play. That is why capacity building and on‐the‐job training are crucial to improve
service delivery and expand coverage in rapidly urbanising areas. The necessary capacity will
need to be developed at both, the individual and collective level; individual capacity refers to
particular skills that individual people have and collective capacity refers to a community or
a group's capacity to organise, mobilise and support collective actions [21]. Important com‐
ponents of water and sanitation sector capacity building involve (i) strengthening and
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improving management in terms of building technical, financial and managerial capabilities;
(ii) upgrading institutional and technical capacities of the key actors to help identify, under‐
stand and evaluate complex urban environmental problems; (iii) establishing co‐operative
partnerships with government, elected and official, civil society organisations, and the private
sector to deal with cross‐cutting challenges; (iv) utilising participatory tools in planning,
decision‐making, and political processes which facilitate the development of a common vision,
articulation of needs and joint action [22].

5.2. Thinking at scale

To solve the sanitation issue in an urbanising world, decision‐makers need to think at scale.
Isolated initiatives carried out by dynamic entrepreneurs and civic champions are not the
answer to immense sector challenges. ‘Pilots never fail, but pilots never scale’ (Gebauer,
personal communication). Two main reasons can be mentioned for that [23]: (i) there is a
tendency to overinvest in pilots in order to ensure their success, which per se makes them non‐
replicable; and (ii) pilots cannot reach the economies of scale which would make them
competitive and sustainable, both in terms of implementation and management.

Thinking at scale is necessary to establish crucial elements, such as centralised management
units or call centres. The gains driven by city‐level management of FSM can be reinforced by
the optimal localisation of the faecal sludge treatment plant(s), minimising the distances
travelled from each neighbourhood. The centralised management of decentralised systems can
only be achieved when reaching numbers from the beginning, that is starting with a critical
mass of projects.

Thinking at scale allows for the development of more sustainable management schemes, which
also provide incentives for the private sector. It permits the standardisation of sanitation
systems, as well as the development by the government of such mechanisms as licenses and
certifications, and it helps to attract investors. Indeed, many promising small‐scale initiatives
are not replicated because the capital needed is too low to interest the main urban sanitation
donors, who are used to multi‐million dollar programmes. In general, access to small amounts
of credit is often a major bottleneck to sanitation stakeholders [13] and micro‐entrepreneurs.
In Dakar, for example, a special credit line was opened to allow faecal sludge service providers
to borrow the amounts needed to renew their truck fleets.

5.2.1. Towards sustainable business models for innovative sanitation services

Some sanitation systems can constitutes an innovation in a specific context. As such, in order
to be able to reach scale, new markets need to be created, highlighting the potential for the
private sector and job creation. As pointed out by Truffer et al. [12], on‐site treatment systems
represent a major challenge to the current competencies of utilities in terms of their providing
urban water management services and organising their value chain. A future large‐scale
application, thus, depends on the successful organisation of innovation processes in three
domains [12]: (i) technological components and system integration, (ii) value chain formation
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and the development of new business models, and (iii) institutional innovations to create
appropriate conditions under which these systems can reliably operate.

In order to reach the base of the pyramid (BoP), that is the low‐income customers, innovative
business models must be defined. Key factors for success are affordability, accessibility,
acceptance and awareness [24]. Unfairly, low‐income inhabitants in situations without proper
service often have to pay more for water and sanitation than people connected to the govern‐
mental sewer system. Reasons for this are the lack of accessibility to services, transport costs,
lack of economies of scale and the fact that sometimes illicit operators take advantage of the
absence of viable public services. It, however, shows that there is a capacity‐to‐pay even in
low‐income neighbourhoods.

In such neighbourhoods, the sanitation challenge often starts with the lack of toilets at the
household level. People have to resort to poorly maintained public toilets, shared toilets or in
the worst case to open defecation. Sanitation improvements cannot be reached with the
construction of new toilets only; what is needed is the development of an integrated service
chain that can maintain the toilets and collect, transport and treat the excreta. In Nairobi,
Kenya, the NGO Sanergy developed a system based on the use of public toilets where urine
and faeces are collected in separate containers and transported to a treatment plant where they
are turned into fertilisers. The service is based on a franchising system in which micro‐
entrepreneurs (the franchisees) decide to maintain a toilet, versus a small fee from the users.
Therefore, it includes local residents and offers job creation on‐site.

In Manila, Philippines, the Manila Water Company managed to incrementally extend the
coverage of desludging at the household level by restructuring the tariff system. Desludging
costs for households was fixed to the water volume used and not per trip as is usually the case.
The tariff system created access for poor people to the desludging services, as they use less
water volume. In Bangalore, this increase was triggered by the private sector itself. These
businesses emerged when the Indian government was sponsoring the setting‐up of toilets with
pit latrines. What the Indian government did not regulate was the emptying of the pits. Some
smart entrepreneurs recognised this lack of regulation and started the so‐called ‘honey‐sucker’
desludging micro‐businesses (one entrepreneur, one driver and one helper). Interestingly, the
micro‐businesses themselves did not grow, but were replicated to more than 300 businesses.
Through collective action, the micro‐honey‐sucker businesses developed a specific vacuum
truck, which drove cost reduction from 10 to 1, customised a specific pump, and developed
pricing mechanisms for apartment buildings [25, 26]. They also developed agreements with
farmers to get the sludge composted and reused. In short, through their entrepreneurial
approach, they created their own market and business model.

5.2.2. Centralised vs. decentralised, or how to tackle the uncertainty of urban growth

Some of the most significant advantages of decentralised sanitation systems are their flexibility,
modularity and cost‐effectiveness [27, 28]. They can be implemented in stages and built as
close as possible to the actual wastewater volume, reducing the possibility of accruing idle
capacity costs [29].

225

A Comprehensive Approach to Sustainable Urbanization



The high uncertainty in city developments and population growth in low‐ and middle‐income
countries can be addressed through a modular and incremental approach. Instead of investing
large sums for treatment plant designed for a planning horizon of 30 years, several smaller
plants can be built with a planning horizon of 15 years, thus serving more people in the short‐
term. Such an approach allows for adaptation to better meet the rise in demand, and for the
avoidance of costly over‐capacities. The optimal level of decentralisation must be carefully
analysed for a cost‐effective clustering of the city. Overall, uncertain urban growth advocates
for further decentralisation of sanitation services in the decades to come.

As mentioned earlier, both vertical and horizontal unbundling tend to promote decentralisa‐
tion. If wastewater treatment plants usually offer economies of scale (the bigger the plant, the
lower the price per capita), it is not the case for sewer networks, which typically represent more
than 80% of the investment costs of a sanitation system [30], and also a significant part of the
operation costs. The predominant ‘expand and upgrade’ leads to biased economic incentives
because stakeholders tend to base their decisions on economies of scale in the cost of a
centralised wastewater plant, while neglecting economies of scale at the level of the entire
network, which are, as a rule, much more difficult to assess [31]. The optimum configuration
will generally be defined by some sort of hybrid constellation [32], also referred to as a
distributed wastewater infrastructure [33]. The strong reliance of most utility services on
centralised network infrastructure is also becoming increasingly challenged by new techno‐
logical advances in decentralised alternatives, as well as remote operations [28]. Eggimann et
al. [34] confirmed that the optimal degree of centralisation decreases with increasing terrain
complexity and settlement dispersion, while showing that the effect of the latter exceeds that
of topography. The use of more decentralised sewer systems or even simplified sewer systems
can allow for major savings, by reducing the number of pumps and force mains, the depth of
sewers and the size of manholes and the gradient of the pipes [6]. Overall, it also drastically
reduces the operation costs. In case of organised communities, such sewer systems can be
partly built and managed by the community itself.

5.3. Communication: understanding and visualising the situation

A clear overview of the diverse sanitation challenges in a city is the basis for the development
of sound urban sanitation strategies. This requires good quality data and awareness from the
decision makers. Accessing relevant data is challenging, especially in contexts where data is
scarce and the urban development very dynamic. Often, data are either not collected or
analysed properly, or, sometimes, hidden or manipulated for political or personal reasons.
Governmental agencies usually have some reports, statistics and maps that can serve as a
preliminary introduction. However, they should always be considered with care and, there‐
fore, the collection of primary data is recommended. In unplanned and informal neighbour‐
hoods without legal status, there is often no official data and the collection of primary data can
be the only way of assessing the urban environment. The best way to get a reasonably accurate
estimation is to rely on several sources of information, which can be cross‐checked and, if
needed, complemented by further research [35].
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All relevant urban sanitation stakeholders should be consulted in the planning process, such
as water and sewerage utilities, the private service providers and the end‐users. This helps the
understanding of the heterogeneous urban environment and gives access to first‐hand
information from different perspectives. Depending on the stakeholder, data can be collected
through different tools, such as household surveys and expert interviews, as well as other
participatory methods that are focus group discussions, town hall meetings, transect walks or
participatory mapping [5, 9].

New technologies facilitate data collection and visualisation. Mobile data collection and geo‐
referencing tools quicken the process, increase the quality of the data collected and allow rapid
visualisation of complex urban areas. Mobile data collection is gaining importance as data can
be collected with any mobile phone and viewed in real time [36]. With the decreasing costs
and complexity of geospatial data collected from satellites, these data become accessible not
only to all urban planners but also to civil society, which can even participate in the monitoring
efforts. This is often already done, for instance, with the monitoring of water points.

An innovative way to visualise outcomes and communicate the urban sanitation challenge at
the city‐wide level are the so‐called ‘shit/excreta flow diagrams’ (SFDs), which clearly show
how excreta is or is not contained as it moves along multiple pathways from defecation to
disposal or end‐user. As illustrated in Figure 2 for the city of Dar es Salaam, Tanzania, the SFD

Figure 2. The excreta flow diagram for Dar Es Salaam, Tanzania, shows the proportion of faecal matter that is safely
managed (in green) compared to unsafely managed streams (in red) [37].
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is an advocacy and decision‐support tool that can easily be understood by non‐technical key
stakeholders and by civil society. It, therefore, has the potential to shift the focus of attention,
money and activities towards more effective and inclusive urban sanitation beyond water‐
borne sewerage.

6. Sanitation in the urban ecosystem

Integrating sanitation in the urban ecosystem, that is seeing it as more than merely collecting
and treating wastewater, is seen as a main driver or incentive for more efficient and sustainable
sanitation services. This can take different forms: (i) synergies between different services (e.g.
energy, communication); (ii) multi‐functional sanitation concepts; (iii) urban valorisation of
sanitation end products (e.g. treated wastewater, nutrients, heat or biogas).

Good city sanitation plans recognise the links between sanitation and other municipal services
[5]. For example, uncollected solid waste ends up in drains and sewers, greatly increasing
maintenance requirements. Consideration of the integration between these different services
is important to ensure effective sanitation service delivery. Storm water drainage also needs
to be planned in parallel, as neglecting it can quickly lead to the collapse of the sanitation
system, especially combined with the lack of solid waste management.

A utility which manages different urban services may be more sustainable if one of these public
services is lucrative. For example, in Cuenca, Ecuador, the utility manages water, sanitation
and communication. In that case, the communication sector contributed to the development
of inclusive and state‐of‐the art sanitation services, through cross‐financing. This would not
have been possible if both services were managed separately. Managing several services at the
same time can also support the often delicate issue of fee collection. For example, collecting
sanitation fees together with the electricity bill can significantly increase the collection rate,
and thus the cost recovery.

Similarly, multi‐functional sanitation concepts increase the sustainability of the sanitation
component through the provision of other services. Multi‐functional public toilet concepts in
low‐income settlements have made their proof, like the Ikotoilet in Kenya, which brings
together toilets, showers, sale of personal care products and, in collaboration with local
companies, supports advertising, telephony, and shoe‐polishing services as well as sales of
snacks, drinks and newspapers. In general, linking productive assets with sanitation services
increases sustainability. Activities needing biogas, such as communal kitchens, can for instance
be built in synergy with sanitation infrastructure in green markets; similarly, decentralised
treatment plants can be built so that the treated effluent can directly be used by urban farmers
for irrigation. Linked with solid waste management and landscaping, multi‐functional
sanitation concepts can also contribute to increase the recreational value of a neighbourhood.

The valorisation of sanitation end products should be fostered. In high-income countries, grey
water recycling in buildings, on‐site reuse of treated wastewater for urban gardening and heat
recovery from sewage are increasingly being implemented, as well as the biogas production
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in centralised treatment plants for electricity production or as a fuel for public transportation.
Technological advances, increasing scarcity of water and rising prices of fuel and fertilisers
will soon make such techniques more affordable and competitive in low‐ and middle‐income
areas as well.

7. Conclusion

Urban sanitation is at an inflection point: although conventional sewer systems and large‐scale
treatment plants are still seen as the golden standard, there is an increasing acknowledgement
that sanitation systems such as faecal sludge management or decentralised/small‐scale systems
are complementary options and constitute viable alternatives in the long run for selected parts
of cities. The change in thinking, however, still has to reach all the city sanitation stakeholders
to become a widespread and operating reality, from the urban leaders to the service providers
and the engineers and consultants. The multi‐disciplinary nature of the new approaches makes
them more complex than the engineering‐centric one. In order to reach full sanitation coverage
in low‐and middle‐income countries, the sector should be enriched with the social and
economic skills that are needed to involve the different sanitation stakeholders in planning
processes and devise innovative management and financial schemes.

Although going beyond the current bottlenecks may seem daunting, it is possible to change
the situation by creating the right incentives for the different stakeholders. The new paradigm
advocated for in this chapter is in line with that: building interfaces, delegating management
through arrangements which ensure benefits for all parties, increasing participation, thinking
at scale and fostering better communication all contribute to reducing the sanitation burden
of the governmental institutions and improving decision making, while increasing sanitation
coverage and thus the consumer basis. There are ways to structure the sector through better
governance, appropriate planning tools, the involvement of private stakeholders and innova‐
tive financing mechanisms.

Sanitation has a key role to play in sustainable urbanisation, and it needs to be fully integrated
in the current thinking about ‘circular,’ ‘efficient,’ ‘green’ or ‘water‐secure’ cities. Sanitation,
as the supply chain for both used water and nutrients, is at the core of these urban sustainability
concepts. Cities of the future will probably treat wastewater and sludge as close as possible to
their source, to enable on‐site reuse of resources. Many pilot projects already go in this
direction, by fostering grey water recycling in buildings and use of treated wastewater in urban
gardening. In water‐scarce regions, there is a growing concern to plan wastewater treatment
infrastructure so that it can directly contribute to groundwater recharge and safe water supply.

Integrating several sanitation systems under one roof, as has been outlined in this chapter is
a first necessary step for successful sanitation coverage in rapidly urbanising cities. The better
integration of sanitation in the ‘urban ecosystem’ is the promising second step, contributing
to two of the main drivers of change: reducing the costs through better synergies among
services, while providing more incentives to the sanitation stakeholders.
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Metrics in Master Planning Low Impact Development for
Grand Rapids Michigan

Jon Bryan Burley, Na Li, Jun Ying, Hongwei Tian and
Steve Troost

Abstract

Planners, designers, citizens, and governmental agencies are interested in measuring
and  assessing  urban  design  treatments  that  are  environmentally  sensitive  across
numerous environmental design issues such as stormwater, adapting to climate change,
wildlife  suitability,  visual  quality,  and maintaining soil  productivity.  This  chapter
examines a case study in the Grand Rapids Michigan, exploring design ideas for the
extension of a medical campus and adjoining areas. The results of the case study present
newly derived equations to assess soil productivity. The results of the soil equation
development indicate that the soil productivity of an area has two primary dimen‐
sions, forming an annual plant preference cluster, a woody plant preference cluster, and
a wetland plant preference cluster, where each soil setting requires a different soil
profile. The equations explain between 90 and 97% of the variance and are definitive (p-
value<.001). The environmental variables examined in the study, including the soil
productivity, indicate that the developed master plan for the site is significantly better
than traditional approaches and the existing site characteristics (p-value < 0.05).

Keywords: stormwater management, climate change, soil productivity, walkability,
microclimate management, biodiversity, urban design, urban campus, landscape ur‐
banism, landscape engineering

1. Introduction

This chapter presents the results of an entry into the 2015 Environmental Protection Agency
(EPA) Campus RainWorks Challenge, Masterplan Category, employing the new Michigan Sate
University (MSU) Medical Campus in Grand Rapids, Michigan as a case study. The plan employs

Chapter ��

234



metrics to demonstrate the effects that the low-impact development can have upon urban
sustainability issues. The metrics include the following: reduction in stormwater volume,
increase in stormwater quality, increase in songbird habitat suitability, increase in vegetation
biodiversity, reduction in water requirements by woody vegetation, increase in latent soil
productivity, increase in vegetation adaptation to climate change, increase in visual quality,
improvement in microclimate diversity, reduction in landscape maintenance and energy inputs,
and walkability.

The plan blends green infrastructure, healthy urban environments, neighborhood entertain‐
ment opportunities, and sustainability together addressing fundamental issues. In the
development of the project several best management practices (BMPs), tools are presented to
improve water quality and the challenges brought by global climate changes. Some of the tools
that are employed in the design include green roof, rain tanks and cisterns, permeable
pavement, bioretention or rain gardens, dry and wet swale, and constructed wetlands. The
project involved students, faculty, and administrators who influenced and directed the final
product. The title for this project is “Vault of Heaven,” an ancient Hebrew term for the sky,
where the rainwater lands on the earth.

2. Pertinent literature

Concepts concerning sustainability and ideas addressing low impact development (LID) in
planning and design have been in existence since ages [1]. The Greeks employed a concept
now termed Genuis Loci, where sites were developed with minimum environmental disturb‐
ance and construction [2]. In addition, Roman engineers developed roads at the bottom of
hillsides on suitable sandy and gravelly substrate, well above the wetland valleys and below
extensive undulating topography, thereby minimizing the need for numerous bridges and
extensive site excavation [3]. Burley and Machemer present other examples from history by
Chinese and American designers [3]. Wang et al. states “low impact develop is not new, but
was not widely known beyond the profession of landscape architecture, natural resource
planners, and to some civil engineers ([4], p. 2). However, recently low impact development
has been more widely adopted and incorporated into the planning and design of environ‐
ments.” They also indicate that the LID in the United States often means the management of
stormwater; in the United Kingdom, the term encompasses a broader range of environmental
measures.

A variety of stormwater best management practices (BMPs) can be incorporated into the LID
projects, such as rain gardens, green roof, bioretention features, and pervious pavements [5].
The current literatures of the LID impact are mostly relative to the qualitative case study [4–
7]. Strauch conducted one of the early studies on statistical comparison of the effects of various
treatments; the study compared energy use, wildlife habitat, and stormwater runoff of a site
in Montana [8]. A similar study was presented by Wang et al. for a proposed ski resort in
Michigan, examining habitat suitability, visual quality, and vegetation diversity [9]. In other
words, a variety of variables (visual, wildlife, stormwater, and energy use) can be examined
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together to evaluate the effectiveness of a design treatment. LID as a best management practice
may have significant meaning and influence when addressing the site design. The emergence
of this technology and deeper exploration of this green infrastructure approach has expanded
rapidly in recent years, and further broader study is encouraged. However, there are relatively
few case studies illustrating and statistically comparing LID with other traditional approaches.
Planners, designers, citizens, and governmental agencies are interested in understanding more
concerning sustainable LID projects. This chapter illustrates one such case study.

3. Study area and methods

3.1. Study area

The agreement supports establishing a new 4-year medical school in Grand Rapids, Michigan.
Connecting with a medical school was a critical link for establishing the Grand Rapids as a
leading health care and research location City of Grand Rapids [10]. In addition, MSU needed
a strategic partner with a research institute and major health-care providers to expand the
medical school’s teaching and research mission, thereby helping in addressing the State of
Michigan’s projected physician shortage. The partnership also includes the Spectrum Health
and Stain Mary’s Health Care.

The Secchia Center opened in the fall of 2010 to serve as the headquarters for the MSU College
of Human Medicine (CHM). CHM reached its expansion goal of 800 students and 15 principal
investigators with their teams fully occupying the available laboratory space in Grand Rapids
in 3 years. As a result, the Board of Trustees authorized planning for a second research facility
across the Ionia Avenue. These two facilities, anchoring the intersection of Michigan Street and
Ionia Avenue, comprise the MSU Grand Rapids Medical Campus, establishing a gateway to
the Central Business District, the Medical Mile, and the North Monroe business district that
lies along the Grand River.

The Medical Campus’s design addresses urban sustainability in both community- and site-
specific context. From a community perspective, the facilities respect their adjacency to the
Grand River and the regional stormwater management plan, strategically infill the urban fabric
in accordance with the city’s master plan, and facilitate the use of the existing mass transit
opportunities including the new bus rapid transit system along the Michigan Avenue. At the
site-specific scale, the facilities’ design incorporates the best management stormwater features
that function as a subset of the regional system and leverages urban regeneration principles
through redevelopment of the abandoned Grand Rapids Press building. In its totality, the MSU
Grand Rapids Medical Campus provides for the needed programmatic facilities identified by
the University’s College of Human Medicine and supports the City of Grand Rapids’ sustain‐
ability goals at environmental, social, and economic levels.

The Grand Rapids Research Center (GRRC) is located at the intersection of Michigan Street
and Monroe Avenue in Grand Rapids, Michigan (Figure 1). The site and MSU College of
Human Medicine’s (CHM’s) Secchia Center, interrupted by highway ramp, are woven into
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Grand Rapid’s unique urban fabric. MSU CHM Sacchia center is situated in the circle of Grand
Rapids Medical Mile, where many public and private health-care facilities cluster. The new
research center extends to Monroe Avenue NW and is referred as the gateway to the North
Monroe business district.

The study area comprises a 98.5-acre site which includes some of Grand Rapids Medical Mile
and partially the North Monroe business district to enhance the linkage between our campus
and Grand Rapids downtown areas. The design aims to develop a holistic community that
fosters sustainability, economic prosperity, verdant opportunity, walkability, and livability;
and reflects a broader investigation of a rather comprehensive perspective, addressing how to
adapt and mitigate climate change and other environmental issues.

The city of Grand Rapids is removing the dams, restoring its rapids, and reinforcing the
riverfront and water entertainment areas. In addition, the Grand River area is associated with
the missions to create a diverse-populated downtown, expand job opportunities, ensure
vitality of the local economy, reinvest in public space, culture, and inclusive programming,
retain and attract families, talent, and job providers with high-quality public schools. This
study includes the above goals and focus on promoting the educational, social, aesthetic,
environmental, and economic quality of our campus and its communities. This project also
involves college students, advisors, and administrators from different professions. The study
team collected the advice and suggestions from different disciplines to address the challenges
faced during this project. Therefore, the program for the site included the following:

• Grand River, the longest river in Michigan, is bordered by very busy and prewar historic
downtown areas. The Federal Emergency Management Agency (FEMA) recalculates the
floodplain for a 100-year 24-h storm event, and it adds 3 feet more to the existing flooding
walls.

• The 100-feet elevation change along Michigan Street NE.

Figure 1. An aerial view of the study area in Grand Rapids, Michigan.
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• The incomplete network between Hillside District, North Monroe District, Belknap District,
and City Center.

• Lack of crossings.

• Narrow sidewalks.

• Lack of street trees and shade.

• Highway ramps cutting the connections between the business and residential districts.

• Stormwater runoff overloading storm sewers and introducing sediment, pollutants, and
contaminants into streams and rivers.

• Climate change effects:

• Warm and wet winter and spring, but dry summer.

• Average temperature and precipitation will increase by 1.1°C and 2.6%, respectively, by
2022, and further increase by 2.2°C and 8.5%, respectively, by 2042.

• Increasing frequency of extreme storm events.

• Facing the above challenges, the design provides a master plan that employs natural process
to infiltrate and harvest water, converts landscape to green infrastructure, and improves
microclimate for climate resilience. The proposed design will enhance the campus environ‐
mentally, socially, and economically.

To achieve these goals, the team collected data and information from various resources:

◦ Site visit.

◦ Interviewing with campus stakeholders.

◦ Geographic information system data layers and other supporting information.

Climate change future scenarios for Grand Rapids summarized in Grand Rapids Climate
Resiliency Report.

◦ Interviewing with transportation engineers at the Michigan State University, the directors
of Planning Department and Office of Energy and Sustainability in Grand Rapids,
landscape architect work for Grand Rapids Research Center (GRRC) and Green Grand
Rapids. During each interview, the team presented design and then obtained the
feedbacks from the advisors and administrators.

Phase I is GRRC that intersects Monroe Avenue and Michigan Street, due to its unique gateway
position. The Michigan Department of Environmental Quality announced a $1 million grant
of disposal of contaminated soil as well as building demolition for MSU (Figure 2). Now, MSU
is raising $30M for the research center for university funds and debt.
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Figure 2. The various phases for site development.

Phase II is Medical Mile along Michigan Street, where the Secchia Center is located. It raised
$50M for development and MDOT is awarding TEDF grant of $6,171,966 for addressing traffic
flow issues along Medical Mile.

Phase III is along the Grand River. Grand Rapids identifies potential $1.5M funding source
together for Grand River dam removal and restoration of rapids from the National Fish and
Wildlife Foundation [11]. In addition, Grand Rapids seeks $10 million from state grant to
purchase about 4 acres at the riverfront of the Grand River on the west side of Monroe Avenue
NW, north of I-196 [11].

Phase IV accommodates many local business stakeholders and is beside the Business routes
of U.S. Route 131. The vacant lots and concrete ground-level parking present opportunities for
implementing and imbedding green infrastructure within the site. The private ownership
might lead the long-term land requirements, while the removal of impervious pavements
generates more costs.

3.2. Methods

Based upon the program for the project, the study began preparing a design for completion
on the 18th of December 2015. The competition’s critical goal was to improve stormwater
management treatments. The team specifically designed a series of LID controls and examined
the stormwater quantitate changes by the U.S. Environmental Protection Agency (EPA)
National Stormwater Calculator (SWC). Another specific topic for this competition was climate
change. Many urban activities and elements influence climate change: the traffic loads,
gasoline oil and grease, land use, and others. This study measured the variables relating to
trees, shades, and land-use changes to examine the impacts brought by different designs. The
methods include the before-and-after area changes and the Simplified Landscape Irrigation
Demand Estimation (SLIDE) to calculate the tree water consumption.
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From this design, the study team would also investigate the metrics to compare the design
treatments. The experimental design includes the comparison of the existing site, a traditional
design, and a low-impact design across the variables of interest and analyzed through
Friedman’s Analysis for Variance and Friedman’s Multiple Comparison statistical measures
to predict the overall differences in the treatments [12]. In addition, the chapter presents
previously unreported soil productivity equation research to construct urban soils, employing
principal component analysis and regression analysis to assess the suitability of various
proposed soil profiles in the urban environment.

3.2.1. Stormwater

The United States Environmental Protection Agency National Stormwater Calculator (SWC)
can be utilized by any user who intends to reduce runoff from their properties, such as site
developers, landscape architects, urban planners, and homeowners. Users could access to
databases for soil, topography, rainfall, and evaporation information that already installed in
the SWC. LID controls employ green infrastructures that mimic natural system of water
movements; hence, they help purify water and reduce the burden of storm drains. Other data
in SWC that users need to specify are the types of LID controls they use, and there are seven
green infrastructure practices: disconnection, rain harvesting, rain gardens, green roofs, street
planters, infiltration basins, and porous pavement.

When users consider how runoff varies under different scenarios, the SWC estimates the
results based on information of soil type, size of green infrastructure, landscape and land-use
information, and historical weather or future weather indication [13]. The procedure of SWC
is to (1) locate the site’s location, (2) identify the site’s soil type, (3) specify how quickly the
site’s soil drains, (4) characterize the site’s surface topography, (5) select a nearby rain gage to
supply hourly rainfall data, (6) select a nearby weather station to supply evaporation rates, (7)
select a climate change scenario to apply, (8) specify the site’s land cover for the scenario being
analyzed, (9) select a set of LID control options, along with their design features, to deploy
within the site, and (10) run a long-term hydrologic analysis and display the results [14].

The team employed the SWC to compute the stormwater for 25-year 24-h storm events and to
compute the volumes of annual runoff (lower is better) under different scenarios: existing,
traditional design, and design employing LID controls. The calculator also computes the
number of days with runoff from a site (lower is better) and the percentage of water infiltration
into the site (higher is better). The design developed used many LID controls for stormwater
management. The result shown from the SWC indicated that the postdevelopment design with
LID treatments decreased the predevelopment’s volume of runoff from 53 to 15%.

3.2.2. Tree water consumption

The team had a goal to increase the area covered by trees from 4.73 to 8.26%, with an increase
in trees from 590 to 1030, which exceeds the government’s goal of 7% tree cover for the city
center in Grand Rapids. With a change in tree species, the goal was to eliminate invasive tree
species and to actually utilize less water per tree.
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The team roughly observed the tree species and the quantities from the site and Google Earth
street-view photos and calculated the water demand using the SLIDE method. The SLIDE
approach estimates the water demand for water-conserving irrigation plans and irrigations,
based on researches of “landscape plant water requirements” and “plant water-use physiol‐
ogy” [15, 16]. It is even applicable for non-irrigated landscaping plans when it can estimate
whether the anticipated precipitation is sufficient for any landscape or not [16].

There are four SLIDE rules to frame SLIDE:

SLIDE Rule #1.Reference evapotranspiration (ETo) accurately estimates water demand of lawns and
other uniform turf areas, but it marginally represents water demand of non-turf, non-uniform,
physically and biologically diverse landscapes.

SLIDE Rule #2. Plant Factors (PFs) alone accurately adjust ETo to estimate landscape water demand,
and they are assigned by general plant type categories, not by individual species (see Table 1).

SLIDE Rule #3. A landscape area or zone controlled by one irrigation valve (hydrozone) is the smallest
water management unit in a landscape; when plant types are mixed in a hydrozone, the water demand
is governed by the plant type with the highest PF.

SLIDE Rule #4. Water demand of dense plant cover (canopy covers ≥80% of the ground surface)
comprised of mixed plant types is that of a single ‘big leaf’ governed by the plant type category in the
mix with the highest PF; demand of sparse plant cover (canopy covers <80% of the ground surface) is
that of individual plants and is governed by their leaf area and the PF of their plant type category [16].

Variables Existing Traditional Low impact development

Percent of forest 1.34 6.68 11.47

Percent of meadow 0.00 4.39 7.77

Percent of lawn 14.34 7.50 10.31

Percent of pervious 0.00 0.00 21.54

Percent of impervious 84.32 81.43 48.91

Total area (acres) 98.50 98.50 107.04

Table 1. National Stormwater Calculator (SWC) parameters.

Eq. (1) is as follows:

Landscape water demand (gal.) ETo×PF×LA 0.623= ´ (1)

where ETo is the historical average or real-time evapotranspiration for the period, measured
in inches; PF is the Plant Factor; LA is the landscape area, in square feet; 0.623 is the factor to
convert inches of water to gallons; omit this factor if the estimated water demand is desired in
inches.
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Eq. (1) is the basic SLIDE equation. If complex water requirement and irrigation demand within
a larger landscape are required, sequential sub-equations can be applied Eqs(Eq. (2) and Eq.
(3)):

Landscape water demand (gal.) {(ETo×PF)×LA}1 0.623x= - ´å (2)

where ETo is the historical average or real-time evapotranspiration data in inches for the period
of interest; PF is the Plant Factor from Table 1 for the plant category represented in a hydrozone
or a landscape area, 1 through x; when plant categories are mixed in a landscape or a hydrozone
it is the highest PF among the plant categories represented; LA is the landscape area or
hydrozone planted with the respective PF, in square feet; 0.623 is the factor to convert depth
of water to volume (gal./[in.×sq. ft.]); omit this factor if the estimated water demand is desired
in inches.

Irrigationdemand(gal.) {([ETo×PF]-P)J-D×LA (1 /DU)}1 x 0.623= ´ - ´å (3)

where ETo is the historic or real-time annual or monthly average evapotranspiration data in
inches for months January through December, or other period of interest; PF is the Plant Factor
from Table 1 for the plant category represented in a hydrozone or occupying a portion of
landscape area, 1 through x; when plant categories are mixed in a landscape or a hydrozone;
it is the highest PF among the plant categories represented; P is optional; it is the historical
average or real-time effective precipitation in inches for months January–December, or other
period of interest; usually 50% or similar percentage of P is considered effective and is the
amount used in the equation; LA is the landscape area or hydrozone, in square feet, devoted
to the respective PF; 0.623 is the factor to convert depth of water to volume (gal./[in. × sq. ft.]);
omit this factor if the estimated water demand is desired in inches; DU is the distribution
uniformity of irrigation in the landscape area or hydrozone 1 through x (often mandated to be
≥0.7).

In our case, we used Eq. (1) because it is a simple, scientifically logical theory to provide
accurate plant factors and effective water conservation suggestions that can be applied
nationally. Otherwise, it does not require a large database of plant factors.

3.2.3. Change in land cover and reduction in heat island effect

To utilize the six best management practices (BMPs) tools, green roof, constructed wetland,
cisterns for water harvesting, permeable pavement, bioretention or rain gardens, and dry and
wet bioswales to mimic natural system treating the runoff, the surface cover for the site was
modified. In such a design, the runoff does not just flow into a single treatment, but a series
of BMP elements for larger efficiencies. More permeable pavements, green spaces, and green
roofs in the design should result in a more effective solution to climate change resilience. The
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decrease of impervious pavement and increase of green areas, including where employ LID
controls can promote climate change resilience for a site.

Under the impact of climate change, the heat island effect becomes one of the influential issues
in urban environments. The increasing portions of buildings, infrastructures, impervious land
covers, and decreasing green areas put the urban environments for human living under a huge
crisis.

To minimize the heat island effect in the urban environment of Grand Rapids, the intent is to
balance the ratio of the shaded portion of the site with the amount directly exposed to the sun.
The design focuses on increasing green areas that do not only reduce runoff, but also promote
the urban environment adapting to climate change resilience. The expanding green areas and
a long skywalk, which connects the incomplete urban fabric in Grand Rapids, provide shadow
to decreasing temperature on ground; thus, these contribute to reducing the urban heat island
effect and saving energy costs for cooling [17, 18].

Trees are important in the urban environment and vital to climate change resilience. Urban
forests generate environmental, health, and social benefits. The shaded surface can be cooler
(25–45°F) than the peak temperatures of the unshaded surfaces [19]. Trees combined with LID
controls can reduce stormwater infrastructure costs and improve the quality of runoff entering
natural waterways, improve the walkability of the communities, and provide habitat for
biodiversity. Tree canopy can mitigate the increasing extreme hot weather that causes the
degradation of air quality, which triggers the exacerbation of chronic health conditions such
as asthma and diabetes [17]. The leaves absorb carbon and dust from the air and generate
oxygen.

3.2.4. Habitat suitability—field sparrow and fox squirrel

Field Sparrow (Sciurus niger L. 1758) inhabits old fields with scattered woody vegetation and
forages perches, such as shrubs. Seeds and vegetative materials account for their diets: 80–90%
of fall or winter diets and 45–49% of spring or summer diets. Breeding habitats are a mixture
of shrubs and herbaceous plants with a few large trees. They usually require trees with a
maximum diameter at breast height (dbh) of 2.5 cm (1 in.) and height range of 2–8 m (6.6–26.2
ft) for nesting and small stems with diameter stem density ranging from 350 to 700 stems/ha
(142–283 stems/acre) [20, 21].

Fox squirrel (Spizella pusilla (Wilson) 1810) inhabits open forest setting and would be better
interspersed with understory vegetation and agricultural lands, so does its breeding habitats.
Their living options are leaf nests and tree cavities. They require 2–121.4 ha (5–300 acres) farm
woodlots [20, 22].

Habitat suitability index (HSI) model assumes that reproductive habitat needs are met and
uses the reproductive habitat that needs to determine the overall habitat quality. Each cover
type within the site can provide the habitats of field sparrow and fox squirrel, and nearby
shrub, grassland, or wooded areas may add to the habitat suitability [20, 21, 22].
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3.2.5. Visual quality

Visual quality evaluation has made great advancements in the last 50 years. Burley and Yli‐
maz recently reviewed the state-of-the-art published results explaining 98.5% of the varia‐
tion [23]. An early formative equation developed in 1997 by this group was employed in
this study [23]. Scores in the 100s indicate environments with extremely poor visual quality
and often industrial sites. Scores in the 70s and 80s are typical of many urban environments,
while scores in the 50s and 60s are environments containing abundant vegetation such as
parks, agricultural land, forests, and well-vegetated suburban areas. Low scores around 30
have the best visual quality, containing views of mountains, abundant flowers, and wildlife.

3.2.6. Soil productivity

Predicting soil productivity has been studied extensively and predicted by Burley for areas in
North America, with the most recent equation published concerning reconstructing soils for
Chippewa, Wisconsin [24]. The team followed the methods described by Chang et al., for
Houghton County, Michigan to develop an equation that could be used to computer soil
productivity in the general region [16]. The crops and wood plants studied to produce the
equation include oats (Avena sativa L.), potato (Solanum tuberosum L.), corn (Zea mays subsp.
mays L.), strawberries (Fragaria x ananssa Duchesne), alfalfa (Medicago sativa L.), brome grass
(Bromus sp. Scop.)/alfalfa (Medicago sativa L.), pasture, sugar maple (Acer saccharum Marshall),
red maple (Acer rubrum L.), bigtooth aspen (Populus grandidentata Michaux), red pine (Pinus
resinoa (Sol ex Aiton), jack pine (Pinus banksiana Lamb.), and black spruce (Picea mariana (Mill.)
Britton, Sterns, & Poggenburg). In past studies, 10 main effect variables, squared terms, and
first-order interaction terms are examined. In this study, an 11th variable, high water table was
also included as a variable and electrical conductivity which does not change across the soils
was dropped as a potential regressor.

Based upon the design, the study team calculated the metrics for the following items: soil
infiltration, days per year with runoff, number of trees average water use/gallon/year, green
space (acres), impervious surface (acres), green roof (acres), phosphorus removal, field
sparrow habitat suitability index, fox squirrel habitat suitability index, average visual quality
score, and average soil productivity.

4. Results

4.1. Site design

Figures 3–6 present the basic configuration the site design as completed by the team. Fig‐
ure 3 is a general site plan for the study area, while Figure 4 illustrates the layers of fea‐
tures, surfaces comprising the site plan. Figure 5 illustrates the location of stormwater
surfaces for the site. Finally, Figure 6 presents four elevations of site details related to
stormwater.
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Figure 3. The resulting plan for the study area.
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Figure 4. Various layers of the design.
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Figure 5. Stormwater surfaces of the proposed design.

Figure 6. Elevations for the proposed design.

4.2. Site metrics

4.2.1. Stormwater

The study computes the stormwater for 25-year 24-h storm events by comparing predevelop‐
ment land use to postdevelopment without LID and with LID treatments. The SWC results
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indicate that the LID controls in the study improve stormwater management efficiency. When
predevelopment scenario and postdevelopment scenario generate 53 and 43% runoff, respec‐
tively; the design with LID treatments decreases runoff to 15% (Figure 7).

Figure 7. SWC scenario differences.

The study site is 98.5 acres, with B Hydrologic Soil Group (HSG) derived from the U.S.
Department of Agriculture’s Natural Resources Conservation Service (NRCS) SSURGO
database, which represents moderately low soil type. The hydraulic conductivity of the site is
0.3 inch/h. The general surface slope is approximately 5%. The precipitation and evaporation
data are from Grand Rapids Gerald R. Ford International Airport weather station. Wet day
threshold is 0.1 in. The climate change scenario is warm and wet and is of long term.

Variable Predevelopment Postdevelopment With LID

Average annual rainfall (in.) 38.91 38.91 38.91

Average annual runoff (in.) 20.80 16.84 5.43

Days/year with rainfall 75.11 75.11 75.11

Days/year with runoff 46.93 39.29 12.03

Percent of wet days retained 37.52 47.68 83.98

Smallest rainfall with runoff (in.) 0.15 0.15 0.15

Largest rainfall without runoff (in.) 0.30 0.39 1.06

Maximum rainfall retained (in.) 1.13 1.41 2.71

Table 2. SWC statistic analysis.

There is neither a meadow area nor a pervious pavement within the current boundary,
although the city of Grand Rapids is proposing and promoting the use of permeable pavements
for the city center renovation. The LID treatments used in the postdevelopment area are
substituted by normal grasses and shrubs in the traditional design. The team added a skywalk
area covered with trees, LID treatments, and pervious pavement to predict the scenario which
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employs the LID controls, ending up with a total site area of 107.04 acres. Table 1 shows other
different parameters that the team used in the SWC tool.

According to Table 2, the number of days with runoff of the existing condition, traditional
design, and the design employing LID controls are 46.93, 39.29, and 12.03 days, respectively.
The percentage of water infiltration into the site is 47.42, 47.68, and 83.98%, respectively. The
greatest rainfall without runoff increases by the design deploying LID treatments from 0.3 in.
of predevelopment to 0.94 in. The SWC model indicates that the LID treatments can retain
much more water on site and reduce the burden of stormwater infrastructure and their costs.

Figure 8. SWC analysis results.

249

A Comprehensive Approach to Sustainable Urbanization



Figure 8 shows how effective the design with LID controls contributes to reduce the runoff
intensities and the frequency of large-volume rainfall/runoff treatment. The rainfall retention
frequency of the scenario with LID controls does not decrease dramatically like the existing
condition and the traditional design solution. It is able to retain the water for larger rain events.

The runoff contribution by rainfall of pre-design and traditional design scenarios have a peak
at 0.52 in., while the design employing LID controls eliminates the peak and increases visually
at 0.8 in. of the daily rainfall depth. LID treatments can also calm rainfall/runoff events and
reduce rainfall or runoff exceedance frequency, compared to predevelopment and traditional
development scenarios.

4.2.2. Tree water consumption

Based on the GVSU tree canopy analysis, the average tree area for each tree is 360 sq. ft [18].
We estimate evapotranspiration in Grand Rapids is 31.48 inch per year, based on the real-time
and historical evapotranspiration data collected in Sparta, MI [25]. The study also estimated
other water-conserving tree species’ plant factor as 0.4. The selected tree species are Service‐
berry, Alternate leaved dogwood, Juneberry, American hophornbeam, Allegheny serviceber‐
ry, White oak, Bur oak, Kentucky coffeetree, Red oak, Northen hackberry, Blackcherry,
Basswood, Shagbark hickory, Pignut hickory, Black spruce, Eastern red cedar, and Eastern
white pine. Based on the suggestions given by SLIDE: Simplified Landscape Irrigation Demand
Estimation [16], Black spruce and Basswood tree species used 0.5 as the plant factor, while the
remains used 0.4. As a result, the average landscape water demand for each tree on site is
2442.41 gal./year, decreased 53.89 gal./year from 2496.3 gal./year, the current average tree
demand water.

4.2.3. Change in land cover and reduction in heat island effect

The pervious surface area includes green roof the team designed for the buildings on the site.
The shadow area was added by building shadows and tree shadows. The postdevelopment
site only added 0.17-acre building shadow, but increased 3.63-acre and 8.34-acre tree shadows
for postdevelopment and postdevelopment with LID controls, respectively. The more shade
the site provides, the more heat Table 3.

Variables Existing Traditional Low impact development

Impervious surface area (acres) 83.06 (84.32%) 80.21 (81.43%) 52.35 (48.91%)

Green space area (acres) 15.44 (15.68%) 18.29 (18.57%) 31.63 (29.55%)

Pervious surface area (acres) 0.00 (0.00%) 0.00 (0.00%) 23.06 (21.55%)

Shadow area (acres) 9.62 (9.77%) 13.44 (13.64%) 26.69 (24.93%)

Total area (acres) 98.50 98.50 107.04

Table 3. Land use change.
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4.2.4. Habit suitability: field sparrow and fox squirrel

4.2.4.1. Field sparrow

The variables that influence field sparrow are V1 – percent shrub crown cover, V2 – percent
of total shrubs of height less than 1.5 m, V3 – percent canopy cover of grasses, and V4 – average
height of herbaceous canopy. The cover types field sparrow needs for breeding are (1)
evergreen shrub land, (2) deciduous shrub land, (3) evergreen shrub savanna, (4) deciduous
shrub savanna, (5) grassland, and (6) forbland.

Habit sustainability index = [Min.(V1,V2) × Min.(V3,V4)] (4)

The study used Eq. (4) to calculate field sparrow HSI for different scenarios: predevelopment,
postdevelopment, and postdevelopment employing LID controls. The results are shown in
Table 4.

Variable Existing Traditional Low impact development

V1 0.00 0.26 0.49

V2 0.20 1.00 1.00

V3 0.29 0.15 0.21

V4 0.00 0.80 0.80

HSI 0.00 0.04 0.12

Table 4. Habit sustainability index (HSI) of field sparrow.

4.2.4.2. Fox squirrel

The variables that influence field sparrow are V1 – percent canopy closure of trees that produce
hard mast, V2 – distance to available grain, V3 – average dbh of overstory trees (height≥80%
of trees), V4 – percent tree canopy closure, and V5 – percent shrub crown cover. The cover
types field sparrow needs for breeding are (1) deciduous forest, (2) deciduous tree savanna,
and (3) deciduous forested wetland.

3V1+V2Winter food
3

= (5)

(1/3)Habitat coveror breeding = (V3 × V4 × V5) (6)

The study used Eqs. (5) and (6) to calculate field sparrow HSI for different scenarios: prede‐
velopment, postdevelopment, and postdevelopment employing LID controls. The results are
shown in Table 5.
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Variable Existing Traditional Low impact development

V1 0.08 0.12 0.17

V2 0.10 0.10 0.10

V3 1.00 1.00 1.00

V4 0.25 0.43 0.66

V5 1.00 1.00 1.00

HIS of winter food 0.11 0.15 0.20

HIS of habitat cover of breeding 0.63 0.75 0.87

Table 5. Habit sustainability indexes (HSI) of fox squirrel.

The scores of indexes of both field sparrow and fox squirrel are the highest for LID scenario,
which reveals that the postdevelopment with LID controls provides the best habitats for them.

4.2.5. Visual quality

The measurement of visual quality for the non-LID treatments revealed scores typical of urban
environments for the existing and traditional conditions (mid to low 70s). The LID design
contained more green spaces and vegetation, generating scores usually in the 50s. Selected
areas within the LID proposal possessing numerous flowers and abundant wildlife scores even
better (mid 40s) and portions of the LID proposal with less vegetation within the view scored
higher (mid 60s).

Regressor Coefficient

Intercept −94.33616

FR (% Rock Fragments) −1.60108

HC (Hydraulic Conductivity) 4.31294

PH (Soil Reaction pH) 30.87176

OM (% Organic Matr) 15.26411

HW (High Water Table) −2.01359

FR2 (% Rock Fragments squared) −0.00838

CL2 (% Clay squared) 0.00817

HC2 (Hydraulic Conductivity squared) −0.01604

PH2 (Soil Reaction pH squared) −2.37381

OM2 (% Organic Matter squared) 0.12101

HW2 (High Water Table squared) 0.22692

TPFR (Topographic Position * % Rock Fragments) −0.04701

TPCL (Topographic Position * % Clay) 0.0419
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Regressor Coefficient

TP (Topographic Position * % Organic Matter) −0.51303

SLCL (% Slope * % Clay) −0.00565

SLBD (% Slope * Bulk Density) 0.11043

FRBD (% Rock Fragments * Bulk Density) 2.0781

FRHC (% Rock Fragments * Hydraulic Conductivity) 0.0303

FRPH (% Rock Fragments * Soil Reaction pH) −0.262

CLHC (% Clay * Hydraulic Conductivity) −0.06456

CLPH (% Clay * Soil Reaction pH) −0.06796

CLOM (% Clay * % Organic Matter) 0.05429

BDHC (Bulk Density * Hydraulic Conductivity) −2.73812

HCAW (Hydraulic Conductivity * Available Water Holding Capacity) 1.33765

HCOM (Hydraulic Conductivity * % Organic Matter) −0.03302

AWOM (Available Water Holding Capacity * % Organic Matter) −13.63024

PHOM (Soil Reaction pH * % Organic Matter) −2.52367

HWSL (High Water Table * % Slope) −0.02655

HWCL (High Water Table * % Clay) −0.04633

HWAW (High Water Table * Available Water Holding Capacity) 9.67109

HWOM (High Water Table * % Organic Matter) 0.49451

Table 6. The significant regressors and coefficients forming an equation of the first dimension.

4.2.6. Soil productivity

Most of the metrics in the study were developed by others and simply applied by the study
team, with the exception of the soil productivity equation. Therefore, the results of the soil
productivity equation are presented first, before presenting the comparison results. The results
of the soil equation development indicate that there are two primary dimensions to soil
productivity for the area, forming an annual plant/ woody plant preference cluster forming
(Table 6), where the preferences for annuals and woody plants negatively covary along the
same dimension and wetland plants negatively covary. The second equation represents an
annual plant (positive)/wood plant (negative) preference cluster forming (Table 7). In other
words, the vegetation studied in the investigation did not covary across all types of vegetation
and separated themselves into three groups, similar to results discovered in Florida by Burley
and Bauer in 1993, where they discovered two groups, a wetland ground and an upland group.
Each of the regressors is where each soil setting required a different soil profile [26]. The
equations explain between 90 and 97% of the variance and are definitive (p-value < .001) and
all of the regressors are significant (p≤0.05), with no significant multi-collinearity. Depending
upon whether the planting area is intended for woody plants, annual plants, or wetland plants,
the soil preferences are different (Figure 9).
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Regressor Coefficient
Intercept −25.60295

TPS 7.63063

SL (% Slope) −2.55098

BD (Bulk Density) 23.57679

BD2 (Bulk Density squared) −3.76982

TPBD (Topographic Position * Bulk Density) −4.52653

TPOM (Topographic Position * % Organic Matter) −0.35556

SLFR (% Slope * % Rock Fragments) 0.00537

SLCL (% Slope * % Clay) 0.00514

SLBD (% Slope * Bulk Density) 1.46534

SLHC (% Slope * Hydraulic Conductivity) 0.02762

FRCL (% Rock Fragments * % Clay) −0.04181

FRHC (% Rock Fragments * Hydraulic Conductivity) 0.00606

FRAW (% Rock Fragments * Available Water Holding Capacity) 1.6382

CLHC (% Clay * Hydraulic Conductivity) 0.02662

HCAW (Hydraulic Conductivity * Available Water Holding Capacity) −0.69977

HCPH (Hydraulic Conductivity * Soil Reaction pH) −0.04902

HWTP (High Water Table * Topographic Position) −0.15515

HWCL (High Water Table * % Clay) −0.00759

HWBD (High Water Table * Bulk Density) −0.21784

HWAW (High Water Table * Available Water Holding Capacity) 6.97171

HWOM (High Water Table * % Organic Matter) 0.43754

Table 7. The significant regressors and coefficients forming an equation of the second dimension.

Figure 9. A plot of areas for soil preference for various plant clusters.
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The results of the soil equation development indicate that there are two primary dimensions
to soil productivity for the area, forming an annual plant preference cluster, a woody plant
preference cluster, and a wetland plant preference cluster, where each soil setting required a
different soil profile. The equations explain between 90 and 97% of the variance and are
definitive (p-value < .001).

When the Friedman’s analysis of variance is applied to the ranks of Table 8, at least one of the
treatments is significantly different that at least one of the other treatments at a p-value of
<0.005, where 22.54 is greater than a Chi-square distribution of 10.597. When the Friedman’s
multiple comparison test is applied, the low impact development treatment is significantly
different from the other two treatments at a p-value of 0.05. The existing and traditional
treatments are also significantly different (p-value 0.05).

Variables Existing Traditional Low impact development

Runoff (liters) 2.43 billon 2 billion 0.59 billion

Soil Infiltration 35% 40% 76%

Days per year with runoff 46.93 39.29 12.03

Number of trees 590 700 1030

Average water use/gallon/year 2496.3 2600 2442.41

Green space (acres) 15.44 18.29 31.63

Impervious surface (acres) 83.06 80.21 43.26

Greenroof (acres) 0.14 0 7.64

Phosphorus removal 0 0 89%

Field sparrow suitability index 0 0.04 0.12

Fox squirrel suitability index (winter food) 0.11 0.15 0.20

Average visual quality score 74.5 72 52

Average soil productivity −0.05 1 2.25

Table 8. Numerical results.

5. Discussion and conclusion

The Medical Mile including MSU College of Human Medicine is an established significant
landmark for the city of Grand Rapids to revitalize the campus visionary aesthetics, exceptional
functionality, and adjacent communities. The 98.5-acre design contains both campus area and
abutting district employing a variety of green infrastructure and microclimate treatments. The
design considers a master plan that utilizes innovative stormwater management system,
creates a variety of use areas, focuses on reviving local business, and provides an elevated
walkway network to tie different districts within our boundary.
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It is apparent that the LID treatment has environmental benefits and that in the planning and
design phases, it is possible to generate solutions that are more sensitive. But the costs
associated with these benefits such as providing more land for green space and stormwater
management are not evident. In addition, the design is just one idea concerning the spatial
arrangement of the site. It is not necessarily an optimum design. The design is simply the ideas
of the team. In the planning and design process, numerous other scenarios and ideas could be
explored to refine the design. However, this case study illustrates how to evaluate a series of
variables of environmental interest collectively and statistically. As an environmental impact
assessment methodology, this process may be of interest to planners, designers, concerned
citizens, and governmental agencies.

This case study addressed only a few of the variables that are possible to examine. The list of
environmental variables could potentially be much larger and extensive, leading to different
results. However, interest in environmental variables in urban design is increasing. This case
study illustrates how these variables are measured and examined in the urban context.
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Relation Between Land Use and Transportation Planning
in the Scope of Smart Growth Strategies: Case Study of
Denizli, Turkey

Gorkem Gulhan and Huseyin Ceylan

Abstract

In the decision-making process of planning residential areas in developing countries,
importance of the commercial areas and need for a sustainable urban transportation
infrastructure have generally been ignored based on several  sociopolitical  reasons.
Meanwhile, decision-making periods of location choice and determining areal densities
are conducted without quantitative spatial/technical analyses.  Those urban matters
bring along new planning paradigms like smart growth (SG) and new urbanism. SG is
a  land  use  planning  paradigm  which  indicates  that  traffic  problems  should  be
minimized by transit  alternatives,  effective  demand management  and providing a
balance between land use and transportation planning. This study aims to apply SG
strategies to the land use planning process and evaluate the accuracy of  land use
planning decisions in the perspective of sustainable transportation. In order to reveal
the effects of land use planning decisions on the available transportation infrastruc‐
ture, two scenarios are investigated for 2030. In the first scenario “do nothing” option is
considered, while the residential area densities and trip generation rates are regulated
based on SG strategies in the second scenario. The results showed that the land use and
traffic impact analyses should simultaneously be conducted before land use configu‐
ration process.

Keywords: Land use, smart growth, VISSIM, traffic simulation, transportation plan‐
ning, spatial interaction

Chapter 1�

260



1. Introduction

Rapidly increasing population induces growing cities and increasing car ownership. Conse‐
quently, transportation and land use problems become significant issues due to their econom‐
ical effects. Wey and Hsu [1] stated that urban sprawl and city congestion have become the
inevitable development trend in the process of economic growth. Transportation and land use
problems are getting inextricable issues simultaneously with the existing development trend.

Many researchers found that density is a significant factor of conversation of energy, and many
studies found that access to high-capacity transit, incentives for development, balanced
parking policy, mixed-use designs and jobs-housing balance are critical parameters of
sustainability [2–7]. Transport-oriented problems and land use planning problems are directly
interdependent fields and have a highly interrelated iterative interaction.

Interaction between land use and transportation is the basic factor for the trip generation.
Transportation investments still strongly affect land use patterns, urban densities and housing
prices [8]. Transportation systems primarily support sprawl [9]. To set up an effective
transportation system, land use decisions have to be taken effectively and residential area
densities have to be well arranged. Handy [10] stated that building more highways will
contribute to more sprawl and lead to more driving. Building up a solitary transit-oriented
system is not an exact solution. Conventional planning paradigm primarily builds the
environment and afterwards tries to overcome the existing transportation problems [11].
Effects of land use decisions which generate strong travel attractiveness should be measured
in the planning process since land use decisions acquire an irreversible characteristic after
construction period. The interaction between land use and transportation should be meas‐
ured and managed through traffic impact analyses.

Effects of the increasing traffic volumes should be investigated by traffic impact analyses in
order to find out whether the existing link capacities are convenient or not. Conventional land
use planning paradigm is inclined to generate land use decisions by evaluating social and
economical parameters [12]. Whereas, traffic impact analyses should be evaluated as one of
the basic elements of land use planning parameter set. Those types of deficiencies bring along
new planning paradigms such as new urbanism and smart growth (SG). The rise of new
urbanism brings new energy and ideas to communities that commit to manage growth. Urban
design hence becomes more visible within planning since the design is incorporated into
growth management programs. Comprehensive planning also begin to connect more strongly
with affordable housing advocates and public health professionals, broadening their focus
beyond the more traditional set of issues revolving around land-use, transportation and the
environment [13]. New urbanism is synonymous with SG, but there are significant differen‐
ces. New urbanism was much more influenced by architects and physical planners, while the
SG was launched from a community of environmentalists, citizen groups, transportation
planners and policy makers [14].

Many urban problems have led to a more intelligent and sophisticated planning trend which
directly effects urban sprawl. Those problems may be stated as air and water pollution, loss
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of open space and increased traffic congestion. The developing planning trend has been
referred to as SG [15]. To prevent unplanned sprawl and negative effects, SG strategies, which
promote mixed-use development, transit-oriented development and conditions amenable to
walking and biking, have been developed [16].

Objectives of the SG strategies are diverse since there are different location specifications.
However, the main axes of those objectives are protection of environmentally sensitive areas,
support for further development of existing urban areas and preservation of open space. Truly
intelligent SG should be quantifiably superior to any other proposed land development plan.
However, a quantitative definition of the SG does not exist [15].

SG strategies aim to channel new development into existing urban areas and improve the
viability of alternatives to the car [16]. SG principles have been applied to integrate land use
and transportation planning [17]. This approach can be applied to solve planning and design
problems in order to accelerate land use efficiency and manage growth (e.g., human popula‐
tion control). It also advocates compact, transit-oriented, walkable, bicycle-friendly land use,
neighborhood schools, complete streets and mixed-use development with a range of hous‐
ing choices [18]. The planning principles which are promulgated by the SG network have
gained widespread recognition.

SG strategies may be evaluated in the process of land use planning since those paradigms seek
to reduce the adverse impacts of current land use and transportation patterns and practices
by preserving their benefits. This study tries to develop a land use planning model where SG
strategies and traffic impact analyses simultaneously take place. A main signalized intersec‐
tion serving heavy traffic volumes between three major arterials in Denizli, Turkey has been
selected as the study intersection. The data including travel demand and land use plans have
taken from Denizli Transportation Master Plan (DTMP) [19] and two scenarios are investigat‐
ed for projection year. In the first scenario, the conventional land use planning decisions are
applied while the SG strategies are taken into account in the second one. VISSIM traffic
simulations are utilized for providing visual analyses and quantitative evaluations of the
performance indicators.

2. Methodology and study area

2.1. Methodology

The main purpose of this study is to apply SG strategies to the land use planning process
and evaluate the accuracy of land use planning decisions in the perspective of sustainable
transportation. In this context a four-step land use planning procedure is proposed. The
flow chart of the proposed procedure is given in Figure 1.

As can be seen in Figure 1 that the proposed procedure starts with the initialization of the
problem parameters. Land use pattern of the study area, travel demand between all origin–
destination (O-D) pairs, transportation network characteristics such as link capacities, free
flow travel times and signal timings for signalized intersections are provided in Step 1.
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Figure 1. Four-step procedure.

In Step 2, Scenario-I that represents the conventional land use planning paradigm is ana‐
lyzed. In this context, a traffic assignment is carried out in order to calculate the link traffic
volumes. In the developed land use planning procedure, stochastic user equilibrium (SUE)
traffic assignment is proposed since drivers’ perception errors are taken into account while
they make their route choice decisions.

Considering a road network with sets of nodes N, directed links A, O-D pairs W, routes P, the
SUE link traffic volumes may be calculated by solving Eq. (1) [20].
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where q is the vector of O-D demands [qw; ∀ w ∈ W], v(ψ) represents the vector of link traffic
volumes, ψis the vector of signal timings, h is the vector of route traffic volumes [hp; ∀ p ∈ P],
hp is the traffic volume on route p, y(v(ψ), ψ) represents the vector that consists of travel times
on all routes [yp; ∀ p ∈ P], t(v(ψ), ψ) is the vector of link travel times, [yp; ∀ p ∈ P] is the travel
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time along link a, va is the flow on link a, while Λ is the O-D/route incidence matrix
[Λp; ∀ p ∈ P] and δrepresents the link/route incidence matrix where δap =1 if link a is on route
p and δap =0 otherwise [δap; ∀ a ∈ A; ∀ p ∈ P].

Eq. (1) can be solved by the path flow estimator (PFE) which is a traffic assignment tool using
logit route choice model [21–25]. The solution procedure of PFE is given in Figure 2.

Figure 2. Flowchart of the PFE.

As can be seen in Figure 2, new route flows are calculated based on the logit route choice
model. In this model, α is the dispersion parameter which controls the sensitivity of the route
choice to the route travel times. Note that the convergence criterion κ that is based on flow
similarity is used as given in Eq. (3) [26].
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In applications, the value of the convergence criterion for the PFE solution may be accepted
as 0.01 [27, 28]. After obtaining the link traffic volumes, network performance indicators are
calculated for base-case and projection year under Scenario-I. In this study, VISSIM traffic
simulation software is used for both visual analyses of the traffic and quantitative evalua‐
tion of the performance indicators which are average delay time per vehicle (seconds), average
speed (km/h), average number of stops per vehicles, average stopped delay per vehicle
(seconds), total delay time (hours), number of stops, total stopped delay (hours) and total travel
time (hours).
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In Step 3, new land use decisions are taken based on SG strategies under Scenario-II. Then
residential area densities are modified by considering the land use plan of the city. At the
evaluation process, economical, social, spatial and cultural factors can be considered.
Afterwards, O-D demand matrix is updated directly proportional to the new land use decisions
and then a SUE assignment is carried out to calculate link traffic volumes for projection year.
As it was done in Step 2, the traffic is simulated on the road network and the performance
indicators are calculated for Scenario-II.

In Step 4, Scenario-I and Scenario-II are compared in terms of the network performance
indicators, and the new land use decisions are evaluated.

2.2. Study area

Denizli is an industrial metropolitan city which is located at the Aegean Region of Turkey with
a population of over 600,000 in central district. It is also a tourism city and consists of 80 traffic
analysis zones which were the administrative neighborhood districts before new governmen‐
tal regulations. The transport demand consists of mixed traffic which is supplied by private
car, bus, minibus, service vehicle and taxi modes. Traffic problems increase in recent years in
Denizli due to the high density of private car use [19]. The car ownership rate is about 22%
which is about two times higher than the average car ownership in Turkey. The peak hour
trips (07:00–09:00 a.m.) represent about 30% of the total trips which has been obtained by
household surveys. The traffic analysis zones of the city are given in Figure 3.

Figure 3. Zonal layout.
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Figure 3 shows the zonal structure of the city. Inherently, land use densities are relatively lower
and the zone sizes are much larger at the outer boundaries of the city. The major traffic
problems are intersection delays. Therefore, a main signalized intersection serving heavy
traffic volumes between three major arterials has been selected as the field of study. The aerial
pictures of the selected intersection are given in Figure 4.

Figure 4. Illustration of the study intersection (a) and queue occurrence (b).

As can be seen from Figure 4a that the study intersection is a signalized roundabout with four
entry lanes on each approach. Figure 4b shows the queue occurrence on an approach with
three isolated lanes that join the downstream link right after the roundabout. It is obvious that
the performance of the intersection will decrease and lead very high level of traffic conges‐
tion considering the increase in future travel demand.

3. Analyses

3.1. Scenario-I: Conventional transportation planning paradigm

In this section, an example application of the proposed land use planning procedure is given
for the city of Denizli. Note that the data required for the application is taken from DTMP [19].
Projection year is taken as 2030 considering the 20 years projection period of the DTMP.

As it was explained in the previous section, land use pattern, travel demand between all O-D
pairs, transportation network characteristics such as link capacities, free flow travel times and
signal timings for signalized intersections are used to calculate the performance indicators of
the road network. In this context, a SUE assignment has been applied in order to calculate the
link traffic volumes for the base-case and the projection year under Scenario-I. Note that the
analyses are carried out for the morning peak periods between 07:00 and 09:00 a.m. The
resulting traffic volumes are shown on the road network for 2010 and 2030 are given in
Figures 5 and 6, respectively.
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Figure 5. Traffic volumes on the road network for 2010.

Figure 6. Traffic volumes on the road network for 2030.

As can be seen in Figures 5 and 6 that the highest traffic volumes occur along the links meeting
at the study intersection. It may also be stated that the increasing demand will lead to worse
traffic conditions by 2030 considering the increasing traffic volumes through the road network.
In order to investigate the performance of the selected intersection, turn movements and
resulting link traffic volumes are given in Figure 7 and Table 1, respectively.
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Figure 7. Turning movements in the intersection.

Movements SUE flows for 2010
(veh/h)

SUE flows for 2030
(veh/h)

Increase
(%)

R1 1549 2410 56

R2 732 1319 80

R3 433 574 33

R4 504 818 62

R5 2282 3819 67

R6 522 788 51

Table 1. SUE link flows under Scenario-I.

As can be seen in Table 1, traffic volumes along the approaches of the intersection are expected
to increase with varied ratios by 2030. The highest increase will occur on the second move‐
ment with about 80% while the lowest one is about 33% on the third movement. At this point,
VISSIM traffic simulations have been made for Scenario-I considering the traffic volumes for
base-case and 2030. Figure 8 shows VISSIM snapshots for Scenario-I.

As can be seen in Figure 8a that queues occur over the upstream links in a similar way to
Figure 4b. Considering results of the simulations that represent the base-case, those queues
are manageable due to the available queue storage on the upstream links. On the other hand,
Figure 8b shows that the increasing travel demand will lead to longer queues that the vehicles
may not discharge in a single green period in 2030 under Scenario-I. The resulting perform‐
ance indicator values of the simulations are given in Table 2.
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Figure 8. Traffic simulation snapshots for base case (a) and projection year (b).

2010 2030 Change (%)

Average delay time per vehicle (s) 85.15 166.21 95

Average number of stops per vehicle 1.55 3.08 99

Average stopped delay per vehicle (s) 60.93 128.77 111

Total delay time (h) 140.17 285.29 104

Number of stops 9210 19033 107

Total stopped delay (h) 100.30 221.02 120

Total travel time (h) 182.58 334.97 83

Average speed (km/h) 17.58 11.24 −36

Table 2. Performance indicators for base-case and Scenario-I.

Table 2 shows that the number of stops, delay times and total travel time increase over 100%
by 2030 considering the traditional land use planning decisions. Meanwhile, the average speed
in the intersection decreases by about 36%.

3.2. Scenario-II: Transportation planning paradigm based on smart growth (SG)

Configuring the transportation demand, which leads to traffic problems when it is assigned
to the road network, may be dealt with in the SG manner. Herein, city block densities constitute
the main factor which determines the trip attraction and trip generation rates. Figures 9 and
10 show the trip generation and trip attraction increases in the city of Denizli for 2030 in zonal
case [19].
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Figure 9. Trip generation increase for 2030.

Figure 10. Trip attraction increase for 2030.

Figure 10 shows that attractive activities are clustered in the southwest of the intersection for
the case 2030. The zones which have higher trip generation values also take place in the same
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area. On the contrary of this kind of location choice, several zones which have high trip
generation values take place on the eastern part of the intersection. The zones which have
attractive characteristics take place at the western side of the intersection. Note that there is no
alternative access between the urban districts without using the study intersection. In this case,
higher trip generation values at the eastern district of the intersection should be questioned
because using intersection for access may be an obligation. To decrease the trip generation
characteristics of the zones which take place at the eastern part of the intersection is an
alternative land use planning paradigm for urban planners. Residential development areas on
the eastern part of the intersection may be transferred to other side of the intersection in order
to decrease the traffic congestion.

In the SG context, residential area densities at the eastern part of the intersection have been
reduced by 50% in Scenario-II. Therefore, trip generation rates reduce directly proportional to
the O-D matrices. This reduction has been applied by evaluating the land use plan of the city.
Empty areas which are proper for residential development have been taken into account and
all reductions and increases have been reflected to the O-D demands. Figures 11 and 12 show
the trip generation and attraction changes in zonal case after new land use modifications were
carried out in Scenario-II.

Figure 11. Rearranged trip generation increase for 2030.
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Figure 12. Rearranged trip attraction increase for 2030.

As can be seen in Figures 11 and 12 that the land use densities are sprawled over the area more
homogenously in comparison with Scenario-I as shown in Figures 9 and 10. For Scenario-II, a
SUE assignment has been applied with the new O-D travel demand in order to calculate the
link traffic volumes. The resulting volumes are given in Table 3.

Movements Scenario-I
(veh/h)

Scenario-II
(veh/h)

Decrease
(%)

R1 2410 1801 25.27

R2 1319 998 24.34

R3 574 540 5.92

R4 818 753 7.95

R5 3819 2502 34.49

R6 788 711 9.77

Table 3. SUE link flows for the scenarios.

As can be seen in Table 3 that the traffic volumes along the approaches of the intersection may
be decreased from 6% to 35% by applying Scenario-II. In order to evaluate the impacts of the
SG strategies in terms of the performance indicators, VISSIM simulations have been made for
Scenario-II and the resulting values of those indicators are provided in Table 4.
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Scenario-I Scenario-II Decrease (%)
Average delay time per vehicle (s) 166.21 158.96 4.36

Average number of stops per vehicle 3.08 2.82 8.44

Average speed (km/h) 11.24 11.71 −4.18

Average stopped delay per vehicle (s) 128.77 123.32 4.23

Total delay time (h) 285.29 269.75 5.45

Number of stops 19033 17198 9.64

Total stopped delay (h) 221.02 209.26 5.32

Total travel time (h) 334.97 319.12 4.73

Table 4. Performance indicators for scenarios.

Table 4 shows that the number of stops in the intersection may be decreased by about 10%
while the total delay time decreases by about 5%. Meanwhile, the average travel speed in the
study intersection increases by about 4% in comparison with Scenario-I. Therefore, it may be
stated that the traffic congestion may be reduced, and performance of the road network could
be improved by applying the SG land use planning strategies.

4. Conclusions

This study aimed to apply SG strategies to the land use planning process and evaluate the
accuracy of land use planning decisions in the perspective of sustainable transportation. In
order to reveal the effects of land use planning decisions on the available transportation
infrastructure, a signal-controlled intersection serving heavy traffic volumes between three
major/urban arterials was selected as the field of study, and two scenarios were investigated
for 2030. In the first scenario, the conventional land use planning decisions were applied while
the SG strategies were taken into account in the second one. Traffic volumes along the
approaches of the study intersection were calculated in the SUE manner which considers the
perception errors of drivers’ route choice behaviors. Then, VISSIM traffic simulations were
made for providing visual analyses and quantitative evaluations of the performance indica‐
tors. The results showed that the traffic volumes along the approaches of the study intersec‐
tion may be reduced from 6% to 35% and the number of stops in the intersection may be
decreased by about 10% while the total delay time decreased by about 5% with the applica‐
tion of SG land use planning strategies.
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The Relationship Between Sustainable Urbanisation and
Urban Renewal: An Evaluation of Trabzon City Sample

Aysel Yavuz

Abstract

In recent years, the city is faced with new facts and problems that began to appear. These
can  be  sorted  as  the  issues  of  ‘sustainability’,  ‘urban  renewal’  and  ‘sustainable
urbanisation’. Liveability of cities arises through the value given to the town and city
dwellers. To make cities liveable and ensure their continuity is possible only in the
situations where the relationship between the town and its dwellers is correctly founded
and carried out. In the course of time, constant change–renewal is experienced in urban
areas with a complex structure depending on the causes such as economic, social,
physical, technological and political. Change and renewal in urban areas is usually
carried out to increase the quality of space and of life, while some time it is, unfortu‐
nately, defeated by rent and cannot get rid of entering into a continuous cycle of renewal.
Waiting almost for their expiration date, will the changing places be able to stand against
the new rents to be created? Therefore, it is an urgent need to develop sustainable
strategies  for  urban renewal.  This  research aims to  evaluate  seven urban renewal
applications in order to establish a proposal model to be a useful guide for our cities
and local authorities.

Keywords: Urban, Urban Renewal, Urban design, Sustainability, Ecological Model

1. Introduction

In recent years, cities are faced with new concepts and environmental problems that began to
appear. Gaining a global dimension, these concepts and problems have made multilateral
cooperation and international coordination necessary for a permanent solution to these issues.
So, to prepare the necessary legal infrastructure, all countries of the world are unavoidably
engaged in an intense agenda. Sustainability, urban renewal and sustainable urbanisation are

Chapter ��

277



among the issues discussed. In 1972, ‘United Nations Human Environment and Development
Declaration’, the first global assessment on the environment was adopted in Stockholm. Later
in 1987, the sustainable development concept was defined for the first time in the Brundtland
Report prepared by the World Commission on Environment and Development and has been
widely used since then. In addition, ‘sustainability principles’ that were accepted at the Rio
conference held in 1992 and the Habitat-2 City Summit in 1996 in order to create liveable
environments have made sustainable urbanisation a prominent issue to be solved also in our
Turkey as in other countries. Due to globalisation, change is inevitable, and today a ‘planned
change for sustainability’ is still required.

Majority of the world’s population now live in cities, and the number of people living in the
countryside is steadily decreasing every day. Because of the population growth and unplanned
settlements in urban centres, the available resources are running out and natural habitats are
undergoing changes. In other words, failure to meet the growing need for housing in urban
areas leads to unplanned settlements in a way that threatens both the identity and liveability
of the city. In addition, this type of construction has brought with it the land zoning and
infrastructure problems. This process has also accelerated the destruction of green areas,
agricultural areas and coastal areas. And the places, where unhealthy, dilapidated and illegal
buildings are intense, create visual pollution as well as become a potential threat to the health
of the people living in them and the fabric of cities.

Especially, with the rapid restructuring and uncontrolled population growth that emerged
after World War 2, natural systems have been ignored and an uncontrolled consumption-
oriented development process has emerged. Adoption of a consumption-oriented lifestyle
rather than production raises concerns for the future of cities and the life of their inhabitants.
The capitalist, political, technological and industrial developments at the end of 1960s have
significantly disturbed the ecological balance. And according to Özmehmet, this is the main
reason for the inability to establish the correct link between development and the environment
[1].

Urban spaces should not be considered only as a space consisting of buildings, but also as a
social and cultural centre where social events take place. Therefore, due to the significant
impacts of urban areas on the society and human behaviours, their design should also include
the social and cultural aspects in addition to the physical dimension. As there is not a particular
perception of space, it is considered as a concept of place that is constantly changing and
renewed together with those living in it [2].

When looked at the urban transformation projects in the world, cities seem to have different
regeneration processes from each other according to their own internal dynamics due to the
impact of globalisation. Intervention strategies of the developed and developing countries
include different contents from each other, and the cities that have completed their regenera‐
tion eventually force the other cities into this process. So, local governments attaching
importance to the implementation of urban transformation want to create quality urban
environments, renew the city’s image and raise their status and position. For example, Canada,
Norway, Switzerland, Sweden and Australia are among the countries that apply the ecosystem
successfully in the urban transformation projects, the protection of natural resources and the
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use of renewable energy sources. In this respect, today Sweden is a model country with its
capital Stockholm, chosen as the ecological capital of Europe in 2010.

Because of the oil crisis that appeared in the 1970s and 1980s, Sweden has renewed its national
energy policy. In this context, it has made a great effort to discover new energy sources find
new methods for the isolation of the buildings and develop energy-saving systems. Conse‐
quently, today Sweden’s dependence on oil is decreased by 90% for heating and electricity
production. In this process, it has planned the things to be done for sustainable living, taken
necessary measures and implemented an ecology-based transformation model. Stockholm’s
Hammarby Sjöstad district is now renewed with this approach. The project has established an
infrastructure that enables the recycling of all waste underground. In addition, divisions have
been formed, where organic waste, paper type materials and the garbage unsuitable for
recycling are collected separately. At certain times of the day, garbage collected in waste
collection points is pulled down. By solar energy, energy and sustainable use of water are
supported, dirty water is treated and reused, and the surface water is collected in artificial
ponds. In addition, high heat-insulated buildings are constructed, and renewable energy
sources are used instead of fossil fuels. While the organic waste is taken to fertilizer production
centres, the other garbage is burned to produce energy for central heating systems. Besides,
biogas is obtained from waste liquid in the treatment plant, and used in stoves in homes and
municipal busses. In short, ‘Hammarby model’ is proposed as a new model for urban trans‐
formation in some countries (China) [3].

On the other hand, there are many countries where people still ask the following or similar
questions to each other: Why don’t we take the example of ecological-based models of urban
renewal throughout the country? Why do we usually perceive urban renewal only as the
housing production policy or the work of providing functional changes? And how long will
the new buildings constructed within the scope of urban transformation be able to preserve
their sustainability?.

Urban renewal concept, which is not yet fully seated in Turkey, emerges with different names
in world literature. Urban renewal in different countries is formed by the interaction of
different variables and called by different names. These applications contain the meanings
defined as urban clearance, urban renewal, urban renaissance, urban revitalisation, urban
redevelopment, urban regeneration, urban conservation, urban rehabilitation and urban
gentrification.

2. Definition of urban renewal

According to Zheng et al. urban generation, urban renewal, urban redevelopment and urban
rehabilitation share same meanings in the town-planning field, but they are considerably
different in term of scale. Urban renewal and urban regeneration express nearly the same
meaning and both involve work of a relatively large scale. Urban renewal is defined as a
process of slum clearance and physical redevelopment taking account of other elements such
as heritage preservation; while urban regeneration is a comprehensive integration of vision
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and action aimed at resolving the multi-faceted problems of deprived urban areas in order to
improve their economic, physical, social as well as environmental conditions [4] There are also
many other striking definitions, explanations and application forms of this concept.

In the dictionary of the Turkish Language Institution, the term ‘renewal’ is defined as trans‐
formation, reform, to enter into another form and to take another case. When called ‘urban
renewal’ in Turkey in the 1970s and 1980s, the first thing that came to mind was the improve‐
ment of slum areas [5]. Actually, urban renewal is a general concept including the applications
carried out for the renewal of the existing urban structure [6].

Generally, urban renewal has been regarded as a sound approach to promoting land values,
improving environmental quality, rectifying the urban decay problem and meeting various
socioeconomic objectives on the one hand, and enhancing the existing social networks,
improving the inclusion of vulnerable groups and changing adverse impacts on the living
environment on the other [4]. Urban renewal is also considered as a comprehensive work
aiming at improving the physical, social, economic and ecological aspects of urban areas
through various actions including redevelopment, rehabilitation and heritage preservation [7].

According to Ho et al. [8], urban renewal projects can profoundly improve urban competi‐
tiveness providing that they are designed and implemented properly. On the other hand,
urban renewal is associated with other concepts such as sustainability and defined in a broader
sense. For example, according to Czischke et al. [9], sustainable urban renewal is understood
as renewal actions, policies and processes within a city, which addresses interrelated technical,
spatial and socio-economic problems in order to reduce environmental impact, mitigate
environmental risk, and improve environmental quality of urban systems, lifestyles and assets.

3. Historical development of urban renewal process

The renewal of the post-war era that began in the 1950s with rebuilding to repair the destruc‐
tion, continued as revamping in the 1960s and 1970s. Then, a new process was launched in the
in the 1980s and 1990s although they are different in every country, and especially the projects
dominated by the private sector and corporate partnerships were implemented. Today, urban
renewal activities including all of the concepts such as urban regeneration, urban conservation
and urban gentrification are performed all over the world in order to ensure the sustainability
of the city. Unfortunately, many urban renewal work carried out especially in developing
countries is far from sustainable urbanisation and urban ecological understanding, for the
reasons such as the lack or national policy and local policy, lack of infrastructure, urban rents
fight and so on.

4. Sustainability, sustainable development and sustainable urbanism

Today there is a widespread belief that different dimensions of ‘sustainable development’,
such as economic, social, environmental and institutional, are not given equal priority by many
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policy makers [10]. But it is not considered as a rational or comprehensive application form.
Bennet et al. [11] and Şahin [12], argue that sustainability is a concept including social economic
and ecological aspects. In addition, UN Brundtland Commission dated 1987, suggests
sustainability is a development that meets the needs of the present without compromising the
ability of future generations [13]. And Atil et al. [14] define sustainability as a significant
concept which not only aims at high productivity but also intends to continue the functions of
any social, economic or ecological system requiring sustained continuity without damaging
or depleting the sources used [14].

On the other hand, the term ‘sustainable development’ dates back to the 1970s and it is a
relatively complex concept made even more complicated by the fact that there is still no
commonly accepted definition of this term [4]. Sustainable development makes the world a
better place to live in, for both the present and future generations. It also involves the preser‐
vation protection of the earth’s wealth-creating sources by bringing about the social and
economic conditions for a transformation in that direction [11]. Besides being the determinant
of environmental policy in the world, sustainable development is also defined as a concept
integrated with the concepts of economic and social development without getting limited to
the domain of the environment [15].

According to Berke and Manta, sustainable development is a dynamic process connecting local
and global concerns, in addition to linking local, social, economic and ecological issues in order
to fairly meet the needs of current and future generations [16]. Corresponding to urban renewal
in terms of social, economic and environmental sustainability, sustainable development has
been recognized that urban renewal and sustainability should be combined [4].

Although sustainability and sustainable development are not the same, they are often used
without attention as if they were. According to Barrow, sustainability is the ongoing function
of an ecosystem or use of a resource, and implies steady demands. But sustainable develop‐
ment implies increasing demands for improving well-being and lifestyles and also in the
foreseeable future, for a growing population [17].

As for sustainable urbanism, it is a widely used phrase, often with ecological and green
connotations, constituting a rather complete framework for the interdisciplinary planning and
urban design of contemporary cities, neighbourhoods and residential places [18]. In addition,
Hall emphasized that ‘Planning and renewal must not be separated; instead, renewal must be
an integral part of planning’ [19]. This approach explores sustainability and urban design in a
holistic manner by focusing on the processes that shape the form and function of our built
environment in its full complexity [18].

5. The links between urban renewal and sustainability

Especially in the early developed cities, urban areas grow and deteriorate as time goes by, and
adversely changing conditions of the environment make life miserable for the people living in
them. So urban renewal projects to improve the built environment take place [20]. Emphasizing
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the importance of sustainability in this context, Bai et al. [21] argue that ‘the battle for sustain‐
ability will be won or lost’.

In general, urban land is both precious and scarce, like some other sources. Thus, the main
objective of urban planning is providing reuse of the already scarce urban sources taking into
account the public interest [12]. To do so, urban planning should be obliged to enable the public
interest principle, and establish and apply necessary rules reconciling private interests with
the public interest depending on the character of the economic structure and political regime
of every country [5].

Nevertheless, decisions on the future of cities should be taken with the participation of the
relevant stakeholders mainly consisting of the state sector, local government sector, private
sector, civil society organisations, local residents as well as academics. In this context, a
sustainable urban renewal strategy should take into consideration the entire life cycle of urban
structures from design and construction to the operation and maintenance as well as life
quality of the residents [8].

Finally, as a living organism, the city is a hybrid system consisting of structures with natural
areas. But, rapid and unplanned urbanisation is the biggest threat in terms of the sustainability
of the natural and cultural sites. According to Sancar, technical infrastructure and transporta‐
tion are extremely important for sustainable organisation and also decisive in terms of the
quality of urban life [22]. The adequacy or quality of the technical infrastructure is considered
to be among the issues to be addressed first. In addition, transportation systems of the vehicles
and pedestrian in the city need to be re-evaluated within the understanding of a holistic
planning approach in order to achieve the goal of sustainable urbanisation.

6. Urban renewal in Turkey

In spite of its similarities with the West, urban renewal process in Turkey contains quite
significant differences depending on the social and political dynamics. In Turkey, Urban
renewal applications usually come on the agenda mainly for political and economic reasons.
So, sustainability of these applications is relatively different than the ones explained in the
above-mentioned Stockholm’s Hammarby Sjöstad district model. The urban renewal projects
implemented in Turkey have changed the physical structure of the place, but their results have
not been evaluated yet [6]. Besides, being far from the ecological approach, these applications
could raise serious concern for the future availability and sustainability of cities.

In addition, in Turkey urban regeneration is almost identical to the Mass Housing Adminis‐
tration (TOKİ), an organisation legally authorized to operate in urban transformation projects
and connected to the Prime Ministry of Turkey. TOKİ is also one of the actors in urban renewal
applications that provide habitat with local governments, and aims to improve the quality of
life, stabilize the increasing economic imbalances, global pressures and social inequality as
well as resolve the problems such as the housing shortage. And right now, there are more than
two thousand urban renewal projects completed by TOKİ in Turkey, and this number is
considered to increase continuously due to the growing need for urban renewal applications.
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7. Area description

According to the results of Address Based Population Registration System, Turkey’s popula‐
tion is 78 million 741 thousand 53 people as of December 31, 2015. In 2015, the population
residing in Turkey increased by 1 million 45 thousand 149 people compared to the previous
year, and so Turkey’s annual population growth rate stood at 13.4 per thousand, whereas it
was 13.3 per thousand in 2014. Proportion of the residents in the provinces and districts was
91.8% in 2014, which rose to 92.1% in 2015, and the proportion of the people living in districts
and villages was set at 7.9% [23]. These data reveals how much the population has increased
in urban centres because of the migrants coming from rural areas.

As for Trabzon, it is a city situated in the North eastern Black Sea region of Turkey with a
population of about 768,417 and covers an area of approximately 4685 square kilometres [24].
And Trabzon’s population growth rate has increased by 1635% over the previous year.
Proportion of the residents in the city centre is 41.67%. In addition, located to the Southeast
coast of the Black Sea, Trabzon is between the 38°30′–40°30′ east meridians and 40°30′–41°30′
northern latitudes, as well as surrounded by the cities of Rize in the East, Giresun in the West,
and Gümüşhane in the South. Extending Northward from the South, the mountains reach the
Black Sea coast as ridges split by valleys and are over 2000 m in places. The amount of active
green areas of the province of Trabzon is 867, 673 m2, and the passive green space is 437, 960
m2 (Figure 1).

Figure 1. The geographic location of Trabzon [6].

In 1950s, squatting and illegal construction began in Trabzon just like in the other cities of
Turkey especially with immigrations to urban areas, rent conflicts, as well as the reflections of
amnesty laws that have extended until today. Hosting many physical, social and environ‐
mental problems in this process, the city of Trabzon has adopted urban transformation projects
as an important method for the solution of these problems. While Trabzon is a city famous
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with its natural and social richness, providing sufficient opportunities for people and having
a magnificent history of 4000 years, now it is slowly losing its natural green texture, natural
coast and the urban memory mainly because of the population growth, rapid and unplanned
construction, expanding the coast towards the sea and the environmental pollution. So urban
renewal work has been unavoidable for this city too, just like the other cities in the country.

Urban renewal and development projects are implemented in Trabzon by the cooperation of
local governments and Mass Housing Administration (TOKİ). Out of a total of 62 projects being
implemented, only seven urban renewal application areas will be evaluated in this article.
These are the urban transformation projects of Zağnos Valley, Tabakhane Valley, Town Square,
Pelitli, Hagia Sophia and Narlıbahçe (Figure 2). Of these projects, only Hagia Sophiaurban
transformation project is already completed, and 3 of the 4 stages of Zağnos Valley project are
completed. Demotion is continuing at the same time in the last stage of Zağnos Valley,
Tabakhane Valley, Çömlekçi and Pelitli suburbs. Renovations and infrastructure work in the
final stage of the Square Park are ongoing, while in the urban renewal area of Narlıbahçe, no
application work has started yet. Continuation of the demolition in four separate places at the
same time suggests that some unplanned or unseen social problems are likely to arise in the
near future due to the slow progress of the work and rapidly growing housing problem.

Figure 2. Urban renewal projects applied in Trabzon (Photos, Trabzon’s municipal archive).
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The first serious urban planning in Trabzon was conducted in 1938 by Jaquest Lambert, a
French architect and urban planner in its history of 4000 years. According to Lambert plan
which entered into force in 1938, Zağnos and Tabakhane valleys have been considered as air
corridors to provide natural air flow and a planning approach has been adopted in this regard.
These valleys are in the city centre and located in very close proximity to the housing,
commercial and administrative centres. Located in valleys, Tabakhane and Zağnos bridges are
the constructions well worth to preserve, because they have preserved their characteristics so
far in the urban fabric and have an important place in the urban transportation. In addition,
the limit of Zağnos valley is surrounded by Ortahisar castle in the Protected Area in Grade 1.
Migration of the urban people to the city and the rapid increase in urbanisation has led to a
distorted and unhealthy construction as well as degeneration of the natural structures of
Zağnos and Tabakhane valleys (Figure 3). Urban renewal project work of Zağnos Valley was
started with a protocol dated November 27, 2004, and signed between Trabzon Municipality
and TOKİ, and the urban renewal project work of Tabakhane Valley was started in the same
way with a similar protocol dated November 12, 2007 (Table 1).

Figure 3. (a) Zağnos valley, (b) Tabakhane valley (Photos, Trabzon’s municipal archive).

Three stages of Zağnos Valley have been completed until 2016, and expropriation and
demolition work continues for the 4th stage. Recreational landscaping and residential work
has been made in the completed part of the project. In addition, three buildings of historical
value have been restored for the present and future generations. Property owners of this valley,
where mainly low-income people used to reside, have had to evaluate the proposals presented
to them and move to new residential places after receiving their expropriation money. Their
options include buying one of the houses built by TOKİ with long-term debt payment or
another house they like or moving to any residential place they prefer. So, the residents of this
valley have been obliged to separate from each other and live in different places because of
this urban renewal project.

Consequently, due to the historical texture of the valley, this application form can be defined
as an urban renewal or urban renovation on the one hand, but urban gentrification on the
other.
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Zağnos valley I,II, III, 4th stage urban renewal project

Beginning/ending year  2004/—  Area  30 hectare

Number of destroyed buildings 583 The total number of buildings will be demolished 636

Table 1. The views from 1st, 2nd and 3rd stage, the urban renewal project of Zağnos valley (Photos, Yavuz A.).

As for Tabakhane Valley, the detection process in this area has been completed until 2016 and
in addition to expropriation work, demolition process continues (Table 2). Under the project,
recreational landscape work and 353 housing production will be carried out. Undergoing the
same process applied to the people living in Zağnos Valley, also the residents of this valley
have been obliged to be separated from each other and move into other residential places,
which seem quite normal or fair for the central and local governments as the main stakeholders
of urban renewal or urban renovation projects.

But the same thing cannot be said for the people who are compulsorily dispersed from their
residential place, because of having been obliged to accept one of following three options:
Buying a house or flat constructed by TOKİ, or by the private sector. As for the third or last
option, it is renting a reasonable house or abandoning the project area before the demolishing
work starts, especially for the poor, but a short-term solution lasting just until the money they
have been paid has gone.
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Tabakhane valley urban renewal project

Beginning/ending year  2010/  Area  17.2 hectare

Number of destroyed buildings 433 The total number of buildings will be demolished 688

Table 2. The views from Tabakhane valley urban renewal project (Photos, Yavuz A.).

The first phase of the urban renewal process in Meydan Park (park square) was completed in
2012, and the second phase work is still ongoing (Table 3). Under the project, historical
buildings have been restored and the square has been renovated and rid of traffic jams. This
project can be defined as renewal application–renovation.
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Meydan park urban renewal project

Beginning/ending year  2011  Area  1.6 hectare

Number of destroyed buildings 0 The total number of buildings will be demolished 0

Table 3. The views from Meydan Park urban renewal project (Photos, Yavuz A.).

Çömlekçi neighbourhood urban renewal project work was launched in May 17, 2011, with the
agreements signed between TOKİ and Trabzon Municipality (Table 4). The detection work of
this project has been completed, but the expropriation studies are still ongoing. In the project
area, a new centre of attraction is aimed to create in addition to the housing and communal
ling areas for the city. This application can be defined as urban clearance.
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Çömlekçi urban renewal project

Beginning/ending year  2015/—  Area  138 hectare

Number of destroyed buildings 84 The total number of buildings will be demolished 134

Table 4. The views from Çömlekçi urban renewal project (Photos, Yavuz A.).

Pelitli urban regeneration work began on April 4, 2007, as decided in a protocol signed between
TOKİ and Trabzon Municipality (Table 5). Detection, expropriation and project work were
completed until 2016. Demolishing work was almost over. The project aims to create a new
attraction centre in the project area as well as the commercial and common living area. This
project also aims to construct TOKİ houses at a 1.5 km. to the seaside for the house owners in
the project area in order to extend the suburb toward the south. Besides, 12 pieces of land will
be produced and half of them will be given to the landowners and the others sold to the public.
So this is a typical urban clearance.

289

A Comprehensive Approach to Sustainable Urbanization



Pelitli urban renewal project

Beginning/ending year  2008/  Area  7.8 hectare

Number of destroyed buildings 154 The total number of buildings will be demolished 159

Table 5. The views from Pelitli urban renewal project area (Photos, Yavuz A.).

Ayasofya (St. Sophia) urban renewal project work stared on May 27, 2009, with the protocols
signed between TOKİ and Trabzon Municipality, and in 2014 it was completed (Table 6).
Position of St. Sophia museum in the city silhouette has been emphasized in the project scope
besides the recreational landscaping work. Now St. Sophia has been one of the most interesting
places of the city for the local and foreign tourists who come to Trabzon. Application of the
project has made Ayasofya neighbourhood more liveable and legible, and contributed to its
socio-economic development.
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Ayasofya(St. Sophia)urban renewal project

Beginning/ending year  2011/2014  Area  2.2 hectare

Number of destroyed buildings 46 The total number of buildings will be demolished 46

Table 6. The views from Ayasofya (St. Sophia) urban renewal project (Photos, Yavuz A.).

On June 06, 2011, a protocol was signed between TOKİ and Trabzon Municipality for Narlı‐
bahçe urban renewal project work (Table 7). This area, local government buildings, is the
second largest centre of the city. Actually, there would be a kind of renewal or renovation
application here due to the existence of some historical buildings. But the project is still in the
decision process due to some disagreements between the stakeholders. Actually, expropriation
price is considered to be relatively high because of the high land values in this area. So, TOKİ
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does not want to get involved in this project unless the expropriation is lowered to a more
affordable level. In this case, when the parties will reach an agreement is not known yet, but
the absence of a fast and effective decision mechanism to resolve this sort of disagreements or
conflicts legally, rationally and fairly is obvious.

Narlibahçe urban renewal project

Beginning/ending year  —/— Area  16 hectare

Number of destroyed buildings The total number of buildings will be demolished

Table 7. The views from Narlıbahçe urban renewal project (Photos, Yavuz A.).

On the other hand, the rapid growth and development movements occurring in large cities
since the 1950s have led to changes in the physical structure of the city Trabzon, and Beşirli
and Pelitli regions are united due to this process. In addition, housing demand and the
consequent increase in land prices have excessively disrupted the reconstruction in the city
and caused the expansion of landfills in coastal areas. Although completed 5 years ago, the
coastal landfills are now ongoing again with an additional project and the coast is subject to
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constant change. The city has been affected by the movements of migration from the neigh‐
bouring provinces due to urbanisation movement. In addition, a new restructuring process
has been started in the city, which includes Havaalanı district, the ports, universities, business
areas and public buildings. So the people residing in these reconstruction areas have been
forced to find new settlements, choosing one of the several proposals presented to them. The
report by Trabzon Provincial Environmental Status Report dated 2010 says the city cannot
benefit from the air currents and wind corridors as in the past, and especially the intensity of
winter air pollution in the city has reached disturbing levels [25]. Besides, Trabzon cement
factory, located outside of the city once, increases the air and visual pollution of the district.
Also the other small- and medium-scale industries still existing near this factory relatively
worsen the present situation.

Zağnos valley is known to be the oldest residential place in Trabzon. Unplanned construction
began in this valley especially with the migrations from the neighbouring provinces Gümüşh‐
ane and Bayburt, and continued for years. When looked over the historical Zağnos Bridge,
twisted and ugly buildings stand out instead of the historical and cultural values. So, renova‐
tion in this valley was really significant due to the various problems accumulated for years or
centuries. The project implemented here has taken the historical and cultural values of this
residential place into consideration. There are few restored housed and some trees the in the
valley converted almost into its original form, so it looks like a very large place for recreational
activities. All the residents are gone.

Trabzon Meydan’ı (town square), was the departure and destination point of the public
transportation as well as one of the main reasons of the traffic problem in the city. But now,
the square has thoroughly changed and the traffic is no more a serious problem in the district
due to the rationally made and implemented renewal project. It is now important place
providing important activities such as meeting, sitting, rest and relaxation without disturbance
from traffic noise.

Çömlekçi regions, one of the city’s oldest commercial and residential neighbourhoods, as a
typical residential place, have to deal with not only their own socio-economic and cultural
problems, but also the problems arising from their commercial section. These problems began
to increase, especially in the 1990s when the Russian and Georgian retailers, customers as well
as tourists chose this neighbourhood most convenient for their needs. And this situation
significantly accelerated the economic development of the district on the one hand, but
increased the architectural, environmental as well as socio-cultural problems in an intolerable
way on the other. Therefore, this neighbourhood desperately requires a sustainable regener‐
ation.

In the 1980s, Beşirli and Pelitli zones were among the favourite places of interest in terms of
urbanisation. But the sustainable urbanisation strategy specifically established for these
districts could not be implemented in Pelitli zone because of various reasons. Unlike Beşirli
suburb, Pelitli suburb sped up the urbanisation process in an uncontrollable way in order to
meet the rapidly growing need for housing of the people such as university students and
industrial workers. As a result, this suburb is going to have a new process of regeneration
before the still ongoing urbanisation one is completed, and this is not only an ordinary failure
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or ridiculous mistake, but also an extraordinary experience for all the stakeholders who involve
in ‘sustainable’ urban renewal processes.

Unlike the Pelitli suburb example, the regeneration process implemented in Ayasofya (St.
Sophia) neighbourhood is an architectural wonder with the church dating back to Trabzon
Pontus Greek Empire period, and the neighbourhood, a small-scale commercial as well as
residential place. Due to the implemented renewal project, this neighbourhood and the church,
now functioning as a historical museum, are relatively more legible. The project has also
contributed to the socio-economic and cultural development of the neighbourhood. Especially,
the church area is also used for social and recreational activities (Figure 4). When looked from
the highway passing through the seaside, you cannot stop admiring the natural beauty and
architectural structure and success of the urban renewal application in this neighbourhood. In
fact, a specific attention must have been paid to this project due to the historical value, natural
beauty and location of the neighbourhood.

Figure 4. The examples of different activities: open space photography, TV interview (Photos, Yavuz A.).

So, when slum areas and illegal structures are converted by the urban renewal projects, new
housing is being built especially for the low-income citizens and sold to them through long-
term and low-interest loans. As a result, prices of housing constructed by the private sector
have fallen to a reasonable level due to the competition created for the benefit of people. This
urban renewal process increases people’s living standards, environmental awareness as well
as socio-economic power in a positive way and significantly encourages both urbanisation and
modernisation despite relatively harming the existing ecosystem of the urban areas due to
some unexpected or unavoidable reasons. But whether or not the urban renewal work done
in Trabzon is truly sustainable is not so obvious; and it is hoped that the rubbish policies
followed in the past in terms of creating unhealthy and unsustainable urbanisation will remain
in the past and never reoccur in the future as repeatedly recurring cancer cases. So, the
following are considered highly recommendable:

8. Conclusion

It is obviously clear that cities, especially Trabzon needs urban renewal or revitalisation due
to the increasing problems arising from population growth as well as unplanned and dense
construction. Urban renewal should be not only a spatial transformation, but also a process in
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which all the actors are active with a comprehensive, coherent and area-specific approach for
the purpose. Urban renewal applications are considered to be more successful when they are
made with a more informed, participatory and collaborating planning approach, respecting
the people’s sensitivity to the city where they live.

The city has been described as a living organism. Therefore, urban renewal projects as in
Trabzon should get rid of the disease firstly starting in an area and ongoing in the nearby areas,
leaping into the. In other words, it is pointless to expect the patient’s recovery by making
permanent organ transplantation. After the first transplant, you need to wait, observe and
assess the situation. In this context, a consistent and rent anxiety-free framework that considers
protecting the public with the understanding of social state must be created, if the goal is really
urban improvement, upgrading the quality of people’s lives, ensuring equal rights to the city
dwellers or renew the urban identity. Feedback should be done in the areas of urban renewal,
and where and under what conditions the former owners of the area live, should be investi‐
gated. The new data should be assessed and new appropriate strategies be established.

The process of determination and application of local governments for urban renewal areas

Physical aspect  Purpose: To propose solutions for property owners will be more comfortable and re qualified

owner of the property

Decision making: Physical aspects of the city, damaged, identification

of regions with aging infrastructure issues, elaboration

of the problem and determine the properties of the existing structure

Planning: Questioning the users physically criticism and make

decisions to meet their demands, proposing public transport and environmentally friendly option

for transportation

Design: The design of the project is to ensure the physical relationships and integrating the area of

the close regions

Application: Transferring users to temporary housing and made of qualified applications

Checking: To check the success of urban renewal projects and other projects to make an

assessment after physically to take account of this data

Functional aspect Purpose: To provide the right functionality to allow the user to be fit, healthy and peaceful local

area

Decision-making: The city’s functional point of view, which is insufficient, the end of life of the

region and identify where changes need to function in today’s conditions are hosting

Planning: From a functional point of criticism for questioning the Local Users and requests to take

decisions, the necessity of a change in the planning of the function, the value of the whole of the

city within the functional area of certain groups of interests—not rant

Design: Open green areas are increasing the protection of the water resources and natural

ecosystems will be appropriate for the continuity of the designs

Application: Loyal to make applications for planning and design decisions
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The process of determination and application of local governments for urban renewal areas

Checking: To check the success of renewal transformation projects and other projects to make an

assessment in terms of functional perspective after to take account of this data

Economic aspect  Purpose: Before go charging property owners the path in the long term, provide for the transfer of

funds from different sources

Decision making: The economic demands of the local users, expectations of criticism and

questioning

Planning: After the application of the field value which accounted for in the calculation of the

project to identify the options in the calculation of the costs for the waste recycling technologies to

create the source

Design: Gain economic benefits by design to meet the needs of the future

Application: To ensure support of applications for qualified experts

Checking: To check the success of renewal transformation projects and other projects to make an

assessment in terms of economic perspective after to take account of this data

Purpose:  The current values that contribute to the city’s skyline and give to ensure the identity

of the city

Decision making: The questioning and criticism from the cultural aspects of local users of

demand, to determine the structures of historical value, determination of conservation status,

making the restoration project and the evaluation of the functional aspects

Planning: Original in the field, making planning decisions that protects cultural values

Design: The creation of urban-culture identity projecting design options

Application: Migrate to the city should be prevented, people should be informed to ecologically

based cities

Checking: To check the success of renewal transformation projects and other projects to make an

assessment in terms of culture perspective after to take account of this data

Purpose:  The concept of ecological planning with the integration of the sustainability of the urban transformation of

cities

EVALUATION OF SOCIAL ASPECT WITH ALL SCOPE: STRONG MANAGEMENT, EQUAL OPPORTUNITIES,

SOCIALIZING

Table 8. The proposal of location-specific, ecologically based urban renewal model.

In this context, Zağnos valley is the first large-scale project implemented in Trabzon. Therefore,
a feedback should have been done by the local government to determine if the renewal
application has met the expectations. And the application work in the other areas should have
been continued in the light of this feedback results. A holistic approach requiring the renewal
application work to be done within the scope of a whole urban planning should be adopted,
instead of trying to create an urban integrity with separately implemented renewal projects.
In addition, suitability of replaced components to the integrity of the existing structure should
be analysed in terms of physical, functional, economic, cultural and social dimensions.
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Economic policies exterminating the anxiety of rent, and containing the physical, social and
economic arrangements aiming to increase the life quality of the urban dwellers in economic
prosperity should be created without excluding the low-income groups from their environ‐
ment or making the rest of their life miserable especially in economic terms. In addition, Keleş
emphasizes that there is a direct correlation between the amount of land owned by the public
administration and the success of the urban planning effort. He also points out that the states
or local governments that have the best planned cities; qualified, open and green spaces; large
and smooth roads, but no difficulty in finding appropriate land to meet the necessities such
as housing and education also have plenty of land and authority to establish strict control
policies on land Keleş [5]. In this context, when creating urban plans, accurate predictions of
the future should be emphasized. Besides, it is deemed necessary that substances that define
policies of local governments should be added to the Local Government act proposal on the
parliament agenda in order to ensure the participation of all actors of urban renewal project
applications, the renewal application projects be started in this scope and after application
assessments in physical, functional, economic, cultural and social aspects be made.

In the most general sense, urban renewal is a comprehensive vision and overall actions
securing the public interest principles at the forefront, and trying for the present and future to
ensure a stable and accurate solution to the economic, physical, functional, cultural, social and
environmental problems of the regions undergone transformation. Urban renewal must
comply with the defined strategy starting from the upper-scale plans and continuing gradually
to the lower-scale plans within the integrity of the plan. Besides, ecologically sensitive plans
that keep pace with the time and meets the needs of the future should be produced, and urban
renewal work be done in accordance with the strategies of these plans. Urban regeneration
should be designed and implemented as many constitutions. In addition, urban transforma‐
tion process should be implemented in five phases including decision making, planning,
design, implementing and monitoring. A method of transferring external resources to the
renewal projects should be developed, and land acquisition conditions should be arranged
according to the solvency ratio of the people living in the area and with different options.
Regulations should not be unfair in charging. It should be ensured that social segregation be
avoided, people with low-income supported and not allowed to be segregated or liquidated
from the area. Location specific application models and policies should be created so that the
existing users can be provided to sustain their lives in the same area. Historic and cultural
values as well as natural areas must be protected in urban renewal projects. The project model
should be transparent and free from political concerns, models be created for participation in
the process including the application from the beginning to the end and public opinion be
taken into consideration.

Finally, provided that the urban renewal applications ongoing in Turkey are carried out in
accordance with their purpose just like in the developing countries, the result will definitely
be very successful in terms of creating healthy cities and high quality environments. In case,
the state and local governments involve in urban renewal application works in order to provide
economic or financial benefits to a certain group of people rather than the whole public, they
inevitably lead to strong reaction of both the land owners and the city dwellers and also
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increase social unrest and discrimination. So instead of continuing this approach, a sustainable
development of the city should be ensured with urban plans prepared by a holistic approach,
not with piecemeal plans that would lead to unplanned urbanisation Yavuz et al. [6]. In this
context, what the local governments should do, can be listed as following (Table 8). The whole
of the current problems should be considered under five headings, and adopt the urban
renewal applications including the processes of decision making, planning, design, imple‐
mentation and supervision in the light of the present applications.
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Abstract

Need for better understanding and more accurate estimation of radiative fluxes in urban
environments, specifically urban surface albedo and exitance, motivates development
of new remote sensing and three‐dimensional (3D) radiative transfer (RT) modeling
methods. The discrete anisotropic radiative transfer (DART) model, one of the most
comprehensive physically based 3D models simulating Earth/atmosphere radiation
interactions,  was  used in  combination with  satellite  data  (e.g.,  Landsat‐8  observa‐
tions) to better parameterize the radiative budget components of cities, such as Basel in
Switzerland. After presenting DART and its recent RT modeling functions, we present
a methodological concept for estimating urban fluxes using any satellite image data.

Keywords: DART, model, radiative transfer, albedo, thermal exitance, remote sens‐
ing, urban canopies

1. Introduction

In today's world, concerns about sustainable energy production, related environmental issues,
and their impact on urban agglomerations and their citizens are of high importance. In this
context, the functioning of urban environments, including climate‐alternating interactions
between atmosphere and human civilization, is studied globally. Remote sensing is a power‐
ful tool that is increasingly used in such studies due to improvements achieved in sensor
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technology,  as well  as modeling of  remote sensing measurements with respect  to three‐
dimensional (3D) radiative and energy budget. One of these studies is the H2020 project
URBANFLUXES  (http://urbanfluxes.eu),  which  aims  to  develop  methods  estimating  the
anthropogenic heat flux (QF) of urban environments by employing remote sensing data [1]. In
other words, its goal is to estimate the impact of human urban activities on the energy budget
of city using satellite images. Important parts of the surface energy balance computation are the
3D radiative budget components specifically as urban surface albedo including thermal exitance.
However, no remote sensing model able to simulate accurately spatial distribution of urban
spectral albedo and exitance has been previously available. Three conditions must be fulfilled
in order to achieve an acceptable solution of an urban radiative budget simulation:

– The model must consider explicitly the 3D architecture of urban environments and simulate
radiance images and radiative budget of urban environment. Hence, apart from physical
modeling considerations, the model must be able to work with urban databases, including
spatial information on vegetation and digital elevation model.

– The model must work within any atmospheric conditions and possibly with air pollution of
an urban environment. This requires to model radiative transfer of both the atmosphere above
and the air among urban objects.

– An operational methodology must allow calibrating outputs of the remote sensing model in
terms of 2D distribution of albedo and exitance (i.e., to produce image outputs). This calibra‐
tion is important, because one cannot expect to have access to the optical properties of all urban
surface elements, which vary in space (e.g., tiles of roofs have different reflectance values
depending on their age) and time (e.g., wet and dry roofs will exhibit different anisotropy of
their reflectance).

Figure 1. DART calibration with a remote sensing image (Landsat‐8) for computation of the urban surface albedo over
the city of Basel, Switzerland.

Here, we present a 3D radiative transfer model, DART, that fulfils these requirements and its
recent improvements for studying urban and natural Earth landscapes with remote sensing
acquisitions. We present also the approach that was recently designed and implemented to
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assess the spatial distribution of DART input parameters: optical properties of surface elements
(e.g., roofs, streets, vegetation). Figure 1 summarizes this approach. It leads to DART simulated
albedo and exitance maps that are calibrated with real‐time satellite acquisition. Ideally, these
maps have a spatial resolution that is equal to that of satellite images that are used for the
calibration.

2. The DART model

2.1. Presentation

DART computes radiation propagation in the three‐dimensional (3D) Earth/atmosphere
system in the entire optical domain from the visible to the thermal infrared parts of the
electromagnetic spectrum (EMS) [2–6]. The Earth surfaces and the atmosphere are simulated
as a three‐dimensional (3D) medium (Figure 2). For any urban and natural landscapes, DART
simulates the 3D radiative budget and acquisitions by satellite and airborne imaging radio‐
meters and LIDAR scanners aboard of space and airborne platforms. The DART model,
developed in the CESBIO Laboratory (www.cesbio.ups‐tlse.fr/fr/dart.htm) since 1992, can
work with any 3D experimental landscape configuration (atmosphere, terrain geomorpholo‐
gy, forest stands, agricultural crops, angular solar illumination of any day, Earth/atmosphere
curvature, etc.) and instrument specifications (spatial and spectral resolutions, sensor viewing
directions, platform altitude, etc.).

Figure 2. DART cell matrix of the Earth/atmosphere system. The atmosphere has three vertical levels: upper (i.e., just
layers), mid (i.e., cells of any size), and lower atmosphere (i.e., same cell size as the land surface). Land surface ele‐
ments are simulated as the juxtaposition of facets and turbid cells.

DART has been successfully employed in various scientific applications, including develop‐
ment of inversion techniques for airborne and satellite reflectance images [7–9], simulation of
airborne sensor images of vegetation and urban landscapes [10], design of satellite sensors
(e.g., NASA DESDynl, CNES Pleiades, CNES LIDAR mission project [11]), among others.
DART forward simulations of vegetation reflectance were successfully verified by real
measurements [12] and also cross‐compared against a number of independently designed 3D
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reflectance models (e.g., FLIGHT [13], Sprint [14], Raytran [15]) in the context of the RAdiation
transfer Model Intercomparison (RAMI) experiment [16, 17].

DART creates and manages 3D landscapes independently from the RT modeling (e.g., visible
and thermal infrared spectroradiometers, LIDAR, radiative budget). This multi‐sensor
functionality allows users to simulate efficiently radiative transfer products of the same
landscape as being captured by various sensors. Major scene elements are as follows: urban
features, trees, grass and crop canopies, and water bodies. A DART simulated tree is made of
a trunk, optionally with branches created with solid facets, and crown foliage that is simulated
either as a set of facets or as a set of turbid cells, with specific vertical and horizontal distribu‐
tions of leaf volume density. Trees of several species with different geometric and optical
properties can be located within the simulated scene of any user‐defined size randomly or
based on exact coordinates. Urban objects (houses, roads, etc.) contain solid walls and roofs
built from triangular facets. Finally, water bodies (rivers, lakes, etc.) are simulated as facets of
appropriate optical properties. DART can use external libraries to import and to some extent
also edit landscape elements, digital elevation models (DEMs), and digital surface models
(DSM) produced by other software or measured in field (e.g., translation, homothetic and
rotational transformations). Most importantly, the imported and DART‐created landscape
objects can be combined into virtual Earth scenes of user‐defined complexity. This allows
importation of whole cities from urban databases provided by city councils and urban
planners. The optical properties of landscape elements and their geometry, as well as and
properties of atmosphere, are specified and stored in adjacent SQL databases.

Atmospheric cells are used to simulate attenuation effects of satellite at‐sensor radiance and
also to model influence of the atmosphere composition on radiative budget of Earth surfaces.
The atmosphere can be treated just as an interface above the simulated Earth scene or as a light‐
propagating medium above and also within the simulated Earth scene, with cell sizes inversely
proportional to the particle density. These cells are characterized by their gas and aerosol
contents and spectral properties (i.e., phase functions, vertical profiles, extinction coefficients,
spherical albedo). These quantities can be defined manually or obtained automatically from
an atmospheric database. DART contains a database that stores the properties of major
atmospheric gases and aerosol parameters for wavelengths between 0.3 and 50 µm. In
addition, external databases can be imported, for instance, from the AErosol RObotic NETwork
(AERONET; http://aeronet.gsfc.nasa.gov/) or from the European Centre for Medium‐Range
Weather Forecasts (ECMWF; http://ecmwf.int/). Atmospheric RT modeling includes the Earth/
atmosphere radiative coupling (i.e., radiation that is emitted and/or scattered by the Earth and
backscattered by the atmosphere towards the Earth). It can be simulated for any spectral band
within the optical domain from the ultraviolet up to the thermal infrared part of the electro‐
magnetic spectrum. The Earth/atmosphere coupling was cross‐compared and successfully
validated [18, 19] with simulations of the MODTRAN atmosphere RT model [20].

2.2. Recent improvements of DART

Set of improvements had to be recently implemented in the DART model in order to provide
the optimal products required by the URBANFLUXES project.
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2.2.1. Work preparation

The urban information used for the URBANFLUXES project was provided in the form of urban
databases (for an example, see Figure 7). The two following adaptations had to be introduced
to interface the databases with DART: (1) the format of 3D objects (i.e., triangular facets) stored
in a common file format “*. obj”, and (2) the information about the vegetation, which was
simulated as a turbid medium. Turbid vegetation was created from a set of characteristics,
which for each tree in the urban scene provided geographical coordinates, physical dimen‐
sions, and optical properties. Those characteristics were obtained partially from external
sources or partially from databases already exiting in DART (e.g., from database of optical
properties for urban elements and vegetation).

2.2.2. Modeling of in situ camera acquisitions

In the frame of the URBANFLUXES project, in situ cameras are used for acquiring images of
urban canopy. The major objective is to better assess the properties (i.e., spectral reflectance/
emissivity and thermodynamic temperature) of the urban elements that are observed. The
images acquired by these sensors can be very useful for validating the approach that we
devised in order to retrieve maps of optical properties from satellite images. In this context,
we introduced the modeling of these in situ sensors into DART. The major difficulty was linked
to the fact that these sensors (e.g., fish‐eye cameras) have a wide field of view (FOV). Hence,
different elements of a scene are not viewed along the same direction, which strongly impacts
the radiometry and geometry of the acquired images. It is interesting to note that most remote
sensing models neglect this fact: They consider that sensors have an infinitely small FOV. In
short, DART can know simulate in situ cameras at any location in the Earth landscape (natural
or urban), with any view direction, either upward or downward. Some examples of simulated
images are shown here: downward looking sensor (Figure 3) that is on top of an urban district
(Toulouse, France) and sensors with upward and oblique view directions (Figure 4).

Figure 3. DART simulation of a fish‐eye camera acquisition above an urban district of Toulouse (France). Left: Red‐
green‐blue spectral composite in natural colors; right: a thermal infrared image.
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Figure 4. DART simulation of in situ cameras: (a) Trees with leaves simulated as facets viewed by a camera with an
upward looking direction, (b) and (c) trees with leaves simulated as turbid material in an urban environment viewed
by a camera with a horizontal view direction.

Work continues in order to generalize the simulation of in situ sensors in case of any Earth
surface element: fluids, atmosphere, water, etc., for any Earth scene configuration (i.e., isolated
scenes and infinitely repetitive scenes with/without continuity of local digital elevation model).
In addition to help in understanding and calibrating remote sensing measurements, the
simulation of in situ sensors can be very helpful for a number of applications: to determine the
optimal location and view direction of in situ sensors and to assess local atmosphere and
pollution impact on sensor acquisitions.

2.2.3. Atmosphere database

In relation to the in situ cameras implementation, the DART atmosphere database and its
management in the model were improved to offer higher flexibility of DART when dealing
with different atmospheric conditions, especially in case of available in situ and/or satellite
measurements of atmosphere. This atmosphere database was originally derived from simu‐
lations of the MODTRAN atmosphere radiative transfer model. Its use with DART was already
validated with MODTRAN simulations. However, the simulation of aerosols was not as
accurate as for gases. The DART atmosphere database was therefore completed using trans‐
mittance spectra for scattering and absorption mechanisms, derived from the atmospheric
model MODTRAN. An interesting feature of this improvement is a new possibility to specify
gas and aerosol amounts within the urban scene, independently of the atmosphere character‐
istics above the considered environment. This will be of a great help for assessment of local
atmospheric properties and pollution impact using in situ sensor acquisitions. This improve‐
ment was accomplished by importing HITRAN [21] line‐by‐line cross section database (with
specified temperature and pressure) for thermal infrared spectral domain, as well as the MPI‐
Mainz [22] cross section database for visible and near‐infrared spectral domains.

Figures 5 and 6 show comparisons of DART and MODTRAN simulations in the visible and
near‐infrared and the thermal infrared wavelengths, respectively. Both results demonstrate
that the DART update and the introduction of new atmospheric database, combined with an
improved radiative transfer modeling approach, brings DART simulations of atmosphere very
close to MODTRAN 5.1 simulations, which is very encouraging especially for simulating ac‐
curately the in situ sensors.
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Figure 5. DART (red) vs. MODTRAN 5.1 (blue) simulations in short wavelengths (UV, VIS, near infrared). Gas model:
US standard, aerosol model: Rural, visibility: 23 km. (a) Sun irradiance, (b) bottom of atmosphere (BOA) radiance, (c)
top of atmosphere (TOA) reflectance (ρground =0.5).

Figure 6. DART (red) vs. MODTRAN (blue) in the long wavelengths (thermal infrared). Gas model: Tropical, aerosol
model: rural, visibility: 23 km. (a) Path radiance calculated at top of atmosphere (TOA) of scattered + emitted fluxes
from atmosphere. (b) Direct transmitted radiance from Earth to TOA. (c) Total TOA radiance (T ground =299.15  K).

(d) TOA brightness temperature (T ground =299.15  K).

2.2.4. Decomposition of a sensor image into images per type of scene element

A common difficulty for analyzing in situ sensor images (i.e., radiance images) is assessment
of radiance and area proportion per type of surface material (e.g., wall, roof, atmosphere) inside
an image pixel. Knowledge of the different radiance components is valuable for the “iterative
calibration” that calibrates DART with remote sensing images as presented in Section 3.1.2.
Hence, DART has been improved to facilitate in addition to the original sensor radiance image
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LDART,Δλ(xDART, yDART, Ωv) the per‐pixel simulations of radiance LDART,Δλ, n(xDART, yDART, Ωv) and
cross section σn(xDART, yDART, Ωv) images of each type of scene element n in discreet directions
along the sensor viewing direction Ωv).

3. Computation of urban albedo: remote sensing calibration of DART

Bottom of atmosphere irradiance and exitance are essential terms in the 3D radiative budget
of urban and natural landscapes. In the short‐wavelength spectral domain, the ratio of exitance
and irradiance is simply the albedo. DART can compute these terms for any time, date, and
spectral band Δλ, by using urban database inputs and actual atmosphere conditions that can
be derived from satellite images or data from meteorological centers (e.g., ECMWF) or in situ
measurements (e.g., AERONET network). The urban database, presented to DART in a *.obj
file format, must contain all buildings of the considered area, as well as the relevant information
about urban vegetation in that area (i.e., geographic locations and physical dimensions of
trees). It also requires distinction between roofs, walls, and streets, which means each facet in
the database has to be registered in one of these groups. DART uses this registration to assign
optical properties of the different scene elements. An example of a 3D urban model in nadir
and an oblique view, which was built based on the urban database of the city of Basel, is shown
in Figure 7.

Figure 7. DART 3D view of the city of Basel.

The accuracy of DART simulated albedo ADART ,Δλ and exitance M DART ,Δλ corresponds with
accuracy of the presented optical properties. Figure 8, which shows various views of DART
simulated images of Basel in natural colors, illustrates importance of specific optical properties.
Roofs and walls appear with different colors. These colors depend on the roof and wall optical
properties. A major problem is that it is practically impossible to know the spatial distribution
of these properties accurately beforehand, due to their spatial variability. In addition, they vary
also in time. In consequence, a major objective of the URBANFLUXES project is to derive maps
of optical properties per type of Earth surface element. The approach relies on the use of
atmospherically corrected remote sensing data (in our example, Landsat‐8 images), in order
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to compute the 3D radiative budget accurately. Two calibration methods were developed to
compute products albedo more accurately: (1) a direct and (2) an iterative calibration.

Figure 8. DART simulated images of Basel, Switzerland: (a) pushbroom image with zoom, (b) airborne camera image,
(c) satellite RGB image, (d) satellite TIR image.

3.1. DART calibration with satellite images

Direct calibration is a straightforward method that calibrates DART without assessing the
optical properties of the surface elements per pixel [23], while iterative calibration uses an
iterative procedure in order to spatially derive the optical properties of the scene elements. In
theory, this approach gives more accurate results, but is computationally more complex. Both
methods are demonstrated on the example of DART simulation of the city of Basel (Switzer‐
land) calibrated using a Landsat‐8 multispectral image, with band specifications presented in
Table 1, corrected of atmospheric effects by DLR using the ATCOR atmosphere correction
model [24].

Band Central wavelength [nm] Lower wavelength [nm] Upper wavelength [nm] Spatial resolution [m]

1 443.0 435 451 30

2 482.6 453 512 30

3 561.3 533 590 30

4 654.6 636 673 30

5 864.6 636 673 30

6 1373.5 1363 1384 30

7 1609.1 1566 1651 30

8 2201.2 2107 2294 30

Table 1. Landsat‐8 band specifications.
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It is important to note that the image of the 6th Landsat‐8 band was omitted, because of its
spectral coincidence with the atmospheric absorption bands. However, this omission has no
impact on presented methods as they are designed to work with any type of satellite data, with
a number of spectral bands ≥2 and with any spatial resolution.

3.1.1. Direct method

The direct method consists of the following five steps:

Step 1. Reflectance images corresponding to the satellite bands used for calibration are
simulated. For these simulations, we set the optical properties to a realistic, but not exact value,
as this piece of information is unavailable. The spatial resolution of images is equivalent to the
size (xDART , yDART ) of the DART voxels (in this example to 2.5 m).

• The DART reflectance image of interest ρDART ,Δλ(xDART , yDART ,  Ωsat) is simulated in the
viewing direction of the available satellite image. It is important to note that this approach
can also work with an image which has not been atmospherically corrected. In this case, the
simulated image corresponds to a “top of atmosphere” (TOA) data in a “direct‐direct”
configuration, for which the incident and exiting radiative fluxes are following a single
direction (ρdd,TOA). Classical atmosphere correction methods lead to two types of images:

◦ The corrected image corresponds to the so‐called direct sun illumination. Hence, bottom
of atmosphere (BOA) irradiance is direct, without diffuse component. The reflectance is
noted ρdd,BOA.

◦ The corrected image corresponds to the actual BOA sun (direct) and atmosphere (diffuse)
irradiance. The reflectance is then noted ρsd,BOA. It would be ρhd,BOA (hemispheric‐direct) if
the atmosphere irradiance was isotropic.

Here, the atmospherically corrected satellite image corresponds to the case ρsd,BOA. The
corresponding DART simulated term of interest is noted:

( ) ( )( ),Δ ,, ,  ,  , , ,DART DART DART S S BOA S atm sat satx y E L tlr W W W W

where—xDART , yDART :  coordinates of a given point in the DART simulated scene,

— ΩS ,  Ωsat : sun and satellite view direction, respectively,

— ES ,BOA: sun irradiance at the bottom of the atmosphere (BOA),

— L atm(Ω): atmosphere radiance,

— tsat : time of the satellite acquisition.

Step 2. Obtained DART image ρDART, Δλ(xDART, yDART, ΩS, ES, BOA(ΩS), Latm(Ω), Ωsat, tsat) was
georeferenced and resampled to the spatial resolution of the Landsat‐8 image (xsat , ysat) to
ensure exact correspondence in size and geolocation.
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Step 3. A calibration factor KΔλ(xsat , ysat , tsat) is computed per DART pixel (xsat , ysat). The
objective of this factor is to mitigate the use of approximate optical properties. We use the
following equation:

( ) ( )
( )

, ,Δ
Δ

, ,Δ

, ,  ,
, , .

, ,  , ,
sd sat sat sat S sat

sat sat sat
sd DART sat sat S sat sat

x y
K x y t

x y t
l

l
l

r
r

W W
=

W W
(1)

Step 4. The map of urban spectral albedo AΔλ, is calculated per spectral band Δλ with:

( ) ( )( ) ( )
( ) ( )( )

Δ , ,Δ ,Δ Δ

, , , ,Δ

, ,  ,  , , , , .

, ,  ,  , , ,
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where ADART ,Δλ is the albedo computed by DART, for spectral interval Δλ:
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In (3), θ is the zenith angle corresponding to the viewing direction Ω.

Step 5. Desired urban surface albedo A is calculated as the integral of all the spectral albe‐
dos AΔλ(xsat , ysat ,  ΩS ,  ES ,BOA,Δλ(ΩS), L atm,Δλ(Ω), tsat) across the entire spectrum, weighted by
the BOA irradiance ES ,BOA,Δλ(ΩS ).

Figure 9. Landsat‐8 atmospherically corrected image for an NIR band (864.6 nm) over the city of Basel, acquired on the
24th April, 2015.

Here, we consider an application of the method to the city of Basel. Figure 9 shows the
atmospherically corrected Landsat‐8 band 5 (Table 1) image.

311

A Comprehensive Approach to Sustainable Urbanization



The original DART image of the same spectral band without calibration, at the simulation
resolution of 2.5 m, is shown in Figure 10. This image has been georeferenced using the spatial
information retrieved from the Landsat‐8 satellite image.

Figure 10. DART reflectance image for an NIR band (864.6 nm), over the city of Basel, corresponding to a Landsat‐8
image, with erroneous (but realistic) optical properties used as input.

Image in Figure 10 was resampled to the Landsat‐8 native spatial resolution using ILWIS image
processing software. After computation of the calibration factor (step 3) and the albedo per
spectral band, we integrated the final broadband albedo product as shown in Figure 11. In
Figure 11, the color bar indicates the albedo values, and the axes simply indicate the pixels
positions.

Figure 11. Urban surface albedo image computed using the direct calibration method for the city of Basel, with a
Landsat‐8 multispectral image.
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3.1.2. Iterative method

Iterative calibration method computes the actual optical properties for each type of element in
the scene per pixel of the satellite image or per group of pixels, which provides the desirable
spatial variability in optical properties of present elements. If N types of elements are present
in a single pixel, the reflectance of this pixel is formed by a number of different optical
properties, that is, by N unknowns. Therefore, a set of equations is required to resolve the
contribution of every surface element in a final reflectance value, which involves the image
per type of scene elements described in Section 2.2. Taking into account a number of pixels,
one obtains a system of equations, where a number of equations are equal or greater than the
number of unknowns.

Consecutive steps of this approach are presented below, with N being the number of types of
scene elements present in the studied urban area and parameter k being the order of the
iteration initialized at k = 1:

Step 1. Regular grid is laid over the satellite image, with a mesh size equal to M M satellite
pixels and with M > N . This ensures that each cell of the mesh contains a number of satel‐
lite pixels equal or larger than N.

Step 2. DART simulates the total radiance image L DART ,Δλ(xDART , yDART ,  Ωsat) of the scene
and also the radiance images per scene element n L DART ,Δλ,n(xDART , yDART ,  Ωsat) in the satellite
viewing direction Ωsat . Consequently, each surface element n viewed by a DART pixel d along

the satellite viewing direction Ωsat  has a reflectance value equal to ρn,d ,Δλ
k (xDART , yDART ).

It is important to note that reflectance and radiance are proportional terms, linked by the BOA
sun irradiance:

( ) ( ),
,Δ

, , 

. , , 
, ,  .DART DART DART sat

DART DART DART sat
DART BOA

L x y
x y

E
l

l
l

p
r D

D

W
W = (4)

The first iteration k = 1 assumes that the reflectance of an urban elements ρn,d ,Δλ
k (xDART , yDART )

is constant across the entire DART scene. Its plausible value is provided by a reasonable first
guess, taken, for instance, from a recent airborne spectral data. Next step is to compute the
reflectance value ρn,d ,Δλ

k +1 (xDART , yDART ) of the urban surface elements, which we will be used by
DART in the follow‐up iteration k + 1. Objective of each iteration is to bring the DART
reflectance closer to the reflectance of a real satellite image. In a DART pixel d, mean irradi‐
ance of an element type n is given by:
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where θsat  is the zenith angle of the satellite viewing direction and σn,d (xDART ,  yDART , Ωsat) is
the cross section of the element of type n, which is viewed by the DART pixel d along the
satellite viewing direction Ωsat . It is also an output of the DART model. The ratio
∆xDART .∆ yDART .cosθsat

σn ,d (xDART ,  yDART , Ωsat )  had to be introduced because the radiance of any DART pixel is simulat‐

ed per effective square meter of the pixel area ∆xDART .∆yDART .cosθsat , while the radiance of the
element n is expressed per effective square meter of the area of the surface element itself
σn,d(xDART ,  yDART , Ωsat). Both radiances are equal, if only a single element is present in the
considered pixel.

Step 3. DART radiance L DART ,Δλ(Ωsat) and element L DART ,Δλ,n(Ωsat) images are resampled in
the satellite image spatial resolution (Δxsat , Δysat). If selecting an appropriate spatial resolu‐
tion of a DART simulation, one can make the assumption that each satellite pixel m is composed
of an integer number D 2 of DART pixels. Therefore, for any given satellite pixel m, where d is
the index of the DART pixels in m (d∈ 1  D 2 ) and n is the index of the element type (n∈ 1  N ),
one can define:

• Radiance as:
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• Radiance of scene element n as:
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• Irradiance of elements of type n as:
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(8)

and

• Cross section of element n viewed by pixel m as:
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For a first approximation, Eq. (8) can be written similarly as Eq. (5):
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In this expression, ρn,m
k (xsat ,  ysat) is the reflectance of the scene element of type n in the

satellite pixel m at iteration k, as computed in the last iteration or equal to the initial value
of k = 1. It assumes that the reflectance value of each DART pixel d corresponding to the
satellite pixel m is constant.

Step 4. Resampled DART radiance is compared with the satellite radiance of all considered
image pixels. If the difference between the two is acceptable, the procedure is terminated, and
the desired urban albedo is the one computed by DART in the iteration of its simulation.
Similarly to the direct calibration method, the albedo product is computed from all the spectral
albedos. However, if the difference between the two radiances is according to user require‐
ments too large, the computation enters in a next step.

Step 5. The actual calibration of DART for each cell of the mesh defined in step 1 is conduct‐
ed for all M 2 satellite pixels and in each cell u of the mesh. Since M 2 > N , the number of pixels
m analyzed in each cell u is larger than the number of different surface element types.
Therefore, a deconvolution could be applied to retrieve the optical properties of each surface
element present in the studied cell. Each cell u contains M 2 satellite pixels m, leading to a
system of M 2 equations verifying if the DART image and the satellite image are equal:

( ) ( ) 2
,Δ , , ,Δ ,1

  ,  , ,  , ,  1  .N
DART n m sat sat sat sat m sat sat satn
L x y L x y m Ml l=

é ùW = W " Îë ûå (11)

Obviously, the verification is negative if the two images differ. At iteration k, the DART
radiance values L DART ,Δλ,n,m(xsat ,  ysat , Ωsat) are computed with inaccurate approximated

optical properties ρn,u
k (xsat ,  ysat). If we define L DART ,Δλ,n,m

' (xsat ,  ysat , Ωsat) as the DART radiance

value computed from ρn,u
k +1(xsat ,  ysat), and if we accept the fact that radiance values are

proportional to reflectance values [Eq. (10)], then we can write:
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Consequently, we can rewrite the system of Eq. (11) to a system of M 2 equations, in which the
unknowns are the expected reflectance values ρn,u

k +1(xsat ,  ysat):

( )
( ) ( ) ( )
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, 2

,Δ , , ,Δ ,1
,
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 . ,  ,  ,  1  .
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N n u sat sat

DART n m sat sat sat m sat satkn
n u sat sat

x y
L x y L x y m M

x y l l

r
r

+

=
é ù= " Îë ûå (13)

Resolving this system for each cell u of the mesh leads to the new desired reflectance values
ρn,u

k +1(xsat ,  ysat), which is used in the follow‐up iteration starting in step 2. This system will find
no solutions, if one of the satellite pixels of the cell u contains N types of elements, but all other
pixels contain just a single unique element of the same type. In this case, the solution needs a
new adaptation of the mesh grid size.

The iterative method has been executed on the same case as the direct method, but so far we
retrieved the new optical properties after only a single iteration. We show in Figure 12 the
preliminary result assessing the operational functioning of the method. On the left, we see the
spectral Landsat‐8 image used for the calibration, for the 5th spectral band (864.6 nm). In the
center is the corresponding initial DART reflectance image, resampled to the satellite resolu‐
tion. On the bottom is the new DART reflectance image, with updated optical properties for
each element, on the new grid.

Figure 12. (Top left) Landsat‐8 image used for the calibration (NIR band). (Top right) DART image with initial optical
properties (NIR band), resampled in the satellite resolution. (Bottom) DART image with updated optical properties
(NIR band).
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After one iteration, the computed mean relative error between the DART image and the
Landsat‐8 image went from �rel =0.3519 to �rel ,new =0.0998. It improved by a factor of 3.5. A clear
advantage of this method compared to the direct one is the actual computation of new optical
properties, which we are able to use in the simulation of other satellite images, whereas the
direct calibration only works for a single image. A better accuracy is also expected after several
iterations.

3.2. Albedo derived from climatological data

Alternative methodology to derive urban albedo images has been adapted for a case when no
satellite data of the area of interest are available. DART images are, in this case, simulated with
optical properties of surface elements calibrated from the last available satellite image and with
available atmospheric illumination conditions of direct sun irradiance ES ,BOA,Δλ and diffuse
sky irradiance Eatm,Δλ. This information can be obtained from several sources including
ECMWF (www.ecmwf.int), Meteo France (www.meteofrance.com), and other in situ mete‐
orological sensor networks.

In this alternative approach, DART calculates the so‐called white sky and black sky albedos.

The white sky albedo ADART ,white sky , Δλ(xsat , ysat , ES ,BOA(ΩS )=0, L atm =
Eatm

π , tsat) is computed for
an irradiance coming solely from the atmosphere, that is, without any direct sunlight contri‐
bution. The black sky albedo ADART, white sky,  Δλ(xsat, ysat, ES, BOA(ΩS)=0, Latm=0, tsat) is computed for the
direct sunlight only. The desired final albedo product is then computed as a combination of
both components:
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The black sky albedo must be pre‐computed for a set of sun directions such that the black sky
albedo of an actual configuration (i.e., sun direction/date) can be derived by interpolation on
pre‐computed black sky albedos.

3.3. Computation of thermal exitance images

The calibration of the DART model in the thermal infrared domain, using satellite thermal
infrared images, follows the same kind of approach. Indeed, the method will rely on spatial‐
ly setting up systems of equations over groups of pixels in the satellite image, to solve for the
desired parameters. However, an additional difficulty comes from the fact that there are now 2
unknowns for each single measurement: the temperature T  and the emissivity � of the urban
surface elements. Furthermore, the treatment of satellite pixels from thermal imagery only give
information on the value of the product �× L (T ), where L (T ) is Planck's law for temperature
(T ). Hence, separating the variables by simply taking more pixels to create equations for the
system is not adequate. The adopted strategy is to consider 2 thermal infrared images that
correspond to 2 close spectral bands, with the assumption that emissivity is the same for these 2
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spectral bands. This approach leads to the determination of the thermodynamic temperature
and emissivity per surface element of type n. Then by considering the other spectral bands, if
the satellite image has more than 2 thermal infrared bands, it leads to the determination of the
emissivity of each type of surface element in those spectral bands. In the URBANFLUXES
project, we will work with satellite images that have several thermal infrared bands, as shown
in Table 2.

Thermal
band [nm]

Central
wavelength [nm]

Lower
wavelength [nm]

Upper
wavelength [nm]

Spatial
resolution [m]

1 10,895 10,600 11,190 100

2 12,005 11,500 12,510 100

Table 2. Landsat‐8 thermal infrared band specifications.

4. Conclusions and future perspectives

An innovative methodology using a 3D RT modeling and satellite reflectance data to derive
urban surface albedo images has been designed and implemented. The method was tested
using an atmospherically corrected Landsat‐8 multispectral image of the city of Basel.
Although the preliminary results are encouraging, the newly presented methods have to be
still properly validated. Different validation approaches are foreseen for testing their robust‐
ness:

• Application of the methodology on other satellite images acquired over the city of Basel.
Using images of other satellite platforms with a different spatial resolution within relative‐
ly short time intervals (e.g., Landsat‐8 images acquired earlier or later and/or images from
Sentinel‐2) will allow us to check how much the derived optical properties vary in time
(urban surfaces elements’ optical properties are expected not to vary significantly in time,
whereas optical properties of vegetation should be more variable).

• Application of the methodology over additional cities, in particular the cities of Heraklion
and London. These two other cities are indeed of scientific interest in the URBANFLUXES
project. This will allow us to test the robustness of the method for different climatic
conditions and urban structures, and to study the impact of those differences in terms of
method accuracy as well as technical constraints.

A comprehensive comparison of the direct and iterative method technical performances is also
required. It is especially important for future transformation of the methodology into a
standardized operational approach.

Another important development lies in finalization of the thermal infrared spectral domain
calibration. Combination of both calibrations in the visible and thermal part of the electro‐
magnetic spectrum would lead to a complete 3D radiative budget produced by DART at the
same time as the other RT products.
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To summarize, an original methodology for deriving urban surface albedo images from remote
sensing data without a need of in situ measurements was implemented, although ground
measurements could improve the final results. Both calibrations are computationally opera‐
tional, but the results for the iterative method are considered as preliminary, due to the limited
implementation of only a single iteration. Iterative method is expected to be more accurate
than for the simpler direct one. Nevertheless, the direct calibration might prove to be easier to
use and more robust in case of inaccurate urban datasets, which depends on spatial resolu‐
tion and geometric co‐registration of DART and satellite imagery. Finally, both methods rely
on the fact that DART is a reliable RT model simulating both satellite images and the radia‐
tive budget of cities with an acceptable accuracy. In a perspective of increasing remote sensing
data availability, arising from new satellite systems such as Sentinel‐2, these approaches are
expected to play an important role in future surveys of cities and their dynamic climate.
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