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Preface

There is a broad consensus regarding the definition of “sustainable development” 
globally, with no significant contentions. Sustainable development simultaneously 
pursues economic growth and fulfills present and future generations’ needs. This 
multifaceted endeavor entails the coordination of productive capacities, the equitable 
provision of essential social services, and the safeguarding of the natural environ-
ment. However, achieving a consensus on operationalizing sustainable development 
within specific regions and the necessary actions to be undertaken at the regional 
level presents a more complex challenge. Consequently, the notion of sustainable 
development in the global context is primarily theoretical, needing a well-established 
underlying methodology. A comprehensive set of indicators must accompany sustain-
able development to be practically meaningful. These indicators serve as valuable 
tools for establishing long-term targets and tracking progress. Although existing 
indicators may monitor shifts in sustainable development trajectory, more are needed 
to precisely identify the specific measures required to realize sustainable development 
at the regional level. Therefore, it is imperative to develop clearer indicators that local 
authorities can utilize to effectively monitor sustainability within their respective 
jurisdictions. Such indicators should be tailored to the specific mandate and context 
of the area in question.

Regional planning is a type of planning that engages the synthesized physical, political,  
cultural, and economic interests of a region. Sustainable regional planning calls for 
an integrated strategy that considers the interdependencies across many sectors, 
such as land use, transportation, housing, energy, and the management of natural 
resources. Integrating planning helps to enhance collaboration and cooperation 
among many stakeholders, which fosters the development of comprehensive solutions 
to complex regional concerns. Sustainable and regional development has come to the 
forefront as essential ideas in the later decades of the second century. This is a direct 
result of increasing awareness of the urgent need to solve various social and environ-
mental issues. These concepts have received significant momentum in the academic 
and policy debate, with academics and practitioners underlining their crucial role in 
determining humanity’s destiny. Although there may be a gap in time between the 
original birth of these notions and the subsequent refining of our understanding of 
them, the relevance of these ideas cannot be emphasized. For both the present genera-
tion and the generations to come, it is of the utmost significance to arrive at a precise 
definition of sustainable regional development and to put that concept into practice 
effectively. It is generally accepted that to progress toward a sustainable future, there 
must be an all-encompassing and well-coordinated effort worldwide. Several schools 
of thought support adopting an integrated and contemporary strategy, emphasiz-
ing environmental, social, and economic connectivity. A holistic viewpoint like this 
one acknowledges that sustainable development cannot be broken down into its 
parts; instead, it calls for complementary and concordant involvement across several 
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different locations and industries. Despite this, achieving sustainable development 
on a global scale will not be without its share of difficulties. Due to the many complex 
interdependencies at play, it is necessary to use targeted, practical solutions firmly 
rooted in scientific facts. Academics and industry professionals are making con-
certed efforts to investigate novel approaches and workable solutions that have the 
potential to bring about good change in specific fields, such as ecological agriculture 
and ecological tourism. These initiatives at the sectoral level serve as examples of the 
revolutionary potential inherent in a new paradigm of development that incorpo-
rates sustainability principles into the fundamental aspects of economic and social 
systems. In addition, it is becoming widely acknowledged that regional settings 
offer fertile ground for implementing sustainable development programs. Because 
regional structures often demonstrate better degrees of flexibility and a more robust 
openness to adopt practical solutions, these are frequently vitally essential catalysts 
for change. The European continent, with its many regions, offers a one-of-a-kind 
chance to make strides in the direction of regional and sustainable development. 
When seen in this light, the Scandinavian region is a beautiful location for cultivat-
ing sustainable practices. This is due to the region’s forward-thinking government, 
socio-environmental awareness, and well-established infrastructure. Europe, 
especially the Scandinavian area, has the potential to establish itself as a worldwide 
leader in sustainable practices if it adopts sustainable development on a regional 
scale and sees it through to completion. Not only can such a strategic approach boost 
competitiveness, but it also helps create resilience in the face of global concerns like 
climate change and the depletion of resources. The efforts at the regional level work 
as testbeds for new ideas, paving the way for the improvement of sustainable develop-
ment plans and discovering best practices that can be expanded upon and copied in 
other locations.

Sustainable and regional development are two fundamental ideas that have come 
to the fore in recent years due to their growing popularity. The accuracy with which 
they are defined, the efficiency with which they are implemented, and the degree 
of strategic integration at which they are included on a global and regional scale all 
bear enormous consequences for the future of humanity. Societies may pave the way 
toward a sustainable future by adopting a comprehensive and sector-level approach 
rooted in practicability and guided by empirical data. This will ensure the health and 
prosperity of the current and future generations. The fundamental tenets of sustain-
able regional planning concentrate on integrated planning and decision-making, 
social fairness and inclusion, environmental conservation and resource efficiency, 
and resiliency and adaptation. Interdependencies across different industries are 
considered during integrated planning, which works toward developing comprehen-
sive solutions to complex regional problems. The primary focuses of environmental 
conservation and resource efficiency are preserving natural resources, protecting 
ecosystems, and reducing waste output via sustainable methods. Social equity and 
inclusion guarantee that everyone in an area has equal access to resources,  services, 
and opportunities. The goal is to minimize inequalities and improve general well-
being. In conclusion, resilience and adaptation both acknowledge the need to enhance 
the region’s capacity to resist and recover from shocks and stressors, particularly 
climate change. This capacity includes the ability to endure and recover from natural 
disasters.

V

To achieve multidimensional economic growth that is in line with national imperatives, 
one must have a comprehensive awareness and grasp of the many components that 
contribute to the achievement of this goal. In this context, adopting a strategy that 
recognizes and elucidates the presumed role of human capital in preserving environ-
mental integrity becomes an absolute need, especially in notoriously cutthroat com-
petition settings. Sustainable regional planning is a multifaceted and strategic method 
that aims to integrate economic growth, social fairness, and environmental protection 
within a particular geographic area. This technique was developed by the Institute of 
Transportation and Development Policy (ITDP). It acknowledges the complex inter-
dependencies between several industries, including transportation, land use, energy, 
and the management of natural resources, and it seeks to strike a balance that will 
maintain the health and happiness of both the present generation and the generations 
to come. Sustainable regional planning aims to solve urgent environmental concerns 
while fostering economic expansion and social inclusion. This is accomplished by 
incorporating sustainability concepts into the procedures that comprise sustainable 
regional planning. The need for sustainable regional planning has become more 
evident as the globe confronts tremendous difficulties in recent years, such as climate 
change, resource depletion, urbanization, and socioeconomic inequities. Traditional 
development methods often prioritize short-term benefits over long-term sustain-
ability, which may negatively affect society and the natural environment. However, 
sustainable regional planning provides an innovative alternative by emphasizing 
integrating environmental issues, social equality, and economic viability. This kind of 
planning is said to be transformational. The inclusion of sustainable regional develop-
ment within the planning framework is a fundamental imperative in the pursuit of 
long-term socioeconomic and environmental objectives. This necessitates striking 
a delicate equilibrium between fostering economic growth and safeguarding the 
integrity of the natural environment. A comprehensive approach is deemed essential, 
wherein the interdependencies among diverse regional sectors and stakeholders are 
duly considered and harmonized.

The present book provides a comprehensive overview of sustainable regional planning, 
encompassing its foundational principles and the challenges and prospects associ-
ated with its practical implementation. Moreover, it delves into the integration of 
sustainability concepts within regional planning processes while elucidating the roles 
played by various actors in advancing sustainable development at the regional scale. 
Within the context of sustainability, this book explains urban and regional planning 
principles and practices. Its publication signifies an emerging recognition within 
planning and environmental studies that the construction of cities, where most of the 
global population currently resides, must embody sustainability. This acknowledg-
ment is underscored by the significant urbanization trend witnessed worldwide. The 
work interweaves the concepts of planning, development, and environmental conser-
vation, offering a comprehensive perspective. Students and planning practitioners are 
equipped with a framework that effectively bridges the gap between environmental 
considerations and economic aspirations. This book exemplifies sustainable urban 
planning practices in the outskirts of urban areas, encompassing diverse scales and 
various planning modalities. Its central objective is to advance the progress of regional 
planning through a sustainability-focused strategy. The proposed approach embraces 
a participatory framework, drawing inspiration from and driven by social, cultural, 
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perceptual, sustainability, and economic considerations. Consequently, the plan 
addresses the conflict between preserving peri-urban areas’ inherent natural and 
cultural attributes and the pressing imperative to allocate land for public utilization. 
This strategic approach is manifested in the book’s organizational structure, which is 
comprised of three distinct sections: “Principles of Sustainable Urban and Regional 
Planning”, “Case Studies”, and “Challenges and Future Directions”.

Amjad Almusaed
Department of Construction Engineering and Lighting Science,

Jönköping University,
Jönköping, Sweden

Asaad Almssad
Faculty of Health, Natural Sciences, and Technology,

Department of Engineering and Chemical Sciences Construction Technology,
Karlstad University,

Karlstad, Sweden
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Chapter 1

Introductory Chapter: Sustainable 
Development and Regional 
Planning Strategies
Amjad Almusaed and Asaad Almssad

1. Introduction

1.1 Sustainable development challenges

Regional planning entails formulating and enforcing strategies for a region’s 
economic and social growth; it is typically a subset of a larger national plan. As a 
type of official engagement in the economy, regional planning aims to reduce glaring 
inequalities and social tensions in certain areas (depression, stagnation of certain 
regions, excessive concentration of production and population in other areas, regional 
unemployment, etc.) [1]. In most parts of the world, strategic regional planning is 
seen as a novel approach to enhance the effectiveness of public administration of 
regional development. Within these shifts, strategic planning became increasingly 
important, primarily due to the expansion of the environmental complex and the 
planning for sustainable growth, but also because of the requirement for increased 
safety in both markets and states [2]. The exhaustion of the previous state policy of 
regional development of the country, which was based on the ideas of reducing differ-
ences and equalizing the levels of social and economic development of the regions, is 
the critical factor that determines the need to improve and increase the efficiency of 
public administration in this area. This factor enhances and increases public adminis-
tration’s efficiency in this area. The notions of sustainable development and regional 
planning are relatively recent, having emerged in the latter decades of the second 
millennium. There is consensus that a holistic and integrated approach to economic, 
social, and environmental processes is necessary for sustainable development, which 
is why the World Commission on Environment and Development established the 
idea. Sustainable development emerged from the United Nations Organization on the 
Human Environment’s 1972 Stockholm Conference. Through science diplomacy, this 
endeavor examines Sweden’s participation in the UN in 1967 and 1968, culminating 
in the landmark UN Conference on the Human Environment in 1972 [3]. In the 60s 
of the previous centuries, certain industrialized nations of the EU, the USA, Canada, 
Japan, and other countries began successfully implementing a technique known as 
regional development [4]. This policy came into existence not because of the imposi-
tion of funds, as is currently the case in the case of EU candidate states, but rather 
because, throughout history, the regions have evolved and developed in different 
ways and at different rates; this is why we are currently witnessing a very hetero-
geneous landscape in terms of their respective levels of development [5, 6]. Once 
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counties select the most viable and sustainable economic growth pattern, as indicated 
in Figure 1, regional planning plans offer the framework around which policies and 
choices should be made.

The issue of utilizing strategic planning to achieve environmentally responsible 
growth in the region is considered. It has been demonstrated that the outcome of 
any program intended to ensure socioeconomic security ought to be predicated on 
the overarching principle of making the transition to sustainable development; 
conversely, restructuring the economy necessitates enhancing the function of state 
regulation of the method of achieving sustainable socioeconomic development as 
a system of strategic planning. European policymakers have prioritized sustain-
ability since the 1992 United Nations Conference on Environment and Development 
in Rio de Janeiro, where Agenda 21 was ratified [7]. In September 2015, during the 
Paris Climate Summit, the 193 member nations of the United Nations accepted the 
new 2030 Agenda, which includes the Sustainable Development Goals (SDGs). 
Despite this, international cooperation is still needed 5 years forward to fulfill all 
these promises. New European regulations aim to facilitate this transition from a 
linear to a circular economic model, and local public and private actors are urged to 
strive toward these ends. In recent years, the European Union has used the SDGs as 
part of its Cohesion Policy, which aims to achieve economic, social, and territorial 
 development by  reducing regional disparities.

1.2 Regional planning in the context of sustainability

The regional planning and sustainable development plan, also known as the 
regional planning and development plan (SRADDT), was formerly known as the 
regional planning and development plan (SRADT) [8]. This document details the fun-
damental and medium-term guidelines of the sustainable development of a restricted 
territory as well as its development principles. It is an instructive illustration of the 
local implementation of sustainable development ideas as they have been developed 
since the 1980s, most notably by the Brundtland report. European policymakers have 
prioritized sustainability since the 1992 United Nations Conference on Environment 
and Development in Rio de Janeiro, where Agenda 21 was ratified. In September 2015, 
during the Paris Climate Summit, the 193 member nations of the United Nations 
accepted the new 2030 Agenda, which includes the Sustainable Development Goals 
(SDGs) [9]. Despite this, 5 years forward, international cooperation is still needed to 
fulfill all these promises. New European regulations aim to facilitate this transition 
from a linear to a circular economic model, and local public and private actors are 

Figure 1. 
The bases of strategic regional planning in the modern city.
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urged to strive toward these ends. In recent years, the European Union has used the 
SDGs as part of its Cohesion Policy, which aims to achieve economic, social, and ter-
ritorial development by reducing regional disparities [8]. Despite taking place against 
the backdrop of a disagreement between the North, the affluent countries, and the 
South, the Third Globe countries, this was the first time the governments of the world 
had examined the pollution problems.

When developing areas’ socioeconomic development strategies, current method-
ologies for producing successful decisions based on strategic planning are utilized to 
facilitate this process, the information foundation upon which strategic planning is 
based indicates socioeconomic growth that may be sustained over time. The current 
climate demands a greater emphasis on sustainable development analysis than ever 
before. This is due to the increased influence of external and internal variables that 
contribute to economic instability in the area. Because the quality of the analysis 
of the sustainable development of regions (considering the factors of the external 
and internal environment and their assessment) determines the adequacy of the 
strategic priorities formed during planning, the problem discussed in the article is 
relevant [10, 11]. The future of humanity depends on progress, and the precision of 
the definition and the pace with which these concepts are practically implemented 
are crucial for our generations, even if there is a lag of many decades between their 
inception and deepening. Many people think a worldwide effort must be made to 
achieve sustainable development. However, targeted, more realistic methods with 
higher success rates are required due to the challenges involved. Consequently, 
current practices regarding the largely positive evolution of fields like ecological 
agriculture, ecological tourism, demonstrate the viability of a new type of approach 
at the sectoral level, which can and even must, in our opinion, become a natural 
perspective on development in the world [12]. The following figure illustrates the 
connection between the selected fields: Natural resources, discussed in the other 
guides, are “incorporated” into strategic planning via its territorial administrative 
component, which is another way of saying that planning for sustainable develop-
ment “incorporates” natural resources. The sustainable utilization of these resources 
necessitates planning a sectoral strategy (Figure 2).

Figure 2. 
The planning interaction and components.
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1.3 Regional spatial planning

Adapting to a new, today’s regional spatial planning is a waste of time. Given 
that the area’s topography is the most significant resource in the region, we need 
to determine why we should nurture them and how we should do so. In addition, 
the utilization of a variety of conceptual frameworks helps to bolster an ecologi-
cal perspective and foster the development of anticipated results, most notably 
ecosystem services and GI. Co-creation of new solutions for public and private 
green spaces is encouraged via the development of relevant competencies and the 
use of collaborative working methodologies. However, institutional circumstances 
such as legal frameworks and landownership may affect the planning process and 
make it more difficult to improve social and ecological aspects. These institutional 
conditions impact the planning process [13]. The phenomena responsible for land 
degradation discussed in the literature on strategic spatial planning are the primary 
focus of this study. A secondary emphasis is placed on the processes that describe 
the function of strategic spatial planning in preventing land degradation [14]. 
Spatial planning has always been a source of contention. It is considered useless, 
causing chaos and ruin to the landscape, bureaucratic, reliant on painfully slow 
procedures, even fostering corruption, and so on. It should be noted, however, that 
nearly all complaints and repair activities involve so-called—local planning, that is, 
at the commune level [15, 16]. Neither theory nor practice successfully integrated 
regional and local planning. There was no political will to address the issue.

2. The interaction of regional sustainability planning

The importance of maintaining conditions that are conducive to long-term life 
is something that must be considered. Unfortunately, the present trend is to imple-
ment regulations that prioritize economic benefits over environmental ones, social 
advantages over environmental ones, or ecological benefits over economic ones [17]. 
These tendencies are counterproductive, and it will be necessary for societies to find 
a middle ground in their future growth that considers the interconnectedness of 
economic, social, and environmental progress. From this vantage point, the previous 
several decades have been “helpful” in defining new conceptions of global evolution 
that give rise to optimism for society’s sustainable growth and progress. The core of 
the new is currently found in ideas such as sustainable development and regional 
development. Most nations’ rural and urban areas are transforming, necessitating 
institutional responses from the relevant authorities. Many governments worldwide 
have adopted a regional approach to planning, which has aided in reducing spatial 
inequities in social, physical, and economic development [18]. Plans at the regional 
level attempt to address issues on a national scale by considering economic, environ-
mental, and spatial objectives. One of the keys to making the necessary shift is doing 
an integrated critical analysis and developing meaningful links. The political-admin-
istrative control structures hardly correlate with the functional interrelationships and 
requirements of densely inhabited regions, making metropolitan regions challenging 
for politics, planning, and land-use management. The divergence of administrative 
borders of areas and their subspaces from their practical settings is one of the pri-
mary obstacles [19]. Regional planning focuses on the area’s regional policy instead 
of municipal planning, where land use plans are already developed. Local, regional, 
and national objectives and criteria are established. When urbanization begins to 
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have a widespread impact, regional plans become obligatory to prevent the waste and 
underutilization of resources that may otherwise follow from such an occurrence.

Numerous institutions and academics have come to various conclusions about 
what constitutes effective urban planning and development from the point of view of 
environmentally responsible regional planning. They have put out several city con-
cepts over time, including garden, ecological, green, and livable cities. Consequently, 
the growth process incorporates variable degrees of theory and practice [20]. The 
World Health Organization (WHO, 1992) argued that sustainable urban develop-
ment should be based on limiting resource usage and that the urban economy should 
grow in a productive, stable, and creative manner. This proposition was made from a 
theoretical point of view. Oren Yiftachel and David Hedgcock (1993) proposed that 
sustainable regional planning should aim for a city that has significantly advanced 
human interaction, information dissemination, and culture in terms of society. This 
society is characterized by vitality, stability, and fairness and is free of crime [21]. 
According to Nijkamp (1994), cities should give full play to their potential, pursue a 
certain amount of high-quality economic, social, population, and technical output, 
maintain their stability, and consolidate their status and role in the urban system for a 
long time. These goals should be accomplished while maintaining their strength [22].

3.  Sustainability of urban and regional planning challenges and 
opportunities

3.1 15-minute city (FMC)

Many academics, urban and regional planners, and policymakers support the 
benefits of adopting the 15-Minute City (FMC) in major cities worldwide. However, 
despite the attention generated by the concept and various forms of chrono-urban-
ism, only a few studies have examined cities from the FMC perspective. This is even 
though the idea has generated considerable interest. The 15-minute city (FMC) model 
is a relatively new method of thinking about urban planning and policy-oriented on 
the city’s human size and experience. It is used for urban development and planning. 
The central idea behind it is that cities ought to be planned so that residents can fulfill 
all of their day-to-day requirements work, home, food, health, education, culture, 
sports, and leisure—within a 15-minute walk or cycling distance from where they live 
[23]. This is the central idea behind it. To this end, it gives prominence to the neigh-
borhood as the essential element of spatial and functional organization. It argues that 
cities should be organized into areas within which any need should be satisfied within 
a 15-minute walk or bike ride away. This is accomplished by giving prominence to the 
neighborhood as the essential spatial and functional organization element. The urban 
ambiguous planning strategy also hurts the attainment of the 15-Minute City (FMC), 
a crucial community unit that applies planning and design principles to ensure 
the safety, sustainability, resilience, and inclusiveness required by the objective of 
Sustainable Cities and Communities [24].

3.2 Affordable social equity-promoting activities

The environmental, economic, and social concerns reintroduced in the European 
Union Agendas are again the subject of intense debate. Social housing (SH) policies 
and initiatives are crucial to urban revitalization [25]. These interventions blend 
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architectural, urban, and environmental excellence with sustainability requirements 
[26]. Affordable housing, community development, and easy access to services and 
facilities are just a few examples of the kind of social equity-promoting activities that 
are common in sustainable regional planning. This is crucial because it ensures that 
people of all socioeconomic backgrounds can participate and reap the benefits of the 
region’s progress [27, 28].

3.3 Intelligence in urban and regional planning

Today, research needs to concentrate on urban growth management as a strategy 
for creating sustainable communities. This will allow for the creation of new commu-
nities that provide higher living standards while also addressing the challenges that 
exist within the existing urban mass [29]. This can be accomplished by developing 
new policies limiting and controlling urban growth. Intelligent urbanism is a concept 
in urban space planning that seeks solutions to various challenges associated with 
urban development. It is founded on 10 principles, which are as follows: compat-
ibility with nature, harmony with tradition, appropriate technology, friendliness, the 
efficiency of infrastructure, human scale, opportunity system, regional integration, 
balanced movement, and institutional integrity [30].

3.4 Land-use challenges

The process of increasing the amount of land that is used in urban areas is com-
monly referred to as urbanization. The conventional definition of urbanization 
considers “land-use change,” which refers to the transition from dispersed “exploi-
tation” of a resource to more concentrated land-use practices. Utilizing land-use 
planning as a compass to direct growth is essential to sustainable regional planning. 
Creating a vision for the region, determining which regions should experience growth 
and which should be preserved, and then formulating laws and regulations to direct 
development in those areas are all part of this process. Plans for land use may, for 
instance, identify specific areas as ideal for commercial or industrial development 
while conserving other locations for agricultural or natural usage. Programs may also 
designate certain areas as suitable for both types of development. This strategy can 
assist in guaranteeing that growth is concentrated in areas of the region where it will 
have the least negative influence on the surrounding environment and where it will 
have the most potential to benefit both the local economy and the people who live 
there.

3.5 Transportation and mobility in sustainable regional planning

The infrastructure of transportation has a significant influence on the process of 
sustainable development: to determine various consequences caused by transporta-
tion infrastructure and to illustrate developing patterns and difficulties [31]. For 
many decades, transportation has been an essential link between many facets of 
life around the globe. In most cases, the state of the natural environment, society’s 
welfare, and the economy’s advancement rely upon the state of the world’s transporta-
tion networks. Therefore, transport systems that are generally safe, clean, sustainable, 
and egalitarian are beneficial to the economic development of countries, particularly 
in cities and other metropolitan centers. Nevertheless, a significant body of research 
demonstrates that the transportation systems used in most cities and urban regions 
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must be more sustainable. Moreover, there are a few of these transportation systems 
that are seen to pose a risk to the environmental, social, and economic elements of 
future generations. According to this point of view, it is necessary to involve vari-
ous regional, national, and worldwide stakeholders to change such transportation 
patterns [32]. Encouraging environmentally responsible modes of transportation is 
another essential component of environmentally responsible regional planning. This 
may involve the development of public transit networks, the creation of bicycle lanes 
and pedestrian walkways, and using traffic-calming measures to alleviate conges-
tion and enhance air quality. These programs can lessen reliance on fossil fuels, cut 
down on levels of air pollution, and encourage citizens to lead more physically active 
and health-conscious lives. Consequently, mobility refers to a person’s capacity to 
move about on their own or with the assistance of vehicles. The mode and means of 
transportation that someone chooses are determined, in part, by his requirements or 
preferences and physical and financial capabilities. Mobility as a service is a relatively 
new revolutionary transportation idea projected to bring about substantial shifts in 
how transportation is now practiced. However, there is a need for greater clarity sur-
rounding the notion; it is still being defined what the essential qualities of mobility as 
a service are and how they may be addressed at this time [33]. Unquestionably, having 
a car opens up new doors of possibility for the individual driving it. Despite this, 
the continually expanding number of vehicles causes the road network to become 
overloaded, damages its state, endangers the lives of people and the environment, 
and leads to a rise in noise and harmful emissions. In addition, the stress it produces 
in society and the time it wastes make the work of urban emergency response agen-
cies more difficult (ambulance, fire, emergency, and other units). Experts from all 
over the world agree that the personal automobile era is drawing to a close. Yet, the 
creation of a new generation of mobility is one of the most challenging issues of our 
time. The emergence of the new term “sustainable mobility” is inextricably linked 
with sustainable development, which connotes social progress, economic growth, 
environmental conservation, and concern for future generations. The term “sustain-
able development” was coined by the United Nations in 1987. About 30 years ago, 
urbanists in Western Europe first proposed the concept of environmentally respon-
sible transportation. At this time, it was institutionalized at the legislative level and 
became a vital component of the state policy of many nations around the globe. The 
potential for equality of opportunity and the constitutional guarantee that every 
individual has the freedom to travel freely are at the heart of sustainable mobility. The 
2030 Agenda for Sustainable Development (Agenda 2030) was approved in 2015 at 
the UN World Summit with the involvement of 193 nations, including the Republic 
of Belarus. This document specified 17 sustainable development goals (SDGs), which 
became humanity’s primary guidelines [34].

3.6 Harmony with the natural environment

Humanity’s destruction of the natural world has reached a tipping point, and 
now every living thing on Earth must begin training its consciousness toward a more 
sustainable way of existence. To live sustainably means to provide for the needs of 
the present without jeopardizing the ability of future generations to do the same. 
Unfortunately, only a few of our actions have been centered on how those objectives 
may be met, with no thought given to the consequences to the natural world. The 
government should begin with urban and regional planning. Still, the environmental 
catastrophe we have produced compels us to reassess our strategy for growth [35]. 
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Forests encompass almost one-third of the Earth’s land surface, play an essential part 
in the global carbon cycle, and are home to much of the world’s terrestrial biodiver-
sity. Forests also provide various other ecosystem services, such as nutrient cycling 
and soil formation, provisioning services such as food, timber, and medicinal plants, 
and regulating services such as erosion control, flood mitigation, water and air 
purification, pollination, and pest and disease control [36, 37]. Sustainable regional 
planning frequently includes policies for protecting natural resources, including wet-
land and forest ecosystems and the habitats of various animal species. These solutions 
may involve the establishment of conservation easements, protected areas, and other 
safeguards to shield these resources from the effects of development and different 
types of deterioration [38]. To achieve harmony with nature and environmental 
sustainability, it is necessary to reduce the negative impact of action on the local 
ecosystem, boost energy efficiency, and reduce the use of finite resources. However, 
researchers, politicians, residents, and others all find managing materials waste dif-
ficult to solve [39, 40]. In addition, it draws attention to the distinction between the 
usage of resources and the exploitation of such resources.

3.7 Maintain an equilibrium with the past

The foundations of this approach are the protection of historical monuments 
and careful attention to the distinctive cultural and social iconography of the areas, 
including its signs and symbols. Before establishing the legal framework for protect-
ing historical monuments, and religious and cultural heritage, it is essential to define 
the extent of this protection by identifying the same parts of this legacy. The range of 
possible elements—both tangible and intangible—that the notion of architectural, 
religious, and cultural heritage might encompass is rather extensive; this may include 
complexes of buildings, sites of archeological or historical significance, ancient works 
of art, ethnographic itemizes, and so on [41]. It is necessary to plan and build to pre-
serve the cultural heritage and the historical urban fabric by the established building 
techniques and style, pursuing goals to link the old and the new cultural values. This 
can be accomplished by planning and building by the established building techniques 
and style [42]. As a result of the fact that the architectural environment of a city 
is a subject information carrier that is created by architects and transmitted to the 
consumer by a one-of-a-kind system of signs of urban architecture, the preservation 
of the historic environment is a conscious measure that arises from the principle of 
cultural and historical continuity.

3.8 Appropriate technology implementation

The most significant challenge to sustainable development is how to sustainably 
and fairly feed the world’s growing population. Projects to encourage the dissemina-
tion of technology and information among communities to support sustainable 
development have been initiated by the United Nations Educational, Scientific, and 
Cultural Organization (UNESCO), along with other government initiatives and 
NGOs [43]. A global problem, especially in developing nations lacking recycling 
availability and waste management infrastructure, is combating the environmental 
disaster generated by improper waste management. This crisis has been caused by 
improper disposal of trash. Slow pyrolysis, which converts municipal garbage into 
fuel used in cooking, is one strategy that communities might implement to address 
this situation [44]. Appropriate technology uses locally available materials and energy 
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resources whose tools and processes are maintained and operationally controlled 
by the local population. Additionally, the right technology must be compatible with 
local, cultural, and economic conditions (i.e., the economy’s human, material, and 
cultural resources). Therefore, technology is considered “appropriate” only if it is 
consistent with the preexisting norms and institutions of the community in which 
it is implemented. This is the only criterion that determines whether technology 
is suitable. The essential concept of the “right technology” is employing building 
materials, construction techniques, and project management suited to the location’s 
requirements. Establishing a strong connection between the available resources and 
the many technologies that can solve environmental problems is vital. Every ecologi-
cal crisis has the potential to be solved by a diverse range of technologies [45].

A modern city’s infrastructure includes the fundamental information technolo-
gies, organizational structures, and associated services and facilities required for 
a business or industry to operate in a smart city. Implementing new technological 
tools within a modern city’s infrastructure is known as “smart city infrastructure.” A 
particular urban infrastructure can be connected to the infrastructures of other cities 
and nations, creating what may be referred to as regional, national, or even global 
infrastructures in the process [46]. In the business world, one may refer to industrial 
or corporate digital infrastructures [47, 48].

3.9 Friendliness and space attractiveness

The realm of place creation that encompasses urban planning and design defines 
the term “attractiveness” by the issues they face [49]. The difficulties faced by 
society, the possibilities presented by the community, and the experiences gained 
through daily life all contribute to the conception of beauty held by the local popu-
lace. The production of beauty is influenced in part by day-to-day experiences and in 
part by the assimilation of the knowledge regarding the location and the community 
through the consumption of media reporting and government papers about urban 
planning. The cityscape needs to be designed in such a way that it encourages people 
to communicate with one another and strikes up conversations with their neighbors. 
This is something that can be accomplished using urban design and public areas. 
The advocates of intelligent urbanism assert that a dynamic, interactive society 
that enables its members to connect and meet may be crafted with the assistance of 
design and can be realized via its implementation [50]. The use of the concept neces-
sitates the production of the following categories of space.

4. Socioeconomic and managerial interaction in regional planning

Planning for sustainable regional development typically also involves activities to 
encourage the growth of sustainable economies [51]. This might entail fostering the 
expansion of industries reliant on renewable energy sources, advancing environmen-
tally friendly technology, and promoting sustainable tourism. In addition, sustainable 
regional planning typically involves the promotion of sustainable agriculture. This 
may include the preservation of farmland as well as the encouragement of organic 
and sustainable agricultural techniques. The ability of regional and local authorities to 
implement the goals in their respective contexts is critical to the success of Sustainable 
Development Goals (SDGs), which must be incorporated into action plans and plan-
ning tools [52]. This will require involvement, collaboration, and development work 
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across sectors and authority levels, as well as the development of guidelines for how 
this can be accomplished. Coordinating efforts between various fields and industries 
is essential for environmentally responsible regional planning. This indicates that 
the planning efforts should involve a wide variety of stakeholders, including officials 
from the government, representatives from the private sector, members of the com-
munity, and specialists in transportation, housing, environmental protection, and 
economic development. Sustainable regional planning can guarantee that all voices 
are heard and that choices are made with a wide range of issues in mind by bringing 
together a variety of viewpoints and putting them into dialog with one another [53]. 
There is a pressing need to solve the challenge of transitioning to sustainable eco-
nomic growth so that developing nations can catch up to and master the VI technol-
ogy mode. Developing natural resources, maintaining ecological balance, improving 
the economy’s territorial structure, and guaranteeing population employment are 
all a key to effective regional economic strategy. In addition, new, effective methods 
of influencing the economy are essential if regions are to realize their potential for 
modern socioeconomic development. This is especially true of program-targeted 
forecasting, which enables expert-level solutions to the strategic problems facing 
specific regions’ development within a unified state policy on the area.

• Challenges in a rural district

The ecological, demographic, economic, historical, and cultural potential of the 
world’s rural regions is enormous. Rural areas make up the majority of the world’s 
landmass. Their state is a significant factor in determining the dynamic growth of the 
country’s economy and enhancing the standard of living for people worldwide [54]. 
There, for many decades, the primary method of developing rural areas, regardless of 
their agricultural potential, was reduced to a narrow-sectoral agrarian approach. This 
approach was distinguished by maintaining the “functional purity” of the country-
side and preventing the development of other industries other than agriculture.

5. Conclusion

A complete method of developing and managing a region’s physical, economic, 
and social growth is known as sustainable regional planning. Sustainable regional 
planning may assist in building dynamic, livable, and resilient communities for cur-
rent and future generations by balancing economic growth and development with the 
conservation of natural resources, the promotion of social fairness, and mitigating 
adverse environmental consequences. The world as we know it right now is at a defin-
ing moment, one at which we must look ahead to the future and identify those invest-
ments that may provide people with a better living and a better lot while also being 
suited to the new situation caused by the epidemic, in a world where Sustainable 
Regional Development must meet the difficulties of the twenty-first century, from 
post-pandemic recovery to the digital and green transition. One thing we can learn 
from this crisis is the extent to which the international community stands behind and 
helps to develop certain areas, as well as the businesses and industries located therein. 
So that the site maintains its vitality in terms of economy, jobs, public transit, health 
infrastructure, and education, public authorities must carefully plan and prioritize 
future investments. In the years ahead, novel initiatives that promote a carbon-
neutral economy and prioritize the needs of residents will be the primary engines 
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of regional growth. However, future investments cannot be put to good use unless 
local public bodies strengthen their administrative competence and engage regional 
and local actors and residents in a genuinely democratic partnership. Encouraging 
resilient community development is a crucial component of environmentally respon-
sible regional planning. This includes planning and developing communities that can 
resist and recover from crises, including economic downturns, natural catastrophes, 
and other disruptions. For example, this might involve supporting economic diver-
sification to decrease the impact of economic downturns, developing buildings and 
infrastructure to be more robust to harsh weather, and providing green spaces that 
can function as natural buffers against floods.

It is essential to be aware that sustainable regional planning is an ongoing process 
that has to be routinely examined and modified to take into account changes in the 
region, such as increases in population, shifts in land use, and the introduction of 
new technologies. Setting up monitoring and evaluation mechanisms and including 
stakeholders in the planning process are viable options for accomplishing this goal. 
A complete and holistic strategy for planning and managing a region’s physical, 
economic, and social growth is what we mean when discussing sustainable regional 
planning. It seeks to strike a balance between economic expansion and development 
on the one hand and the preservation of natural resources, the advancement of social 
fairness, and the mitigation of adverse effects on the environment on the other hand. 
It is a continuous process that should be frequently examined and updated. It involves 
the integration of many sectors and disciplines, the use of data and technology, the 
promotion of resilient communities, and sustainable economic growth.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Sustainable Land Development: 
Biodiversity, Natural Disasters,  
and Topographic Gradient
Kazutoshi Fujihira

Abstract

Inappropriate land development has been causing various problems, such as 
environmental destruction, biodiversity loss, climate change, and increased natural 
disaster risks. Aiming to avoid such issues and achieve sustainable land development, 
this study shows a method of dividing a region or municipality into development-
restrictive areas and allowable areas. First, it presents three significant land attributes 
related to judging the appropriateness of development: (1) biodiversity, (2) natural 
disaster risk, and (3) topographic gradient. Then, regarding these land attributes, the 
following three sections illustrate ways to define problematic areas for development. 
Section 3 examines how to delineate sites contributing more to biodiversity, consider-
ing both significant areas for biodiversity and conservation practices. The fourth 
section outlines ways to avoid high-risk areas from predicted climatic and tectonic 
hazards, aiming to reduce natural disaster risks. Section 5 examines topographic gra-
dient standards for determining steep-sloping areas. Finally, this study demonstrates 
how to integrate these three kinds of spatial data in the Geographic Information 
System (GIS) and delineate development-restrictive areas.

Keywords: biodiversity, natural disaster risk, topographic gradient,  
development-restrictive area, GIS

1. Introduction

Inappropriate land development, such as uncontrolled exploitation and urban 
sprawl, has been causing various problems worldwide. Such issues generally include 
deforestation, environmental destruction, biodiversity loss, climate change, and 
increased natural disaster risks.

For example, recently in Japan, a large number of problems occurred due to 
hasty land development. After 2012, the new policy for expanding renewable energy 
utilization accelerated the construction of photovoltaic power plants nationwide 
[1]. Following this rapid expansion, many troubles occurred in most prefectures 
of the country [1, 2], as exemplified in Figure 1. In addition, the number of prob-
lematic cases reported by the media reached 159 as of August 2021 [2]. According 
to Japan’s Ministry of the Environment, major issues with such solar power plants 
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were as follows: (1) erosion and its impact on water quality, (2) landslides, (3) 
harmful impacts on animals, plants, and ecosystems, and (4) scenic destruction 
[1]. Meanwhile, the problematic cases mostly occurred in newly deforested areas or 
 sloping sites [1].

As the above example suggests, developing problematic areas for development 
leads to cause issues. Therefore, in order to avoid such issues and pursue sustainable 
land development, it is beneficial to define development-restrictive areas in advance.

Focusing on this point, this study illustrates how to divide a region or municipality 
into development-restrictive areas and allowable areas. First, the next section shows 
three main land attributes related to judging the appropriateness of development: (1) 
biodiversity, (2) natural disaster risk, and (3) topographic gradient. After that, con-
cerning these three land attributes, Sections 3, 4, and 5, respectively, illustrate ways 
to define problematic areas for development. Lastly, Section 6 demonstrates how 
to integrate these three sorts of cartographic information in the GIS and  delineate 
development-restrictive areas.

2. Strategy for sustainable land development

2.1 Sustainable urban design guidelines

We are producing sustainable urban design guidelines, based on the system 
control approach. As the United Nations “Sustainable Development Goals” implies, 
achieving sustainability is a goal-oriented challenge. The science of system control 
can be applied to all goal-oriented tasks [3, 4]. Moreover, that science has produced 
remarkable results in many fields, in particular engineering. Therefore, by applying 
system control, we have been progressing in research on sustainable design [3, 4].

The main process of producing sustainable urban design guidelines is shown in 
Figure 2. The production process starts with identifying environmental, social, and 
economic problems related to cities. Next, based on the specified problems, require-
ments for the sustainable urban design are also identified. After that, the require-
ments are converted into design guidelines, so that users can efficiently conduct 
spatial planning and urban design on local maps [4]. The sustainable urban design 
guidelines consist of three steps: (1) development-restrictive/allowable areas, (2) 

Figure 1. 
Examples of solar power plants constructed in deforested or steep-sloping areas in Japan.
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spatial relationships among city components, and (3) principles of designing city 
components [4].

This study focuses on the first step of sustainable urban design guidelines. The 
first part is intended to solve or prevent problems related to land development and 
meet requirements for sustainable land development. Examples of such issues have 
been illustrated in the introduction. Meanwhile, the requirements for sustainable land 
development include nature and biodiversity conservation, environmental protec-
tion, avoiding natural disaster danger areas, and consideration for the landscape.

2.2 Main land attributes related to judging development

In order to define development-restrictive and allowable areas, this study exam-
ines the relationship between land attributes and development. As demonstrated on 
the left side of Figure 3, there are three significant land attributes related to judging 
the appropriateness of development: (1) biodiversity, (2) natural disaster risk, and 
(3) topographic gradient [4].

2.2.1 Biodiversity

“Biodiversity” is a key area when seeking nature conservation and environmental 
preservation [5]. Efforts to conserve biodiversity also help meet global goals for 
greenhouse gas emissions to mitigate climate change. Moreover, such biodiversity and 
nature-based solutions help protect us from climate change impacts, securing ecosys-
tem services [5–7].

2.2.2 Natural disaster risk

“Natural disaster risk” is connected with one of the requirements, “avoiding 
natural disaster danger areas.” Geomorphologically, the Earth’s surface is shaped 
by tectonics and climate [8]. As this simple statement implies, natural disasters can 

Figure 2. 
The main process of producing sustainable urban design guidelines and the aim of the first step.
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be divided into two categories: “tectonic” and “climatic” [9, 10]. Tectonic disasters 
include catastrophes caused by earthquakes and volcanic eruptions. Meanwhile, 
examples of climatic disasters are serious damage resulting from floods and droughts.

2.2.3 Topographic gradient

“Topographic gradient” is mainly associated with two requirements for sustain-
able design, “environmental protection” and “accessible and universal design” [4]. 
Vegetation removal on steep-sloping sites often triggers significant environmental 
issues, such as soil erosion, landslides, increased downstream runoff, and flooding 
[11–13]. Meanwhile, as slopes become steeper, the provision of infrastructure and 
accessible design becomes more difficult and expensive [12]. Furthermore, “topo-
graphic gradient” is also associated with another requirement, “consideration for 
the landscape,” because developing steep-sloping areas frequently leads to serious 
disfiguration of the scenic landscape [11, 12].

2.3 Development-restrictive and allowable areas

This study shows a method of dividing a region or municipality into development-
restrictive and allowable areas, based on the strategy demonstrated in Figure 3. 
“Development-restrictive areas” means sites where land development, including 
vegetation removal and construction, should be prohibited. Development-restrictive 
areas are the unions, or amalgamations, of the following sites: (1) areas contributing 
more to biodiversity, (2) high-risk areas from predicted natural disasters, and (3) 
steep-sloping areas [4].

On the other hand, “development-allowable areas” means sites where land 
development can be permitted. Development-allowable areas are the intersec-
tions, or overlaps, of the following: (1) areas contributing less to biodiversity, (2) 
low-risk areas from predicted natural disasters, and (3) gradual-sloping or non-
gradient areas [4].

Figure 3. 
Strategy for delineating development-restrictive areas and allowable areas.
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3. Biodiversity

Area-based conservation efforts are the cornerstone for halting the global biodi-
versity crisis [14, 15]. As shown on the left side of Figure 4, site-based biodiversity 
conservation can be divided into two main categories: (1) identification of significant 
areas for biodiversity and (2) conservation practices [16]. Currently, there has been a 
steady increase in the coverage of both identified significant areas and conservation 
areas. However, further and urgent expansion is necessary [14, 15]. The main cover-
age targets are listed on the right side of Figure 4.

3.1 Identification of significant areas for biodiversity

The most authorized approach to designate important areas for biodiversity is the 
identification of Key Biodiversity Areas (KBAs). KBAs are nationally identified sites 
that contribute significantly to the global persistence of biodiversity, in terrestrial, 
freshwater, and marine ecosystems [17]. The KBA approach builds on a methodology 
originally developed for specifying Important Bird and Biodiversity Areas (IBAs). 
After that, it was expanded to cover a wider range of taxa and conservation initia-
tives, such as the Alliance for Zero Extinction (AZE) [18]. In 2016, the International 
Union for Conservation of Nature (IUCN) published “A Global Standard for the 

Figure 4. 
Current situation of area-based biodiversity conservation and main coverage targets.
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Identification of Key Biodiversity Areas,” providing a set of globally standardized 
criteria and quantitative thresholds [17].

In addition to sites of global biodiversity significance, there must be areas of 
national or regional biodiversity importance. Such sites should also be identified as 
significant areas for biodiversity [19].

3.2 Conservation practices

Area-based conservation practices consist of “protected areas” and “other effective 
area-based conservation measures (OECMs)” [20].

3.2.1 Protected areas

Protected areas form the foundation of national biodiversity conservation 
strategies [21]. IUCN defines a protected area as “A clearly defined geographical 
space, recognized, dedicated and managed, through legal or other effective means, 
to achieve the long-term conservation of nature with associated ecosystem services 
and cultural values” [21]. The definition is expanded by the following management 
categories [21]:

• Category Ia: Strict nature reserve.

• Category Ib: Wilderness area.

• Category II: National park.

• Category III: Natural monument or feature.

• Category IV: Habitat/species management area.

• Category V: Protected landscape/seascape.

• Category VI: Protected areas with sustainable use of natural resources.

3.2.2 Other effective area-based conservation measures (OECMs)

OECM is a conservation designation for areas that are achieving effective in situ 
biodiversity conservation outside of protected areas [20]. Those concerned with 
conservation have recently recognized the importance of OECMs [20]. In addition, 
while protected areas must have a primary conservation objective, this is not neces-
sary for OECMs. OECMs may be managed with conservation as a primary or secondary 
objective. Otherwise, long-term conservation may simply be the ancillary result of 
management activities [20].

3.3 Coverage and its targets

Efforts to identify significant areas and conservation practices are in progress. 
However, the coverages of KBAs and conservation areas are not yet sufficient. The 
world needs a further and effective increase in the coverage of such areas to halt 
biodiversity decline [14, 15].
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3.3.1 Key biodiversity areas

Global KBA coverage has been increasing. More than 16,000 KBAs have been 
mapped worldwide [22]. KBAs have been identified in over 200 countries. KBA sites 
cover approximately 4% of the world’s surface [18]. However, defining and delineat-
ing KBAs is an ongoing process [18]. Further efforts in KBA identification are neces-
sary for many countries, taxa, and ecosystems [15, 18, 22].

3.3.2 Coverage of KBAs by conservation areas

In January 2018, 21% of KBAs were estimated to be completely covered by pro-
tected areas. However, 35% of KBAs had no protection through systems of conserva-
tion areas [18]. Currently, the average coverage of KBAs by conservation areas is 
43.2% [22]. Therefore, prioritization of conservation efforts is necessary to cover all 
KBAs with conservation areas, namely protected areas or OECMs [15, 19].

3.3.3 Global coverage of conservation areas

Between 2010 and 2019, the world’s protected areas expanded from 14.1% to 15.3% 
of the terrestrial areas and from 2.9% to 7.5% of the marine areas [14]. According to 
the official document on the UN biodiversity conference released at the end of 2022, 
currently, 17% and 10% of the world’s terrestrial and marine areas, respectively, are 
under protection [23].

In December 2022, the UN Convention on Biological Diversity agreed to a new 
plan to preserve nature with the latest Global Biodiversity Framework. This frame-
work has four overarching global goals and 23 targets for 2030. “Target 3,” one of the 
most prominent targets, calls for a significant increase in the areas covered by con-
servation status. This target requires conserving at least 30% of Earth’s land and sea 
areas by 2030 through protected areas or OECMs [23].

4. Natural disaster risks

4.1 Natural hazards and disaster risks

Figure 5 shows the relationship between natural hazards and disaster risks. 
Natural hazards are extreme natural events that can harm humans and their 
activities. Natural hazards can be divided into two main categories, “climatic” 
and “tectonic” [8–10]. Climatic hazards occur when a region has certain weather 
conditions, for example, heavy precipitation can lead to flooding. Tectonic 
hazards, such as earthquakes and volcanic eruptions, are caused by the movement 
of tectonic plates.

Disaster risk is widely recognized as the consequences of the interaction between 
a hazard and the characteristics that make people and places exposed and vulner-
able [24]. Accordingly, there are three key elements that determine disaster risks: (1) 
intensity of natural hazards, (2) exposure to natural hazards, and (3) vulnerability 
to natural hazards. As demonstrated on the left side of Figure 5, “climate change 
impacts” intensify climatic hazards.

Meanwhile, as shown on the right side of Figure 5, there are two disaster risk 
reduction strategies, “reducing exposure to hazards” and “reducing vulnerability to 
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hazards.” Exposure reduction is essential to reduce natural disaster risks, especially 
when considering land use. Theoretically, if neither humans nor their activities exist 
within the impact range of natural hazards, disasters will be less likely. Therefore, 
locating or relocating human activities outside hazardous areas reduces disaster risk. 
On the other hand, vulnerability reduction strategies include structural and nonstruc-
tural disaster prevention measures. Structural measures are physical methods, such 
as dams, flood levees, ocean wave barriers, earthquake-resistant construction, and 
evacuation shelters [25]. Nonstructural measures use knowledge, practice, or agree-
ment to reduce disaster risks and impacts, such as public awareness raising, training, 
and education [25].

4.2 Climatic hazards

Climatic hazards occur when a region is in extreme weather conditions. For 
instance, as shown in the central part of Figure 6, heavy rainfalls and cyclones can 
cause flooding and landslides [9, 26]. Meanwhile, dryness and heat waves can trigger 
droughts and wildfires [27].

Recently, the frequency and intensity of climatic hazards have been increasing. 
According to the Intergovernmental Panel on Climate Change (IPCC), human-
induced climate change is already affecting many weather and climate extremes in 
every region across the globe [27]. Evidence of changes in extremes, such as heat 
waves, droughts, heavy precipitation, and tropical cyclones, has strengthened since 
the 1950s [27].

Continued global warming will further intensify the global water cycle, the sever-
ity of wet and dry events, and global monsoon precipitation [27]. For example, at 2°C 
global warming and above compared to 1850–1900, heavy precipitation and associ-
ated flooding events are projected to become more intense and frequent in the Pacific 
Islands, across many regions of North America and Europe, and in some regions in 
Australasia and Central and South America [27]. Region-specific changes also include 
the intensification of cyclones and increases in river floods [27]. Meanwhile, several 

Figure 5. 
Factors influencing natural disaster risks.
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regions in Africa, South America, and Europe are projected to experience an increase 
in the frequency and/or severity of droughts. Such increases are also projected in 
Australasia, Central and North America, and the Caribbean [27]. Warming and 
increased dry conditions are also projected to increase wildfires [27].

Sea level rise has accelerated due to increasing rates of ice loss from the Greenland 
and Antarctic ice sheets, as well as continued glacier mass loss and ocean thermal 
expansion [28]. Sea level rise will continue throughout the twenty-first century [27]. 
Increases in cyclone winds and rainfall, and increases in extreme waves, combined 
with sea level rise, exacerbate extreme sea level events and coastal hazards [28].

As shown in the right side of Figure 6, when considering land use, exposure 
reduction to climatic hazards is crucial to reduce climatic disaster risks. For instance, 
efforts to avoid flood-prone riverside areas contribute to reducing damage from river 
flooding.

4.3 Tectonic hazards

As demonstrated in Figure 7, two major tectonic hazards are earthquakes and 
volcanic eruptions. Tsunamis are mainly caused by submarine earthquakes. Tsunamis 
are also generated by underwater volcanic eruptions. In addition, earthquakes and 
volcanic activity can initiate landslides [26], although these relations are omitted from 
the diagram.

An earthquake originates in a sudden release of energy in the Earth’s litho-
sphere that produces seismic waves. When seismic waves reach the Earth’s surface, 
they cause ground shaking. In general, the severity of ground shaking increases as 
the magnitude increases, and it decreases as the distance from the causative fault 
increases [29].

Underwater tectonic events generate tsunamis by displacing a substantial volume 
of water or perturbing a sea [30]. Tsunamis cause destruction both locally and at very 
distant locations from the area of tsunami generation [29]. Tsunami waves encroach 
upon the land and destroy things.

Figure 6. 
Current main climatic hazards, disaster risks, and exposure reduction.
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Volcanoes are often found where tectonic plates are converging or diverging. Volcanic 
eruptions occur when hot materials from the Earth’s interior are thrown out of a volcano. 
Such materials, namely “volcanic ejecta,” include lava, rocks, and gas compounds [31].

As shown on the right side of Figure 7, exposure reduction to tectonic hazards 
primarily requires people to consider avoiding high-risk areas from ground shaking, 
tsunami hits, and volcanic ejecta. For example, it is effective for municipalities to 
anticipate future tsunami risks and locate facilities on higher ground for safety.

5. Topographic gradient

5.1 Categorization of slopes

As outlined in Section 2.2.3, developing steep-sloping areas causes various prob-
lems, such as adverse effects of removing vegetation. In order to avoid issues caused 
by developing steep slopes, it is necessary to consider judging standards for regula-
tion. How do we define a steep slope? There is no common definition of “steep slopes” 
[13]. However, many municipalities, especially in North America, define steep slopes 
as areas with 15% or more gradients [11, 12, 32]. Moreover, the Southern Tier Central 
Regional Planning and Development Board in New York State classifies slopes into 
three categories by gradients: (1) gradual (10% or less), (2) moderate (10–15%), and 
(3) steep (15% or more) [11]. Based on these examples, this study has divided slopes 
into four categories, as shown in Figure 8(a).

Figure 8. 
(a) Categories of slopes, (b) examples of slopes.

Figure 7. 
Main tectonic hazards, disaster risks, and exposure reduction.
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In addition, examples of slopes with a 10% and 20% gradient are demonstrated 
in Figure 8(b). For instance, a 10% slope has a 10 m vertical rise over 100 m of 
horizontal run.

5.2 Topographic gradients and development restrictions

This section examines the relationship between topographic gradients and devel-
opment restrictions from four aspects of slope development issues: (1) adverse effects 
of removing vegetation, (2) grading and construction burdens, (3) accessibility, and 
(4) landscape.

5.2.1 Adverse effects of removing vegetation

Removing vegetation and disrupting natural drainage patterns on steep slopes 
can trigger various problems. Potential consequences include soil erosion, landslides, 
an increase in downstream runoff, flooding, and decreased water purity [11–13, 33]. 
In order to minimize such adverse effects, reasonable control of development is 
necessary. Soils with a slope of 15% or more should always involve severe limitations 
to development [34]. In addition, land development on slopes of 10% or more in 
environmentally sensitive areas will have similar potential to increase issues, such as 
surface runoff and soil erosion [34].

5.2.2 Grading and construction burdens

As slopes become steeper, grading and infrastructure provision become more 
complex and expensive [11, 12]. For example, constructing roads on steep slopes often 
calls for substantial grading and extra-wide rights of way to accommodate road slopes 
[12]. As shown in Figure 9, retaining walls are often necessary to support soil laterally 
when slopes are steep. Sewer and water systems are especially challenging and costly 
to plan and construct on steep slopes [11].

When the gradient exceeds 15%, the cost of building on the site begins to increase 
significantly because construction becomes more challenging [35]. Typically, the 
development requires deeper excavation, more concrete, retaining walls, and special-
ized solutions for drainage and sewer systems [35].

Figure 9. 
A residential site developed on a steep-sloping area in Tokyo.
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5.2.3 Accessibility

As topographic features become steeper, incorporating accessibility and universal 
design into the developed areas needs greater planning. As shown in Figure 9, the 
built environment in hilly areas often includes inclined roads and long stairways, 
which are hard to go up and down, especially for physically challenged people.

In addition, Japan has recently faced mobility issues, resulting from the age of the 
slope dwellers. In many hilly residential areas developed on the outskirts of megaci-
ties, aging has hindered the physical abilities of many residents. As a result, such older 
dwellers have started suffering from limited physical and social activities due to the 
steep slopes and long stairways [36].

According to a study on housing land development and accessibility, the maxi-
mum slope for general residential land should be 1 in 5, or 20% [37]. Meanwhile, the 
maximum gradient advisable for pedestrian ramps, which is also suitable for prams 
and trolleys, is 1 in 10, or 10% [37]. This figure significantly influences the design 
of pedestrian networks in various housing projects. In addition, ramp gradients are 
becoming more important with the increasing provision of ramps for the physically 
challenged in new projects [37].

5.2.4 Landscape

Steeply sloping areas often offer significant views of hills and valleys. Thus, 
developing such areas frequently leads to serious disfiguration of the scenic natural 
beauty [11, 12].

Generally, as the topographic gradients of the developed area become steeper, the 
more easily the landscape changes come into view from many places in the city or 
town areas. Therefore, in order to maintain scenic hillside landscapes, municipalities 
should take measures to control development and construction on steep-sloping sites. 
For example, Cardinia Shire Council in Victoria, Australia, manages development 
and construction in areas with a slope of greater than 10%, mainly for retaining 
scenic landscapes and amenity values [38]. Moreover, the Council strictly limits land 
development in areas with slopes in excess of 20% [38].

The above examinations from the four aspects can be integrated into the follow-
ing. Generally, steep slopes, namely areas with a slope of 15% or more, should always 
involve restricting land development. In particular, land development in slope areas 
in excess of 20% should be strictly limited. Meanwhile, restrictions on developing 
areas with environmental sensitivity, landscape importance, and walkability-oriented 
design should start at 10% of a topographic gradient.

6. Integration: defining development-restrictive areas

The previous three sections illustrate how to define areas contributing more to biodi-
versity, natural disaster-prone sites, and steep-sloping areas. Based on these preparations, 
this section shows how to integrate the three sorts of cartographic information and delin-
eate development-restrictive areas. In addition, nowadays, the Geographic Information 
System (GIS) has become increasingly common in handling spatial data; accordingly, the 
following proceeds with the explanation on the assumption that a GIS is used.

Figure 10 illustrates an example of combining the three sorts of geographi-
cal information in a GIS and defining development-restrictive areas. The left side 



31

Sustainable Land Development: Biodiversity, Natural Disasters, and Topographic Gradient
DOI: http://dx.doi.org/10.5772/intechopen.110235

includes necessary spatial data, such as hazard maps and relevant specified areas. The 
right side demonstrates how the prepared GIS data layers are overlaid and integrated.

Concerning “topographic gradient,” planners draw up a map layer on which steep-
sloping areas are shown. In this case, it is helpful to color the map of the relevant 
region or municipality according to gradient classifications: 0–10% (gradual), 
10–15% (moderate), 15–20% (steep), and 20% + (very steep). An example of such 
coloring has been demonstrated in Figure 8 (a).

As for “natural disaster risks,” the planners create data layers by natural hazard 
type. In the case of Figure 10, two types of hazards, namely river flooding and land-
slides, are predicted in the region or municipality. Accordingly, a data layer showing 
river flooding high-risk areas and one displaying landslide high-risk areas are pre-
pared. If reliable hazard maps are open to the public, such maps can be utilized.

When handling data on “areas contributing more to biodiversity,” it is helpful 
to divide them into “significance” and “conservation.” This division is based on the 
categorization illustrated in Figure 4. The data layer of “significance” represents sig-
nificant areas for biodiversity, such as Key Biodiversity Areas (KBAs). Meanwhile, the 
“conservation” layer displays conservation areas, namely protected areas and OECMs.

After preparing the necessary data layers, the planners place them on top of 
one another and integrate the spatial data. In this case, the unions, or amalgama-
tions, of the relevant areas shown on the data layers correspond to development-
restrictive areas.

Figure 10. 
An example of the process for delineating development-restrictive areas.
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The last part of this section compares development-restrictive areas with the 
coverage targets of conservation: (1) covering KBAs with conservation areas, and 
(2) conserving 30% of Earth’s land and sea areas by 2030. These two coverage 
targets have been shown in Subsections 3.3.2 and 3.3.3, respectively. Through the 
integration process, significant areas for biodiversity, such as KBAs, are taken in 
development-restrictive areas. Therefore, if the development-restrictive areas are 
given conservation status, all KBAs are naturally covered with this status. Meanwhile, 
development-restrictive areas contain natural disaster-prone sites and steep-sloping 
areas, in addition to areas contributing more to biodiversity. Thus, if development-
restrictive areas are actually preserved, the coverage ratio of conservation areas to the 
Earth’s surface must expand greatly. In short, defining development-restrictive areas 
substantially contributes to meeting the two coverage targets of conservation.

7. Conclusion

In order to pursue sustainable land development, this chapter demonstrated a 
method of dividing a region or municipality into development-restrictive and allow-
able areas. First, Section 2 showed three land attributes closely related to judging the 
appropriateness of development, namely “biodiversity, “natural disaster risk,” and 
“topographic gradient.” Then, regarding these land attributes, the following three 
sections illustrated ways to define problematic areas for development, respectively. 
Finally, Section 6 demonstrated how to integrate these three kinds of spatial informa-
tion in the GIS and delineate development-restrictive areas.

The second section illustrated how to produce guidelines for sustainable land 
development, based on the system control approach. In order to deal with various 
land development-related problems inclusively, this section identified the three 
significant land attributes mentioned above. After that, it demonstrated a strategy 
for defining development-restrictive and allowable areas, as shown in Figure 3. In 
addition, development-restrictive areas are the amalgamations of the following: (1) 
areas contributing more to biodiversity, (2) high-risk areas from predicted natural 
disasters, and (3) steep-sloping areas.

Section 3 presented the overall picture of current area-based biodiversity conser-
vation efforts. Figure 4 concisely illustrated how to define sites contributing more to 
biodiversity, dividing them into two categories: (1) significant areas for biodiversity 
and (2) conservation areas. The diagram also showed the main coverage targets of 
these site-based conservation efforts.

Section 4 demonstrated the whole picture of area-based natural disaster risk 
reduction measures in the three diagrams. Figure 5 portrayed the relationship 
between natural hazards and disaster risks, dividing them into “climatic” and “tec-
tonic.” Next, Figure 6 demonstrated how to avoid risky areas from main climatic 
hazards, also considering climate change impacts. Meanwhile, Figure 7 showed how 
to avoid high-risk sites from main tectonic hazards.

Section 5 examined topographic gradient standards for determining problematic 
areas for development. It first classified slopes by gradient into categories, such as 
gradual and steep. After that, this section considered the relation between gradients 
and development restrictions from four aspects: (1) adverse effects of removing veg-
etation, (2) grading and construction burdens, (3) accessibility, and (4) landscape.

Lastly, Figure 10 in the sixth section illustrated how to prepare necessary GIS data 
layers and integrate them. Displayed sites on the data layers are steep-sloping areas, 
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high-risk areas from predicted natural hazards, significant areas for biodiversity, 
and conservation areas. The unions of these sites are equivalent to development-
restrictive areas. In addition, preserving development-restrictive sites helps satisfy 
the world’s conservation coverage targets, as well as avoid various problems concern-
ing land development.

Our next work is case studies based on this method. Through such practical work, 
we are aiming to refine this method and contribute to sustainable land development.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Conceptual Framework of 
Adaptive Social Planning for 
Sustainable Urban Transformation
Barakat Tiamiyu and Nancy Odendaal

Abstract

The notion of social planning has a long history as a method used by social 
planners to tackle societal problems. Programmes and policies implemented during 
this act of providing social amenities, developing policies and programmes, and 
other developmental activities are frequently rendered obsolete with time. Because 
social requirements and community elements are always changing, thereby creating 
the need for continual, collaborative, and inclusive efforts to deliver or adapt social 
development activities to meet people’s current needs. This chapter seeks to develop 
an adaptive social planning framework that will provide a guideline for the adaptation 
of social needs and ensure the continuous integration of social dynamism into urban 
transformation. The non-adaptability of social planning and the lack of integrative 
social planning were extracted from the literature, which forms the basis for the 
development of the conceptual framework. Findings revealed the social transforma-
tion needed to achieve sustainable urban development, which were integrated to 
establish a holistic view of social needs. With this, a direct connection between the 
adaptation of social planning activities and sustainable urban transformation was 
established. This study provides a guideline for social planners and policy-makers to 
continuously monitor and evaluate the credibility and impact of any program/policy 
through empirical findings.

Keywords: social planning, adaptive social planning, sustainability development, 
urban transformation, conceptual framework

1. Introduction

Social planning connotes the activities of social planners towards community 
development efforts, to combat issues arising from social, economic, and  physical 
complications in the urban environment. The term is conceptualised in diverse fields 
because of its applicability to a variant of human activity, which reflects the expecta-
tions by groups in promoting community well-being. Social planning is the process 
by which policymakers, legislators, government agencies, planners, and funders try 
to solve community problems or improve conditions in the community by devising 
and implementing policies and programmes intended to have certain results [1].  
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This entails a wide range of spectrum of uncertainty and complexity relating to pro-
gram or policy design for different community character [2]. It is an important develop-
mental activity for community advancement that aims to address the existing problem 
or introduce new initiatives to meet the need of the people and the community at large.

However, it is important to note that planning itself is an iterative and adaptive 
process [3, 4]. Adaption in the context of social planning is the application of fit-for-
use project scope for a range of policies and programmes. Fit-for-use is the designing 
of appropriate programmes or policies that will yield maximum public acceptance 
and impact. Adaptation is a devised not to be optimal, for the best estimated future, 
but robust across a range of plausible futures and responds to changes over time, 
as well as makes explicit provision for learning [5]. This means that adaptive social 
planning acknowledges the need for knowledge acquisition for risk reduction through 
data, consultation, and design processes to reduce uncertainty and assumptions by 
planners or policymakers. There is a high degree of interconnectedness and dynamic 
consequences in a world where unpredictability and the presence of unknown are the 
underlying traits [6]. Hence, the plan should be designed to evolve and allow for a 
continuous flow of information that is generated from the feeds of the conceptualisa-
tion, planning, implementation, evaluation, and monitoring process.

There are diverse areas in which development activities by the government, 
private sector, or individuals are directed such as health, infrastructure, services, 
programmes, policies, education, and security, among others. The adaptation of these 
activities to the specific host communities is intricate and has its inherent complexity, 
which sometimes seems cumbersome with public interests, which often leads to a dis-
jointed project objective. The human-centric nature of social planning programmes 
creates a dynamic and unsatisfying quest for rapid transformation, from the people 
and government. However, the adaptive nature of social planning will enable planners 
to incorporate data and knowledge accumulated within a particular context and to 
fine-tune spatial management arrangements to fit the dynamic social-ecological sys-
tems [7]. The activity of a social planner is an unending process of priority identifica-
tion, adaptation, and implementation of social planning programmes, by acquiring 
data, engaging stakeholders in a consultative process, and through the design phases 
[5]. Stakeholders in this sense, refer to those who the program or policy will influence 
or whose influence has a direct effect on the program.

The outcome of social planning is a sustainable urban transformation and spatial 
gratification of the community and beneficiaries [8–10]. As explained by McCormick 
et al. [8], sustainable urban transformation refers to structural transformation 
processes—multidimensional and radical change—that can effectively direct urban 
development towards ambitious sustainability goals. Sustainable urban transforma-
tion, according to Ernst et al. [9] encompasses both sustainable urban structures and 
environments and (radical) economic, social, cultural, organisational, governmental, 
and physical change processes. Ernst et al. [9] explained that sustainable urban trans-
formation relates to a multitude of urban sustainability issues, ranging from poverty, 
over-population, unhealthy housing conditions, inadequate infrastructure, hygienic 
problems, poor water quality, and uncontrolled pollution in developing countries to 
segregation and growing social tensions, local traffic problems, solid waste genera-
tion, and the large consumption of energy and material in developed countries.

This implies that urban transformation is a structural transformation process, 
multidimensional, and radical change that can effectively direct urban develop-
ment towards ambitious sustainability goals [6]. This also implies that ensuring a 
sustainable urban transformation requires a continuous process of ensuring urban 
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developmental projects meet their target impact for a long period. In other words, 
in the process of ensuring the adaptability of social planning programmes through 
a continuous approach to ensuring impact attainment, there is a residual effect on 
community development. The residual effect is the sustainability of urban transfor-
mation [11, 12]. As noted by Galbiati et al. [13], a sustainable urban transformation 
will unlock various economic potentials for the host community. Likewise, Itasca [14] 
concluded that sustainable urban transformation will impact peoples’ living stan-
dards, physical development, and other socio-economic pull factors, such as those 
from investors and investments, economic growth, and population growth.

Social development initiatives often attract a lot of interest and attention at the 
early stage, but these interests fade even before the projects are completed. The 
concept and proposed impact create a buzz in the beneficiary community; however, 
these initiatives are later abandoned due to uninformed social planning procedures 
in a dynamic context. As a result, non-adaptive social planning undermines the 
sustainability of urban transformation, especially in developing countries. Also, the 
non-adaptability of social planning makes the urban transformation to be faced with 
many challenges that have complicated the social structures and impaired the delivery 
of social and economic growth. Besides, there is a dearth of adaptive social planning 
frameworks which would have aided the policymakers and social planners in integrat-
ing the flow of data and communicating strategies to stakeholders for better decision-
making, outcome, and impact metrics in social development.

As a result of the non-adaptability of social planning and lack of adaptive social 
planning framework, policymakers and social planners are making assumptions of 
what people need or want; while the prevailing social planning approach is generic 
and complicated by disparities in the economic, social, and physical context. These 
shortcomings have caused many social development projects to fail; either not being 
completed or abandoned after completion. Hence, there is a need to establish the 
importance and elements of adaptive social planning towards the development of a 
participatory approach to the adaptation and development of sustainable urban trans-
formational initiatives. The intended aim of this paper is to develop an adaptive social 
planning framework that will positively impacts sustainable urban transformation.

2. Literature review

The importance of the city to individual lives cannot be overemphasised because 
the majority of people live in cities and urban areas [15]. The city, as the metropolitan 
area plays a dominant role in alleviating poverty through economic opportunities, 
improving social status, and providing good living standards [14]. John [1] describes 
a city as a growth centre for existing and emerging global consumption, production, 
pollution, economic, and social activities. In the opinion of [16], a city is a source of 
growth for domestic and global economies. Smith [17] observed that city or urban 
transformation is essential to ensure that urban areas are resilient, safer, healthier, 
more equitable; and better able to absorb, recover from, ad successfully adapt to 
future adverse events. However, the growth or transformation of a city is highly 
dependent on social investment [8].

This indicates that the transformative process of any community is dependent on 
social investment or development by the municipal government or private bodies.

Social planning is one of the activities involved in social development [18]. It entails 
effective change management within a dynamic population and expectations. It scans 
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across all social aspect of community needs that is assessed at the grassroots for a strong 
public social planning process. Community needs as contained in social planning varies 
from geographic location to another, economic and political atmosphere, and social 
literacy [18]. These needs may take the form of laws, regulations, incentives, media 
campaigns, programmes or services, information, and a wide range of possibilities [1]. 
Svend [19] notes that social planning encompasses a wide range of development activi-
ties, which cannot be defined specifically because of the ever-changing social needs 
such as health service, education, infrastructure, services, programmes, and policies.

There is a long history of social planning and the need for adaptive social plan-
ning in many parts of the world. In the United States, Franklin Roosevelt’s New Deal 
contains various public health programmes in the 1940s and 1950s. During this time, 
social planning was used as a tool for economic and political reasons, which created 
a biased approach to development initiatives [17]. Consequently, there were many 
failed programmes (such as the Boston west-end neighbourhood levelling program) 
as planners assume what was best for the people instead of engaging the people in 
the selection of appropriate projects [20]. In South Africa, social development was 
designed to meet specific pressing needs with little or no consideration for the sus-
tainability of the development [21]. The transition of the government of South Africa 
to democratic rule created an economic system that promotes gross income disparities 
and a widening gap between the rich and poor [22].

In China, changes in the political economy and deficiency in development activi-
ties of the local communities, contradict the ideas of social planning and have led to 
the regulation of social and economic development [23]. In Nigeria, social welfare 
emanates during the colonial rule by missionaries; and the post-colonial era by phi-
lanthropists and the Social Development Division in the Federal Ministry of Labour 
and Social Welfare [24]. Several development plans need assessment programmes, 
political visions and structural programmes were introduced by the different govern-
ment to meet the need of the public in the area of housing, education, and social 
alleviation program have since being developed heuristically. Deedam et al. [25] noted 
the enormous failure of achieving the respective aim and objective of social develop-
ment programmes, due to inadequacy of planning process and implementation. Other 
researchers, political analysts and social professionals, and foreign observers have 
identified sources of social planning failure from corruption, non-implementation of 
the plans to the fullest, political interference, or coup and counter-coup d’état [25]. 
This indicates that the public administrators in Nigeria have no defined concept of 
social planning or the need to adapt social planning for social development.

Non-adaptability of social planning has been linked with a disruption in the social 
structure of a community [1]. Studies such as [26] have also reported that the non-
adaptability of social planning affects the established community’s sense of place 
which was what made the city colourful and full of life. Non-adaptability of social 
planning can occur when planners assumed that a luxury complex residence profiling 
for residents is best to improve their living standards when an affordable residence is 
the best option to improve the living standards of the community [18]. The negative 
impacts of the non-adaptability of social planning on the sustainable transformation 
of urban areas have led to the making of community participation a notable require-
ment in project planning and implementation [18].

This implies that adaptive social planning is necessary to ensure that plans remain 
relevant and impactful, project objectives are evaluated, and there is feedback on 
the effectiveness of implemented management actions [27]. Adaptive social plan-
ning accounts for communities with peculiar characteristics based on culture, 
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environment, religion, climate, socio-economic and political attributes; by ensuring 
plans or policies are made with the right people, for the right people, and by the right 
people to achieve sustainable development [ 28 ]. Similarly, Lei and Jianfa [ 23 ] pointed 
out that the idea of ensuring plans stay impactful and relevant is what sustainable 
development is about [ 23 ]. 

 However, implementing an adaptive social planning initiative for sustainable 
urban transformation is quite challenging, due to the enormous time and resources 
that will be required [ 7 ]. According to Grantham et al. [ 27 ], the development of an 
adaptive plan is a complex process as a result of the workload. Therefore, it becomes 
imperative to develop a framework that will provide guidelines for the implementa-
tion of the adaptive social planning process in the generation of social policies, 
programmes, projects, and other urban transformation activities in countries like 
Nigeria that are lacking in social planning and development [ 29 – 31 ]. 

 Thus, the focus of this research is on the development of an adaptive social plan-
ning framework that will provide a guideline for the adaptation of social needs and 
ensure the continuous integration of social dynamism into urban transformation.  

  3. Research methods 

 A research methodology framework for this study is shown in   Figure 1  . A litera-
ture review on the application of social planning and the historical challenges with its 
application was first examined. A systematic overview of the concept of social plan-
ning as it applies in different countries [ 17 ,  23 ] shows that social planning was used 
for economic, social, political, and cultural reasons. However, a majority of these 
social planning initiatives fail because they do not meet the needs they were created 
for. From the literature review, two distinctive problems were identified: the non-
adaptability of social planning and the lack of an integrative adaptive social planning 
framework for social and sustainable development. 

 Munasinghe [ 32 ] depicts in sustainable urban transformation framework that 
sustainable development can only be possible if there is interdependency and cor-
relation between the demographic, economic, social and spatial transformation. 
Ojoko et al. [ 33 ] also present Munasinghe’s principle of sustainability as an impor-
tant development tool to drive social, economic, and physical systems. These two 

  Figure 1.
  Research methodology framework.          
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viewpoints provide crucial elements to achieve urban transformation, which lead to 
the development of modified sustainable urban transformation components. Social 
transformation, economic transformation, environmental transformation, demo-
graphic transformation, and spatial transformation encompass all the driving forces 
to address development.

To create an integrative and simplified process for adaptive social planning to 
achieve sustainable urban transformation, this chapter developed a conceptual frame-
work to assist social planners and policymakers to continuously adapt and rethink 
social initiatives and developments through an empirical and systematic approach.

4. Development of conceptual framework

Social issues that are associated with urbanisation in developing countries include 
housing demands, technology advancement, health, employment, and transportation 
[29]. In addition, social needs are ambiguous while the majority of the developmental 
initiatives are ineffective and unable to meet social needs [33]. This suggests that 
adaptive social planning is required to ensure the sustainability of urban transforma-
tion by continuously addressing social issues and effectively meeting social needs. 
However, social planning will only be adaptive and bring sustainable urban transfor-
mation when developmental programmes are selected based on social goals, policy-
maker perspective, and grassroots viewpoint. This research proposes a conceptual 
framework of adaptive social planning for sustainable urban transformation.

The conceptual framework of this research is shown in Figure 4. It depicts a 
modification of Wei’s sustainable urban framework (Figure 2) with Munasinghe’s 
principle of Sustainability (Figure 3), to investigate the impact of adaptive social 
planning on sustainable urban transformation. Figure 2 shows the sustainable urban 
framework proposed by Wei et al. [34]. The framework explained that demographic 
transformation, economic transformation, social transformation, and spatial trans-
formation interact closely and interdependently with each other to bring about a 
sustainable urban framework. The three viewpoints of the Munasinghe sustainability 
triangle present social, economic, and physical systems as a distinctive driving force 
with objectives that address development, which has been widely adopted and in 
operational (see Figure 3).

The conceptual framework for this research (as shown in Figure 4) proposes a posi-
tive relationship between adaptive social planning and sustainable urban transformation. 
The relationships between adaptive social planning and sustainable urban transforma-
tion suggest that adaptive social planning is a collaborative and inclusive social develop-
ment initiative that will ensure the consideration of environmental, economic, and social 
characteristics before policies or programmes are developed and implemented.

The conceptual framework in Figure 4 underlines the need for continuous 
adaptation and rethinking of social development with new empirical findings to 
make development more sustainable. As illustrated in the conceptual framework, the 
elements of adaptive social planning processes for a sustainable urban transforma-
tion necessitate the need to create a centralised workplace and integrative process for 
planners to carry out effective and efficient social development. The adaptive social 
planning process as shown in Figure 4 was conceptualised as a procedural-based 
framework with distinctive and connective elements. This provides an overview and 
guidelines for planners to engage, develop, plan, evaluate, and implement adaptive 
programmes and policies that meet social needs.
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 Also, the conceptual framework in   Figure 4   outlines the proposed criteria and 
components that a social development initiative must fulfil and capture before it can 
be said to have adopted adaptive social planning. The criteria suggest that develop-
ment programmes or policies in the area of health, technology, institutional, relief, 
and financial will only ensure sustainable urban transformation if they fulfil all of 
the criteria for adaptive social planning. Also, the criteria suggest that social planners 

  Figure 2.
  Sustainable urban transformation framework [ 34 ].          

  Figure 3.
  The dimensions of sustainability by Munasinghe [ 32 ].          
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should first engage in open consultation with stakeholders in the community on 
possible programmes or projects that are of importance to them. This can be done 
using a set of toolkits that will allow a wide range of open suggestions and ideas from 
the selected beneficiaries themselves. Also, the planner must prioritise the selected 
programmes into a set of three alternatives, having reconciled them with the available 
resources, regional policy, and allocations to test the feasibility of the project to be 
implemented. 

 Lastly, these sets of alternatives must be presented back to the community in a 
brief and a final project or policy is selected. Community engagement as conceptu-
alised in   Figure 4   will create a sense of ownership, enable the understanding of the 
social needs from the peoples’ perspective, reduce uncertainty and assumptions about 
urban transformation, and create community responsiveness to urban transforma-
tion. The impact of the transformation through various developmental projects must 
be measured through community assessment of project impact on their personal and 
community livelihood. Whatever be the impact of the projects, both positive and 
negative outcomes of projects are very important to policymakers and funders to 
inform subsequent development activities. 

 In addition, the conceptual framework proposes that adaptive social planning will 
lead to social transformation, economic transformation, environmental transforma-
tion, demographic transformation, and spatial transformation. Social transforma-
tion, as an element of sustainable urban transformation, is geared towards enriching 
communities, relationships, and individual aspirations. Economic transformation is 
concerned with an increase in the consumption of goods and services, which in turn 
improves human welfare. Social transformation occurs in the framework as cognitive 
level improvement, information exchange, cultural communication, technological 
innovation, social relations evolution, institutional reform among others, which could 
further influence people’s behaviour and lifestyle. The environmental transformation 
is concerned with the protection of the integrity and resilience of ecological systems.  

  5. Conclusions 

 Prior studies have shown that social planning and social development are inten-
tional community development actions to curb issues arising from social, economic, 

  Figure 4.
  A conceptual framework of adaptive social planning for sustainable urban transformation.          
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and physical complexities. These activities are often carried out by social planners, 
policymakers, and other organisations, help create a community sense of place, and 
attract economic development and urban expansion. However, the approach to carry-
ing out these development efforts, also known as social planning, has raised concerns 
over the years. As cities expand, it creates an increase in demographics, puts a strain 
on the physical and environmental components, and introduces a complex policy 
framework for planners and policymakers. Consequently, adaptive social planning is 
needed for a sustainable urban transformation.

This chapter proposes a paradigm for social planning that is integrative, col-
laborative, and inclusive in order to achieve sustainable urban transformation. It 
illustrates the direct correlation between adaptive social planning and sustainable 
urban transformation. The framework would help guide the implementation of social 
development, as well as continuously monitor its effectiveness, get public percep-
tion, and evaluate its impact. The impact of its application would ensure projects and 
plans remain relevant through time and social change. Further research is needed 
on the application and viability of the conceptual framework using a practical social 
 development initiative.
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Chapter 4

Smart and Sustainable Cities:
A New Urban Transformation
Jorge Carro-Suárez, Susana Sarmiento-Paredes
and Doroteo Nava

Abstract

The “smart city” concept was born with the aim of providing an urban complex
that allows society to achieve greater well-being and a better quality of life through
greater efficiency of public services and its infrastructure through digital technologies.
However, today society not only demands to improve its current well-being, but also
cares about that of future generations, in such a way that smart cities must consider
sustainability as an integral part of their development and evolution. Therefore, the
aim of this chapter is to determine the impact of digital technologies implemented in
smart cities on the social, environmental, economic and institutional dimensions of
sustainable development and thus promote urban development that is not only smart
but also sustainable, taking as reference dimensions evaluated by indices worldwide.

Keywords: smart cities, digital technologies, dimensions of sustainable development,
sustainable cities, Industry 4.0

1. Introduction

United Nations predict that 70% of the world population will live mainly in urban
areas and cities in 2050, which means that the main social problems that affect society
will also increase [1]. Population growth, environmental pollution, traffic congestion,
lack of physical infrastructure and new environmental and energy requirements are
today the main challenges facing large cities [2]. That is why cities around the world
are seeking to achieve progress and improvements through the adoption of smart and
innovative technologies that address these problems and that not only improve
people’s quality of life, but also lead them to be more sustainable spaces, energetically
more efficient and environmentally less polluting [1]. This situation gave rise to the
concept of “smart cities” given the need to implement modern urban development
that takes advantage of the exponential growth of digital technologies [3].

The concept related to the smart city was born in the United States in 1992 in the
book “The Technopolis Phenomenon”, which was used to represent the growth of
information technology and its application in modern infrastructures of the 1990s [3].
Today, it is contextualized more as a relationship between new digital technologies
and the physical infrastructure of cities to solve various urban challenges [4], in
addition to maintaining a high quality of life, improving economic productivity and
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generating a safe environment in the event of emergencies or unexpected situations
such as the COVID-19 pandemic that devastated the world in 2020 [5].

However, despite the fact that the development of smart cities has achieved
acceptance by a large part of society as a means to mitigate various problems derived
from growing urban development, there is also concern that with the arrival of new
digital technologies cities will have to face other types of problems, such as the leakage
of confidential information [6], the social risks that may arise such as social exclusion
[7], the permanent rejection of technology by certain sectors of society and discontent
in the face of an inequitable social impact [8].

So, the new trend is that smart technology and social innovations should be com-
bined and be the base of any smart city [4]. In such a way that for the development of
a smart city, the development of an urban green economy must also be promoted
through the reduction of polluting emissions, energy consumption and greater
regional development [9], taking from now on the necessary measures to take the next
step and achieve a transformation, that is, to go from being smart cities to being smart
and sustainable cities [10].

Currently, there are cities in the world that have begun to adopt these measures,
such is the case of Singapore with the launch of its Smart Nation initiative in 2014,
which contemplates a new eco-intelligent city completely free of vehicles supported
by clean public transport and efficient, with more safe areas for pedestrians and
cyclists [11]. Helsinky, Finland, has set itself the goal of becoming carbon neutral by
2035 by gradually reducing its emissions from traffic by implementing various mea-
sures, such as transitioning its urban service bus fleet from internal combustion
systems to electric systems, incorporating and promoting the use of renewable energy
for 100% of the city's buildings [12]. Zurich (Switzerland) is innovating in its public
lighting system with smart lamps that adapt to traffic levels through sensors, gradu-
ally increasing its energy savings, based on efficient management of heating, electric-
ity and cooling in the city through of smart buildings. At a strategic level, initiatives
such as “Zurich 2035 Strategies”, “2000 Watt Society”, “Urban Transport 2025” and
the “Open Data Strategy” have been developed [13]. Due to the rapid growth of its
population, New York (United States) implemented a smart city pilot program in
2020, accumulating data to help manage its waste management and collection services
more efficiently, enabling smart centers with contactless technology and services of
car sharing to reduce traffic congestion, with the goal of reaching net zero emissions
by 2050 [14]. Seoul (South Korea) started these campaigns in 2014 based on data
management. Through the analysis of urban patterns such as speed and traffic flow, as
well as air quality measured by sensors, it has formed a solid infrastructure with
intelligent services. On the other hand, it has focused its technology on the care of its
adults who live alone and to detect and prevent criminal patterns. The Pilot National
Smart City program was implemented to freely integrate Industry 4.0 related tech-
nologies by creating an innovative industrial ecosystem that can drive more creative
business models [15]. Finally, Oslo (Norway) has as its main objective to reduce
polluting emissions by 95% in 2030. To this end, it is making efforts and creating
opportunities in areas that include electric vehicles with their special charging equip-
ment and services, smart grids, renewable fuels, green buildings and circular economy
[16].

It is clear that, in the world, these efforts are carried out from different perspec-
tives, which leads to the need to do so in a sustainable and comprehensive way.
Therefore, the objective of this chapter is to determine the impact of digital technol-
ogies implemented in smart cities on the social, environmental, economic and
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institutional dimensions of sustainable development, taking as reference specific
dimensions evaluated by various indices worldwide on smart cities and promote an
urban development that in addition to being intelligent, is also sustainable.

2. Smart city performance indices

Globally, there are various smart city indices that assess different factors. Among
the most prominent are the following:

2.1 Cities in motion index

Published by the Center for Globalization and Strategy and the Strategy Depart-
ment of the IESE Business School. It is a platform that connects a global network of
experts in cities and companies whose objective is to promote changes at the local
level and develop innovative ideas and tools to make cities more sustainable and
intelligent. The last report issued in 2022 evaluated 183 cities through 9 dimensions
under the following criteria [17]:

• Human capital

It believes that the main objective of every city should be to improve its human
capital. A city with intelligent governance must have the capacity to attract and
retain talent, create plans to improve education and promote both creativity and
research. Although human capital includes factors that make it broader than
what can be measured with certain indicators, there is an international consensus
that educational level and access to culture are irreplaceable components for its
measurement. The Human Development Index (HDI) published annually by the
United Nations Development Program (UNDP) mentions that education and
culture are the determining pillars for the development of human capital.
Therefore, Cities in Motion Index (CIMI) 2022 considered the percentage of the
population with higher education, the number of public and private schools, the
number of internationally recognized universities, annual spending on
education, spending on leisure and recreation, the international movement of
students and number of museums, galleries and theaters as indicators that
explain the differences in the human capital of the cities.

• Social cohesion

Social cohesion is a sociological dimension of cities that can be defined as “the
degree of consensus of the members of a social group” or also as “the perception
of belonging to a common project or situation”. It is a measure of the intensity of
social interaction within the group. In the urban context, social cohesion refers to
the level of coexistence between groups of people who live in the same city and
have different incomes, cultures, ages or professions. Concern for the social
environment of the city requires the analysis of factors such as immigration,
community development, care for the elderly, the efficiency of the health
system, and citizen security and inclusion. In these times of COVID-19, the
capacity and universality of health systems are evaluated and measured in a
special way, with the hope that the health crisis has served to understand the
importance of these systems and strengthen them.
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• Economy

This dimension includes all those aspects that promote the economic development
of a territory: local economic promotion, transition and strategic industrial plans;
cluster generation; innovation and entrepreneurial initiatives. If we consider that
the dimension intends to measure through multiple indicators the future
sustainability of the main cities of the world and the quality of life of its inhabitants,
the real GDP becomes a real measure of the economic power of the city and of the
income of those who inhabit it. In fact, in numerous studies, GDP is the only
measure—or the most important—of the performance of a city or country.

• Governance

Term commonly used to designate the efficiency, quality and proper orientation
of State intervention. Given that the citizen is the meeting point to solve all the
challenges that cities face, factors such as the level of citizen participation and the
ability of the authorities to involve business leaders and local agents must be
taken into account, as well as the application of e-government plans. Likewise,
this dimension includes all those actions aimed at improving the efficiency of the
administration, which include the design of new organizational and management
models. In this section, great opportunities open up for private initiative, which
can provide greater efficiency.

• Environment

The sustainable development of a city can be defined as “development that meets
the needs of the present without jeopardizing the ability of future generations to
meet their own needs.” In this sense, factors such as the improvement of
environmental sustainability through anti-pollution plans, the promotion of
ecological buildings and alternative energies, efficient water and waste management
and the existence of policies that help to counteract the effects of climate change are
essential to guarantee the sustainability of cities over time.

• Mobility and transportation

The cities of the future have to face two great challenges in the field of mobility
and transport: facilitating movement (many times, in large territories) and access
to public services. Mobility and transport—both in terms of road and route
infrastructure, the car park and public transport as well as air transport—affect
the quality of life of the inhabitants of a city and can be vital for sustainability of
it over time. However, perhaps the most important aspect is the externalities that
are generated in the production system, either due to the need to move the labor
force or the need to exit production.

• Urban planning

The urban planning of cities has always been considered a driver of development
and poverty reduction. Today, it is also a collective exercise that must involve all
stakeholders, such as citizens, civil society organizations, the public and private
sectors, multilateral organizations and academics.

• In turn, urban planning is closely related to sustainability. To improve the
habitability of any territory, it is necessary to take into account local master
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plans and the design of green areas and spaces for public use, in addition to
committing to intelligent growth. New urban planning methods should focus on
creating compact cities, with good connections and accessible public services.

• International projection

Cities that want to progress must achieve a privileged place in the world. In this
sense, maintaining the global projection involves improving its brand and its
international recognition through strategic tourism plans, attracting foreign
investment and representation abroad. Cities may enjoy a greater or lesser
international projection, even if they belong to the same country, but it is not
independent of the degree of national openness. This dimension aims to reflect
these differences and measure the international projection of cities.

• Technology

Information and communication technologies (ICTs) are part of the backbone of
any society that seeks to achieve the status of “intelligent”. Technology is an
aspect of society that improves the current quality of life, while the level of
development is an indicator of the achieved or potential quality of life. In
addition, technological development allows cities to be sustainable over time, as
well as maintain or expand the competitive advantages of their production
system and the quality of employment. A technologically backward city has
comparative disadvantages compared to others, both from the point of view of
security, education or health—all of which are essential for the sustainability of
society—and from the perspective of the productive system. As a result,
production functions have become anachronistic, and competitiveness without
protectionism is diminished, which has a negative impact on the city’s capacity
for consumption and investment, as well as reducing labor productivity.

Based on these dimensions, CIMI presents London (United Kingdom) as the first
place, followed by New York (United States), Paris (France), Tokyo (Japan) and
Berlin (Germany) as the first five cities in the ranking. 2022.

2.2 E-government development index

The e-government development index (EGDI) presents the state of development
of the electronic government of the Member States of the United Nations. Along with
an assessment of the factors of Web site development in a country, the EGDI incor-
porates access characteristics such as infrastructure and educational levels to reflect
how a country is using information technologies to promote the access and inclusion
of all their society. The index is a composite measure of three important dimensions of
e-government [18]:

• Online service (OSI)

The OSI component is a composite indicator that measures the use of ICTs by
governments for the provision of public services at the national level. The OSI
values are based on the results of a comprehensive survey covering multiple
aspects of the online presence of all 193 Member States. The survey evaluates the
technical characteristics of national Web sites, as well as the electronic
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government policies and strategies applied in general and by special sectors in the
provision of services. In the 2022 edition, for the first time, the OSI was calculated
based on five weighted sub-indices. Specifically, Member States are assessed
for service provision, technology, the institutional framework supporting
e-government development, content provision and e-participation.

• Telecommunication infrastructure

Consider deployment for home Internet access, individual Internet usage and
mobile phone penetration.

• Human capital

It collects information on the educational level of the population, with the
literacy rate and average years of schooling.

The 10 countries with the highest evaluation of the 2022 survey corresponding to
the EGDI are Denmark, Finland, South Korea, New Zealand, Sweden, Iceland,
Australia, Estonia, the Netherlands and the United States.

2.3 Smart city index IMD

The Smart Cities Index prepared by the Smart Cities Observatory of the IMD
Global Competitiveness Center in collaboration with the Singapore University of
Technology and Design (SUTD) analyzes and rates 102 cities in the world. Evaluates
indicators such as health and safety, mobility, activities and opportunities together
with the level of infrastructure of cities, benefits and technological services for its
inhabitants, these data integrate the two pillars on which the perception of residents is
requested, which are focused in measuring how citizens perceive the efforts that their
city makes to become a smart city. This takes economic and technological aspects into
account, but from a social approach adapted to human dimensions, as explained by
the observatory itself [19]:

• Attitudes

It shows and compares responses to three key aspects of privacy (willingness to
give up data, comfort with facial recognition and whether online information has
increased trust in authorities).

• Structures and technologies

It collects key data from the structures and technologies survey in five key areas:
health and safety, mobility, activities, opportunities and governance.

According to the index, being a globally recognized smart city is today critical to
attracting investment and talent, creating a virtuous circle. The 2021 results show that
the top ten smart cities in the ranking are Singapore, Zurich, Oslo, Taipei City,
Lausanne, Helsinki, Copenhagen, Geneva, Auckland and Bilbao, highlighting aspects
such as public transport, basic sanitation in areas humbler, green spaces, the provision
of medical services and recycling services in terms of structures. Also noteworthy is
the improvement in the organization of online medical appointments, as well as its use
in buying tickets for shows.
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2.4 Smart city strategy index

Index issued by the German consultancy Roland Berger measures the efficiency
and management of urban centers in light of the key digital applications that identify a
smart city, providing a global vision of strategies applied by various cities. In its last
edition in 2019, it identified 153 cities with an official smart city strategy, considering
Vienna Austria in the lead, followed by London in the United Kingdom and St. Albert
Canada. Its evaluation framework is based on 3 smart city dimensions, 12 criteria and
32 sub-criteria [20].

• Planning

Consider the time it takes to apply your strategic plans, your viable objectives,
forms of financing, priority and execution, administrative coordination and the
acceptance of all your stakeholders and partners.

• Infrastructure and policy

Consider the political and legal framework both in its regulation, financial and
innovation support and secure data management. In infrastructure, technological
connectivity, transparency of information and the speed of their Internet
networks are evaluated.

• Action fields

It evaluates the constructions from their ease of management, applications in the
home and construction, and in energy and environment, it considers the
management of energy, water and waste. In mobility, it evaluates the
management of urban traffic and logistics. In education, it takes into account the
capacity of educational platforms, learning models and digital skills. In health, it
analyzes information systems, assisted medicine and telemedicine, finishing with
the government through its e-services and its digital public administration.

As a complementary part, in this report it considers seven essential points as urban
planners for the design of a perfect smart city [20]:

• Take stock

This exercise requires taking stock of existing plans and projects, being a
strategy that presents the perfect opportunity to reassess the role of the city
and clearly define its digital services and its portfolio of current and future
projects.

• Involve all stakeholders

To ensure greater efficiency, all stakeholders, including citizens and external
providers, must participate in the strategies proposed by the city, as well as in
their implementation.

• Think integrated

A smart city must be based on clearly defined fields of action, supported by solid
actions in strategic digitization areas.
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• Get private support

The private sector is the key to providing financing and expertise. Therefore, it is
crucial that companies not only have as part of their business model the
development of technologies, but also contribute to the financing of new and
better solutions to the country’s problems.

• Foster innovation

As such, there is no perfect smart city model, so cities and their society should
not limit companies to try new solutions. Innovation laboratories, technical and
financial support must be determining points to implement this strategy.

• Establish (open) urban data platforms

Data flow is the soul of a smart city. Digital solutions work better when they have
more information, which means that data platforms are key points, hence the
importance of developing solid cybersecurity policies to prevent the leakage
information.

• Make concrete action plans

The action plans defined by each city must be reviewed and updated periodically
to keep their results up to date and guarantee proper efficiency with respect to
their funding sources.

2.5 Smart cities index report

Issued by Ifm Engage in conjunction with Yonsei University and University of
Cambridge, it represents a comprehensive study of 31 cities around the world, which
reviews the effectiveness of local innovation initiatives, service development and
infrastructure projects. It highlights trends and provides information on the impact of
smart city development globally for better future strategic planning. In his 2022
report, it presented a baseline evaluation in eight dimensions [21]:

• Service innovation

It is essential for the development of a smart city that the urban infrastructure is
improved through the application of advanced ICTs. In this way, smart cities
drive sustainable innovation as new industrial sectors emerge that offer services
that are synergistic with a city’s own information provision. Since the health
crisis due to the COVID-19 outbreak, ICTs mediated services have become more
essential than ever to people’s lives. Many leading cities around the world are
investing heavily in innovative advanced technologies with the aim of providing
citizen-centric smart city services while enhancing the competitiveness of cities
by driving various smart city policies. New York, Barcelona, Seoul, London and
Amsterdam lead this dimension.

• Urban intelligence

Cities around the world are actively working on how to solve various urban
problems using Industry 4.0 technologies, such as the use of big data and
blockchain, through services based on Web applications, infrastructure services
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and specific projects. On the other hand, the use of artificial intelligence (AI)
technology to promote infrastructure services is also recognized, as well as in the
fields of health care, social services, crime and disaster prevention,
transportation, and energy management. In this dimension, Seoul, Barcelona,
Amsterdam, Helsinki and Lisbon stand out.

• Urban sustainability

At this point, smart city projects are classified by service areas, identifying the
type of development (services, infrastructure and projects) that has the greatest
impact on urban sustainability, with special attention to the energy and
environment sector, as well as to Web application-based services. Amsterdam,
Copenhagen, Helsinki, Berlin and London lead this dimension.

• Urban openness

It represents one of the key factors that determine the competitiveness of a city
together with the development of a smart city. An open city is innovative and
usually takes the form of an ecosystem, within which city government offices
work together with large, medium and small companies, as well as young start-
ups. Two parameters are basically considered: (1) the opening of urban data and
(2) informed citizen participation under the concept of open innovation. Taipei,
Seoul, New York and Singapore lead this dimension.

• Infrastructure integration

The infrastructure of a smart city is a complement of Industry 4.0 technologies
that interconnect the physical urban infrastructure (building and public lighting)
with cloud applications and data, fostering innovation and improving services for
society. It also represents the concept of a smart city as a way to bridge the digital
divide, responding preemptively to the vision of a hyper-connected and hyper-
intelligent society by making infrastructure fully accessible within the city through
various digital technologies. In this dimension, Seoul, Incheon, Barcelona, Taipei,
Busan and Dubai stand out as leaders in infrastructure integration.

• Urban innovativeness

A smart city is innovative to the extent that it undertakes the task of creating and
designing an ecosystem in which Industry 4.0 technologies can be implemented and
prosper, including aspects such as construction and zoning, promoting innovative
projects with the aim of generating greater socioeconomic value through the
development or commercialization of services through technological innovations.

• Collaborative partnership

It is defined as the mutual and cooperative relationship to create and activate
ecosystems for the efficient development of services and infrastructures in smart
cities. Its application is useful in overcoming budgetary and resource constraints.
Local governments, research institutions, private companies, Small and Medium-
sized Enterprises (SMEs), citizens and other neighboring cities are included. It
identifies the establishment of policies so that associations can be a driving force
that increases synergy in the development of infrastructure and quality services,
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fostering innovation and agility in the development of resources. In this context,
Seoul, Shanghai and Singapore are the leading cities in this dimension.

• Smart city governance

The term refers to the organizational structures in which a city brings together
multiple stakeholders to solve common problems that occur during the delivery
of public services. Through governance systems, governments and their
collaborating partners share a vision, identify priority problems, propose
strategies and methods and determine political decisions to promote projects
with social impact, systemically establishing a digital transformation in key
sectors, such as transport, energy and environment. New York, Amsterdam,
Vienna, Singapore and Dubai are the leading cities in this dimension.

Cities around the world have accepted these challenges and have adopted various
factors and strategies as part of their response to the problems that afflict society in
general. Likewise, through the development of innovative ideas and approaches,
transformations have been shaped that have taken advantage of new digital technolo-
gies not only to improve people's quality of life, but have also identified that the
environment and the planet require the same attention. The next step is to determine
how a smart city can promote more sustainable and sustainable urban habitats from
an integral point of view, that is, that its impact is of a social, economic, environmen-
tal and institutional for the benefit of all.

3. Smart cities and comprehensive sustainability

3.1 Industry 4.0 digital technologies

Improving processes and optimizing available resources by perfecting and/or
replacing human action was one of the main causes for which the concept of Industry
4.0 was born based on disruptive digital technologies that boosted the growth and
development of companies and organizations around the world. Nine main pillars are
highlighted [22]:

• Big data

• Autonomous robots

• Simulation and augmented/virtual reality

• System integration

• Internet of the things

• Cybersecurity

• The cloud

• Additive manufacturing
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• AI.

These technologies allowed the industrial sector to achieve greater operational effi-
ciency, better management of its resources and improvement of its processes, resulting
in greater productivity based on the creation of value of its products and services.
Therefore, the new trend recognizes that these new technologies are the way for not only
the business sector to develop, but also for smart cities to better manage their resources
and more appropriately face and solve their main current and future problems.

3.2 Integral sustainability

Implicitly sustainable development plays a determining role for smart city service
management, as part of a complete innovation cycle [21]. Despite the fact that digital
technologies under the concept of Industry 4.0 were developed due to the need to
convert normal machinery into intelligent machinery with learning capacity to improve
its performance [23]. The World Economic Forum’s (WEF’s) Network Readiness Index
2021 described that technology and people need to be integrated into effective gover-
nance to have the right impact on the economy, society and the environment. Recog-
nizes that despite the fact that digital technology is changing people's lives in a dizzying
way, there are still gaps in access to it in various regions and economies of the world [24].

Likewise, the United Nations 2030 Agenda has objectives that can be achieved
more quickly thanks to the development of smart technologies. Ensure healthy lives
and promote well-being for all at any age (SDG 3); guarantee inclusive, equitable and
quality education (SDG 4); guarantee the availability of water and sanitation (SDG 6);
guarantee access to affordable, safe and non-polluting energy (SDG 7); build resilient
infrastructure and foster innovation (SDG 9); make cities and human settlements
inclusive, safe, resilient and sustainable (SDG 11); taking urgent action to combat
climate change (SDG 13) and building effective, accountable and inclusive institutions
at all levels (SDG 16) are part of the sustainable development goals that can be directly
linked to the development of a smart city [25]. Por lo tanto, un desarrollo sostenible
integral requiere una atención específica a cuatro dimensiones [26]:

• Environmental

In this dimension, it is established that products and processes must be friendly
to the environment through the prevention of pollution and good management
of natural resources, recognizing the design of green products, from their raw
material to the end of production its life cycle.

• Social

Thebenefit of people and their environment is soughtwith anefficient administration
of human resources, providing health, safety and economic growth, both to
organizations, personnel and to the placewhere the company has been established.

• Economic

The proposal of both economic and social profitability is proposed, in the search
to generate results and/or benefits based on investment in technology to reduce
energy consumption and improve the environmental quality of the processes,
also conceiving that its aim is not only to generate economic profits, but also to
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give something back to society at a social, economic and environmental, level
that allows the company to establish permanent roots.

• Institutional

The creation of a sustainable culture is proposed, with a mission and vision that
impacts organizations and society, establishing norms, habits and values so that
they are practiced at all times, making them a new form of behavior and education.

Under these principles, it is highlighted that a smart city must not only consider
the implementation of technologies to improve the living conditions of its inhabitants,
and it must comprehensively cover these four dimensions. The dimensions and strat-
egies presented by the evaluation indices are the best indicator to assess the environ-
mental, social, economic and institutional impact experienced by cities and which, in
turn, will serve as a basis to promote them in other cities that are different economic,
social and political conditions. Based on the foregoing, Table 1 shows the relationship
of the dimensions proposed by smart city indices analyzed with each of the dimen-
sions of sustainable development.

In the first instance, from the point of view of sustainable development, Table 1
highlights the following:

In the environmental dimension, mobility and transport problems are determining
aspects that every smart city must solve by virtue of reducing pollution rates. The
environment and urban sustainability must assess and address the effects on ecosystems
of air pollution, water quality, biodiversity, deforestation and climate change. A deter-
mining and vitally important point is to implement technology for the efficient man-
agement of water resources to really have a sustainable future. Water is a vital

Smart city indices Sustainable development dimensions

Environmental Social Economic Institutional

CIMI Environment
Mobility and
transportation
Technology

Human capital
Social cohesion
Urban planning

Economy
Mobility and
transportation
Technology

Social cohesion
Governance
International
projection

EGDI OSIs
Human capital

Telecommunication
infrastructure

Smart City Index
IMD

Structure and
Technologies

Structures and
technologies

Attitudes

Smart city strategy
index (SCSI)

Action fields Infrastructure and
policy
Action fields

Planning

Smart cities index
report (SCIR)

Urban
sustainability

Service
innovation
Urban
intelligence

Infrastructure
integration

Urban openness
Urban
innovativeness
Collaborative
partnership
Smart city
governance

Table 1.
Relationship between dimensions of smart cities with sustainable development.
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component for the population, so an intelligent administration that manages access to
its supply as a basic element in the development of any city is important. In
another context, the solid waste generated by each person and each household in a
city represents great potential damage not only to people's health, but also to the
environment.

According to Table 1, the social dimension represents the main focus of attention
for the development of a smart city, emphasizing the importance of improving
people's quality of life, from providing safe streets and green spaces to quality hospital
care and efficient OSIs. Another determining aspect is the valuation of human capital,
so it is necessary to strengthen them from various perspectives, one being education,
promoting its evolution through the incorporation of digital technologies, in such a
way that in a smart city, its educational institutions. Regardless of the academic level,
they incorporate the use of cutting-edge digital elements into their development and
performance. From another perspective, efficient and high-quality health services
must be provided for the entire population, incorporating cutting-edge technology for
better care in the service and medical treatments.

In the economic dimension, the fact that a smart city must present both local and
international competitiveness through a new type of economy according to our era,
the digital economy is highlighted. In fact, the integration of Industry 4.0 digital
technologies can significantly contribute to achieving the sustainable development
goals of the 2030 Agenda. However, despite the fact that its ability to change the labor
market will imply the inevitable disappearance of certain jobs in the future, it will also
promote the creation of other, better-paid jobs, but requiring a new series of knowl-
edge and skills. All this will require greater investment and new learning models in the
education sector. Improve urban planning through green designs of public buildings,
green cities, green industrial corridors, adoption of Internet of things (IoT) systems,
clean and renewable energy sources, application of emerging technologies for urban
agriculture, central markets smart technologies, the technological efficiency of public
services (such as transport and mobility) and the modeling of digital environments
today represent economic alternatives for the search for not only a digital economy,
but also a green economy.

In the institutional dimension, smart cities must be part of a shared vision between
the government and citizens based on social justice, solidarity and democratic values.
These principles are decisive for the image that each smart city presents to the world.
Being recognized internationally will lead to a greater attraction of foreign invest-
ment, a greater number of tourist visits and a continuous international projection.
This requires good strategic planning, in which the government, civil society and
public and private companies must align themselves with the same mission and vision
according to their own institutional limitations (political and regulatory).

Secondly, according to the WEF, the main challenges facing the cities of the new
century are [27]:

• Environmental threats

Includes affectations caused by meteorological phenomena related to climate
change.

• Resources management

Water, food and energy will be the most determining resources for each city due
to constant urban growth.
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• Inequality

The gap between the haves and have-nots will widen and becomemore pronounced
in the megacities of the future. It will be necessary to formulate policies that
guarantee that the fruits of progress are distributed equitably in society.

• Technology

Technology will be used more and more, especially that related to energy,
mobility, transportation, health, safety, education and the environment.
However, as cities become digital, access must be guaranteed to all of society
without discriminating against the economically disadvantaged groups.

• Governance

For a better future, good governance practices and good urban planning are
required. Therefore, its main objectives should be to guarantee equity,
habitability and sustainability for all of society in the face of the inevitable
increase and diversity of the population.

Therefore, the smart cities of the future must identify these problems, analyze
them together with those they are already dealing with and propose solutions to
overcome them, relying on the impact of digital technologies as follows:

• Big data

Given the exorbitant amount of data and information that it is possible to obtain
from the dynamics of large cities, the collection and evaluation of data in real
time will be decisive for decision-making. Medical, social, transportation,
weather, academic histories, etc., will be valuable information to better
understand each problem and thus provide increasingly better results based on
continuous learning.

• Autonomous robots

Robotic systems will no longer only be used in industrial systems. In the new
smart cities, they will have various applications for the benefit of society.
Companions, protectors and both domestic and public workers are some of the
new tasks that they will carry out in the future for the greater well-being of
society and the community.

• Simulation and augmented/virtual reality

The analysis of urban problems through computerizedmodels and virtual
environmentswill allow large cities to optimize their resources and provide solutions
more quickly and efficiently. Transportation, pollution and public safety are some of
the issues that have already begun to be addressed with these technologies.

• System integration

The exchange of information through networks and applications will be the best
way to integrate various technologies in real time for the safety and well-being of
the population regardless of their social or economic condition.
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• Internet of the things

Communication by means of protocols and devices through a digital network
will allow the interconnection of countless reading, measurement and control
devices located in strategic positions for the management and control of
buildings, transport, security and public services in a more efficient and safe.

• Cybersecurity

Given the need for data management and management, the protection of
systems, platforms and servers becomes a critical point that must be addressed
with a high priority. In particular, governments and public and private
organizations must guarantee the protection of all the information they have
under protection, relying on high-security digital technologies.

• The cloud

The constant growth of the communications infrastructure requires a greater
availability of computers and servers. Given this, it is essential that a smart city has
as part of its services digital repositories for the storage, access and use of digital and
computer resources that are available without the need for physical equipment,
with sufficient capacity to share information from any point in the city.

• Additive manufacturing

Despite the fact that this technology is more focused on industrial aspects, within
smart cities it has found a space in the development and construction of houses
made with environmentally friendly materials, being a new alternative to correct
habitat problems in big cities.

• AI

Efficient access to public services, crime prevention, intelligent transport
networks, development of communication networks, protection of the
environment and care and health of the population are some of the issues in
which AI is being developed to be implemented in the big cities. The design of AI
algorithms will create expert systems that will make predictions based on data
analysis and continuously learn to make and improve their decisions in solving
urban problems, just as a human would, but with greater precision and speed.

Figure 1.
Pillars of the smart cities of the future.
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Figure 1 shows this relationship, in which the smart cities of the future will be
supported by two determining pillars: sustainable development and digital technologies.

Both pillars represent the new bases and trends that today's society requires and
demands to really obtain a better quality of life, greater economic growth and the
guarantee of prosperity for future generations.

4. Conclusions

Digital technologies have evolved, and their media impact on the economic devel-
opment of companies, society, countries and cities has become evident, boosting their
competitiveness and innovation. They have also implicitly generated an impact on the
social and environmental dimensions. But, to achieve integral sustainability, it is
crucial that cities point towards the institutional dimension through new policies and
regulations that regulate their actions more efficiently, thus implementing a new
sustainable culture throughout their society.

It is clear that technological development grows along with the needs of society.
Therefore, urban problems such as environmental pollution, housing, unemployment,
public services, sanitation, health, transportation, energy, and public safety, to name a
few, require greater attention from government agencies, and digital technologies are
the best tool for your solution. Smart cities should be an example of a life system for
those who aspire to be, even for those cities that are developing. The next step is to
take advantage of digital technologies to go beyond just addressing these urban issues.

Today's society not only demands to improve their quality of life, now it also
demands care for the planet and its natural resources. The Brundtland Report in 1987
mentioned the importance of efficiently and rationally managing our resources so that
it is possible to improve the current well-being of our society without compromising
the quality of life of future generations [28]. Since then, society has slowly been
moving towards that goal. Today, smart cities represent one more step in this devel-
opment. Therefore, the next step is to transcend time and take another evolutionary
leap, to move into the era of smart and sustainable cities.
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Chapter 5

Local Development Model as an 
Element of Regional Sustainable 
Strategy
Mieczysław Adamowicz

Abstract

Regions constitute key elements of the territorial structure of any country. 
Internal differences in regions permit to distinguish subregional and local units in 
them, where economic and social activities are undertaken. Despite the internation-
alisation and globalisation processes, the importance of local development concept 
is growing. There are several factors influencing the growing role of local units in 
socio-economic development of regions. In many countries, local communities have a 
great autonomy in creating local development strategies and policies. Local endogenic 
strategies and policies create an important complementary activity to sustainable 
regional planning. The aim of the work is to present a theoretical background of the 
local economy and local development. Using the subject literature, the theoretical 
concepts, definitions and the results of local development were presented. Selected 
models and paradigms of local development as well as interrelations between dimen-
sions of local sustainability and links with regional planning were presented and 
discussed as well.

Keywords: local economy, local development, regional policy, sustainable development 
models, regional sustainable strategy

1. Introduction

A factor of key importance for the efficient functioning of a country is the divi-
sion of the country into regional systems, which are usually established on a statutory 
basis. Regions separated in consideration of many historical, geographical, natural, 
social, and economic criteria, forming the basic spatial and functional structure of 
the country, have a relatively permanent character and play a big role in the develop-
ment plan and program formation procedure, in the efficient functioning of economy 
and society and the general management of the state. Regional territorial systems as 
a concrete way of expressing the role of the geographical space in the socio-economic 
development of the country is a concept that becomes particularly significant nowa-
days when we can observe the development of international economic integration 
processes and the intensification of globalisation. However, economic processes occur 
and manifest themselves in local systems, which are a part of higher-level territorial 
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systems – sub-regions and regions. Paying attention to the role of local systems and 
local development involves the need to increase the role of citizens in the manage-
ment of countries and regions. Tendencies to include local communities in strategy 
formation and development planning processes were taken into account in concepts 
of grassroots development, localism, and local development [1, 2]. The interest in 
local development issues made it possible to show and become more familiar with 
the size of and reasons for the differentiation of territorial development and the role 
of modern development factors and to elaborate new concepts, models, policies, 
strategies and plans of development. The subject matter of this paper is local economy 
and local development, with particular regard to its essence, concepts, models, and 
dimensions.

2. Local economy: concept and elements

Local economy encompasses the entirety of economic resources, managing 
entities, phenomena and forms of the emergence of business activity that occur in 
the given local system. Local economy can be defined as socio-economic activities 
aimed at supporting the development of the local unit, i.e., the local territorial 
system in which local factors are used and local development barriers are taken 
into consideration [3, 4]. In addition, local economy can be regarded as a complex 
process in which local authorities stimulate the economic development of the given 
territorial unit with the use of their own resources and the commitment of exter-
nal partners [5, 6]. Local economy is the sum of business activity and economic 
phenomena in the city, village or commune such as production, service, trading, 
investment, housing, transport, innovation and any other activity. Economic phe-
nomena manifest themselves in the local market of goods and services, the labour 
market, and markets of other resources and production factors. However, local 
economy produces goods not only for the local market but also for external markets, 
even with a global reach; apart from that, it also receives resources, products and 
services, information, and innovations from the outside. This connection with 
external markets determines its scale of closure and opening. Although possibilities 
of development and the method of functioning of local economy depend mainly on 
the endogenous sphere, this connection with the external environment constitutes 
a very significant development factor for it. Various elements of local economy 
are interrelated and form a sort of coupled system serving the local community; 
external connections help to make better use of own resources in actions for the 
environment, and external resources create opportunities for the development of 
an internal system.

From the perspective of value creation in a given local or regional system, 
economy can be divided into two groups of branches, one of which encompasses 
basic branches focusing on production for markets outside the border of the given 
system, whereas the other encompasses supplementary service branches engaged in 
production mainly for local markets inside the system, i.e., for the local or regional 
market. Basic production and service activity in the form of export from the system 
also maintains supplementary activity consumed inside the system. The division into 
basic (export) activity and locally consumed service activity becomes useful for the 
determination of plans and strategies for socio-economic development of the given 
system. The ability to generate supra-local added value is a sign of the development 
potential existing in the given system.
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Local economy can also be defined as a group of entities managing and participat-
ing in management systems in a city or commune, which are interrelated and inter-
dependent in various ways [1]. By making use of available resources, each managing 
entity and each organisation fulfils certain functions and strives to accomplish its own 
goals, at the same time accomplishing social goals.

In local systems, a local environment comes into being, in which local economy 
and the local community function. The environment as a general concept is a rela-
tively permanent system and character of surroundings that encompasses people 
and things important for human life and behaviour on a limited spatial scale. The 
local environment consists of a set of natural, economic, social and cultural features 
determining the distinctness and character of the given place or limited territory. 
An important element of the local environment that affects local economy is the 
social environment. The social environment can be defined as a relatively permanent 
system of individuals, groups and other human collectives producing human activity 
and having an impact on human behaviour. The local system is characterised by the 
existence of the local community. The local community is understood as a group of 
people living in a limited and relatively isolated territory that possesses and appreci-
ates common traditions, values and symbols and service and cultural institutions, 
aware of their unity and distinctness, is ready to act together and lives in a sense of 
belonging and internal safety [7]. In the context of the concept of local communities, 
the idea of a civil society characterised by a pro-active attitude, the self-regulation 
capacity and the ability to accomplish goals without impulses from the state and its 
institutions emerge nowadays.

3. Growth and development in local systems

Aiming to satisfy their constantly growing needs, people and communities 
undertake business activity that gives rise to new economic values embodied in the 
concept of economic growth. Economic growth is considered mainly in terms of 
quantity and measured by the total value of the newly created value in conversion 
into a unit of outlays used for its production. A synthetic measure of all effects of 
management is the concept of economic growth and development, which is measured 
most often by the amount of the gross domestic product per inhabitant. The economic 
development process is a combination of economic growth and qualitative changes 
occurring in the field of production factors and production process results, and also 
in the institutional and social sphere of management [8]. Economic growth is not a 
goal in itself but a method of achieving economic, social and environmental goals 
in various territorial systems: the national, regional and local system. Integrated 
growth and development processes are shown in the most versatile and mature way 
in theories recognising the role of the state as the subject of development policy. The 
deepening of economic polarisation and the development of international integration 
and globalisation led to an increased interest in regional development (the 1960s and 
1970s) and local development (the 1980s).

Many authors do not introduce a distinction between development in various 
territorial systems and treat local development as regional development on a smaller 
scale [9, 10]. In fact, there are very strong dependencies between local development 
and regional development, as well as between regional development and develop-
ment on a national scale. These connections are reflected by the actions of territorial 
governments and state public administration. In practice, it is assumed in Poland that 
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regional development refers to the entire province, whereas development on the scale 
of a county, city and commune should be regarded as local development [11].

Local development is a specific and very complex category of socio-economic 
development [12]. Its progress is influenced by many entities and factors operat-
ing and existing both within and close to the given territory. The complexity of the 
phenomenon of local development results both from the internal systemic character 
of local economy and the location of the given local system, particularly in the system 
of regional and national economy. The progress of basic economic processes on a 
local scale is shaped by the general economic and social system, the socio-economic 
policy of the country, regional policy and local development policy pursued by local 
authorities [13]. The category of local development has a dual character, so it should 
be considered in two ways: using the local and supra-local methods [2]. The local 
method is based on understanding local development as a process of transformation 
of local system structures and mutual relationships between elements of these struc-
tures and their connections with the environment through the mobilisation of mainly 
endogenous factors. In the supra-local perspective, local development is perceived as a 
transformation of structures of the aforementioned supra-local systems and relations 
between these structures and their environment.

The increased interest in local development also results from the manifestation 
of ethnic and cultural regionalisms existing in countries of integrating Europe. The 
emergence of paradoxes of globalisation showed that the spread of socio-economic 
phenomena across state borders required the intensification of actions on local 
scale and making use of grassroots initiatives. To some extent, it is a reaction to 
failures of the idea of top-down development or development based on external 
factors. Local development is associated with grassroots (bottom-up) develop-
ment based on the endogenous potential supported by available exogenous factors. 
Local development is a special form of regional development in which endogenous 
factors used by local and supra-local entities for evoking changes strengthening 
the local development potential and the effectiveness of its use play a crucial role. 
Drawing attention to local development issues in the first half of the 1980s had 
economic and social as well as environmental and political grounds. These grounds 
existed in the then-current crisis of the welfare state concept and were related to 
the seeking of development opportunities in the centralisation of state manage-
ment [14]. In Poland, the interest in local development issues also resulted from 
the systemic transformation process, which also encompassed a change in the 
territorial division of the country and the restructuring of territorial government 
administration.

The interest in local development in the European Union in 1980–2000 manifested 
itself in the introduction of various innovative actions, pilot programs and com-
munity initiatives aimed at the utilisation of spontaneous grassroots activity as the 
driving force of general economic development. After 2000, the local development 
policy assumed a slightly different, more dispersed form in instrumental and program 
terms [14].

4. Essence and criteria of the definition of local development

The conception of local development was analysed by many Polish and foreign 
authors, who formulated their own definitions and specified its essence, condi-
tions and factors. This conception can be divided into two trends. The first trend, 
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represented by a large group of authors, highlights in its definitions a long-term pro-
cess of directional changes where objects or items evolve from simpler and less perfect 
forms and states into forms and states that are more complex and perfect, desirable 
and favourable from the perspective of specific goals.

Another group of authors believe that development is a process of changes based 
on progressive or regressive differentiation. Definitions of the first trend, which treat 
development as a process leading to the quantitative and qualitative improvement of a 
state of a specific territorial system, are used more frequently. Referring development 
issues to a local system, we can distinguish three main groups of definitions of local 
development: aspectual, general and systemic definitions [10].

Aspectual definitions consider local development separately within the scope 
of separate levels, including particularly the economic level. General definitions 
determine local development in a general way without referring to individual spheres 
or levels. Systemic definitions refer to three main development levels: the economic, 
social and environmental levels. Thus, they are similar to the concept of sustainable 
and permanent development.

The development process is always connected with a specific territory and a con-
crete spatial system—a local, regional, national or even broader system. Local devel-
opment is related to a specific place, a given local system constituting the unity of 
natural and anthropogenic resources and of the local community and local economy. 
Local development can be considered in various aspects; social and economic aspects 
are used more frequently. Socio-economic development in a specific territory of a 
local system is a complex phenomenon that can be defined in various ways, depend-
ing on the aim of the analysis and criteria of assessment. Bagdziński [15] understands 
local development as ‘jointly considered favourable changes in the territory of a local 
system that originate particularly from local natural and material resources and the 
characteristics of local communities that foster development, and the results of these 
changes contribute to the fuller satisfaction of inhabitants’ needs and improvement of 
their prosperity’.

A definition similar to the above one specifies local development as a group of 
positive socio-economic changes in a qualitative and quantitative sense that occur in 
territories of cities, communes and counties [16] and make it possible to create new 
functional advantages and improve the existing ones in a given territorial unit and to 
create specific conditions for the development of economy [17, 18].

Some authors treat ‘local development as a sign of local solidarity creating new 
social relations, which means expressing the will of inhabitants of the microregion 
regarding resources and factors of economic development’. Others perceive local 
development as a process through which the population gains broader autonomy in 
defining and satisfying their own needs, solving their problems and determining 
their own destiny. It is an outcome of the formation of collective dynamics in which 
economic, social, cultural and territorial aspects overlap and where local initiatives 
are connected with supra-local activities and resources [19].

Local development can also be defined as a process of economic, social, cultural 
and political changes leading to the improvement of the general level of inhabitants’ 
prosperity. In other words, development is a process of transition in evolving into 
states that are more advanced and complex or more perfect in a certain respect. Local 
development is based on the rational use of internal and external factors for develop-
ment of a given territory. Local development is a multi-aspect process that can be 
expressed in economic growth indicators or measured by social criteria or qualitative 
parameters of inhabitants’ living standards [13, 20].
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Local development is a social process based on stimulating the activity of local 
communities, highlighting local pro-development attitudes and including activities of 
social institutions in this development. This process must be preceded by the fre-
quently long preparation of both resources for their economic use and people for joint 
participation in development [21].

We can distinguish a number of levels – e.g., the economic level, the social level 
and the ecological level – in local development. The economic level encompasses local 
economy: private and state-owned production and service enterprises, economic 
institutions and non-government organisations supporting entrepreneurship. The 
social level encompasses mainly households and the housing sector, as well as edu-
cational, health care, cultural, social care and public safety and order institutions 
providing services to people. The ecological level includes environmental degradation 
issues and problems, as well as issues concerning the rehabilitation of the natural 
environment. Local development occurs when programmed activities of local entities 
lead to the creation of new functional advantages and the improvement of the exist-
ing ones of a local territorial unit, the creation of optimal conditions for the function-
ing of economy and the local community along with the maintenance of the spatial 
order and ecological advantages.

Local economic development can also be defined as the quantitative and 
qualitative development of entities running business activity in a given local 
environment (commune, county) that can be associated with the improvement and 
introduction of new products and services, the expansion of market outlets, the 
modernisation of technology and investment, an increase of employment and the 
improvement of production effectiveness along with auxiliary financial, capital 
and innovative activities [13, 20].

Local development encompasses the social environment and is carried out from 
the perspective of local communities and local economic structures, institutions 
and bodies of territorial self-government. Local social development is based on the 
increasingly better fulfilment of the social needs of the population and business 
entities in a given territory. These needs include mainly the sphere of education and 
upbringing, health care, administrative support and the satisfaction of needs regard-
ing culture and personal development, social care and public safety.

R. Brol [17] relates local development to changes occurring in a city, rural com-
mune and urban–rural commune or a differently delimited sub-region, that is, a 
local territorial system characterised by specific spatial, economic and cultural 
qualities and the local preference of needs and value hierarchy, and defines it as the 
harmonised and systematic activity of the community, public authority and other 
entities functioning in a given territorial unit that is aimed at creating new functional 
advantages and improving the existing ones in a given territorial unit, the creation 
of favourable conditions for economy and the ensuring of the spatial and ecological 
order. L. Wojtasiewicz [3, 4] specifies local development as a complex of qualitative 
transformations concerning a given area with regard to the standard of living of its 
residents and the conditions of functioning of business entities located here. A. Myna 
[22] defines local development as processes initiated and created consciously by local 
authorities, entrepreneurs, ecological lobbyists, social and cultural associations and 
inhabitants that are aimed at the creative, effective and rational use of non-material 
and material resources.

Drawing upon definitions made by other authors, M. Ziółkowski and M. Goleń 
[23] describe local development as a process of quantitative and qualitative posi-
tive changes in the standard of living of a local community and in the conditions 
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of functioning of business entities that takes into account the needs, priorities and 
preferences of inhabitants and entrepreneurs as well as the recognition of their 
systems of values. This definition highlights the importance of needs, preferences and 
the system of values as well as economic functions in local development processes in a 
given territory.

The crucial aim of economic development is to provide the community with high-
quality jobs, to achieve local stability by responding to the needs of the local economy 
sector, to build a diversified economic base and employment base and to promote 
sustainability [24]. It is not possible to perceive the development of local units and 
regions in a homogeneous manner, because the nature and meaning of the concept of 
development differ and change in time and space, and specific concepts of develop-
ment are socially determined by concrete interests and social groups in a specific 
geographical context and at a given time [25, 26].

Kuźnik [27] states that local development has an integral and multidimensional 
character. In his view, its basic dimensions include the socio-cultural dimension 
concerning the process of demographic, social and cultural changes, the environ-
mental dimension (changes in the natural environment and in the environmental 
infrastructure), the infrastructural dimension (transport, communication, energy, 
water management, sewage disposal and heating sectors), the economic dimension 
(development of the economic base of cities and housing estates) and the spatial 
dimension (forms of spatial development, public order).

According to Klasik [28], the basic components of local development understood 
as the creation of new values and treated in an integral manner include economic 
growth and employment, an increase in prosperity, an improvement of the quality 
of life and investment attractiveness, technological development and innovations, 
the restructuring and diversification of business activity, the development of institu-
tional infrastructure, an improvement of environmental quality, the enrichment of 
identity and integration processes (Figure 1).

Parysek [29] defines local development as the conducting of activities aimed at 
the economic and social development of a given territorial entity with the use of its 
resources, in consideration of inhabitants’ needs and their participation in actions 
being taken. Local development is connected with the creation of new jobs on the one 
hand and with the comprehensive creation of the most favourable living conditions 

Figure 1. 
Basic components of local economic development [28].
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for inhabitants on the other hand, which is also expressed by the improvement of the 
organisation and structure and the functioning of local resources.

The phenomenon of development is also perceived as a process of creating institu-
tions, developing alternative branches of industry and other economic functions, 
exerting influence on entrepreneurs for the purpose of making better products, 
helping in the identification of new markets, the transformation of knowledge, the 
diffusion of innovations and the support of entrepreneurship and others [24].

T. Markowski [30] defines local development as a process of directional changes 
in the course of which a quantitative increase and qualitative progress occur in the 
commune, county or region concerned. Local authorities can stimulate this develop-
ment and make use of relevant development management instruments. According to 
I. Pietrzyk [31], local development as a process of diversification and enrichment of 
the business and social activity of a given territory, which has its source in the mobili-
sation and co-ordination of its resources and energy, is an activity undertaken by the 
will of local actors (local government officials, business entities, associations, etc.) on 
the basis of reflections concerning the valorisation of local resources and taking the 
specificity of the territory into account.

An important feature of local development is that it starts from the grassroots, 
which does not exclude the need to attract external investments. However, external 
elements should be included in the network of relations and integrated with the 
local environment. E. Wojciechowski [32] highlights the fact that local develop-
ment essentially consists of the creation of new values, and its essence is economic 
development that encompasses favourable quantitative changes and qualitative and 
structural transformations, as well as an improvement of living conditions of the 
population. Referring to various definitions, A. Łuczyszyn [33] notes that the essence 
of local development is the process of economic and social transformation of the 
local community, which must be considered on three levels: the economic level, the 
social level and the ecological and spatial level. By synthesising approaches of various 
authors, A. Łuczyszyn [33] states: ‘to put it simply, local development is a harmonised 
and systematic activity conducted in the local community with the participation of 
stakeholders, the results of which serve to satisfy the needs of the local population 
and contribute to overall progress’.

An attempt to systematise local development issues was undertaken by J. Kot [34], 
who formulated the following six theories:

• Local development is an autonomous process because it occurs according to  
principles and rules concerning market mechanisms; moreover, it is also subject 
to autonomous decision-making by local government authorities being the 
subject of local policy and development processes;

• Local development is entity-oriented, which means it is a concrete process bring-
ing benefits and advantages to entities participating in it;

• Local development is a result of a compromise of actors and stakeholders  
operating in the local territorial unit;

• Local development takes place in conditions determined by phenomena and 
processes occurring both in its internal structures and in its environment; the 
success and stability of development processes depend on the flexibility of 
actions of business entities and local authorities;
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• Local development is a long-term process conditioned historically by production, 
political and cultural traditions of the population;

• Local development is ruled by its own logic that results from individual attitudes 
of the population, organisational behaviours and market mechanisms.

Local development is characterised by autonomy, empowerment, openness, exten-
sion in time, flexibility, interactions and subordination to social evaluation and social 
impact on the change process [6, 17, 35–38].

According to M. Ziółkowski [39], local development should take into account both 
the needs, priorities, preferences and recognised systems of values of inhabitants and 
entrepreneurs and the requirements of the natural environment, cultural heritage 
and rational spatial planning.

Thus, local development is a multi-aspect, multi-thematic and multi-level concept 
in which values are expressed and which can be shaped through the determination of 
goals and selection of instruments and evaluated in terms of its outcomes and results. 
Local development can be perceived from the perspective of an individual local sys-
tem and from the perspective of the place and role of a given local system in a broader 
environment—the supra-local environment [2].

As we can see, multi-aspect local development has a number of common elements, 
including dynamics as a process, the functioning of various entities, among which local 
government plays the leading role, endogenous local development factors, a broad range 
of impact (economy, society, environment, culture), the satisfaction of needs and aspi-
rations of inhabitants and local entities, goals, factors and instruments of development 
that change over time, reducing the significance of ‘hard factors’ and strengthening of 
the role of ‘soft factors’ such as knowledge, intellectual capital and innovations.

Taking into account the analysis of model features of local development perceived 
from a local perspective, A. Sztando [2] formulates an elaborate definition of this 
development as a ‘long-term, ununified, multidimensional and self-sustaining 
process of transformations of local system structures and interrelations between 
them and their connections with the environment that co-forms desirable supra-local 
processes and is created in a planned, participatory and coordinated manner and in 
accordance with the idea of integrated order, mainly by the local community and in 
its interest, through the consensus-based mobilisation of mainly endogenous factors’.

In modern concepts of local development, we can see a distinction between 
concepts of ‘local development’ and ‘development in a local system’. The first concept 
stresses the engagement of local entities and development factors, that is, the engage-
ment of the local community, and the stability and self-sustainability of development 
processes in time (endogenous development, integrated development and sustainable 
development). Development in local systems can also be a consequence of the impact 
of external and exogenous factors, considered from the theoretical side as a model for 
a process specifying the essence, content, requirements, characteristics, connections, 
internal factors and barriers and connections with the environment, as well as results 
and methods of their determination, and as a model for a change process [1].

5. The aims, components and outcomes (results) of local development

The object of local development is locally separated social-territorial units pos-
sessing a set of specific economic, social, spatial and cultural characteristics and 
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expressing their own needs and hierarchies of values. In the Polish territorial devel-
opment structure, these are mainly municipal and rural communes and counties 
established in the administrative division of the country. The commune is a territorial 
system relatively close to all of its inhabitants, both individuals and local communities 
and institutions in villages, housing estates and small towns comprising the territorial 
system of the commune. Therefore, local development concerns also internal (aux-
iliary) units such as villages, housing estates and other settlement units. This applies 
both to rural communes, municipal-rural communes and municipal communes. 
Local systems also include counties constituting a group of neighbouring communes 
that are relatively homogeneous, at least with regard to certain characteristics. Units 
separated according to non-administrative thematic criteria, such as a group of 
nearby communes located in the valley of one river or in a separate geographical area, 
can also be a form of local system.

Thus, we can distinguish the following elements in a territorial local system:

• sub-local systems (villages, towns/cities and districts),

• primary systems (communes),

• administratively (counties) and thematically integrated systems.

For such systems, development programmes or plans can be prepared. Communes 
are a primary system of administrative division, stocktaking of resources and the 
performance of tasks concerning the functioning of the state. The commune carries 
out many economic, social and political tasks. It is the unit in which basic social needs 
are fulfilled. The size of a commune is adequately small to enable the integration of 
inhabitants and local communities ensuring a sense of connection and enabling social 
activity for the pursuit of common goals and adequately big to achieve a minimum 
economically justified scale in the provision of primary welfare and social services 
and the cost-effectiveness of functioning of local markets. The optimum size of a 
commune in Poland is conditioned regionally and varies from a few to several thou-
sand inhabitants in rural conditions and a few dozen thousand in cities [40–42].

The very complexity of the concept of local development implies the complexity 
of goals set in development strategies, programmes and policies of this territorial sys-
tem. The formulation of goals should be perceived through the prism of entities that 
function in a given system and conduct activity. Each of the business entities (enter-
prises and households) and institutions functioning in a commune has its own goals 
specified to a certain extent, which it tries or is obliged to achieve. Their sum ordered 
according to accepted rules leads to many partial goals common for particular groups 
of entities. Inhabitants of a commune, as persons forming households and as consum-
ers of goods and services, are interested mainly in the sphere shaping the possibilities 
and conditions of employment, conditions of material existence, conditions of educa-
tion and personal, spiritual and cultural development, physical and economic safety, 
a sense of stabilisation, etc. As can be seen, this group of entities is interested mainly 
in the efficient labour market and the availability of goods and services, particularly 
public goods and services, as well as a healthy and friendly environment.

Industrial and commercial enterprises and farms strive to achieve economic 
goals ensuring their survival and development through the use of available factors in 
conditions of the local and regional market and the close and distant environment. 
Social service institutions and units and budgetary establishments seek to maximise 
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their budget and its effective use for the implementation of economic and social tasks. 
All goals pursued by groups of entities functioning in a given system are the basis of 
functioning of general development goals of the given local system by the manag-
ing authority that exercises territorial government in local systems. In the territorial 
government of the commune, there is a symbiosis of state authority and inhabitants’ 
self-government.

Local government is responsible for the achievement of general development goals 
of a given unit and the elaboration of the strategy and policy of their achievement. 
The primary goal of local development is usually the better fulfilment of needs of 
local communities and the improvement of the quality of life of inhabitants. The 
determination of collective needs for various entities in a given unit is not easy and 
requires the acquisition of knowledge about needs on the one hand and the rational 
choice of the method of their implementation on the other hand. The fulfilment of 
the overall goal requires the use of knowledge about resources and their availability 
and about the possibilities and conditions of their acquisition and mobilisation for 
socio-economic development. Local development must be based on a solid and 
diversified economic base used for the fulfilment of social needs without harm to the 
natural environment.

The economic sphere should ensure the relevant infrastructure and resources for 
the generation of revenues for entrepreneurs and farmers and income for households 
and should be characterised by activeness and the entrepreneurial spirit. In the social 
sphere, inhabitants should have main access to social, educational, health, cultural, 
sports and other services. What matters, is the social climate, a sense of responsibility 
and the strengthening of bonds, participation and local identity. However, the dif-
ficulty lies in the fact that not all needs can be fulfilled at the same time, which makes 
it necessary to choose priorities and make compromises. Therefore, the practical 
determination of the overall goal requires an analysis of goals important for various 
groups of entities and fields of activity and prioritising within particular spheres and 
in a general manner in a given system. In the ecological sphere, the fulfilment of the 
overall goal should ensure the creation and maintenance of spatial order, respect for 
the values of the natural environment and the protection of the natural and cultural 
landscape. Consequently, it is necessary to reduce the emission of pollutants by creat-
ing relevant technologies and eliminating the sources of environmental degradation 
and by promoting pro-ecological behaviours of inhabitants and business entities.

The analysis of goals from the perspective of business entities and spheres of activity 
can be used for the specification and cataloguing of goals of local development. Such a 
catalogue was prepared, for example, by P. Starosta [43], who distinguished the follow-
ing goals: 1) economic goals, including economic growth through self-organisation and 
external aid, 2) social goals, including the engagement and participation of inhabit-
ants, 3) psychosocial goals, reached through the identification of inhabitants with the 
community and with action programmes, 4) cultural goals, based on the maintenance 
of norms and values, 5) technological goals, fulfilled through the provision of neces-
sary forms of technical infrastructure, 6) political goals, expressed by the participation 
of inhabitants in the decision-making process and the creation of democratic power 
structures and 7) welfare goals facilitating the functioning of the local community.

We must realise that the choice and prioritisation of goals of local development 
must be adapted to specific local systems. Each commune has its own group and 
prioritisation of goals corresponding to existing possibilities and expectations. It will 
be presumably different in rural communes than in municipal-rural communes or 
municipal communes.
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An empirical description of local development processes indicates their huge 
differentiation and characteristics that can be subject to the evaluation, classification 
or modelling of these processes. Distinguished forms or models of local development 
with the use of various criteria always have a very significant element referring to the 
role of individual entities and the entire local community in the programming, plan-
ning and implementation of adopted development programmes, plans and strategies.

The combination and harmonisation of economic, social and ecological devel-
opment assume the form of sustainable local development. It takes into proper 
consideration economic, social, technical and environmental aspects of development 
in a given spatial system. Sustainable development is harmoniously connected with 
the general condition of economy and society and with regions and macroeconomic 
development strategies and policies [13, 20].

Local development can involve the following components:

• economic growth – an increase in employment and decrease in the level of 
unemployment;

• increase in the population’s welfare and quality of life – an improvement in the 
furnishing of households, the state of housing substances, the availability of 
technical equipment, etc.;

• increase in investment attractiveness, for example, through the provision of 
access to investment areas, the facilitation of real property trade and investment 
expansion and the support of local investors and entrepreneurs;

• technological development and implementation of innovations – through the 
provision of access to information, supporting the development of various inno-
vative companies, consultancy and the creation of local business and enterprise 
support institutions;

• restructuring and diversification of business activity – through initiation and 
facilitation of the development of new fields of activity and new organisational 
and technological solutions in enterprises facing structural difficulties;

• development of public benefit services and resources facilitating the functioning 
of households and enterprises;

• increase in the professional and social mobility of the population – through 
training and retraining of employees, the development of the double work system 
among farmers, the creation of educational and advisory institutions, etc.;

• development of institutional infrastructure – through extension of the scope of 
services, bringing services closer to places of residence and work, establishment 
of institutions for the solution of difficult problems and social pathologies and 
supporting the development of non-governmental institutions;

• rehabilitation of the natural environment, including the conservation of the 
landscape, the preservation and enrichment of biodiversity, etc.;

• strengthening of local, regional or environmental identity through the support of 
phenomena integrating the local environment.
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All actors of the local community, entities and the entire local community are 
engaged in the local development process. An important role in this development is 
played by the territorial government, employees of municipal enterprises and public 
institutions, activists of non-governmental organisations (NGOs), the professional 
self-government, chambers of commerce, foundations, general development associa-
tions, as well as representatives of individual business entities, social and political 
organisations and individuals – leaders and persons of authority. Each of these groups 
or persons can play an important role in the stimulation and implementation of local 
development.

The local development process requires adequate planning and coordination, and 
the territorial self-government authority being a subject of local development plays a 
special part in this development. The main task of the local territorial authority is to 
determine the direction and strategy of local development in accordance with internal 
and external conditions and development strategies of higher-level territorial units. 
The second primary task of the territorial authority is to pursue a local development 
policy, and the third task is to administer and manage the development and function-
ing of the local unit on a running basis.

Taking into account views of many authors dealing with local development issues, 
we can mention a number of characteristics of local development. The most impor-
tant of them include [10]:

1. Continuity resulting from the performance of successive and interrelated activi-
ties aiming at desirable changes,

2. Comprehensiveness and simultaneousness resulting from multiple levels of local 
development and dependencies between these levels,

3. Complexity resulting from the large number and diversity of needs, goals and 
conditions of their implementation,

4. Territoriality, which means the connection of various individual activities with a 
specific location and a specific territory constituting a development base,

5. Commonality and/or co-operation, meaning that actions undertaken for the 
benefit of local development are approved by the local community and its  
entities.

6. Endogeneity, meaning the prioritisation of internal factors and forces represent-
ed by local related entities in local networks of developing local communities,

7. Feedbacks where individual actions at least partly correspond to the develop-
ment goal of the entire community, and the implementation of the common goal 
leads also to the achievement of individual goals.

8. Connection with the environment – local development is an element of develop-
ment of a broader territory, and conditions and factors of the environment affect 
the course of the development process in a given local territorial system,

9. Long duration – current development processes are related to the historical 
course of economic processes concerning a given territorial unit,
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10. Autonomy – it is the subject matter of sovereign decisions made not only by 
individual entities but also by local authorities having specific competencies and 
funds for development goals.

However, local development has external conditions and limitations resulting 
from the pursuit of the interregional policy of the state and the intraregional policy of 
local authorities of the region within which a given local system functions.

According to research conducted by the International Labour Organisation and 
other agencies of the United Nations, local development [10, 44]:

1. is strongly dependent on the competencies, will and capacities of local actors,

2. concentrates on the strengthening of the local potential,

3. is largely based on the effective functioning of small and medium-sized enter-
prises everywhere,

4. depends on the ability of business initiatives to cooperate and integrate,

5. requires that the local unit be ‘equipped’ with relevant instruments,

6. depends on the possibility of active cooperation between systems at the local, 
regional, national and international levels.

Particularly important is the cooperation with administration and regional 
government. The region serves as a direct environment for the local system, and the 
local system is an integral part of the region. Local systems and the regional system 
are directly integrated and interdependent. There is a belief that local development 
is not a form of separate development on a small spatial scale, but a sign of grassroots 
(bottom-up) development in the region that is based on the use of endogenous 
resources with the support of external stimuli and the skilful control and guiding of 
production and accumulation processes and on the ability to initiate and generate 
innovations [45, 46].

The basic issues being separate spheres of local development include:

• Economic development – diagnosis of the level and factors of economic develop-
ment and entrepreneurship, numbers of employees and employment structures, 
the unemployment level, sizes of production of goods and services, local and 
supra-local markets and the flow of capital and investments.

• Social development – the state and growth potential of social welfare and the 
quality of life of local communities. Income level, working conditions, housing 
conditions, social services, public safety and functioning of the local government 
are the parts of this development.

• Spatial-environmental development – features of the local space and the natural 
environment. Spatial order, spatial and ecological conflicts, space planning, 
environmental pollution, ecological threats and the aesthetics of the natural and 
anthropogenic environment.
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• Technological and innovative development – investment, housing and tourist 
attractiveness. Availability of areas, material and human resources, character of 
local policy and expansion of infrastructure. Institutions supporting the innova-
tive environment.

• Cultural development – the enhancement of image and identity, the strength-
ening of integrative processes of local communities and integration with the 
environment.

The outcomes of development processes are subject to assessment and evaluation. 
A number of measures and indicators can be used for the assessment of each of the 
aforementioned kinds of development. Some of them can be obtained from the Local 
Data Bank, whereas others must be sought in local institutions and organisations or 
by gathering opinions among inhabitants and through other research.

The assessment of the course and consequences of local development must include a num-
ber of aspects considered on economic, social, environmental, cultural, political and other 
levels. The most important determinants of the success of local development include [31]:

• The existence of efficient and effective leadership in the local system that 
inspires decision-makers to mobilise members of local communities;

• Engagement and active participation of all local social and professional groups in 
the decision-making process;

• Determination of clear guiding rules and precise assessment of goals before their 
final acceptance;

• Trust, compromises, cooperation and public-private partnership;

• Inclusion of cultural identity and the social-political structure of the local and 
regional system;

successive assessment of the course of development and the current updating and 
adaptation of activities to structural changes occurring in the environment of the given 
system. Special attention should be paid to innovative phenomena and processes.

6. Models and paradigms of local development

Local development is created with the use of achievements of many sciences: 
economy, sociology, geography, spatial planning, organisation and management, stra-
tegic planning, public finance, regional policy, integration and other sciences provid-
ing a theoretical background and organisational, technical and functional aspects.

Research on local development draws upon paradigms elaborated mainly in economic 
sciences for regional development and spatial planning. Assuming the general way of 
perceiving reality within a certain scope as a paradigm, we must say that the perception 
of reality that we understand as local development has changed. Research within this 
scope led to the formation of many standards and models of this development, and 
various general concepts and theories generating various problems, concepts, rules of 
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Conceptions and 
approaches of 
development 

Specific features and selected advantages of development

Exogenous 
development and 
economic base

• Implant development based on external factors and impulses

• Development depending on the position occupied within a larger system

• Favourable transfer of outside capital for a quick pace of development

Polarised 
development

• Development occurring in selected privileged places (regions) – created 
growth poles

• Uneven development polarising space at all levels of its organisation

• Development accepted and supported financially by decision-making centres

Integrated 
development

• Multi-aspect and multidimensional development

• Development of interdependent fields, requiring integration and coordination

• Strategic thinking fosters all development projects

Self-organisation • Global interdependence of changes in various systems – evolutionary 
paradigm

• Natural autonomy of every system; the skill of using resources of the 
environment

• Integrated local community for the implementation of the eco-development 
strategy

Endogenous 
development

• Development based on internal development potentials of cities and regions

• Development rooted in the community; self-governance and grassroots 
initiatives

• Lack of motivation and conviction about the relevance of looking for external 
partners for the financing of development

Self-sustaining 
development

• Sustainable development that automatically restores the balance on a global 
and local scale

• Clean development eliminating negative side-effects in successive phases of 
development

• Development based on a stable system of values

Sustainable 
development

• Equal treatment of economic, social and environmental aspects

• Management without harm and limitations for future generations

• Possibility of including other aspects and stressing various forms of activity

• Concept of smart cities

• Concept of smart villages

• Form of sustainable development

• Development of smart specialisations

• Creation and implementation of innovations

• Building the innovation environment

• Development of the cooperation network

• Coordination of actions through local governments

• Implementation of a circular production system

• Recycling and value restoration

• Management without waste

• Cascading of manufacturing processes
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procedure and methods of solving problems have been formulated within the scope of 
individual models. Table 1 contains various concepts of local and regional development.

In literature, we can distinguish a number of concepts and typologies of local 
development models, the most important of which are: exogenous development, 
endogenous development, grassroots development, top-down (induced) develop-
ment, sustainable development, self-sustaining development, integrated develop-
ment, evolutionary development, innovative development, extensive development 
and intensive development. The size of this chapter is too small to discuss the 
aforementioned concept, so we will focus only on sustainable development models.

7. Sustainable development

Sustainable development has become a currently leading development model 
on a global scale in individual countries and in territorial systems within them. The 

Conceptions and 
approaches of 
development 

Specific features and selected advantages of development

Smart development • Concept of smart cities

• Concept of smart villages

• Form of sustainable development

• Development of smart specialisations

Innovative 
development

• Creation and implementation of innovations

• Building the innovation environment

• Development of the cooperation network

• Coordination of actions through local governments

Circular economy • Implementation of a circular production system

• Recycling and value restoration

• Management without waste

• Cascading of manufacturing processes

Participating 
economy

• New approach to the ownership category

• Use of factors and products by way of lending or share

• Joint consumption

Sustainable 
consumption

• Minimisation of the use of resources and energy

• Waste reduction and recycling

• Adaptation of lifestyle to the natural environment

Green economy • Risk reduction in the natural environment

• Prevention of pollution and waste

• Maintenance and protection of biodiversity

• Reduction of greenhouse gases, climate protection and improvement of social 
health

Table 1. 
Old and new concepts of local and regional development [47–49].
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concept that emerged in France and Germany with regard to forestry in the 18th cen-
tury [50] was popularised and became a basic paradigm of development in the second 
half of the 20th century. Sustainable development also became the goal of developing 
strategies and policies that encompassed increasingly broader areas of functioning of 
the modern society. In the concept restored in the 1970s and 1980s, three dimensions 
were distinguished: the economic one, the social one and the environmental one. 
The number of these dimensions is often increased. The primary methods of treating 
individual dimensions and relationships between them are shown in Figure 2.

The first model presents the separate consideration of individual levels, the second 
model shows jointly connected and interrelated dimensions and the third model is a 
layout where individual levels are hierarchically dependent and subordinated.

The concept of sustainable development is based on two basic principles. The 
first principle, resulting from concern about the natural environment and the need 
for its protection, refers to the equal inclusion of the economic, social and ecological 
aspects. The second principle includes the aspect of continuity and sustainability 
responding to the needs of both current and future generations and the retention of 
the possibility of managing without harm and limitations to the activity of future 
generations. In aspects of sustainability, the economic, social and environmental 
levels are sometimes accompanied by other equivalent aspects, such as legal, politi-
cal, technological, moral or business aspects. The highlighting of the ecological level 
is connected with the concept of eco-development. The highlighting of the aspect 
of intergenerational justice as a goal and condition of development is manifested by 
adopting the name of sustainable development or self-sustaining development. The 
concepts of sustainability and self-sustaining refer to the preservation of natural and 
material resources, physical, human and social capital resources and general possibili-
ties of efficient and economic activity for future generations in a given system.

Figure 2. 
Models of relationships of sustainable development dimensions [51, 52].
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The concept of sustainable development in Poland, adopted as a basis for gen-
eral development of the country, means an attempt to include both the criteria of 
effectiveness and social aspirations in laying emphasis on justice and equality in 
the sphere of spatial and territorial planning. The main core of this paradigm of 
sustaining general development and balancing the spatial planning of the country 
assumes the need for constant improvement of the quality of life of local communities 
through its support with sustainable factors, mainly of economic, but also social and 
ecological nature, without disturbing the developmental basis of any sphere of this 
development.

Today, attempts are made to seek various forms of its implementation in compli-
ance with basic principles of sustainable development. This is especially true for 
specific selected aspects of development, for example, urban development, rural 
development or development of agriculture or consumption [49].

Sustainable development is sometimes associated with eco-development [53, 54]. 
The concept of eco-development, the essence of which is expressed by the third model 
shown in Figure 2, lays emphasis on the respect for the advantages of the natural 
environment and the shaping of spatial order. In this paradigm, attempts are made 
to find optimum relations between the human being and nature and to improve the 
quality of the natural environment. As can be seen, this concept highlights the aspect 
of guaranteeing the survival and development of current and future generations 
through the prevention, limitation and complete elimination of changes and damages 
resulting from human activity. Technical progress and innovations are not only used 
for generating the economic growth of a given territorial system but also for improving 
the condition of the environment. The authors who separately consider the paradigm 
of sustainable and ecological development stress that the first one has the character of 
balanced development on three distinguished levels (the economic, social and environ-
mental levels), and the second one is a type of development that sustains itself in time.

The concept of sustainable development is regularly developed and supplemented. 
These primary levels are supplemented with new levels and specific aspects forming 
multidimensional layouts with variously arranged relationships are brought out. The 
hierarchical layouts of levels under construction are supplemented with human needs 
and rights, institutional solutions, etc. An example of expanded hierarchical layouts 
of sustainable development dimensions is shown in Figure 3.

The economic dimension encompasses the processes of production and exchange 
of goods and services that are the basis of the population’s incomes. Both quantitative 
factors of production and qualitative factors, particularly those related to labour fac-
tors, as well as conditions are significant for production processes. The measurement 
of the effects of the economic level currently goes beyond the level of GDP per capita. 
The UN’s Human Development Index is an indicator with a broader range.

The social dimension encompasses a wide range of parameters showing social 
conditions and the standard of living. The assessment of this level is strongly influ-
enced by connections and relations with the economic and environmental level and 
the ensuring of fundamental rights and the satisfaction of the population’s needs.

The environmental dimension concerns both the environmental impact of human 
activity and the use of natural resources, as well as conditions created by the environ-
ment for the achievement of goals of economic activity and social welfare.

The dimension concerning the possibility of satisfying the needs and guarantee-
ing legal order with regard to respect for property and individual and group safety is 
connected with the institutional level that concerns ensuring the adequate order of 
functioning of market economy and democratic society.
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Since the emergence of the concept of sustainable development, the dimension of 
long duration has been an important criterion for avoiding the conflict of interests of 
the current generation and future generations in development policy and currently 
serves the need for rational planning in order to maintain the possibility of manage-
ment by future generations. Thus, successive dimensions are increasingly general 
and difficult to quantify, but not less important for development processes. These 
dimensions are relatively concrete and easily measurable in local systems. However, 
the possibilities of adapting or correcting individual levels are very limited here. 
These possibilities, if they exist, are larger on the national and regional level, where 
development policy is shaped and where sources of potential funds for the support of 
development are located.

8. Conclusions

Over the last three decades, new concepts of development based mainly on the 
ground of sustainable development emerged. The concept of sustainable develop-
ment, arising out of the need to prevent the degradation of the natural environment, 
covers not only social and economic aspects – enriched by contributions from vari-
ous fields of science but it has also become the basic paradigm of all development 
programmes, policies and strategies formulated by international organisations, 
national governments and local and regional authorities [49]. Its essence still lies in 
ensuring the constant improvement of the life of modern and future generations by 
shaping rational proportions between various kinds of capital: economic, human, 
social and natural capital. By adopting the Agenda 2030 in 2015, member states of 
the UN undertook to pursue 17 Sustainable Development Goals divided into 169 
detailed tasks in their domestic policy [56]. The adopted goals introduce new forms 

Figure 3. 
Six hierarchically subordinated dimensions of sustainable development [1, 55].
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Chapter 6

The Impacts of Unsustainable 
Urbanization on the Environment
Abdulkarim Hasan Rashed

Abstract

Urban areas—cities—are not simply geographic areas for human gathering but 
are a locus of economic production, cultural and social interactions, and ecological 
development. Therefore, cities create positive development values when planned 
and managed on a sustainable footing by considering institutional, governance, 
environmental, political, economic, coherent policies, cultural, and social conditions 
and requirements. Sustainable urbanization has multiple benefits including creating 
more employment opportunities and better incomes, hubs for innovative solutions 
by attracting competencies, enhancing land utilization efficiency, improving infra-
structural performance, providing better services (e.g., education, health, water 
supply, and electricity), economic growth hub, acting as knowledge centers, better 
social and cultural life, and providing better living standards. While the impacts of 
rapid unsustainable urbanization are water stress, scarcity, and high consumption, 
sanitation wastewater, water pollution, air pollution, climate change, noise pollution, 
cultivated land depleted, urban sprawl, dust, solid and hazardous wastes, destruc-
tion of biodiversity, high energy consumption, traffic congestion, soil pollution, and 
deforestation. Thus, the 2030 Agenda1 for Sustainable Development—and its sustain-
able development goals (SDGs)—and New Urban Agenda are key transformative 
power toward sustainable urbanization development; this development is not at the 
expense of the environment while leading to prosperity and improving quality of life.

Keywords: 2030 agenda, SDGs, environmental impacts, sustainable urbanization, 
sustainable planning, coherent policies

1. Introduction

Urbanization is one of the largest social transformations of the modern era, accom-
panied by economic, social, physical, and environmental processes [1]; therefore, it 
has become an important and top priority issue at the global agenda. According to a 
United Nations report (World Urbanization Prospects: A 2018 Review), the propor-
tion of the world population living in urban areas was 30% in 1950, increased to 55% 
in 2018; there is a projected increase up to 68% in 2050—i.e., an increased that is more 
than 126% in 100 years. The period from 1990 to 2018 witnessed an average annual 

1 2030 Agenda is a global plan of action for the people, planet, and prosperity, and comprises 17 Sustainable 
Development Goals (SDGs), 169 targets, and 232 indicators.
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growth rate reaching 1.8% for world cities that populated more than 300,000 [2]. 
Moreover, the cities’ number and size will continue to increase due to the rate of births 
being more than the death rate in urban areas, besides that the continuous migration 
from rural areas to urban areas and from abroad [3].

The transformation process to urbanization should be built on a sound and solid 
institutional basis—e.g., policies, laws, and regulations—to set up sustainable and 
resilient urban cities. In this context, the World Cities Report 2020 mentioned several 
benefits of sound institutions that include: leading to inclusive prosperity, providing 
a better quality of life, leading urban development, giving the highest benefits to 
most of the inhabitants, achieving more equitable cities, and motivating inclusive 
and sustain economy growth [4]. There is a remarkable policy transformation toward 
adopting the institutional frameworks that entitle coordination and cooperation 
among urban actors. Thus, there is a need to put the policy purpose into practice 
through investment in infrastructure development, institutional capacity building, 
and employment of suitable policy tools in the national context [5].

The impacts of urbanization on the integration between the economy and the envi-
ronment are non-linear; thus, it does not assist in minimizing environmental pressures 
[6], and this creates several tangible challenges, such as escalating infrastructure devel-
opment, housing, economic instabilities, education, health, pollution, transportation, 
and water projects [7, 8] due to unsustainable urban planning. Uttara et al. reasoned that 
the core causes of declining environmental quality are planning and management issues 
[9]. In addition, there is a causal relationship between industrialization and urbaniza-
tion, where urbanization paved the way for industrialization; the latter accelerated paces 
of urbanization, and both resulted in challenges that cannot be easily beaten [10].

The next parts of this chapter are structured as follows: Section 2 is an overview 
of the New Urban Agenda and 2030 Agenda; Section 3 discusses the impacts of 
urbanization on the environment; Section 4 presents urbanization in the context of 
Sustainable Development Goals. Section 5 discusses the process toward sustainable 
urbanization. The last section is the conclusion.

2. New urban agenda and 2030 agenda

Two significant agreements milestones unify the globe; the first in 2015, which 
was the adoption of the 2030 Agenda for Sustainable Development, and the second 
ensued in 2016, with the adoption of the New Urban Agenda (NUA) and both agendas 
need to be implemented in closeness and integration to attain a better future for 
the people. In this context, the 2030 Agenda provides an operative framework for 
addressing the issue of urbanization at the global level [11].

The World Cities Report for 2016 clearly revealed that “the current urbanization 
model is unsustainable in many respects, puts many people at risk, creates unneces-
sary costs, negatively affects the environment, and is intrinsically unfair” [12]. Thus, 
NUA considered urbanization as the essence of sustainable development, and this 
agenda is characterized by a “shared vision of a better and more sustainable future,” 
“a paradigm shift based on urban science,” and “new recognition of the relationship 
between good urbanization and development” [13]. The NUA consists of 175 items 
but lacks metrics—indicators—for monitoring and measuring their progress [14]. In 
this context, Sietchiping et al. stated that, there is a need for a substantial transforma-
tion to ensure efficient urban planning and integrated policies toward sustainable 
cities’ planning, development, and management at all development levels [15].
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Item 9 of NUA states that, “the implementation of the New Urban Agenda con-
tributes to the implementation and localization of the 2030 Agenda for Sustainable 
Development in an integrated manner, and to the achievement of the Sustainable 
Development Goals (SDGs) and targets, including Goal 11 of making cities and 
human settlements inclusive, safe, resilient, and sustainable” [13]. Significantly, 
urbanization has been acknowledged growingly as a means of achieving the main 
aspects of the 2030 Agenda, particularly given the efficiency of urban resources and 
services and economic growth [16].

Notably, SDGs 9 and 11 have primarily covered the infrastructure and cities [14]. 
SDG11 is a so-called urban sustainable development goal and is explicit about the 
possibility of cities’ transformation and their capacity to realize other SDGs, whereas 
monitoring the progress of urban SDGs is not a simple task [17, 18], and this goal 
is also considered a novel tool that enables to reach the resources that have assisted 
urban improvement [19]. Furthermore, the United Nations initiative on the United 
for Smart Sustainable Cities (U4SSC) has introduced a more authentic tool intended 
to assess cities toward achieving smartness, sustainability, and the SDGs [20].

Figure 1 indicates that the synergy between NUA and the 2030 Agenda can 
generate a successful transformative pathway toward achieving sustainable cities with 
increased prosperity. Thus, both Agendas—NUA and the 2030 Agenda—must work 

Figure 1. 
NUA and the 2030 agenda: pathway toward sustainable cities.

Key issues of SDG 11 targets Linkages to other SDGs Linkages to NUA items

11.1 By 2030, safe, & affordable housing & 
upgrade slums

1, 3, 4, 5, 6, 7, 10 31–34, 46, 61, 70, 99, 107, 
108, 110, 112

11.2 By 2030, improving road safety, notably by 
expanding public transport

1, 2, 8, 9, 13 48, 50, 54, 113–115

11.3 By 2030, sustainable human settlement 
planning & management in all countries

16 29, 39–42, 92, 149, 
155–157, 160

11.4 Protect & safeguard the world’s cultural & 
natural heritage

4, 5, 10, 12, 13 38, 63, 66, 121, 122

11.5 By 2030, reduce the number of people deaths 
& affected; decrease disasters, including water-
related disasters

6, 7, 13, 14, 15 65, 68–69, 71, 73–78, 
119, 123
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jointly and concurrently to overcome the exacerbated challenges (e.g., environmental 
degradation) that face sustainable development toward attaining extensive sustain-
able urbanization and realizing the essential role of cities in tackling climate change 
and other issues. Therefore, NUA is a crucial driver for accelerating SDGs’ accom-
plishment and localization. Table 1 summarizes the relationship between the 2030 
Agenda and the New Urban Agenda.

3.  The impacts of urbanization on the environment urbanization  
and environmental

Cities are facing significant challenges due to current unsustainable urbaniza-
tion patterns that are rapid, unplanned, sprawling, resource management way, and 
the pressure on the infrastructure to enhance resilience to any slow-onset crises and 
changes [21]. Adding to that, the global urbanization process is irregular and not uni-
form [22]. Consequently, urbanization aggravates environmental degradation [23]. 
The environmental issues drive the recognition of cities on the global agenda [24]; 
therefore, urbanization and environmental sustainability issues became a top priority 
global concern [25]. Figure 2 illustrates some challenges and solutions of urbaniza-
tion in the context of SDG 11.

The impacts of rapid unsustainable urbanization are water stress, scarcity, and 
consumption [27, 28], sanitation, wastewater, water pollution [29, 30], greenhouse 
gases (GHGs) emissions (climate change) [31], air pollution [29], noise pollution [10], 
cultivated land depleted [32], urban sprawl [33], dust, solid, and hazardous wastes, 
and destruction of habitats (biodiversity) [9], high energy consumption [34], traffic 
congestion, soil pollution [35], and deforestation [36]. For instance, urban areas are 
generated around 70% of GHGs emissions and consumed more than 60% of global 
energy [37], and the continuously growing urbanization has an impact globally on 
waste generation and the volume of GHGs emissions [38] because the cities are major 
contributors to GHGs emissions [5]; in this context, the Ellen Macarthur Foundation 
predicts that cities will be a source of 60% of both global waste and GHGs emissions 
by 2050 [39]. Furthermore, the World Health Organization (WHO) has reported that 
during 2008–2013 global urban air pollution levels increased by 8% [40].

Key issues of SDG 11 targets Linkages to other SDGs Linkages to NUA items

11.6 By 2030, attention to air quality, municipal & 
other waste management

6, 7, 13, 14, 15 65, 68–69, 71, 73–78, 
119,123

11.7 By 2030, provide universal access to safe, 
inclusive; accessible, green, and public spaces

1, 5, 8, 9 37, 53, 55–56, 67, 100, 109

11.a Strengthening national and regional 
development planning

10, 16 87–91,158–159

11.b By 2020, inclusion, resource efficiency, 
mitigation and adaptation to climate change, 
resilience to disasters & disaster risk management

12, 13, 16, 17 77–78, 86, 94, 95–98

11.c Support least developed countries financially 
and technically

10, 12, 13, 16, 17 131–133, 139, 140, 144, 
149, 151

Table 1. 
Relationship between the SDG11 and the New Urban Agenda.
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In addition, the UN report “The Weight of Cities: resources requirements of future 
urbanization,” [41] reported that in 2010 the material consumption of global cities 
was 40 billion tonnes, and by 2050 it will increase to nearly 90 billion tonnes where 
the resource consumption per capita is estimated 8 to 17 tonnes in 2050. Sustainable 
urbanization is one of the efficient solutions to minimize the environmental footprints 
of cities. Therefore, the environmental dimension should consider it during planning, 
designing, and developing cities to reduce their impacts without additional cost to the 
environment, become resilient to climate change impacts, and contribute to economic 
growth [21]. Furthermore, the policies should tackle urban environmental issues, such 
as planning urban spaces and transportation to reduce air pollution [42].

4. Urbanization in the context of sustainable development goals

The 2030 Agenda and its core 17 SDGs is comprehensive of broad multiple 
significant thematic issues. The core principles of the 2030 Agenda are intimately 
related to the process and form of urbanization [16]. One of the 2030 Agenda aims 
is to transform the world by ensuring human well-being [43]. Among the SDGs, 
SDG 11 explicitly addresses the urbanization issue, aims to provide sustainable living 
conditions in the city community, and tackles the linkage between urbanization and 
sustainable development [38, 44]. Therefore, achieving SDG11 will lead to sustainable 
cities and societies and contribute to accomplishing other goals [44].

There is a strong interlinkage between urbanization and the SDGs. Urbanization 
has a positive impact on majority of the SDGs [45], thus, urbanization cities should 
play essential roles in the implementation of all SDGs. The SDGs are harmoniously set 

Figure 2. 
SDG 11: Some challenges and solutions [26].
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and cannot be achieved separately. The large cities have positive and negative impacts 
on the SDGs, for example, transformation to sustainable cities via SDG11 “sustain-
able cities and communities,” contributing to more profitable economic productivity 
through SDG8 “Decent work and economic growth,” while causing environmental 
challenges represented in SDG12 “sustainable consumption,” SDG13 “Climate Action,” 
SDG14 “Life below Water,” and SDG15 “Life on Land” [46]. Therefore, cities should 
enhance sustainable planning and resource efficiency management through the 
implementation of the SDGs for achieving sustainable urbanization solutions. Table 2 
summarizes the relationship between the SDGs and the New Urban Agenda items.

To achieve sustainable urban development; sustainable development dimensions 
should be included in the planning standards of cities, which will lead to gaining 
several benefits in local and global communities; for instance, it will create more 
employment opportunities and better revenues, hubs for innovative solutions by 
attracting competencies, enhance land utilization efficiency and improve infrastruc-
tural performance, provide better services (e.g., education, health, water supply, and 
electricity), enhance the hub of economic growth, act as knowledge centers, better 
social and cultural life, and providing better living standards [33, 35, 47]. Therefore, 
integrating the paramount goals of both the 2030 Agenda and the Urban Agenda will 
create sustainable and innovative solutions and maximize the benefits of urbaniza-
tion; as a result, the adverse environmental impacts associated with the urban devel-
opment process on human health and the ecosystem will be avoided or reduced.

SDGs New Urban Agenda items

73, 120

43, 44, 56–60

30, 34, 37, 46, 49–53, 55, 63, 66, 67, 72, 77–78, 80, 87–88, 
90–92, 94, 96–103, 107–119, 124–125

65, 70–71, 74, 76, 122

16–19, 21–24, 26, 29, 31–32, 35, 38, 42, 47–48, 81–86, 93, 
104–06

Table 2. 
The relationship between the SDGs and the New Urban Agenda items.
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5. Toward sustainable urbanization

The population growth led to high pressure on the absorptive capacity of cit-
ies, which increased the demands on natural resources due to the increase in urban 
services, which has led to an urgent need to build resilient and sustainable cities. 
Therefore, to explore the urbanization issue based on sustainable dimensions, dif-
ferent concepts have been manifested in the literature and United Nations reports, 
such as green cities, eco-cities, eco-friendly cities, smart cities, sustainable cities, 
and smart sustainable cities. The most supported models of sustainable urbanism 
are compacted cities and eco-cities [48], while most literature overseen smart cities 
concepts [35, 38, 49].

The urban context should be emphasized on the dimensions of sustainable devel-
opment at the early stage of urban planning. According to Bibri, some key challenges 
facing sustainable cities are the planning and designing the human settlement forms 
to enhance and improve sustainability [48]. Globally, the problems yielded by human 
mistakes in the urbanization development process are recurring and similar. Thus, the 
decision-making mechanism should consider those problems as knowledge lessons 
learnt to avoid them by acting appropriately to ensure sustainable urbanization results 
[50]. The contemporary lesson of the COVID-19 pandemic crisis is that there is an 
urgent need to compile efforts to find integrated solutions to make future development 
more sustainable and resilient; thus, the role of both policymakers and decision-
makers decisions concerning urbanization development and land-use management is 
critical for better prosperity and quality life [51, 52]. Therefore, cities’ competitiveness 
and sustainability can be achieved when the policies are harmonious and aligned [53].

Considering the 2030 Agenda and the New Urban Agenda, the top requirement 
is an obligation to set appropriate, effective, and coherent policies and measures into 
practice to strengthen the sustainable planning and management of urbanization. 
Further, to strengthen urban governance, evolve infrastructures, enhance institu-
tional collaboration and capacity building based on the urban priority needs, and 
empower the participation of concerned stakeholders.

6. Conclusion

The 2030 Agenda and the New Urban Agenda are top and foundation stones 
to adopt practical measures, coherent policies, and effective legal frameworks to 
improve resilient cities, better human settlements, aspirations life, and resilient infra-
structure through sustainable planning, management, and governance to mitigate or 
prevent the devastating impacts of disasters and pandemics. Further, both Agendas 
are the transformative powers of sustainable urbanization development, and that 
development is not at the expense of the environment.

The New Urban Agenda creates a value of sustainable urbanization by encouraging 
citizens’ contribution to economic prosperity, improving environmental quality, stabi-
lizing social justice, and enhancement of social and cultural institutions toward better 
lives in sustainable cities. All SDGs approvingly support the value of the transforma-
tive approach of urbanization toward sustainability, especially Goal 11. Therefore, 
integrating the paramount goals of both the 2030 Agenda and the Urban Agenda will 
create sustainable and innovative solutions and maximize the benefits of urbanization; 
as a result, the adverse environmental impacts associated with the urban development 
process on human health and the ecosystem will be avoided or reduced.
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Cities can respond and contribute effectively to tackle the threats to the environ-
ment; such as by employing sustainable water consumption means (SDG 6, e.g., col-
lection and purification of rainwater), including the social value in economic growth 
(SDG 8, e.g., investing more in the circular economy), adoption of sustainable waste 
management approach (SDG 12, e.g., increase waste recycling), minimizing climate 
change footprints, through the adoption of local mitigation and adaptation policies, 
regulations, and strategies (SDG 13, e.g., circular carbon and renewable energy), and 
protection of the natural and agricultural areas (SDG 15, e.g., avoid consumption 
sprawling land). Therefore, cities should enhance sustainable planning and resource 
efficiency management through the implementation of the SDGs for achieving 
sustainable urbanization solutions.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 7

Nocturnal Developments in the Jos
Metropolis, Nigeria
Samuel Danjuma Wapwera

Abstract

This paper seeks to examine the series of development that takes within the Jos
metropolis, Nigeria without proper consultation and with permission following the
acceptable planning standard. By examining the time of development and examining
the process followed to put the development in the location either uphill or low land.
The instruments employed were face-to-face interviews and reviews of archived
documents on the implementation of master plans and other options to control hap-
hazard development over the past 20 years. The data obtained through the face-to-
face interviews and the archive documents were analysed using the thematic and
content analyses. The results obtained revealed that the developments have been
carried out haphazardly, which was affected by unproved legislation, the plethora of
planning authorities covering the planning region. Hence the consideration of the
strategies to employ for the implementation of plans concluded with the recommen-
dations to help practitioners, policy makers and academia.

Keywords: nocturnal, developments, Jos metropolis, Nigeria, development control

1. Introduction

Rapid urbanisation in recent times indicates accelerated urban growth and signif-
icantly influenced urban form in very profound ways, especially in most exploding
uncontrolled cities of less developing countries. Hence, such urbanisation has been
characterised by poor housing, poor transportation, inadequate social services, poor
environmental quality, extreme poverty and physical dereliction of basic infrastruc-
ture amongst others leading to high levels of urban poverty as argued by Wapwera
and Dung-Gwom and Bashir [1, 2]. The urban poors are usually unable to obtain land
and housing through the formal channels as such have been forced to seek shelter in
marginal lands and sometimes even built on lands without following the regular
protocol of obtaining permission making them obtained shelter with high environ-
mental and ecological risks [2, 3].

This action has culminated into unprecedented share scale and pace of contempo-
rary urban growth, the most rapid changes in urban form, pattern and structure are
taking place where historical roots are weakest and are observed in some settlements
with specific peculiarities. Most buildings are constructed in a quake way, casting
doubts on their foundation and lacking capacity to withstand harsh weather and
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environmental conditions any time it comes. This situation shows that the buildings
are usually built with substandard materials, boards and zinc sheeting, as well as
recycled and mixed materials, which make the houses very vulnerable as argued in
Ref. [4].

These buildings are manifesting varying defaults that are very dangerous to life
and properties. Recent researchers have shown that these developments have taken
place usually at night and at less active hours and times of the day where visibility is
not readily available. Based on this observation, it means that some buildings are done
at night rather than day time. They could be termed nocturnal buildings or develop-
ments.

Nocturnality could be considered as a condition of being active or taking place
during the night or the active behaviour of an animal or plant during the night (and
then inactive during the day), as observed in this case, having developments of
building and structures within some specific areas of the urban metropolis.

Hence, nocturnality refers to the condition of being active or happening during the
night and not during the daytime. Worthy of note at this juncture is the fact that
nocturnality could be more attributed to behaviour and it could be influenced by
environmental factors, which in this instance have forced the people to build at odd
hours thereby getting wrong and arbitrary results.

Developments are activities that modified the physical environment; these include
mining, minerals or waste disposal matters, excavation, and erection of both tempo-
rary and permanent structures as shelter where man works, plays and lives. These
activities are expected to be controlled and dealt with by government of county
councils in cities and metropolitan areas as argued by Ratcliffe et al. [5]. And if these
developments take place without control, it becomes haphazard and hence needs to be
checked. Nocturnal development has attracted increased attention in recent years as a
result of the default observed from the houses, structures, nature and patterns that
have emerged. Hence, a careful assessment of the nocturnal development on house-
hold livelihood and income is very low compared to those within planned and
organised spaces. Development control (DC), otherwise known as planning control, is
a management component of the United Kingdom‘s planning system for the town
and country planning, through which local government regulates land use and
new building control. It relies on a ‘plan-led system’ whereby urban and regional
development plans are formed and the public is consulted.

Ratcliffe et al. [5] Observed that any development requires planning permission,
which is granted or refused by reference to the development plans as a material
consideration. The term ‘development control’ is often abbreviated to DC. Previous
studies have shown that there are 421 local planning authorities (LPAs) in the
United Kingdom while in Nigeria there are 774 local government areas (PAs) and yet
they do not have planning departments or sections. Hence, the results obtained are
manifested in a chaotic, uncoordinated physical environment lacking in every basic
facility.

The efforts put in place to meet one of the goals of the sustainable development
Goals [6] especially those that which concerns the Goal 11. Make cities and human
settlements inclusive, safe, resilient and sustainable. It is expected that by 2030,
people will have access all too adequate, safe and affordable housing and basic services
and upgraded slums. This would be achieved by reducing the proportion of urban
population living in slums, informal settlements or inadequate housing. Recent studies
have shown that there is dearth of need as it relates to physical planning to address the
issues relating to slums, informal settlements or inadequate housing. Studies by Dung-
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Gwom and Bashir [2] on planning, housing and environmental challenges of Hilltop
Settlements in Zinariya and Azurfa Areas of Jos, Nigeria, [7], characteristics and
Planning Challenges of Hilltops Settlements in Jos Metropolis, Nigeria and [8], Nature
of peri-urban development in Jos, Nigeria show that developments emerge at loca-
tions where the provision of basic infrastructure are not readily available and hence
the need for the provision by government through their planning authorities.

The physical planning strategies in Jos metropolis, Nigeria are geared towards iden-
tifying and targeting such developments, by conserving the available priorities, risks,
opportunities and gaps in the urban and regional areas. It is not a static blueprint
plan, but an attempt to understand the social, economic and environmental resources
within each jurisdiction, linkages within and between urban and regional areas and
upgrade of infrastructure. Based on this system of physical planning these developments
were observed. It’s incumbent upon the government, planning authorities and the
communities affected to take proactive measures towards addressing the growing
menace.

A strong planning system relies on up-to-date plans, enhanced with current infor-
mation to address the wicked and dangerous problems that are dynamic in nature.
Most African countries lack such systems as these physical planning problems are
evident, hence affecting cities and most urban areas as managing them is an uphill
task needing the attention of planners and allied experts as well as technocrats in the
built environment. Hence, sprawling conditions characterised by fast slums occurring
make the problem grow rather than diminish [9]. A plan that identifies and brings
forth adequate quantities of land for development into safe and accessible locations is
most appreciated as argued by many in recent times.

The era and legacy of failed master plans that are rigid and fixed have left cities,
urban areas, residents and the surrounding environment poorly equipped to cope
with the exploding urbanisation levels [10]. These cities are important to Africa and
Nigeria in particular but are characterized by poor growth and haphazard develop-
ments. But due to poor provision of the needed infrastructure such as sophisticated
management and effective leadership, it has been robbed of standard and effective
plan-led modernisation and growth [11–13].

The choice of the study problem nocturnal developments is based on the fact that
areas originally earmarked as buffer zones within a planned environment suddenly
are occupied by buildings and settlements emerging without control. Secondly,
attempts were made to plan the Zinariya and other areas into a low-density area, after
the de-gazetting of the Naraguta Forest Reserve in 1985. The green areas were
encroached upon and also sold and ‘illegally’ occupied by low-income earners, who
were unable to go through the cumbersome and unending process of land processing
and documentation in the numerous planning authorities as argued by Dung-Gwom
and Bashir [2].

Furthermore, there has been no review of the master plan of Jos to incorporate
these changes and to ensure proper integration of these areas into the city system.
Rough terrain and steep slopes pose great challenges to housing development with
inadequate provision of infrastructures, no road designed and its consequent con-
struction amongst others. Due to the high level of poverty and the fact that these areas
are mostly inhabited by low-income earners, the residents are unable to provide these
facilities, utilities and services on their own. Hence, the quality of housing develop-
ment is generally poor, lacking in design, inadequate spacing, poor orientation and
ventilation exhibiting the weak or non-existence of the presence of development
control in the settlements observed to have emerged.
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The underlying theories in this chapter are the theory of institutional deficiency
and the theory of planning practice which are confirmed by the elements of the non-
implementation of the Greater Jos Urban Master Plan due to the following; inadequate
man-power, high level of corruption, Bureaucratic Bottleneck and Red Tape, Delay
and negligence of responsibility amongst others as argued by Mahalingam and Levitt
[14]. The theory of planning practice is also made manifest in all the planning author-
ities, a good organisation for industrial experience for planners and other profes-
sionals within the built environment at various levels, having gone a long way to
enriching the town planning courses in tertiary institutions where training takes place
and where the planning authorities send employees for industrial experience for
different durations.

Also, constraints have been identified with the absence of an appropriate frame-
work to analyse the current institutional framework within which the planning
authorities exist in Jos Metropolis, Nigeria and how the constraints have affected the
functionality of the framework towards the implementation of the Ref. [15] and other
related plans within the Jos metropolis, Nigeria.

Furthermore, the government needs to ensure participation by all and sundry, by
working with the less privileged and marginalised groups. A conscious involvement of
the public sector by placing much emphasis on traditions, legislation and methods of
urban and regional planning, and bringing about the reduction in the dichotomy of
the distribution of resources across regions. Good governance brings about good
planning because it is vital to the design and implementation of any plan because the
market forces usually are too overwhelming. Hence, the solution is always ineffective
public sector action, as the government plays a vibrant role in stabilising the economy
by providing the needed infrastructure. A good planning approach has a great ten-
dency to contribute to Nigeria’s development because it possesses the technical
capacity to deliver planning at both the local, state and national levels to bring about
sustainable development in Jos Metropolis, Nigeria.

it is against this background that this chapter seeks to examine the series of
nocturnal development that takes within the Jos metropolis, Nigeria without proper
consultation and permission as well as following the acceptable planning standard.
This would be achieved by examining the time of development and the process
followed to put the developments in the settlements that have emerged either on
uphill or low land with a view to making recommendations to address the physical
planning problem.

2. Literature review

The review of literature will be considered under two parts vis; the time of devel-
opment and the process of development followed to put the development in the
locations.

2.1 Time of development

The consideration of the concepts of development and nocturnality has become
very pertinent at this juncture to provide vital information as it relates to the devel-
opment of the urban environment, which has become the major issue at stake as it
relates to physical development of the said areas [16].
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Development is not purely an economic phenomenon but rather a multi-
dimensional process involving reorganisation and reorientation of an entire economic
and social system. In related studies such as those by RTPI and Rydin [17, 18] observed
that development is a process of improving the quality of all human lives with three
equally important aspects vis;

1.Raising peoples’ living levels, that is, incomes and consumption, levels of food,
medical services and education through relevant growth processes,

2.Creating conditions conducive to the growth of people’s self-esteem through the
establishment of social, political and economic systems and institutions, which
promote human dignity and respect.

3. Increasing people’s freedom to choose by enlarging the range of their choice
variables, for example, varieties of goods and services.

Development is defined to include mining, minerals or waste disposal matters,
excavation, and erection of both temporary and permanent which is dealt with by
county councils in non-metropolitan areas [5]. It was further considered under Sec-
tion 55(1) of the 1990 TCPA defined development as: ‘The carrying out of building,
engineering, mining or other operations in, on, over or under land or making of any
material change in the use of any buildings or other land’.

From the above definition, two major elements are evident (operation) and mate-
rial change of use (activity).

2.2 Nocturnal developments

Nocturnality is the act or condition of being active or taking place during the night
or the active behaviour of an animal or plant during the night (and then inactive
during the day). Hence, nocturnal developments could rightly refer to the condition
of being active or happening during the night and not during the day time and for the
purpose of this study for building of structures for human habitation. These are
developments that occur without obtaining any permission from any regulatory
agency making it possible for developments to take place without control showing
haphazard developments (building and structures), which needs to be checked. The
implication is that these developments occur negating the following development
control regulations such as: permitted land uses, set-backs, building heights, plot
coverage for different density zones (low, high and medium), permitted fence
heights, number of entrances permitted to a plot and available parking spaces amongst
others [19].

The aforementioned Nocturnal developments are organised by governments and
institutions with intension of improving night-time safety on public transport (Infra-
structure) in urban areas, to encourage women and children to travel at night. Even
though two-thirds (2/3) of women are afraid to travel on public transport at night and
have safety concerns over using car parks after dark [20].

Most planning policies consider bringing activities into city centres at night for
safety reasons, hence introducing safety measures, such as better street lighting,
improvements to car park design and many other things. The provision of open
parking areas is seen as safer for women than multi-storey car parks. Other things
considered are improved public transport including evening hail and ride bus services;
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shorter train carriages to increase occupancy and a well-lit station entrance. Further-
more, another hopeful sign for the future is the development of light rail systems,
which may bring safer travel into inner urban areas [19].

Nocturnal developments are developments usually characterised by lack of basic
infrastructural facilities such as water, drainage system, sanitation facilities, inacces-
sibility and lack of sufficient space amongst others as argued by Wapwera et al. [21].
They are also commonly seen as breeding grounds for social vices and problems such
as crime and high rates of psychological maladjustments. The developments generally
lack infrastructural facilities, such as good water, electricity, drainages and roads
usually caused by the low-income levels of the inhabitants. Governments are not
aware of their conditions because they do not contact government for adequate
planning regulations and advice. Hence, these nocturnal developments are often faced
with the brunt of natural and man-made disasters such as fire outbreaks, flooding,
disease outbreaks and the likes [19].

2.3 The process of development

The section seeks to consider the concept of development control, evolution of
development control, legacies of development control in Nigeria, philosophy of
development control and development control mechanism.

2.4 The concept of development control

Urban areas accommodate more than half of the global population [13]. They are
thus centres of high economic and commercial activities. In Africa, urbanisation is
surging so fast that the continent is envisaged to account for 21% of the global urban
population by the year 2050 [22].

The Nigeria Urban and Regional Planning Degree number 88 of 1992 describes
development as “the carrying out of any building, engineering, mining or other
operations in, on: over or under any land, or the making of any environmentally
significant change in the use of any land or demolition of building including the felling
of frees and placing of frees-standing erection used for display or advertisements on
the land of the expression “develop” with its grammatical variations shall be
constructed accordingly. Meanwhile, control means the process of exercising power
over one’s area of jurisdiction to check development as argued by Ogundele et al. [23].

Hence, development control is the regulation power exercised by planning agen-
cies to either approve or reject a development application [23]. It is a system by which
the use of land and buildings on the land are regulated so that misuses or above of use
and nonconforming uses are prevented or checked.

Development control is the cornerstone, the biting tooth of physical planning.
Without it, physical planning becomes inactive and impractical. It is the medium
through which formulated policy proposals are implemented. Development control in
all ramifications is simply put as the way and manner in which land use or spatial
development of land is regulated [24]. Dung-Gwom [25] sees it as a cardinal means
through which government implement their land policies. The definition of what
constitutes development control and its objectives differ from person to person over
the years.

Dung-Gwom [25] outline four (4) broad strands to the meaning given to the term
‘development control’ as means of implementing development plan, facilitating
development, ensuring good quality environment and protecting a property owner’s
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immediate environment. In developed countries, development control has been used
as a means of involving the people in the development of their environment (public
participation) since development control is a tool for plan implementation as used by
town planners. Dung-Gwom [25] sees it as a means of facilitating development
through the mutual contributions of the private and public sectors. But most devel-
opers see development control as an aberration or impediment to achieving their
development goals and objectives as it is too rigid or negative to their interest [17, 18].

Hence, Aluko [26] defined Development Control as the power to say “Yes” or
“No” to a very wide range of private and (certainly public) proposals”.

Development control could be divided into the following:

i. Macro and micro

ii. Normative and monitoring dimension [26]

iii. Negative and Positive instruments of control.

Development control stands at the heart of urban development. It is a technical
tool for ensuring that all users of urban land exercise some discipline in land develop-
ment in conformity with planning rules and regulations. For the purpose of this
chapter, development is the ‘procedure and substantive rules through which physical
modification of the environment is decided upon by planning authorities’ hence,
whatever the planning authorities decide as the procedures and substantive rules
through which development is decided should be done in consultation with devel-
opers so they are carried along to improve on the level of awareness and compliances.
Consequently, development plan set out the land use policy for an area on which
development control is based. It guides the granting and refusal of permission to carry
out development. Development plans are considered “as the fulcrum upon which
development control oscillates as argued in [13].

2.5 Evolution of development control

The concept of development control started in the early nineteenth century, with
its protagonist as Todor, Start and Georgian. It evolved as a result of the massive
industrialisation of the 19th and 20th centuries, which led to large-scale production
and population growth, congestion and overcrowding.

This increase led to alteration in the physical appearance of industrial towns and
brought with it its own set of problems. Further studies by several scholars noted that
the form and location of development have become haphazard, creating a bewildering
mixture of functions and qualities of the environment as argued by Datonjo et al. [27].

The outcome, therefore, was an unacceptable urban environment with
disorganised layout, social and economic deprivation and general public health risks,
leading to the spread of diseases such as cholera, malaria, typhoid and spinal menin-
gitis amongst others within the period 1830s–1840s [26].

These identified problems necessitated the desire for an ideal environment. Hence,
it was from this desire that the concept of a planned and ordered environment
emerged [28]. These strategies were adopted for the ordering and control of land use
and the implementation of these strategies was legalised by certain statutes. For
instance, the first piece of Land use control regulation in Britain was the housing,
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Town planning (Act of 1909) and the local authorities with powers to prepare
schemes to control the development of new housing estates.

Presently the practice of development control takes various forms. The system is
either centralised as in Britain or decentralised as in the Scandinavia. It is either reactive
or proactive and regulatory or discretionary in some countries. For instance, American
and British land use control methods represent opposite extreme approaches. The
American system depends on the establishment of formal and consistent standards and
the avoidance of discretionary power in the hands of planning authorities, while the
British system involves discretionary development control powers [17, 18].

The variation in development control approaches is influenced by legal and con-
stitutional structures, administration and professional cultures or history. The social
and economic ideologies in a country also influence the system. There are, however,
countries that have similar planning systems, such as Nigeria and Britain, as the
Nigerian town and country planning Acts ordinance 1946 was an offshoot of the 1933
town and country planning Act of the United Kingdom [17, 18]

2.6 Legacies of development control in Nigeria

The rapid rate of population growth in Nigeria and the attendant problems associ-
ated with such rapid growth calls for development control measures to avoid environ-
mental, social and economic decay and protect the overall interest of the public [26].

The following development control legacies will be considered in this section see
Table 1:

2.7 Philosophy of development control

The models (ideas) of development control vary from one society to another. But
three models are considered here as outlined by Hassane Cisse et al. [29], as follows:

i. The free market model (traditional/natural model)

ii. The public intervention model (modern model)

iii. The cooperation community model (The emerging model and originated
from the western world) [26].

2.8 Development control mechanism

In order to control development, several techniques have been used, see Table 2:

3. Methodology

The Jos metropolis, Nigeria was carved out of two local government areas namely;
Jos North and Jos South LGAs. The survey instrument used for data collection was a
structured questionnaire doctored on the Samsung Galaxy tab N225T. This was to help
in obtaining a direct geo-reference and subsequently Geotag and pictures the build-
ings amongst others. The Survey 123 App with other support applications, such as the
Arc GIS Explorer and Measure Height, where satellite images and aerial photographs
were used to observe developments within the study area (see Figure 1).
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Year Name of legislation Description of the main features of the legislatives effort made

1863 Township Improvement
Ordinance

It represents the first ever legislation on urban planning in Nigeria. It
was published in Lagos for the Lagos colony by the colonial government.
Its main objectives were to control development and sanitation in Lagos.
The enforcement of this ordinance rested with the health Department of
the defunct Lagos city council. Because, the focus of the ordinance was
on urban sanitation, many planners regard it as a health regulation,
rather than an urban and regional planning legislation.

1904 Cantonment Declaration It was the first real planning legislation in Nigeria. It was derived from
attempt to protect Europeans from health hazards so prevalent in the
19th and early 20th Centuries. Thus in 1904, the governor in southern
Nigeria was empowered to declare any area a European Reservation
within its own Local Health Board. Its main aim was to improve and
preserve the health of Europeans in the reservation. The Lagos
Municipal Health Board was established in 1908 to administer this
ordinance.
The regulations were to be administered by a magistrate. It was
concerned with Land use and the need to improve health conditions
within the cantonment. An interesting part of the provision was that
large cities were divided into wards (Ungwa) and the chief of each ward
was responsible for its sanitation. The proclamation also introduced the
use of incinerators, latrines pits and cemeteries.

1917 The Township
Ordinance

Unarguably the first statute on town and country planning in Nigeria
was the Town Planning Ordinance, No. 29 of 1917. Its main objective
was to establish the broad principles of municipal responsibility,
graduated according to the importance of the community and measure
of its ability to accept and discharge satisfactorily independent and
quasi-independent powers and responsibilities. The ordinance not only
served as a legal basis for development of towns for most part of the
colonial administration, but also gave guidelines for construction of
buildings, control of development and finance of land in the urban
areas.
It classified cities into three categories: first, second and third class
townships (policy of segregation on the basis of enclave for European
(reservation), southern Nigerians in the north (Sabon gari) and
northern Nigerians in the south (Sabo) (Mabogunje, 1985). Streets in
European reservation were to be broad and paralleled. It provided
detailed compound size, depth of plot coverage, etc, for development in
the reservations. In a way, the ordinance introduced zoning and sub-
division regulations into planning practice in Nigeria for the first time.
The segregative nature of the ordinance marked the origin of
development of slums in Nigerian cities.

1928 Town Planning
Ordinance

i. The creation of Lagos Executive Board.
ii. It made provision for Slum clearance, Land reclamation,

residential and industrial estates and its undertook
comprehensive land use planning and development in Lagos.

iii. It was in place for 18 years and served as the basis for the
framework of the 1946 planning law.

1946 Town and Country
Planning Ordinance

Cap 155 of the 1946 edition of the Laws of Nigeria.
It was adopted by all the regions in Nigeria under various codes. It
covered a wide range of planning operations such as planning schemes,
planning authorities, preparation and approval of schemes, execution of
schemes, acquisition and disposal of land for scheme preparation,
compensation and betterment, the legal procedures for the operations of
schemes and financial matters for successful implementation of
schemes. Hence, a summary of the functions of planning authorities
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Year Name of legislation Description of the main features of the legislatives effort made

under the 1946 ordinance as follows:
i. They were autonomous statutory organization as established by
the planning laws of the state.

ii. Prepare town planning schemes and implement them in stages.
iii. Approve layouts and building plans after scrutiny within the

framework of building bye-laws, sub-division and zoning
regulation.

iv. Ensure that owner of landed properties adhere to the building
bye-laws and other regulations as contained in the planning
scheme.

v. Enforce strict compliance with requirements of town and
country planning laws of the state.

vi. Accepts any rates, money, property or other assistance for the
purpose of executing the scheme (S.59) or raise revenue for
planning purposes through imposition of levy and collection of
rates.

vii. They were required to control and manage their own finances
and may even buy, sell, or let, hire, lease, exchange or otherwise
dispose of any property, movable or immovable.

Source: Compiled by author from various sources

Table 1.
Development control legacies.

SN Mechanism Description of the mechanism

1 Land Use
Zoning

It was developed at the beginning of the 20th century in the United States of America
as a means of controlling nuisance and protecting landed property values through
the regulation of land use activities. The idea of Zoning district arises from the notion
that segregation of certain uses from the notion that segregation of certain uses from
others reduce the effects of negative externalities which some uses have over others.
But it has been severely argued that zoning is not an effective tool for development
control as rapid urbanization has rendered it ineffective unlike at the beginning and
middle of 20th century when the rate was low. Planners have therefore devised ways
of situating different land uses within a district Reps (1964) is of the view that
zoning is an unnecessarily prolong land use device. He further stated that the powers
of zoning and other development control techniques are grossly inadequate when
measured against different development patterns. Zoning is a powerful tool and with
recent proliferation of zoning innovations, it is now designed to make it more
flexible and responsible to the needs of Land use implementation process.

2 Planning
Standards

Planning standards are regulatory mechanisms put in place to ensure that
development is conducted in accordance with certain predetermined minimum
standards. But planning standards of compatibility and incompatibility are objective,
scientific and as a practical matter enforceable.
Incompatibility of uses can be measured by factors such as danger to morals,
aesthetics, psychological factors, etc. The techniques of using standards for different
land use zones, ensures that uses which will adversely affect harmony of the area are
not allowed.
Some of the relevant planning standard (legislations which serve as guidelines for
development control include:-

i. Building regulations (bye-laws)
ii. Control of advertisement regulations
iii. Listed classes order
iv. Use classes order.
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The second instrument used is the face-to-face interviews where purposive sam-
pling techniques were used. Two heads of planning authorities saddled with the
responsibility of development control, three community heads ‘mai anguwas’ and five
house owners (developers) were interviewed, giving a total of 10 (ten) interviews
coming from non-streets nomenclature as observed from the figure above. The face-
to-face interview questions were structured according to the main questions asked at
the inception of the study.

The third instrument used was the review of archived documents on the imple-
mentation of master plans and other options used to control development. In addition,
there was an observation of buildings, streets, access roads, drainages, utilisation
options of electricity, water and some community facilities within the study area to
observe non-compliance to building and development regulations to drive home the
assertion of nocturnal developments observed in the study area.

The data obtained through the satellite images were analysed using spatial analytic
methods to observe the development within the study areas over time. The face-to-
face interviews and the archive documents were analysed using the thematic and
content analyses.

Building bye-laws beside others regulates the construction, alteration, maintenance,
repair and demolition of building and structures.
The bye-laws are implemented through the following:-

i. Density and height
ii. Setting in accordance with –stipulated floor ratio
iii. Standard in regards to minimum space requirement.

It is to mainly focus on the degree of compliance and the impacts of theses standard
and regulations on the physical environment.

Source: Compiled by author from various sources

Table 2.
Development control mechanisms.

Figure 1.
Area within Jos-Bukuru metropolis, Nigeria.
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The next section considers the results obtained from the extensive research
activities carried out to meet the aim of the study.

4. Findings and discussion

4.1 Nocturnal development

This section considers land law and planning, land and planning administrative
structure in Jos metropolis, Nigeria. The implementation of the development control
within the Jos metropolis, Nigeria.

4.1.1 The land law and the planning law adopted in the Jos metropolis, Nigeria

For any development to emerge, there are two basic laws that are directly linked to
land operations and the development of buildings and related development are the
land and planning laws. These two are statutory control of land use in Nigeria. The
1978 Land use Act is the operative land law in each state under the governor.

He is empowered by the act to grant statutory rights of occupancy to developers
conferring on the legal rights over land (Section 5 of the land use Act, [30]).

The right of occupancy is a tool for development control, which requires an
individual and corporate organisation to obtain prior consent from the government
before they could “Occupy and use: Land.”

It has been in the statute books since 1910. The importance of the statutory R of O
is that it ensures ‘Planned development and zoning programming’ as grants are made
consistent with planning schemes and policies.

The aim of this chapter is to examine the emerging phenomenon of nocturnal building
developments that is developments that are seen springing through the hours of the night
only to be seen completed by morning. These ‘unplanned developments’ are a deviation
from the norm. The usage of these laws ‘land and planning laws’ for physical land use
planning in Nigeria is within the competence of state governments, through the planning
authorities. These were adopted by the regional governments at various times under
different captions. It is the Law in operation within Plateau State until the Nigerian Urban
and regional Planning Law No. 88 of March 1992 [31] was promulgated.

The 1992 URP law replaced the planning authorities with planning boards at the
state level. Each board is expected to establish a development control department,
which grants building permits for all forms of development. In Plateau state, however,
there is a planning board with zonal offices, but how effective they are in controlling
developments it is against this backdrop that the data collected and analysed to see
how developments have presented themselves and how we have the developments
also known as nocturnal.

The main aim of the 1978 Land Use Act (Land law) was to ensure that everyone
had equal access to land in urban areas for the purpose of house building. But the
Government is unable to address the problems that arise, clear land and reform the
inherent tenure system that has been prevalent in the country and that has left
problems unresolved, even in the face of pressure to acquire or gain access to land for
development. The community system vested power of title of land on the families,
communities and the village headman/mai ungwa amongst others.

Each regime of government tends to favour its loyal supporters and is usually
highly politicised, causing delays in the processing of land titles; certificates of own-
ership and right of occupancy (C of O and R of O) as argued by Wapwera [1].
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This situation has not helped the system making new developers of the settlements
in the study, hence the serious development and construction of buildings and struc-
tures in the odd hours of the day due to non-permission to build. For further details
see Figures 2 and 3.

The face-to-face interviews conducted with the developers lead to the revelation
that their houses are built without any planning permission; hence, their communities
are developing and growing in a completely unplanned manner. This is because they
find it difficult to obtain any title documents or a law guiding the development of their
houses. Over 80% of the developers agreed that they do not have approved building
plans from the relevant planning authority (Jos Metropolitan Development Board)
and the land titles documents from (Ministry of Lands Survey and Town Planning)
stating the appropriate land used designed for the areas under discussion are not
known to them.

4.2 The land and planning administrative structure in Jos Metropolis, Nigeria

The planning administrative structure in Jos Metropolis, Nigeria shows the link-
ages that help in the execution of the plan and the statutory plan of the given area.
This administrative setup is vital in achieving the aim of a well-planned environment.
For the purpose of this paper, two physical planning agencies saddled with the
responsibility of regulating the activities were identified. The responsibility of
granting statutory rights of occupancy (R of O) to private and corporate developers is
the function of the Ministry of Lands, Survey and Town Planning (MLSTP). For
further details see Box 1.

Figure 2.
Zinaria Settlement with Haphazard Developments within a difficult Topography.

Figure 3.
Kabong Settlement with Haphazard Developments within a difficult Topography.
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The procedures do not vary whether for private or corporate developers and
whether on isolated sites or within a government scheme (layout). The three technical
reports from survey, lands and planning have to be recommended for the granting of
an R of O. If any of the reports are negative, the application is refused or rejected and
the applicant is duly informed.

The survey report “charts” the application to ensure that the land is not within a
railway or major road reservation (i.e., within a town plan, etc). The land report
checks that the land is not required for public purpose (Section 50 of the 1978 (Land
Use Act)). The nature of existing land use service available, setbacks from streets,
access, and conformity with the master plan amongst others are the primary concern
of the planning report. Other requirements include tax clearance certification and
evidence of ownership (for isolated cases).

i. Application by developer

ii. Registration

iii. Joint site inspection

iv. Planning recommendation

v. Health recommendation

vi. Engineering recommendation, if over two floors or a large development.

vii. Approval (or otherwise) of plan by Chief Town Planning Officer.

viii. Granting of building permit.

Box 2.
Processes of obtaining a permit. Source: Authors Field work and extract from MLS&TP, (2022) and JMDB (2019).

i. application by developer

ii. registration

iii. survey report

iv. land report

v. planning report

vi. land use allocation committee deliberation/recommendation

vii. governor’s approval (or otherwise)

viii. issuance of r of o

Box 1.
Processes of obtaining the R of O. Source: MLS & TP Jos (2022).
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For private companies, they need to make available a certification of incorpora-
tion. The main procedures for processing applications for building permits as obtained
from Ref. [32] are as Seen in Box 2.

Considerations during the building permit stage are on site-specific with details of
density, bulk, setbacks, structural soundness, drainage and ventilation amongst
others. A detailed examination of procedures for obtaining R of O and building permit
shows that the process is cumbersome and un-ending classified by huge bureaucratic
bottleneck and red-tapes from one directorate/division/section to the other.

Our face-to-face interviews with the developers led to the revelation that their
areas are developing and growing in a completely unplanned and haphazard manner
because they find it difficult to describe the location of their houses. However, several
of their visitors have observed that locating their houses have always been difficult
due to the unplanned nature of their settlement. A total of 80% of the developers
agreed that they do not have approved building plans from the relevant planning
authority’s such as the (Jos Metropolitan Development Board) and the land titles
documents from the Ministry of Lands Survey and Town Planning stating the appro-
priate land used designed for the areas under discussion are not known to them.

This creates a lot of problems for development and land administration and
management in Jos metropolis, Nigeria over the years. It is due to the seriousness of this
problem that almost every new administration in the state always set a committee to
proffer solutions to the cumbersome and unending land administrative processes and
subsequent control in most urban areas; 70% of the respondents acknowledged this and
look forward to obtaining a positive result. Has that been achieved?

The problem has manifested in the numerous forms of developments with fanciful
names with an effort to explain its natural occurring state, for instance, Hilltop

1. Both private and public developers face numerous problems in their efforts to acquire land for
development.

2. There was a huge backlog of applications unattended to by the departments of Lands and survey.
3. The governor was pre-occupied with other state matters or to sign certificates of occupancy.
4. There was a serious drain of technical staff to private sector and other public organizations.
5. Haphazard developments abound in the rural, sub-urban and urban areas of the state.
6. Cumbersome procedures and delays in the processing of and granting of statutory R of O
7. Jurisdiction conflict between JMDB, LGAs within the metropolis and MLS & TP in the insurance of
certificates of occupancy and development control matters.

8. Duplication of functions by the present structure of having town planning division in JMDB and MLS &
T.P as well as the LGAs.

9. Compensation remains the greatest hindrance to urban planning and development not only in Plateau
state, but in the country as a whole.

10. Vacant (undeveloped) plots are common features in Jos metropolis. This may not be unconnected with
the difficulty of obtaining development permits.

11. Large parcel of land acquired by public bodies remained fallow for long periods of time without being
developed.

12. Large chunks of land in the GRA, green belts, government layouts, public open spaces has been excised
by past governments and allocated to top government officials and their relations.

13. Record keeping in the M.L.S & T.P was (and still so) chaotic and insufficient.
14. Basic planning and land management equipment such as priority maps are in shreds and outdated.
15. Revenue allocation was totally dismal.
16. The LUAC has not been functioning since 1996(especially in Plateau) and so could not perform its

statutory function assigned to it by the Land Use Act of 1978.
No magic can be expected from public land management characterized by these alarming flaws.

Box 3.
Major findings. Source: Authors field work, 2022.
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developments, road-site developments, urban sprawl developments and leap frog
developments among the current studies on nocturnal developments.

In time past committees such as the Lot’s Report of 1985 and victor Pam’s Report
on JMDB in 1999, researches from experts in the built environment and related
disciplines have yielded some results and are documents as major findings, including
the reports from boards of enquiries see Box 3.

From the findings indicated in Box 4, it is characterised by inadequate manpower,
bureaucratic bottleneck, and inadequate materials such as maps, plans, current laws
and poor bookkeeping. It demonstrated the theory of institutional deficiency which
explains the state of planning and the manifested nocturnal developments which pose
a danger to people in the urban areas and specifically to the areas under scrutiny.

4.3 Implementation of the development control within the Jos Metropolis,
Nigeria

The process of implementation is facilitated by the usage of Legal tools, adminis-
trative and political will to ensure well-planned developments within and outside Jos
Metropolis. The process of development control implementation in Nigeria involves

i. Too much power in concentrated on the state governor under the Land Use Act, which has been
heavily misused by him.

ii. Lack of based maps for survey, development control and monitoring and evaluation.

iii. The shortage of technical staff in the MLS & T.P and JMDB.

iv. Lack of funds amidst wanton corruption by government officials

v. Conflict and lack of cooperation between the numerous planning agencies in the state.

vi. Corruption by public officials and lack of commitment

vii. Delay in the processing and granting of land titles and building permits which are unaffordable to
the poor.

viii. Lack of political commitment.

ix. Land Use Act Committee (LUAC) not functioning

x. No payment of compensation for Public Land Acquisition.

xi. Lack of public participation in the administration of land and formation of policies.

xii. Existence of customary land tenure. The land Use Act has not been able to do away with the
existence of customary land tenure as was initially intended (as over 90% of vacant urban land is
under customary tenure)

xiii. Campaign against sale of customary lands

Box 4.
legal, administrative and cultural constraints. Source: Authors Field work, 2022.
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two things: These are granting of planning permits (building permits) and the
enforcement of development. Here, there are other forms of control such as control of
advertisement, wasteland, land deferment and building of architectural (aesthetic) or
historical interest.

The implementation includes the following stages, see Table 3.

Stages Development control processes and

1 Procedures of
obtaining planning
Permission

Planning permission is synonymous to development permit. It refers to the
permission granted by planning authorities to develop a piece of land or
building [31].
A relevant development is expected to be approved before commencement of
work. An application for a building permit must be followed by information
such as plans, designs and righty of occupancy (R of O). The planning
authority considers the application with regards to the development plan of
the area before recommending approval, refusal or approval; with conditions.
The following are reasons why a permit is rejected;
1.The development is not in accordance with an approved plan.
2.The development is likely to have a major (negative) impact on the
environment, facilities or inhabitants of the community.

Also, according to the law, in addition to the application, a developer must
submit a detailed Environment Impact statement (EIS) while applying for:
1.A residential land in excess of 2ha.
2.A factory or an office building in excess of four floors or 500 square
metres of lettable space.

3.Permission for a major recreational development.
An approved planning permission is expected to remain valid for two years.
In a situation where a developer is not satisfied with the decision of the
planning authority, he is allowed to make an appeal.

2 Enforcement of
development control

Basically, there are three stages in the process of enforcing development
control measures. Building Inspectors are charged with the responsibility of
investigating cases of contravention in the town and reporting same to the
higher town planning officer who may serve contravention notices if need be.
A development carried out with or without planning permission or in breach
of the condition to an approved planning (building) permit is usually served
with stop work notice.
The notice specifies:
1.The alleged bridge of planning control
2.The steps to be taken to remedy the bridge.
3.The period (21dyas) within which the steps are to be taken [31].
A developer who fails to comply with the stop-work order is to be served with
enforcement order/notice within 21 days.
In the case of where a developer fails to comply with the terms of an
enforcement notice or disregard a stop-work notice issued, he is guilty of an
offence liable to a fine of N50,000 for a corporate body and a fine of N10,000
for an individual [31]. Alternatively, the Control department is empowered to
undertake any requisite work (demolition) themselves at the expense of the
property owner.
It is one of the cardinal objectives of this research to explore the procedures
for obtaining planning (building) permission specifically for the construction
of shopping malls and the methods of development control enforcement in
regards to such development in Jos Metropolis.

Sources: Nigerian Urban and Regional Planning Development Report, [31]

Table 3.
Stages of implementation of development control.
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Furthermore, some of the legal, administrative and cultural constraints affecting
urban land management in Jos metropolis, Nigeria see Box 4.

From Box 4, it is evident that the control of development by the planning author-
ities is not effective, leading to recent nocturnal developments coming up in these
areas such as Zinari, Azurfa along the Bauchi road along the earmarked slopes, hilltops
and river valleys mainly by the urban poor. These settlements face various and serious
challenges, such as rugged topography that imposes high cost for the provision of
infrastructure, lack of planning and development control, substandard housing, poor
access, poor waste disposal systems and poor linkages with other parts of the city. The
unique physical and ecological characteristics of the settlements desire environmen-
tally sensitive planning and special intervention by the relevant planning authorities
and the government to make them sustainable.

These are some reasons that led to the nocturnal developments observed in most
settlements due to high demand for housing land. The general spatial evolvement of
developments within the last two decades has expanded rapidly in all directions, see
locations such as Jenta Adamu, Mangoro, Kabong, Azurfa and Zinaria along Bauchi
Road, Jos North LGA.

From the Azurfa and Zinaria settlements along Bauchi Road in Jos North LGA. The
Greater Jos Urban Master (1975-2000) prepared by Doxiades had designated hilly
areas as country parks and green areas as well as Buffer Zones to cool off the inner
core of the city of Jos, but due to rural–urban migration and the natural increase from
the inhabitants of the neighbouring settlements, the area has taken over by develop-
ments which are substandard.

However, due to the pressure from rural–urban migration, natural increase as well
as the consistent crisis in Jos and its environs that has created isolated segregation of
inhabitants across religious differences has given rise to developments of residential
housing and anaemic urban planning and inadequate development control strategy,
uncontrolled slums, hilltops development and now the nocturnal development. The
Jos crises, which started in 2001, further exacerbated the process of sporadic devel-
opments in areas with their original land uses around Jenta, Kabong, Azurfa and
Zinariya areas. These results are further affirmed by the works of Dung-Gwom and
Bashir [2].

The latter two areas being close to the University of Jos have sprung up to provide
affordable housing to the rapidly growing staff and students population of the Uni-
versity and spill over population from the nearby high-density areas of Anguwan
Rogo and Anguwa Rimi.

Furthermore, recent studies by the World Bank in conjunction with some minis-
tries in the Built Environment on the issue of housing-property enumeration indicated
that most of the developments have emerged overnight as could be seen manifested
and making further enquiries shows no corresponding information or details in the
areas, permit to develop properties, non-possession of C of O and R of O as well as
poor planning standard within the study area.

From the foregoing, the non-availability of information about developed proper-
ties within and outside the metropolis indicates that there is a pending danger to both
individuals and the government, as infrastructure would be provided based on the
available people within each area as data and information for such areas are not
available for proper planning leading to sustainability. For details of the developments
under discussion see the photo gallery obtained from various locations in Jos Metrop-
olis, Nigeria and the subsequent findings obtained from the studies. These are
presented as Figures 4–9 (horizontally presented).
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Nocturnal development along difficult topography, that is, rocky/rugged areas
Rukuba Road in Jos North LGA, Jos Metropolis, Nigeria, making the houses to be
operating without basic amenities.

These developments also show that the location is also a difficult one, lacking in
accessibility, absences of drainage and houses are always work in progress.

Figure 4.
Nocturnal development along difficult topography. Source: Authors fieldwork, 2022.

Figure 5.
Nocturnal development lacking in accessibility, absences of drainage. Source: Authors fieldwork, 2022.

Figure 6.
Nocturnal development along various locations within the metropolis.

Figure 7.
Nocturnal without sewage disposal and draining.
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See the photo gallery showing the physical planning characteristics of the noctur-
nal developments within the Jos metropolis, Nigeria.

The general characteristic of the areas with nocturnal developments as observed
from this study shows the following:

• More around areas with difficult terrains, that is, bad topography that is generally
rocky and rugged,

• No playgrounds for children and social facilities within such communities,

• Difficulty in making basic infrastructure available, that is, roads, pipe born
water, gas and electricity amongst others,

• Buildings are erected along with telecommunication masks of either MTN,
AIRTEL and GLO amongst others, which is risky as a result of vibration and
emissions of waves,

• Absence of proper drainages for easy sewage disposal, hence the streets are
littered with effluence from houses making the dirty and unkempt,

• Housing developments are generally in the state of work in progress,

• No provision for waste dumping facilities, hence heaps of waste are dumped on
the streets and

• All the photographs, aerial and skirts do not depict a single plan as the
developments all over are done haphazardly.

Figure 9.
Nocturnal developments without basic infrastructure i.e without sewage disposal, drainages & Children Play
ground.

Figure 8.
Nocturnal without sewage disposal & Children’s’ Playground.
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5. Conclusions and recommendations

At the onset of this chapter, it sought to examine nocturnal developments that
emerged within the Jos metropolis, Nigeria without any permission and planning
standard with a view to make recommendations towards addressing the problem of
building without permission. To achieve the aim, a review of related literature and the
usage of appropriate methods and design for data collection and subsequent analysis
were employed to examine the time of development and the process followed to put
the development in the locations within the study area. The result revealed that the
developments have been carried out haphazardly, which was affected by unproved
legislations and the plethora of planning authorities covering the planning region.

The findings revealed that these areas are developing and growing in a completely
unplanned and haphazard manner. A total of 80% of the developers agreed that they
do not have approved building plans from the relevant planning authority (Jos Met-
ropolitan Development Board) and the land titles documents from the Ministry of
Lands Survey and Town Planning stating the appropriate land used designed for the
areas under discussion. With all these inadequacies and the pressure of increase in the
population of the areas and urban, metropolis also has forced them to build their
houses and raise structures and when the planning authorities come to the site cannot
destroy such structures considering the fact that it is an investment which usually cost
a fortune.

Based on these results and findings from the study the following sets of recom-
mendations were made:

• The time of development for most of the buildings and related structures is
usually overnight which goes to say they do not sleep, over gathering and
assembling their building materials, hence planning scouts and watchmen or
even vigilantes should be engaged to keep watch over most planned and
designated areas. Moreover, cameras could be planted all over the place for easy
monitoring of any activities. Satellites could also be deployed for monitoring
areas with a high tendency to develop overnight.

• The process followed to put the developments has been frustrated by the
processing of documents in the planning authorities over the years as it is
cumbersome and un-ending, making it difficult to obtain a land document. The
minimum duration to obtain a land document of either R of O or C of O in these
organisations is usually ten (10) years, due to long or chain of steps involved in
the processing of the document and subsequent approval and granting of
development permits. The process could be shortened to enhance and facilitate
people to register faster and obtained the documents.

From this chapter, nocturnal developments are encouraged by a number of
factors that goes from the behaviour of the developers and the planning authorities
saddled with the responsibility of development control within the areas. It shows a
gross inadequacy in the development and management of the urban metropolis,
even though it was unable to bring about controlled urban development and
management.

Furthermore, in-depth research is required to compare different methods of
organisational-based models of urban development and its management in different
countries that would facilitate knowledge transfer amongst developing countries.
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Finally, confirmation of the theory of Institutional deficiency and the theory of
planning practice, this is confirmed in the elements of the institutional deficiency
theory are evident and bringing about the non-implementation of the Greater Jos
Urban Master Plan due to the following: inadequate man-power, high level of corrup-
tion, Bureaucratic Bottleneck and Red Tape, delay and negligence of responsibility
amongst others. The theory of planning practice is also made manifest in all the
planning authorities within the built environment, as the areas have continued to
grow and develop haphazardly without any form of development control.
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Chapter 8

The Evolution of Land-Use
Changes in the Alto Tâmega
Region, Portugal: From 1990 to
2018 – A Vision of Sustainable
Planning
Sérgio Lousada, José Manuel Naranjo Gómez and Luís Loures

Abstract

Considering the complex dynamics, patterns, and particularities that the Alto
Tâmega region present—e.g., the fragility, shown to achieve sustainable development
and growth—a study that analyzes the Land-Use of this region is seen as pivotal to
identifying barriers and opportunities for long-term sustainable development, get a
vision of sustainable planning. Using GIS (Geographic Information Systems), the
present chapter enables us to identify the dynamics and patterns of the evolution of
the Land-Use Changes in the Alto Tâmega Region from 1990 to 2018 (years 1990,
2000, 2012, and 2018 using CORINE (Coordination of Information on the Environ-
ment) data). Land-Use Changes studies are reliable tools to evaluate the human
activities and footprint of proposed strategies and policies in a territory. This study
permits us to reinforce that the Land-Use Changes in the Alto Tâmega Region have
undergone multiple changes—marked by increasing and decreasing periods. Also, can
be considered a surveying baseline for the comparative analysis of similar works for
different Land-Use Changes trends in Europe or worldwide. This chapter also enables
us to understand that the main actors should design development policies to protect,
preserve and conserve these incomparable landscapes, environments, ecosystems, and
the region as a whole.

Keywords: Alto Tâmega region, GIS tools, land-use changes, regional studies,
sustainable planning, territorial planning and management

1. Introduction

1.1 Sustainable development

Institutions and citizens have been paying more attention to issues of sustainable
development in the last few years [1, 2]. In 1987, Mrs. Brundtland – at the time, the
Prime Minister of Norway – described in the United Nations World Commission on
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Environment and Development’s report “Our Common Future” the concept of
sustainable development as “meeting the needs of the present without satisfying the
needs of future generations”. The required capacity constitutes the development of a
hazard [3–5]. Thus, considering the concept of sustainable development, it’s possible
to adopt the scientific and technological spheres of progress in order to enhance and
improve sustainable development management. That could be accomplished, for
instance, by increasing mankind’s knowledge regarding the laws of nature, by devel-
oping new ways to explore natural resources, and by improving the levels of efficiency
in terms of resources’ utilization [5].

The concept of sustainable development (SD) has been on the global agenda for
fifty years and is now widely accepted among nations, organizations, and individuals
alike [6–9]. According to the Brundtland Commission, SD is defined as a development
that meets the needs of the present generation without compromising the ability of
future generations to meet their needs [5, 9]. Theoretical perspectives of SD have been
broadly discussed and applied, including several different requirements for what
should constitute a sustainable organization [9, 10]. However, despite decades of
research, there is a need for further studies on the integration of SD with core business
measurements and processes [6, 9]. Moreover, SD’s definition reflects a scenario
where output is produced without generating a natural resources depletion of any
kind [2, 8]. Additionally, one can mention the Sustainable Development Goals
(SDGs), a blueprint with the aim to guide society into a more sustainable
development [2].

SDGs can be characterized as a list of objectives, based on the long-term Outline
Perspective Plan (OPP), that consider both development and sustainability. Indeed,
SDGs were created in 2015 by the United Nations General Assembly, highlighting 17
interconnected main goals that would be applied to all nations. These goals will
continue from 2016 to 2030. This series of goals has a total of 17 goals and 169
indicators attached to it [1–3, 8, 11].

Those 17 goals, basically, stand for: eradicating poverty and hunger; promoting
health cares, well-being, education, access to potable water, to sanitation, and to an
affordable and clean source of energy; fighting gender or other forms of inequality;
providing dignified jobs to people; stimulating a sustainable economic growth; devel-
oping and promoting innovation within industry, while supporting the arise of infra-
structure; reinforcing sustainability within cities and communities; promoting a
responsible production process and conscious consumption; boosting climate action;
protecting and preserving underwater and land life diversity; establishing strong
institutions aiming to promote peace and justice; and establishing partnerships to
enable the accomplishment of these goals by 2030, in a clear attempt to reach a higher
level of human equality [2, 12, 13].

Current issues for urban studies are focused on implementing sustainable princi-
ples and addressing spatial demands related to the needs of modern society,
maintaining environmental quality, protecting biodiversity, and managing the
increasingly urgent issues of climate change adaptation and mitigation [14–16].
Urbanization is a process that creates and leaves an impact on the economic and social
development of developing countries [2]. These issues globally depend on the
unsolved conflict between anthropic systems and environmental components [17].
The need for tools to support policy-making oriented to sustainable planning arises at
several levels of governance. In this regard, the fast progress of Geographic Informa-
tion Systems (GIS) during the last few decades provided researchers with powerful
tools with which to conduct spatial analyses and modelling [18, 19].
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Due to the need to examine the value of several urban indicators for each
selected single field unit and find potential relationships between them, it was
decided to conduct the research in the geographic information system (GIS)
environment. Conducting urban research and analyses with the use of spatial
information systems has been growing since the 1960s [20–24]. The use of GIS in
urban and spatial planning is becoming more and more popular as they are undoubt-
edly tools that facilitate the work of urban planners and architects [21–24]. GIS
systems enable the collection, processing, analysis, visualization and sharing of spatial
data and their primary function is to support decision-making [25, 26]. No wonder
that after 2000 they have been widely used in the work of town planners, planners
and more and more often, also architects. GIS systems have become the basic tool in
spatial research, the results of which may be helpful in the preparation of planning
studies, i.e., local spatial development plans or studies of the conditions and directions
of spatial development [24]. In the literature, we can find many examples of the use of
GIS in such analyses, including determining the maximum allowable height of newly
designed buildings, assessment of the city sprawl based on land use analysis using GIS
and remote sensing, identification of areas for new investments, analysis of building
layouts, land absorption analysis with the use of GIS, the study of the impact of
building morphology on energy consumption, construction of a spatial database as a
tool for participatory activities and many others [24, 27–29]. As a consequence of that,
this article resorts to maps in order to geo-visualize the data, instead of simply
exhibiting the obtained results in tables. GIS systems has also as one of its main
advantages the fact that it provides spatial-based solutions [2, 20, 22, 26], meaning
that these systems are able to detect variations through the integration of data from
multiple sources. An example of that is the land use information that can be obtained
for a specific region after combining hydrological data, soil, topographic maps, and
GIS’s images [30–33].

1.2 Land-use changes

The CORINE Land Cover (CLC) multi-temporal European datasets, delivered by
the European Spatial Agency and Copernicus land monitoring services, were devel-
oped with a main purpose: to be a cognitive reference framework regarding the spread
of land consumption, allowing comparisons to be established between different Euro-
pean nations [34–37].

In fact, Information on the Environment Coordination CORINE Land Cover
(CLC), which is a combined effort of all European Community countries initiated in
1985, collects and interprets geospatial data aiming to: (a) obtain and coordinate
interdisciplinary data regarding the environment’s state; (b) establish a particular
focus on EU countries’ areas that are seen as priorities; (c) coordinate the organization
and management of data, both locally and internationally; and (d) assure that data is
compatible [34].

The CLC database is a tool for performing complex spatial analyses based on
diverse land-use kinds. CORINE land cover classes (CLC) have three levels in their
hierarchical organization. The first covers five main types of land-use and land cover:
artificial areas, agricultural areas, forest and semi-natural areas, wetlands, and water
bodies. The next level has fifteen departments. The third level includes forty-four
departments that note that the methodological scope of the three individual-level
three classes is strictly defined [38, 39].
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In fact, the Geographic Information System (GIS) groups and makes available data
on land changes. For that, it resorts to high-resolution land cover assessments and
change evaluations, with a particular focus on urban areas [34, 40, 41]. In addition to
that, these systems also allow an analysis on the variations of human activities and
land cover [41, 42]. Moreover, Urban Atlas (UA) allows the differentiation of cover-
age classes by classifying high-resolution satellite pictures (SPOT 2.5 m, ALOS 2.5 m,
RapidEye 5 m). Considering that the lowest mapping unit is 0.25 hectares, the devel-
opment of land cover maps is limited to 305 European larger cities – where
populations exceed 100,000 people – and they present an estimated accuracy of 5
meters. The fact is that the UA only has 20 classes, regarding land cover, a consider-
ably lower number when compared to the CLC [34, 42].

Humans have made major modifications to the earth’s surface over time in order to
generate food via farming methods. Over half of the earth’s surface has been
transformed in the last few years, and over one-third of the earth’s surface is believed
to be agricultural [33, 43]. Humans are simultaneously confronting environmental
problems on multiple fronts, such as climate change, loss of biodiversity, soil degra-
dation, water pollution, and loss of ecosystem services, and each of these is caused
either directly or indirectly by land-use changes [44–50]. It is estimated that approx-
imately 60% of global land-use changes are directly associated with human land-use
activities and 40% with indirect drivers, such as climate change [45]. The expansion
of built-up land in urban and rural areas, agricultural intensification, energy, and
material consumption are the primary drivers of land-use change [51].

Urbanization is a phenomenon that has followed mankind throughout History,
being considered as a relevant feature in every society. One can classify urbanization
as the transformation process of rural areas into urban areas, or, simply, as the
agglomeration of built-up areas and different ways of life [36, 42]. Urbanization
started to grow at exponential rates in the nineteenth century, as a consequence of the
industrialization process, and, after that, has become a usual phenomenon within
cities in expansion [42]. Moreover, urbanization directly affects approximately 80%
of the European population since that’s equivalent to the parcel of people currently
living in urban areas [47, 52]. Additionally, multiple researchers point out that, by
2030, 75% of European landscapes will be urban in nature [45]. Nowadays, urban
areas’ continuous expansion can be observed mostly in large agglomerations’ sur-
rounding areas, which can be justified by multiple processes, such as suburbanization
and urban sprawl [53]. The processes of landscape urbanization have a fundamental
impact on its structure and physiognomy and depend on the intensity of changes
and technological progress. The above processes change the structure of the land-
scape. In this paper, landscape is understood as a combination of different types of
land cover [42].

Land use and land cover change (LULC) has become a fundamental and essential
component in current strategies that concern monitoring environmental change and
managing natural resources [54], is a global subject of study. Most studies have
focused on metropolitan areas, and other environmental targets of interest, such as
the tropics, karsts, coastal zones, ecosystem services, climate change [45, 51, 55], etc.
The land surface is being considerably affected due mostly to the growth registered in
terms of anthropogenic activities in the biosphere, which might ultimately end up
affecting global systems’ efficiency levels [54]. In fact, LULC and the resources asso-
ciated to it have been utilized with the purpose of satisfying humans’ social, material,
cultural, and even spiritual necessities, which may be tracked down as the origin of
significant changes [56, 57]. Quick changes regarding LULC in developing countries
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have created a depletion of important resources, such as water, soil, and vegetation
[54, 58]. Furthermore, because of their quickness, extent, and intensity, global-scale
implications – in terms of natural resources and greenhouse gas emissions, for
instance – are also related with these land use changes [54, 59]. However, these
implications might start to be observed on the local, regional, and national environ-
ments due to the massive and quick changes that have been taking place [54, 60].

In order to have a deeper knowledge on land dynamics, it becomes necessary to
resort to LULC changes [54]. Researcher from different disciplines conducted multi-
ple empirical studies that concluded that these changes in terms of LULC are impor-
tant to numerous applications, like hydrology, forestry, agriculture, environmental
studies, geology, and ecology [61]. Indeed, some researchers believe that LULC
changes could end up playing a decisive role in terms of climate change and ecosys-
tem’s imbalance [61, 62]. As a result of that, mostly in developing countries, various
resources – land, forest, water, among many others – are significantly declining [63].
Precise information regarding LULC changes, despite being difficult to get [54], is key
to determine the root causes, as well as the consequences of these changes.
Conducting an accurate analysis regarding the causes behind LULC changes is also
fundamental to understand current changes and to produce realistic forecasts
[54, 64].

Given the increasing number of disasters over recent years, one of the most
efficient and accessible methods for reducing the pressure posed by natural or tech-
nological risks is reducing the vulnerability level of communities exposed to a partic-
ular hazard [65–68]. At all levels of government, there is a demand for instruments to
enhance policy-making aimed at long-term planning [34]. Thus, territorial planning
strategy can be considered as a key instrument to attribute wealth pre-conditions to
inhabitants; consequently, this will enhance the levels of prosperity of a certain
region’s future generations by lowering social and spatial inequalities, ultimately lead-
ing to sustainable development of that same region [34].

The aim of current study is to map and explain the Land-Use Changes in the Alto
Tâmega Region between 1990 and 2018. In this regard, we emphasize that the current
study will contribute to science by enabling the collection of big data connected to
Land-Use Changes, as well as an overview of how they have evolved in the Alto
Tâmega Region over the last three decades.

Finally, we are able to discuss the spatial patterns observed, and to give some princi-
ples and recommendations for future regional planning and management strategies and
policies to be developed and implemented throughout the Alto Tâmega Region.

2. The Alto Tâmega: a brief overview

The Alto Tâmega Region (NUTS III) (Figure 1), comprising the municipalities of
Boticas, Chaves, Montalegre, Ribeira de Pena, Valpaços and Vila Pouca de Aguiar,
covers an area of approximately 2922 km2 and recorded, according to data from the
2021 Census of the National Institute of Statistics (INE), a resident population of
84,330 inhabitants, corresponding to roughly 2.5% of the population of the northern
region of Portugal, with an average population density of 28.00 inhabitants per km2

[69]. It is the 12th largest sub-region, the 24th most populous sub-region and the 19th
densest sub-region in the country. It is made up of six municipalities and 118 parishes,
with the city of Chaves being the administrative city and the main urban center of the
sub-region. With 17,207 inhabitants in its urban area and 37,592 inhabitants in the
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entire municipality, it is the largest city and the largest municipality in Alto Tâmega
Region, limited to the north by Galicia (Spain), to the east with the Terras de Trás-os-
Montes, south with Douro and west with Cávado and Ave [70].

This territory is one of the twenty-three national Intermunicipal Communities
(CIM), bordering four other CIMs – Cávado, Ave, Douro and Terras de Trás-os-Montes
– and to the north with Spain, which places the region in a privileged position, in view
of possibilities for promoting cross-border relations, especially with Orense [71].

The region under analysis corresponds to the territory covered by the Municipali-
ties of Boticas, Chaves, Montalegre, Ribeira de Pena, Valpaços and Vila Pouca de
Aguiar, according to data from the 2021 Census, Alto Tâmega Region registered
84,330 inhabitants, 9813 inhabitants less compared to the 2011 Census, where 94,143
inhabitants were registered. All six municipalities recorded a decrease in inhabitants
by �10.4% (Table 1) [72, 73].

Figure 1.
Delimitation of the study area - Alto Tâmega Region (Source: Authors by ESRI ArcGIS, 2020).

Municipalities Area
(km2)

Population
(2021 census)

Population
(2011 census)

Variation
(%)

Boticas 322.00 5.002 5.750 �13.0

Chaves 591.20 37.623 41.243 �8.8

Montalegre 805.50 9.279 10.537 �11.9

Ribeira de Pena 217.50 5.887 6.544 �10.0

Valpaços 548.70 14.714 16.882 �12.8

Vila Pouca de Aguiar 437.10 11.825 13.187 �10.3

Total 2922.00 84.330 94.143 �10.4

Table 1.
CORINE land cover nomenclature (Source: Authors).
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Next, a brief description of each of the municipalities is processed, starting with
the municipality of Boticas. Founded on November 6, 1836, the municipality of
Boticas is a land of unique historical, cultural and natural legacies, hills and mountains
of indescribable natural beauty, secular mills, forts, dolmen ruins and Roman mile-
stones (Figure 2). From here are the statues of the Calaico-Lusitano Warrior, ex-libris
of portuguese archaeology. Barroso’s “Enough of Oxen” are a legacy of communitari-
anism still present. Barrosã Meat, an autochthonous breed of this region and delicacy
of kings in the past, stands out as a product of excellence, as well as Honey of Barroso
and Honey Brandy. The gastronomic offer is completed with the famous Barroso-style
stew, sausages, ham and “Wine of the Dead”. The uniqueness of this territory and its
inhabitants, constitute one of the most attractive posters in the region and led the
United Nations Food and Agriculture Organization to distinguish it and declare it as a
World Agricultural Heritage [70–73].

In relation to the Municipality of Chaves, the highlights are heritage, traditions,
gastronomy, genuine flavors and ancestral knowledge that make Chaves a healthy
land, with soul, which keeps its identity with extraordinary persistence (Figure 3).
With its squares and spacious streets, parks and colorful gardens, imposing houses,
buildings with facades that testify to ancient civilizations, but whose modernity
enriches. Chaves offers multiple proposals for tours that allow you to discover
impressive landscapes of the river and the mountains to discover a little more of the
millenary history of the region. The thermal heritage, legacy of the Romans, is still a
pole of attraction for Chaves and Vidago. The hotel and restaurant offer is vast and of
excellent quality, a pretext for discovering this territory of well-being [70–73].

Montalegre is a border municipality, in the district of Vila Real, with approxi-
mately 800 km2 of extension (Figure 4). Declared World Agricultural Heritage and

Figure 2.
Alto Tâmega region - Municipality of Boticas (Source: Authors).

Figure 3.
Alto Tâmega Region - Municipality of Chaves (Source: Authors).
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Biosphere Reserve, it has an unsurpassed tourist heritage. Ethnography, history, folk-
lore, gastronomy and landscape are undoubtedly leftovers. Another of Barroso’s great
features is its natural formations, which, spared the action of generations, endow this
territory with a majestic landscape and ethnic wealth, which this people preserve. The
Peneda-Gerês National Park (PNPG), the secrets of Mourela, the fresh air of Larouco,
the ham and smoked meat, the veal, the rye bread, the customs and customs, but
above all the hospitality, honesty and human warmth that you experience, are strong
reasons to visit the “Marvelous Kingdom” [70–73].

In the municipality of Ribeira de Pena you will find a rich and varied gastronomy, a
cultural heritage enriched by the passage of the writer Camilo Castelo Branco and the
Museum Network (Figure 5). The Tâmega, Póio, Louredo and Beça rivers invite you
to take a dip and practice sports activities such as rafting or canyoning. The munici-
pality stands out for its landscapes that mix between a majestic flora and so different
between the green valleys and the altitudes, which extends from the Alvão mountain
range to the Barroso region. Ribeira de Pena clearly assumes itself as a nature tourism
destination, largely through the hotel and leisure facilities that were born in the
county. It is here that we find one of the biggest Slides in the world, the
“Fantasticable”, which is the ex-libris of Pena Aventura Park. Also, in Ribeira de Pena
you will be able to enjoy the environmental park and a network of walking paths that
will guide you throughout the discovery of the territory [70–73].

The municipality of Valpaços is more than its 550 km2 of beautiful landscapes,
more than its cultivated land with excellent products, more than its 25 magnificent
parishes full of heritage that are worth discovering, great stories that make us holders
of a unique and wonderful gastronomy, rich and variety of fauna and flora, which
enhances the practice of leisure activities, attracting different audiences, from various

Figure 4.
Alto Tâmega region - Municipality of Montalegre (Source: Authors).

Figure 5.
Alto Tâmega Region - Municipality of Ribeira de Pena (Source: Authors).

140

Sustainable Regional Planning



parts of the country, at different times of the year (Figure 6). But it is also synony-
mous with modernity, with various facilities available to the visitor, as well as tourist
projects of superior quality. Be sure to visit the Interactive Tourism Store, Wine
House, Rabaçal Ecovia, the river beaches, among many other unique places that you
can only find in Valpaços [70–73].

The municipality of Vila Pouca de Aguiar is located in Alto Tâmega, in Trás-os-
Montes, in one of the highest relief regions in Northern Portugal, marked by moun-
tains and plateaus with embedded valleys and rivers of excellent quality (Figure 7).
Here, we find well-preserved ecosystems, coexisting with family farming and com-
mon forest management. Rare species persist in nature, such as the Iberian wolf, the
blue peat butterfly, the “Veronica micrantha” and the bats (in Tresminas). Known for
the abundance of megalithic monuments, and for the exploitation of gold in Roman
times, Vila Pouca de Aguiar allows us to relate the human presence and the exploita-
tion of natural resources, throughout history. Gold, Granite or Medicinal waters were
(and are… ) treasures that allowed the settlement of peoples and the development of
society and local culture [70–73].

Briefly, the Alto Tâmega Region is characterized by the agricultural activity and
agro-industry play an important role in the economic landscape of this low-density
territory. The endogenous resources of outstanding quality are one of the differenti-
ating factors of these municipalities, with emphasis on the endogenous products of
recognized quality, many of which are guaranteed a Protected Designation of Origin
(DOP) and Protected Geographical Indication (IGP), among which stand out the
meat, honey, olive oil, chestnuts, potatoes, folar, smoked products and sausages,
among others [70–73].

Figure 6.
Alto Tâmega Region - Municipality of Valpaços (Source: Authors).

Figure 7.
Alto Tâmega Region - Municipality of Vila Pouca de Aguiar (Source: Authors).
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The tourist activity constitutes another of the strategic bets of Alto Tâmega
Region, based on an offer of thermal tourism and rural areas tourism (TER) that
complements the natural beauty of the region, contextualized by large areas of
natural interest and that provide a privileged framework in terms of biodiversity and
landscape richness [70–73].

In addition, cultural heritage also plays an important role in the tourist, economic
and social panorama of Alto Tâmega Region. In this case, the national monuments
with great tourist interest, distributed throughout the six municipalities, as well as
diverse cultural manifestations such as handicrafts and ethnographic traditions,
should be highlighted [70–73].

The climate of the Alto Tâmega Region is generally considered to be
comfortable and cool, however in winter the climate is cool, with frequent
snowfall [74].

As for the soils, most of them have some aptitude for pastures and forestry, with
fewer of those with good agricultural aptitude, these, in general, concentrated in the
plains [74].

According to the 2021 Census, we can draw some conclusions regarding the Alto
Tâmega Region [70–74]:

• The percentage of young residents stands at 9.2%, below the average for the
North region with 12.5% and below the national average of 13.5%;

• The percentage of seniors residents is 30.7%, above the regional average in the
North with 21.2% and above the national average with 22.3%;

• The percentage of foreign residents stands at 1.5%, below the regional average of
the North with 2.5% and well below the national average with 6.4%;

• The sectors with the most workers are commerce, with 17.6% of all employed
workers, followed by construction with 11.7%, manufacturing with 10.6% and
accommodation and catering with 7.5%;

• The unemployment rate in 2020 was 6.0, 0.2% below the regional average in the
North, which was 6.2 and 0.2% above the national average, which was in the
5.8%;

• Purchasing power stood at 70.4%, below the regional average of 93% in the
North, with Portugal at 100%. Only the municipality of Chaves surpassed the
average purchasing power of the Alto Tâmega Region with 79.1%;

• The average monthly salary in the region in 2019 was €954.20, below the average
of €1100.40 recorded in the North region and below the national average of
€1206.30.

3. Methodology

The data used was two layers of information. These can be utilized to duplicate this
work in another work area because they are public and open. The analyzed area is the
Alto Tâmega Region, in Portugal.
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Data on land use were first gathered. The European Space Agency (EEA) provides
a geodatabase employing polygonal graphic characteristics that suggest land uses
throughout the European Union for the years 1990, 2000, 2006, 2012, and 2018
through the CORINE Land Cover (Coordination of Information-CLC) project
[48, 75]. Regarding the use of remote sensing data, the information was supplied by
means of shapefiles. So, these files were managed by using ArcGis 10.5. A project was
generated and subsequentially the shapefiles were added as layers, that is to say,
vectorial information.

The scale used is 1:100,000 in the Geodesic Reference System corresponding to
the European Terrestrial Reference System 1989 (ETRS89) and the Mapping System
is Universal Transverse Mercator (UTM), with the minimum cartographic unit
(MCU) being equal to 25 hectares. The accuracy obtained has been increasing over
the years, since in 1990 it was less than 50 meters, in 2000, 2006 and 2012 it was
less than 25 meters, and finally, in 2018 it is less than 10 meters. Also, the
information contained in these polygons is hierarchical in three levels of information
(Table 2).

Level 1 Level 2 Level 3

1. Artificial
surfaces

1.1. Urban fabric 1.1.1. Continous urban fabric

1.1.2. Discontinuous urban fabric

1.2. Industrial, commercial
and transport

1.2.1.Industrial or commercial units

1.2.2.Road and rail networks and associated land

1.2.3.Port areas

1.2.4.Airports

1.3. Mine, dump and
construction sites

1.3.1.Mineral extraction sites

1.3.2.Dump sites

1.3.3.Construction sites

1.4. Artificial, non-
agricultural vegetated areas

1.4.1.Green urban areas

1.4.2.Sport and leisure facilities

2. Agricultural
areas

2.1. Arable land 2.1.1. Non-irrigated arable land

2.1.2. Permanently irrigated land

2.1.3. Rice fields

2.2. Permanent crops 2.2.1.Vineyards

2.2.2.Fruit trees and berry plantations

2.2.3.Olive groves

2.3. Pastures 2.3.1.Pastures

2.4. Heterogeneous
agricultural areas

2.4.1.Annual crops associated with permanent crops

2.4.2.Complex cultivation

2.4.3.Land occupied by agriculture

3. Forests and
semi-natural areas

3.1. Forests 3.1.1. Broad-leaved forest

3.1.2.Coniferous forest

3.1.3.Mixed forest
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The second layer of information corresponds to the administrative delimitation of
the Alto Tâmega Region. From the National Geographic Information System of Por-
tugal (SNIG), as shown in Figure 8.

ArcGIS 10.5 Geographic Information Systems (GIS) management software was
then used to process both levels of data. When Lambert-2001’s ETRS-LAEA was first
adopted as the official coordinate reference system, all layers of information were
converted to it by means of designation of projection in the project [75], due to the
fact that they are the inputs, the projection of equivalent regions within the territory,
on which ETRS-LAEA is based. In this way, it acts as a standard for homogeneous
units across all of Europe. Thus, the representation of analytical and statistical data
uses this coordinate system.

Subsequently, the layer relating to the administrative divisions of the country,
Portugal has carried out a selection query through alphanumeric information and the
Alto Tâmega Region was selected. Subsequently, this single region was kept in a single
layer of information. This layer of information was the limit of the scope of action of
this work. The clip tool was then used, with Alto Tâmega’s boundary as the reference
layer. This procedure was used for each of the years studied (1990, 2000, 2006, 2012
and 2018). In this way, land uses were obtained, but only those that were included in

Level 1 Level 2 Level 3

3.2.Shrub and/or herbaceous
vegetation association

3.2.1. Natural grassland

3.2.2.Moors and heathland

3.2.3.Scierophyllous vegetation

3.2.4.Transitional woodland shrub

3.3. Open spaces with little or
no vegetation

3.3.1.Beaches, dunes, and plains

3.3.2.Bare rock

3.3.3.Sparsely vegetated areas

3.3.4.Burnt areas

3.3.5.Glaciers and perpetual snow

4. Wetlands 4.1. Inland wetlands 4.1.1.Inland marshes

4.1.2.Peatbogs

4.2. Coastal wetlands 4.2.1.Salt marshes

4.2.2.Salines

4.2.3.Intertidal flats

5. Water bodies 5.1. Inland waters 5.1.1.Water courses

5.1.2.Water bodies

5.2. Marine waters 5.2.1.Coastal lagoons

5.2.2.Estuaries

5.2.3.Sea and ocean

*For detailed information about the CLC Codes, the authors recommend the following source: www.eea.europa.eu/
publications/COR0-landcover, accessed on 10 November 2022.

Table 2.
CORINE Land Cover nomenclature (Source: [75]*).
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the region. Subsequently, geometric measurement of the area of each of the polygons
was performed in hectares. This resulted in the number of hectares of each polygon
representative of land uses according to the CLC nomenclature.

The alphanumeric data stored in each of the tables for the years under analysis was
then exported by means of the command export and imported into a database that
was maintained by the Microsoft Access database management program, a component
of the Microsoft Office 365 suite of applications.

Using Structured Query Language (SQL), selection queries were created to the
database to select in accordance with the CLC nomenclature, and then another
grouping query was appended to the original query. Finally, for the years 1990, 2000,
2006, 2012, and 2018, the number of hectares for each land use was determined.

However, to take into account not only numerical but also geographical results,
thematic maps were also obtained for each year in order to take into consideration
both the numerical and geographic outcomes. This made it possible to pinpoint both
the areas with the highest variety in land uses and those with predominant land uses.

A system has been designed to facilitate understanding of the technique utilized
and the criteria for selecting case studies (Figure 9).

Figure 8.
Delimitation of the study area - Alto Tâmega Region - Municipalities (Source: Authors by ESRI ArcGIS, 2020).

Figure 9.
Summary of the methodology’s selection criteria and case study selection process (Source: Authors).
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4. Results

The results come from the analysis of the land-use changes for the Alto Tâmega
region in the years 1990, 2000, 2006, 2012 and 2018. The results will be exposed
through the tables, and thematic cartography. This typology of results exposed allows
for extracting the most relevant information and characterizing the evolution of land
use based on the 44 land uses determined by CLC in level 3. The information is
organized and presented with the help of different plots and tables obtained using
ArcGIS 10.5 Geographic Information Systems (GIS) management software, and CLC,
in percentage, according to the following order of description of the Municipalities of
Boticas, Chaves, Montalegre, Ribeira de Pena, Valpaços and Vila Pouca de Aguiar.

As an example, in Figure 10, we present the results shown in Table 3, namely the
Evolution of land uses according to level 3 of the CLC nomenclature in the Alto

Figure 10.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Boticas in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).

CLC Code\Year 1990 2000 2006 2012 2018

112 0.36% 0.46% 0.71% 0.71% 0.71%

131 0.00% 0.10% 0.09% 0.09% 0.09%

211 12.41% 12.42% 11.36% 11.36% 11.05%

222 0.08% 0.08% 0.08% 0.08% 0.00%

231 4.03% 4.03% 2.90% 2.90% 3.25%

241 1.80% 1.80% 1.58% 1.58% 0.58%

242 3.97% 3.88% 3.20% 3.20% 3.35%

243 7.46% 7.81% 10.12% 10.12% 11.05%

244 0.19% 0.00% 0.00% 0.00% 0.00%

311 0.38% 0.38% 1.31% 1.29% 0.95%

312 19.47% 21.70% 12.99% 9.90% 8.12%

313 2.08% 1.77% 2.14% 2.12% 1.49%

321 7.08% 6.08% 5.53% 5.53% 3.12%
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Tâmega Region - Boticas Council in 1990, 2000, 2006, 2012 and 2018. This will be the
same procedure for the remaining municipalities analyzed in this study.

In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated.

From the information in Table 4, it can be seen that the four greatest differences
occur for land uses (according to the land uses identified in Table 3 - Values in bold

CLC Code\Year 1990 2000 2006 2012 2018

322 14.56% 13.74% 12.47% 12.49% 15.44%

324 21.65% 18.56% 31.41% 29.00% 34.11%

332 2.66% 2.66% 0.00% 0.00% 0.00%

333 1.80% 4.36% 3.67% 3.67% 3.82%

334 0.02% 0.16% 0.44% 5.94% 2.88%

*Values in bold corresponding to the higher value founded.

Table 3.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Boticas (Source: authors).

CLC Code\year range 2000–1990 2006–2000 2012–2006 2018–2012

112 0.10% 0.25% 0.00% 0.00%

131 0.10% �0.01% 0.00% 0.00%

211 0.02% �1.06% 0.00% �0.31%

222 0.00% 0.00% 0.00% �0.08%

231 0.00% �1.13% 0.00% 0.35%

241 0.00% �0.22% 0.00% �1.00%

242 �0.09% �0.68% 0.00% 0.14%

243 0.35% 2.31% 0.00% 0.92%

244 �0.19% 0.00% 0.00% 0.00%

311 0.00% 0.92% �0.02% �0.34%

312 2.23% �8.70% �3.09% �1.78%

313 �0.31% 0.37% �0.01% �0.63%

321 �1.00% �0.55% 0.00% �2.41%

322 �0.82% �1.27% 0.02% 2.95%

324 �3.09% 12.85% �2.40% 5.10%

332 0.00% �2.66% 0.00% 0.00%

333 2.56% �0.69% 0.00% 0.14%

334 0.14% 0.28% 5.51% �3.07%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 4.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Boticas (Source: authors).
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corresponding to the higher value founded) 243 between 2000 and 2006 (growing),
312 between 2000 and 2006 (decreasing), 322 between 2012 and 2018 (growing), and
324 between 2000 and 2006 (growing) (Figure 11).

In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated (Table 5).

From the information in Table 6, it can be seen that the four greatest differences
occur for land uses (according to the land uses identified in Table 5 - Values in bold
corresponding to the higher value founded) 211 between 2000 and 2006 (decreasing),

Figure 11.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Chaves in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).

CLC Code\Year 1990 2000 2006 2012 2018

111 0.08% 0.08% 0.08% 0.08% 0.33%

112 0.84% 1.38% 1.78% 1.78% 1.50%

121 0.00% 0.00% 0.07% 0.15% 0.27%

122 0.00% 0.00% 0.00% 0.77% 0.77%

124 0.00% 0.00% 0.05% 0.05% 0.05%

131 0.14% 0.14% 0.10% 0.10% 0.10%

133 0.00% 0.00% 0.89% 0.10% 0.10%

142 0.07% 0.07% 0.07% 0.11% 0.16%

211 16.63% 16.43% 12.88% 12.81% 12.54%

212 2.21% 2.26% 2.13% 2.13% 1.91%

221 3.92% 3.66% 3.28% 3.29% 2.83%

222 0.13% 0.13% 0.17% 0.17% 0.41%

223 0.37% 0.37% 0.36% 0.36% 0.42%

231 0.86% 0.77% 1.06% 0.75% 0.39%
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CLC Code\Year 1990 2000 2006 2012 2018

241 1.25% 1.38% 0.91% 0.91% 0.64%

242 16.72% 16.57% 14.92% 14.93% 14.18%

243 17.81% 18.38% 22.42% 22.77% 24.28%

244 0.26% 0.00% 0.00% 0.00% 0.00%

311 3.52% 3.15% 2.74% 3.05% 2.64%

312 12.06% 11.46% 6.59% 6.71% 5.12%

313 3.04% 2.99% 3.39% 2.83% 2.61%

321 1.93% 1.91% 2.07% 2.06% 0.80%

322 4.97% 4.52% 6.25% 6.30% 6.30%

323 0.05% 0.00% 0.00% 0.00% 0.00%

324 13.00% 12.94% 16.24% 17.08% 21.31%

333 0.00% 0.65% 0.39% 0.39% 0.06%

334 0.00% 0.57% 0.92% 0.06% 0.00%

512 0.13% 0.18% 0.24% 0.24% 0.28%

*Values in bold corresponding to the higher value founded.

Table 5.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Chaves (Source: authors).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

111 0.00% 0.00% 0.00% 0.25%

112 0.54% 0.40% 0.00% �0.29%

121 0.00% 0.07% 0.08% 0.12%

122 0.00% 0.00% 0.77% 0.00%

124 0.00% 0.05% 0.00% 0.00%

131 0.00% �0.05% 0.00% 0.00%

133 0.00% 0.89% �0.78% �0.01%

142 0.00% �0.01% 0.05% 0.04%

211 �0.20% �3.56% �0.07% �0.27%

212 0.06% �0.13% 0.00% �0.22%

221 �0.26% �0.38% 0.01% �0.46%

222 0.00% 0.05% 0.00% 0.24%

223 0.00% �0.01% 0.00% 0.05%

231 �0.09% 0.29% �0.31% �0.36%

241 0.13% �0.47% 0.00% �0.26%

242 �0.15% �1.64% 0.01% �0.75%

243 0.58% 4.04% 0.35% 1.50%

244 �0.26% 0.00% 0.00% 0.00%
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243 between 2000 and 2006 (growing), 312 between 2000 and 2006 (decreasing),
and 324 between 2000 and 2006 (growing) (Figure 12).

In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated (Figure 13) (Table 7).

From the information in Table 8, it can be seen that the four greatest differences
occur for land uses (according to the land uses identified in Table 7 - Values in bold
corresponding to the higher value founded) 243 between 2012 and 2018 (growing),
321 between 2012 and 2018 (decreasing), 322 between 2000 and 2006 and 2012 and
2018 (growing), and 332 between 2000 and 2006 (decreasing) (Figure 14).

In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated (Table 9).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

311 �0.37% �0.41% 0.31% �0.40%

312 �0.60% �4.87% 0.12% �1.59%

313 �0.05% 0.40% �0.56% �0.22%

321 �0.03% 0.17% �0.02% �1.25%

322 �0.45% 1.73% 0.05% 0.00%

323 �0.05% 0.00% 0.00% 0.00%

324 �0.06% 3.30% 0.84% 4.23%

333 0.65% �0.26% 0.00% �0.33%

334 0.57% 0.35% �0.86% �0.06%

512 0.05% 0.05% 0.00% 0.04%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 6.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Chaves (Source: authors).

Figure 12.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Montalegre in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).
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Figure 13.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Ribeira de Pena in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).

CLC Code\Year 1990 2000 2006 2012 2018

112 0.22% 0.34% 0.37% 0.37% 0.43%

121 0.00% 0.00% 0.03% 0.03% 0.03%

131 0.06% 0.06% 0.06% 0.06% 0.06%

133 0.00% 0.05% 0.00% 0.00% 0.00%

142 0.00% 0.00% 0.05% 0.05% 0.05%

211 10.89% 10.03% 8.75% 8.75% 7.58%

212 0.00% 0.00% 0.22% 0.22% 1.04%

221 0.13% 0.13% 0.00% 0.00% 0.00%

231 2.99% 2.82% 2.25% 2.25% 2.34%

241 2.42% 2.91% 2.50% 2.50% 1.29%

242 1.68% 1.87% 2.06% 2.06% 1.37%

243 9.44% 10.31% 12.29% 12.30% 14.46%

244 0.84% 0.15% 0.00% 0.00% 0.00%

311 2.82% 3.43% 3.65% 3.83% 3.96%

312 4.48% 3.77% 3.48% 2.99% 1.92%

313 1.86% 1.89% 1.75% 1.45% 1.16%

321 14.55% 14.54% 14.14% 14.17% 4.29%

322 17.63% 17.22% 25.75% 25.86% 38.68%

324 10.99% 10.51% 11.13% 11.94% 13.39%

332 11.40% 11.77% 0.00% 0.00% 0.00%

333 4.05% 4.50% 7.42% 7.45% 4.29%

334 0.07% 0.11% 0.41% 0.05% 0.00%

512 3.48% 3.58% 3.66% 3.66% 3.66%

*Values in bold corresponding to the higher value founded.

Table 7.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Montalegre (Source: authors).
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CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

112 0.12% 0.02% 0.00% 0.06%

121 0.00% 0.03% 0.00% 0.00%

131 0.00% 0.00% 0.00% 0.00%

133 0.05% �0.05% 0.00% 0.00%

142 0.00% 0.05% 0.00% 0.00%

211 �0.86% �1.28% 0.00% �1.18%

212 0.00% 0.22% 0.00% 0.82%

221 0.00% �0.13% 0.00% 0.00%

231 �0.16% �0.57% 0.00% 0.09%

241 0.49% �0.41% 0.00% �1.21%

242 0.19% 0.19% 0.00% �0.69%

243 0.87% 1.99% 0.01% 2.15%

244 �0.68% �0.15% 0.00% 0.00%

311 0.61% 0.22% 0.18% 0.13%

312 �0.71% �0.29% �0.49% �1.07%

313 0.03% �0.14% �0.30% �0.29%

321 �0.01% �0.40% 0.03% �9.88%

322 �0.41% 8.53% 0.11% 12.82%

324 �0.48% 0.62% 0.81% 1.46%

332 0.36% �11.77% 0.00% 0.00%

333 0.45% 2.92% 0.03% �3.16%

334 0.04% 0.30% �0.36% �0.05%

512 0.10% 0.08% 0.00% 0.01%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 8.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Montalegre (Source: authors).

Figure 14.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Valpaços in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).
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From the information in Table 10, it can be seen that the four greatest
differences occur for land uses (according to the land uses identified in Table 9 -
Values in bold corresponding to the higher value founded) 241 between 1990 and

CLC Code\SWYear 1990 2000 2006 2012 2018

112 0.16% 0.31% 0.46% 0.46% 0.65%

121 0.00% 0.00% 0.00% 0.00% 0.27%

122 0.00% 0.00% 0.10% 1.32% 1.24%

131 0.00% 0.00% 0.00% 0.00% 0.06%

133 0.00% 0.00% 1.24% 0.00% 0.13%

211 0.75% 0.75% 0.75% 0.75% 0.77%

212 0.49% 0.49% 0.47% 0.47% 0.61%

231 1.22% 0.00% 0.00% 0.00% 0.00%

241 11.57% 0.72% 0.54% 0.54% 0.54%

242 2.98% 11.15% 6.54% 6.54% 6.28%

243 5.20% 3.47% 3.83% 3.83% 3.06%

311 1.59% 5.54% 9.61% 9.61% 9.95%

312 22.23% 1.78% 1.78% 1.59% 1.73%

313 5.53% 25.05% 19.24% 14.05% 11.56%

321 6.49% 4.52% 8.74% 9.12% 9.02%

322 13.89% 6.28% 5.31% 5.31% 1.03%

324 15.94% 13.17% 14.90% 15.27% 22.71%

332 3.77% 14.47% 19.06% 18.60% 28.57%

333 7.81% 11.62% 6.46% 6.46% 1.81%

334 0.39% 0.68% 0.98% 6.09% 0.00%

*Values in bold corresponding to the higher value founded.

Table 9.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Ribeira de Pena (Source: authors).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

112 0.15% 0.15% 0.00% 0.19%

121 0.00% 0.00% 0.00% 0.27%

122 0.00% 0.10% 1.22% �0.07%

131 0.00% 0.00% 0.00% 0.06%

133 0.00% 1.24% �1.24% 0.13%

211 0.00% 0.00% 0.00% 0.02%

212 0.00% �0.02% 0.00% 0.14%

231 �1.22% 0.00% 0.00% 0.00%

241 �10.84% �0.19% 0.00% 0.00%
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2000 (decreasing), 242 between 1990 and 2000 (growing) and 2000 and 2006
(decreasing), 312 between 1990 and 2000 (decreasing), 313 between 1990 and
2000 (growing) and 2000 and 2006, 2006 and 2012, 2012 and 2018 (decreasing),
322 between 1990 and 2000 and 2012 and 2018 (decreasing), 324 between 2012
and 2018 (growing), 332 between 1990 and 2000, 2000 and 2006, 2012 and 2018
(growing), and 333 between 1990 and 2000 (growing), 2000 and 2006, 2012 and
2018 (decreasing).

In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated (Figure 15) (Table 11).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

242 8.17% �4.60% 0.00% �0.26%

243 �1.73% 0.36% 0.00% �0.77%

311 3.95% 4.06% 0.00% 0.34%

312 �20.45% 0.01% �0.20% 0.15%

313 19.53% �5.81% �5.19% �2.49%

321 �1.97% 4.22% 0.38% �0.10%

322 �7.61% �0.97% 0.00% �4.28%

324 �2.77% 1.73% 0.38% 7.44%

332 10.71% 4.59% �0.46% 9.96%

333 3.80% �5.16% 0.00% �4.65%

334 0.29% 0.30% 5.11% �6.09%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 10.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Ribeira de Pena (Source: authors).

Figure 15.
Evolution of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –Municipality of Vila
Pouca de Aguiar in 1990, 2000, 2006, 2012, and 2018 (Source: Authors by ESRI ArcGIS, 2020).
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From the information in Table 12, it can be seen that the four greatest differences
occur for land uses (according to the land uses identified in Table 11 - Values in bold
corresponding to the higher value founded) 243 between 2000 and 2006 (growing),
and 324 between 2000 and 2006 (growing).

CLC Code\Year 1990 2000 2006 2012 2018

111 0.00% 0.00% 0.00% 0.00% 0.20%

112 0.28% 0.39% 0.64% 0.66% 0.48%

211 9.59% 7.23% 4.79% 4.79% 4.17%

212 0.00% 0.00% 0.00% 0.00% 0.10%

221 6.52% 6.58% 5.41% 5.42% 3.91%

222 1.61% 2.06% 2.63% 2.64% 5.96%

223 7.42% 7.25% 8.16% 8.25% 8.67%

231 0.44% 0.44% 0.42% 0.42% 0.33%

241 3.32% 4.98% 3.12% 3.12% 2.86%

242 17.95% 17.08% 16.58% 16.65% 16.07%

243 16.87% 18.96% 23.76% 23.75% 23.39%

244 0.23% 0.00% 0.00% 0.00% 0.00%

311 0.81% 0.66% 0.46% 0.50% 0.50%

312 5.69% 6.44% 2.94% 3.37% 1.69%

313 1.57% 1.61% 0.98% 1.48% 0.86%

321 5.86% 5.82% 4.88% 4.86% 0.91%

322 7.86% 4.46% 4.10% 4.03% 9.15%

323 0.18% 0.00% 0.00% 0.00% 0.00%

324 13.45% 11.46% 20.70% 20.07% 20.75%

334 0.35% 4.57% 0.43% 0.00% 0.00%

*Values in bold corresponding to the higher value founded.

Table 11.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Valpaços (Source: authors).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

111 0.00% 0.00% 0.00% 0.20%

112 0.12% 0.25% 0.02% �0.18%

211 �2.36% �2.44% 0.00% �0.62%

212 0.00% 0.00% 0.00% 0.10%

221 0.06% �1.17% 0.01% �1.51%

222 0.46% 0.57% 0.00% 3.32%

223 �0.18% 0.91% 0.09% 0.43%

231 0.00% �0.01% 0.00% �0.09%
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In order to know what are the differences in area extension for every land use, the
differences in percentage areas between years are calculated (Table 13).

From the information in Table 14, it can be seen that the four greatest differences
occur for land uses (according to the land uses identified in Table 13 - Values in bold
corresponding to the higher value founded) 312 between 2000 and 2006 (decreasing),

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

241 1.66% �1.86% 0.00% �0.26%

242 �0.87% �0.50% 0.07% �0.57%

243 2.10% 4.80% �0.01% �0.36%

244 �0.23% 0.00% 0.00% 0.00%

311 �0.15% �0.20% 0.04% 0.00%

312 0.75% �3.50% 0.42% �1.68%

313 0.03% �0.63% 0.50% �0.61%

321 �0.04% �0.94% �0.02% �3.95%

322 �3.39% �0.37% �0.06% 5.11%

323 �0.18% 0.00% 0.00% 0.00%

324 �1.99% 9.24% �0.63% 0.68%

334 4.23% �4.15% �0.43% 0.00%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 12.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Valpaços (Source: authors).

CLC Code\Year 1990 2000 2006 2012 2018

111 0.00% 0.00% 0.00% 0.00% 0.15%

112 0.32% 0.69% 1.02% 0.95% 1.04%

121 0.00% 0.00% 0.00% 0.00% 0.00%

122 0.00% 0.00% 0.07% 1.36% 1.33%

131 0.12% 0.46% 0.85% 0.86% 0.95%

133 0.00% 0.00% 1.31% 0.00% 0.00%

211 11.90% 12.01% 9.01% 9.03% 7.45%

212 0.00% 0.00% 0.00% 0.00% 0.96%

221 0.28% 0.28% 0.29% 0.29% 0.26%

222 0.00% 0.00% 0.10% 0.21% 0.48%

231 1.69% 1.48% 1.68% 1.68% 1.55%

241 1.44% 1.67% 2.12% 2.17% 2.20%

242 5.18% 4.83% 6.28% 6.28% 5.86%

243 8.01% 8.76% 9.87% 9.91% 9.93%

244 0.72% 0.00% 0.00% 0.00% 0.00%
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CLC Code\Year 1990 2000 2006 2012 2018

311 2.73% 3.05% 2.15% 2.19% 2.42%

312 19.84% 18.40% 9.81% 9.08% 7.57%

313 6.70% 4.69% 4.71% 4.75% 4.60%

321 4.39% 4.15% 2.52% 2.52% 0.48%

322 6.28% 5.85% 7.53% 7.60% 20.01%

323 0.88% 0.00% 0.00% 0.00% 0.00%

324 18.87% 21.90% 29.71% 31.95% 30.41%

332 1.22% 0.28% 0.15% 0.15% 0.15%

333 9.27% 11.41% 8.99% 8.86% 2.02%

334 0.15% 0.08% 1.84% 0.00% 0.00%

512 0.00% 0.00% 0.00% 0.17% 0.17%

*Values in bold corresponding to the higher value founded.

Table 13.
Percentage difference of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region –
Municipality of Vila Pouca de Aguiar (Source: authors).

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

111 0.00% 0.00% 0.00% 0.15%

112 0.37% 0.33% �0.07% 0.09%

121 0.00% 0.00% 0.00% 0.00%

122 0.00% 0.07% 1.29% �0.03%

131 0.35% 0.38% 0.01% 0.09%

133 0.00% 1.31% �1.31% 0.00%

211 0.11% �3.00% 0.02% �1.58%

212 0.00% 0.00% 0.00% 0.96%

221 0.00% 0.01% 0.00% �0.03%

222 0.00% 0.10% 0.11% 0.28%

231 �0.21% 0.20% 0.00% �0.13%

241 0.23% 0.45% 0.05% 0.04%

242 �0.35% 1.44% 0.00% �0.41%

243 0.75% 1.11% 0.04% 0.01%

244 �0.72% 0.00% 0.00% 0.00%

311 0.32% �0.90% 0.04% 0.24%

312 �1.44% �8.59% �0.73% �1.51%

313 �2.01% 0.02% 0.04% �0.15%

321 �0.25% �1.63% 0.00% �2.04%

322 �0.42% 1.68% 0.07% 12.40%

323 �0.88% 0.00% 0.00% 0.00%
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322 between 2012 and 2018 (growing), 324 between 2000 and 2006 (growing) and
333 between 2012 and 2018 (decreasing).

In addition, using ArcGIS 10.5 Geographic Information Systems (GIS) manage-
ment software, it was possible to more accurately represent the location of each area
(thematic cartography) – i.e., according to their respective CLC nomenclature and
temporal variance, Figures 16–20.

The results showed a gradual Land-Use Changes related to “Agricultural areas”
and “Forests and semi-natural areas”. According to Tables 4, 6, 8, 10, 12 and 14, it
seems that the increase in certain kinds of land uses such as “243 the land occupied by
agriculture” and “322 moors and heathland” is compensated by the decrease of other
land uses like “312 coniferous forest”, “332 bare rock” and “333 sparsely vegetated
áreas”. Nonetheless, it is advisable to execute more exhaustive study research to
know it.

CLC Code\Year Range 2000–1990 2006–2000 2012–2006 2018–2012

324 3.04% 7.80% 2.25% �1.54%

332 �0.94% �0.14% 0.00% 0.00%

333 2.14% �2.42% �0.14% �6.84%

334 �0.07% 1.77% �1.84% 0.00%

512 0.00% 0.00% 0.17% 0.00%

*Values in bold corresponding to Land-Use Changes - significant changes.

Table 14.
Percentage of land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region – Municipality of
Vila Pouca de Aguiar (Source: authors).

Figure 16.
Land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region in 1990 (Source: Authors by ESRI
ArcGIS, 2020).
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In summary, most land-use changes for the Alto Tâmega region in the years 1990,
2000, 2006, 2012 and 2018, in the Municipalities of Boticas, Chaves, Montalegre,
Ribeira de Pena, Valpaços and Vila Pouca de Aguiar, according to the methodology
presented (Table 2), namely CLC in level 1, correspond to areas related to “Agricul-
tural areas” and “Forests and semi-natural areas”.

Figure 17.
Land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region in 2000 (Source: Authors by ESRI
ArcGIS, 2020).

Figure 18.
Land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region in 2006 (Source: Authors by ESRI
ArcGIS, 2020).
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5. Discussion and conclusions

In this section, we will address the results that come from the analysis of the land-
use changes for the Alto Tâmega region in the years 1990, 2000, 2006, 2012 and 2018.

Therefore, the results presented through the tables and thematic cartography, in
the previous section are related to the characterization of the evolution of land use

Figure 20.
Land uses according to level 3 of CLC nomenclature in the Alto Tâmega Regio in 2018 (Source: Authors by ESRI
ArcGIS, 2020).

Figure 19.
Land uses according to level 3 of CLC nomenclature in the Alto Tâmega Region in 2012 (Source: Authors by ESRI
ArcGIS, 2020).
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based on the 44 uses of the soil determined by CLC. So, as we are analyzing the Land-
Use Changes, we will give more importance to the CORINE Land Cover nomenclature
associates, not neglecting the rest.

As described earlier in the penultimate paragraph of the discussion section, and
can be validated by the observation of the thematic cartography (Figures 16–20).
Corroborating what has already been portrayed concerning the Alto Tâmega Region,
namely climatology, the rural depopulation, are factors that contribute to the increase
of the Land-Use Changes related to “Agricultural areas” and “Forests and semi-natural
areas” [76–79].

This temporal evolution – in the Municipalities of Boticas, Chaves, Montalegre,
Ribeira de Pena, Valpaços and Vila Pouca de Aguiar – has been influenced by the land
tenure regime and, as expected, by the land management carried out [80].

In addition, the demographic aspects linked to these territorial units have contrib-
uted, directly or indirectly, to these agricultural and forestry changes. The valorization
of the agricultural and forestry heritage of the Alto Tâmega Region should be pre-
served and protected in a sustainable way. So, we continue to have densely populated
areas in each of the municipalities (centers), however and due to the demographic
reduction, the sustainable growth of agricultural and forestry areas, do not have a
relevant weight, possibly due to the lack of economic incentives towards the future
owner’s of these areas [80, 81].

The research of Land-Use Changes is critical for understanding regional trends and
developments [82, 83]. It was feasible to discern changes in all CLC levels in the Alto
Tâmega Region from 1990 to 2018 throughout this examination.

Thus, it was credible to establish that these Land-Use Changes of the Alto Tâmega
Region suffered some changes, characterized by increasing and decreasing periods.
Some of those decreasing values are disturbing and should have special attention by
the government authorities to provide preservation and conservation of these unique
Alto Tâmega landscapes and environments.

The changes in the Land-Use could be understood as a direct manifestation of
human activity over natural environments [84, 85]. Therefore, the natural factors
and features—i.e., geomorphology, slope, relief, soil, and vegetation, among many
others— are critical for the proper organization and distribution of the territory and
their consequent land uses [84]. The lack of knowledge aligned with the existence of
planning conducts to the destruction of the natural resources causing a relevant
(negative) impact on the local communities [86].

Therefore, the study of the Land-Use Changes is seen as pivotal to understanding
the dynamics and tendencies of these territories as well as to provide clues for the
main actors to where the efforts toward sustainable development and growth should
be placed.

In the final remarks, the Land-Use Changes could be understood as
another tool for the knowledge of the territory—assessing the past and envisioning
the future.

6. Limitations of the study and future research directions

Despite all the material discussed in this chapter, regarding the dynamics, trends,
and specificities related with the variations occurred within Alto Tâmega Region land-
use changes, it becomes clear that there’s a need for more research on this topic, in
order to find new variables that will, eventually, lead to relevant findings.
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Due to frequent changes, mainly in terms of policies and people’s behavior in this
region, it’s fundamental to accurately monitor and analyse possible variations in terms
of land-use. Furthermore, it’s important that the data obtained from the monitoring
and analysis aforementioned is also applied in sustainable development strategies.

Still, if this issue wasn’t previously identified, some land-use in this region
wouldn’t be considered in this study because of CLC’s minimum cartographic unit
that was used – 25 hectares. Therefore, resorting to more recent versions of CLC that
have a higher level of resolution can mostly avoid this type of problems.

Moreover, future research in this region should be able to combine cartography
with aspects such as its protected natural spaces, their multiple figures, and land-use
changes throughout time. Additionally, although this study’s focus on barriers and
opportunities regarding sustainable development in this region, to obtain more spe-
cific limitations and chances, considering all the specificities of Alto Tâmega Region,
other aspects, methodologies, and prospects should be also taken into account.
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Chapter 9

Challenges of Urban Plan 
Implementation in Small Towns 
of West Showa Zone, Oromia 
Regional State, Ethiopia
Kassahun Gashu and Gobena Feyisa

Abstract

The purpose of this study was to examine challenges of urban plan 
 implementation in small towns of Ethiopia, in the case of Babich town West Sowa 
Zone, Oromia Regional State. Mixed research approaches and cross-sectional 
design were used. Primary data were collected by using questionnaire, FGD, and 
KII from residents of the town. Secondary data were collected from published and 
unpublished documents. Quantitative data were analyzed by using descriptive 
statistics such as percentage using tables, while qualitative data from FGD and 
KII were analyzed using thematic analysis method. The result indicated that poor 
plan implementation was emanated from the establishment of town before plan, 
socioeconomic issues such as less awareness of the society about the importance of 
the town plan, lack of budget, lack of skilled man power in the town, and environ-
mental issues such as conflict with surrounding kabeles on paying compensation 
for land plot. The basic plan of Babich town is not properly implemented. It lacks 
plan implementing strategy, monitoring, and evaluation. There is irregular and 
irrational development and also incompatible land uses in the town. The concerned 
bodies have to preparing implementation guidelines, performing scheduled moni-
toring and evaluation, providing capacity building by giving training for town plan 
implementer.

Keywords: basic plan, challenges of implementation, Ethiopia, small towns, urban plan

1. Introduction

Urban planning is a design to order the use of land and other physical resources for 
public interest with objective of increasing the quality of life and well-being of people 
living in cities [1, 2], or it is a design and regulation of the uses of space that focuses 
on the physical form, economic functions, and social impacts of the urban environ-
ment and on the location of different activities within it [3].
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In most countries, urban or spatial planning refers to the planning of the physical 
structure of development or land use planning [4]. Nadeem and Hameed [5] defined 
urban planning as the planning of the physical structure of land use. It is also named 
as city planning or town planning. It is a technical and political process concerned 
with the development and use of land, protection and use of the environment, public 
welfare, and the design of the urban environment, including air, water, and the 
infrastructure passing into and out of urban areas such as transportation, communi-
cations, and distribution networks. It is the process of developing urban, suburban, 
and rural areas orderly [6].

Rapid urban explosion is agreed to be the most complex and important 
socioeconomic and environmental phenomenon that has emerged between the 
twentieth and twenty-first centuries, and urban planning emerged as a scholarly 
discipline in the 1900s in Great Britain for the first time as academic planning 
program [7].

Modern-day urban planning in Africa can be traced back to colonial roots [8]. 
The long tradition of urban planning practice in Eastern Africa indicates that there is 
an understanding of physical land use planning, which mainly comprised of master 
planning [9], planning and building standard and regulation, and a system of devel-
opment control. Master plans, sometimes named as “end-state” plans or “blueprint” 
plans, refer to the physical plans that depict on a map the future scenario of the town 
when the plan is fully implemented [10]. Master plan is a tool to guide and manage 
the growth of cities in a planned manner [5].

Urban planning and implementation experience in Ethiopia has a short history. 
Review of urban planning practice in the country indicated that less than a quarter of 
the recognized urban centers have no plans to guide their spatial development. Even 
those that have plans have difficulty to implement the proposals [10]. The first urban 
planning practice that was traditional in nature is known to be started in Ethiopia at 
Entoto during the reign of Menelik II [11].

Regarding its importance, Workineh [12] pointed out that the main importance of 
urban planning is division of a city into specialized functional quarters; development 
of commanding central sites for palaces, temples, and civic buildings; and advanced 
systems of fortification, water supply, and drainage. But urban planning implementa-
tion is found at low stage of development in developing countries including Ethiopia 
[8]. The major cause of poor plan implementation in the country includes lack of 
accountability, lack of skills, commitment, technical and material capacity of the 
municipalities, lack of transparency, and lack of awareness at community level.

2. Urban plan and plan implementation challenges

There are many challenges of plan implementation. In line with this, a study con-
ducted by Slaev and Nedovic-Budic [13] in Sofia’s master plan in Bulgaria reviled that 
large inconsistencies exist between the plan’s overall goals and some of its measures 
and implementation tools. Among the various challenges the most common are high 
crime level, unemployment, health issues, poverty, overstretched public facilities/
infrastructures, high population density, and poor planning and implementation 
policies.

Urban plan is a means of smart, liveable, and inclusive development of urban areas 
for better urban life. It promotes planned development through allocation of plots for 
various land uses functions in an orderly and rational manner. This helps to make sure 



173

Challenges of Urban Plan Implementation in Small Towns of West Showa Zone, Oromia…
DOI: http://dx.doi.org/10.5772/intechopen.109122

efficient utilization of scarce land resource. Because allocation of plots for various 
land use function is one among the ultimate goals of urban plan preparation and 
implementation [14].

Studies [15] within the challenges of urban plan implementation indicated that 
the process of plan implementation effort in Ethiopia is observed to be at its infancy. 
However, a study conducted by Simie [11] and Jillo [16] indicated that though urban 
plan is often viewed as positive, it lacks proper implementation. The main cause of 
poor plan implementation in the country includes lack of accountability, lack of skills 
(converting map in to the ground), commitment, technical and material capacity of 
the municipalities, lack of transparency, and lack of awareness at community level. 
In the same line, Dube [4] conducted study on urban planning and land management 
challenges in Arba Minch town acknowledged that archaic land information manage-
ment system, informal land acquisition, corruption, land speculation, and land-
related conflicts became the challenges of land management and plan implementation 
in the town.

Concerning implementation efforts of urban plans within the Oromia region, 
most urban centers have faced difficulty in implementing the proposed land use 
plan. Consistent with the implementation report of the OUPI, most of the prepared 
structure plans for urban centers are failed to transfer graphics into the ground. As 
a result, most urban plans are left aside or outdated before their implementation 
[17]. The above-mentioned problems of plan implementation also are true in Babich 
town. Like most towns of Ethiopia Babich is found at very infancy stage of urbaniza-
tion. Babich town got the primary basic plan preparation in 2009. The second revised 
basic plan was done in 2019, when the town is that the capital of newly emerged 
woreda called Liban-Jawi [18].

Even though some empirical studies are available on urban planning and land 
management, there is no sufficient study regarding the challenges of urban plan 
implementation in small towns in Ethiopia in general and in West Showa Zone, 
Oromia Regional State in particular. Thus, this study contributes to the existing gaps 
in the study area.

Many small towns in Ethiopia grew without having available urban plan. Like 
many other small towns in Ethiopia, Babichi town faced difficulty in implementing 
the basic plan because the town was established before without the basic plan. On 
the opposite hand, the basic plan by itself has problem, because it fails to include 
design for social service institutions, which was previously occupied by residential 
area, This was happened due to unprofessional personnel in municipality who lacks 
appropriate skill to transfer graphics into the ground. A study by Mulugeta [10] about 
existing structural plan implementation situation in Injibara town indicates that the 
main factors that have had impact on the preparation and implementation of urban 
plans are lack of qualified personnel to prepare and implement urban plans and lack 
of budget to pay compensation for nearby farmers, which will result in illegal housing 
practice. Therefore, the main objective of this study was to investigate the challenges 
of urban plan implementation in small towns of Ethiopia in the case of Babich town, 
West Shawa Zone, Oromia Regional State, Ethiopia.

3. Study area

Babich town is found in West Showa Zone, Liban-Jawi district. It is a seat of the 
district located at 48 km west from Ambo capital, of West Showa Zone and 176 km 
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from Addis Ababa to the West (Figure 1). It is found between 8058′29″ latitude, North 
and 37030′45”logitude, East. The average altitude of the town is 2261 m asl.

Babich town has a total area is about 580.72 hectares. It is bounded by Mata-Arba, 
Lemmichoand Dhoke rivers. These rivers are serving as the boundary of the town 
and source of potable water, vegetable, and fruit production [18]. It has Woina-Dega 
agro-ecology. The maximum and minimum mean rainfall ranges from 1500 to 
2000 mm and from 500 to 900 mm, respectively. The town has the highest annual 
mean temperature of 28°C, while the lowest is 16°C [19].

The total population of Babich town is about 12,348, and of this 6170 is males and 
6178 is females [18]. Income and livelihood of peoples in Babich town is based on 
various activities. Daily labor and peaty trade had the largest source of income for the 
livelihood of the community. Government employment and agricultural activities 
had also significant contributions in the livelihood of the people. In the town, there 
are small-scale manufacturing’s which are privately owned and operated traditionally 
and labor insensitive [18].

4. Methodology

4.1 Data and data sources

This research used mixed approach, which is a mixture of both quantitative and 
qualitative methods. The research used both primary and secondary sources of data. 
Primary data were collected using questionnaire, structured and semi-structured inter-
views, focus group discussion (FGD), key informant interviews (KIIs), and observa-
tion, while secondary data were collected from both published and unpublished books, 
articles, journals, legal documents, government reports, and related studies.

Figure 1. 
Study area map (source, own GIS application).
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The structured and semi-structured survey questionnaire was developed using 
two points (Yes or No). Two FGDs were done from two kebeles of the town (one 
from each kebele). Each FGDs was having six discussants who were residents in each 
kebele (such as elders, youth) government workers from municipality, environmental 
protection, and land administration). Moreover, KIIs were done from mayor of the 
town, each kebel administrator, and professional planners in the municipality.

4.2 Sampling technique and sample size

This research was done in Babich town, which was picked purposively i) due to 
prior knowledge by the researchers and ii) prevalence of less urban plan implementa-
tion in the town.

The study town and the sample kebeles were selected purposively based on 
i) the researchers’ prior knowledge and ii) prevalence of less urban plan imple-
mentation in the town. There are a total of 12,348 household heads in both urban 
kebeles of Babich town. Of these, 7162 (58%) were found in urban kebel 01 
and 5186 (52%) in urban kebele 02 [18]. The total sample size from the selected 
urban kebeles can be determined using Yamane [20] formula, which is specified as 
follows:

 
( )

=
+ 2
Nn

1 N e
 (1)

where n = designates the sample size the research used; N = designates total 
number of respondents; e = designates the maximum variability or margin of error 
5%(0.05); 1 = designates the probability of the event occurring.

Hence, using the above formula, the total sample size computed was 387. In order 
to include representative samples from the two urban kebeles, proportional sampling 
technique using the following formula was used:

  =   
.

N
Nini xn  (2)

where ni is the sample size of each urban kebele; Ni is the number of each urban 
kebele household heads, N is the total number of household heads in the sample 
town, and n is the total sample size.

Therefore, 224 and 162 were sample from urban kebele 01and 02, respectively, in 
the study area. Sample respondent household heads were chosen using simple random 
sampling technique.

4.3 Data analysis

The study employed both qualitative and quantitative methods of data analysis. 
Descriptive statistics (mean, percentage) was used to summarize data obtained 
through questionnaires, while thematic analysis was used to analyze qualitative data 
collected from FGDs and KIIs.
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5. Results and discussion

5.1 Respondents’ profile

The socio-demographic condition of sample respondents is presented in Table 1. 
In terms of gender 52% are males, while 48% are females. The average age of sample 
respondents is 42 years, 85% are married, and the majority of them (40%) are 
traders.

5.2 Challenges of urban plan implementation

According to Adams [21], a planning course of action is not always crowned 
with victory. There are often unexpected happenings, which cannot be solved 
sufficiently. Furthermore, other negative factors can lead to failures to implement 
the appropriate plan. Figure 2 indicates the challenges that influence urban plan 
implementation.

These challenges could be of various types but the most common and dominants 
in decreasing order are the absence of fixed demarcation (359, 93%), lack of enough 
municipal man power/capacity (259, 67%), lack of monitoring and evaluation (244, 

Variables Number

Gender Male 202 (52.2%)

Female 185 (47.8%)

Age Average (yrs) 42

Marital status Single 42 (10.9%)

Married 328 (84.7%)

Widowed 8 (2.1%)

Divorced 9 (2.3%)

Education Illiterate 13 (3.4%)

Can read and write 147 (37.9%)

Primary school 86 (22.2%)

Secondary school 59 (15.2%)

Diploma 46 (11.9%)

Degree and above 36 (9.3%)

Occupation Daily laborer 78 (20.2%)

Farmer 62 (16%)

Trader 154 (39.8%)

Driver 13 (3.3%)

Government employee 76 (19.6%)

NGO 4 (1%)

Total 387 (100%)

Source: Survey Data, 2021.

Table 1. 
Socio-demographic characteristics of respondents (N = 387).
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63%), expansion of illegal settlement (222, 53%), lack of integration (vertical and 
horizontal) in implementing the envisaged plan with sector offices (190, 49%), lack 
of enough planning instruments (178, 46%), lack of taking corrective measures 
(170, 44%).

On the other hand, lack of budget, lack of guiding principles, standards, norms, 
and lack of easy plan for implementation are challenges that have relatively least 
influence on urban plan implementation as compared to those listed above. A study 
by Habtamu (2011) vividly stressed out on the negligence of plan implementation 
bodies and the role of invisible hand in influencing plan implementation process. 
In principle, any land uses should not be changed without the consent of the plan 
preparing body. Besides any land use change should be supervised and monitored by 
responsible office.

In addition to the above-listed challenges, the main challenges of urban plan 
implementation mostly happen in small towns like Babich as stated by FGD discus-
sants and KII interviews include financial problems, lack of skilled man power, 
absence of trained and skillful representatives to become influential in plan imple-
mentation, lack of effective monitoring and evaluation, lack of equipment’s and 
violations of plan, problems of good governance, continuous practice of illegal land 
tenure, lack of community participation during basic plan preparation as well as basic 
plan implementation, and lack of transparency. The details of these main challenges 
are presented below.

a. Financial problems: Financial problem is one of the important hindrances of 
urban plan implementation. This is because of improper consideration to imple-
mentation issues during the budget allocation period and releasing allocated 
budget for implementing bodies on their request is raised as the problematic 
[22]. The budget allocated for the municipality of the Babich town is not suf-
ficient. If there is no sufficient amount of budget, it is difficult to provide basic 

Figure 2. 
Challenges of urban plan implementation, source: Survey data.
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infrastructural services for the people. Therefore, problems such as waste 
disposals, canals, green areas, parks, and infrastructural services are not properly 
provided in the town.

b. Good governance problem: In the municipality, there is lack of good govern-
ance problem, which includes accountability, transparency, responsiveness, rule 
of low, efficiency and effectiveness, equity, and fairness [23]. The municipality 
should be highly committed, but in Babich town there is intervention of politi-
cians and they are not devoted to implement the plan. So there is no smooth 
relation among politicians, professionals, and the community and this in turn 
leads to lagging the town development and hampering plan implementation in 
the town [24].

c. Lack effective monitoring and evaluation problem: The FGD and KII were 
widely discussed on monitoring and evaluation of the plan implementation 
in Babich town was very weak. The monitoring and evaluation system for the 
proper implementation of the urban plan in the town has been poor, false, and 
inconsistent and failed to provide corrective measures by the concerned bodies 
[25]. The failure of timely evaluation and monitoring has resulted in a loss of 
proper urban plan implementation at right time for right goal [26].

d. Illegal land tenure/transfer problem: It is the act of transferring land based up 
on the wish of land owner in informal method [27]. This implies transferring 
plots of land illegally without considering the legal procedure. This could be due 
to the absence of unity or coordination among different stakeholders. Farmers in 
the peri-urban area and urban dwellers practiced illegal land tenure through two 
important ways: i) change of farm land to residential land without appropriate 
planning and ii) illegal sell plots of land on cash based on the seasonal price. 
Therefore, illegal land transfer results in hampering of basic plan implementa-
tion and causes continuous conflict in the study area (Figure 2).

e. Plan violations problem: It shows the failure of all stakeholders to act according 
to the prepared base plan for town [25]. There is plan violation in different direc-
tion of the study area. The violations were made based on the desires of person-
alities or certain group choices. In this case, the land proposed for one purpose 
was changed to another without any legal background. The practical example 
for this problem in the town is Ehud-Gabia market was changed to bus station, 
residential place, and kindergarten (KG) school in the southern margin of the 
town. This indicates that there is land use change without legal background.

f. Absence of stakeholders’ involvement in plan preparation and 
implementation.

According to OUPI [17] plan preparation and implementation should be consulta-
tive and participatory where sector organization and institutions have been con-
cerned and play a role. Sectoral, physical, and socioeconomic development program 
should be integrated at both planning and implementation stages. However, there is 
no adequate participation of stakeholders’ involvement in basic plan preparation and 
implementation in Babich town. In line with this, FGD discussants indicated that 
there is not stakeholder participation in any of the basic plan preparation activities 
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of Babich town. This means the prepared basic plan of the Babich town has failed to 
include the needs and priorities of residents of the town. So according to this point of 
view it is possible to generalize that the challenges of plan implementation range from 
political to economical; from financial to institutional; and from physical to sociocul-
tural factors.

Problems caused by absence of plan implementation in Babich town:

• Lagging the development of town: Urban planning is the method of shaping 
and guiding the physical growth of the town by creating the plan-based build-
ing for the beautifulness of the town (see Figure 3). Urban planning is also very 
important to use the urban scarce of land wisely without wasting and it plays 
a vital role to ensure the growth and development of urban centers to make 
towns competitive centers of integrated and sustainable development that are 
adequately responsive to the needs of their inhabitants [28].

• Social conflicts with in the town and with nearby kebeles: Urban expansion 
has both pros and cons on the surrounding communities. The pro is urban 
expansion provided infrastructures, such as pure water, electricity, road, 
shop, mill, accessible to the community, whereas the con is the issue of the 
amount of compensation paid to the community is not enough with the urban 
economy [29].

Figure 3. 
Illegal settlements in the peri-urban area of Babich town. Source: Photo by authors.
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• Failure of different sectors to carry out their activities: There are different 
offices, for example, land management office, launched to perform different 
tasks assigned to it in Babich town. The role of the office is to manage the land in 
the town, but it does not provide proposed role effectively and efficiently. The 
land proposed for solid waste disposal site in the town plan is not implemented. 
This situation has impact on high way/asphalt/and disturbing the attractiveness 
of the town for dweller and polluting town (see Figure 4).

5.3 Importance of urban planning

The goal of urban planning and its effective implementation are to create urban 
areas, which is economically vibrant, environmentally sustainable, socially viable 
and livable, and spatially integrated and linked (Figure 5). On top of this, the current 
planning approach has its own core values and key development principles. The key 
development principles of structural plan are strategic, comprehensive and the needs 
for urban-rural harmony; dynamic, flexible, and sustainable; and participatory and 
equitable. This vividly shows that urban planning has been existed to serve human 
being long years [30] (Figure 6).

Figure 4. 
Land use map of Babich town, source: Babich town municipality.
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Figure 6. 
Basic plan of Babich town, source: Babich town municipality.

Figure 5. 
Current situation of the Babich town. Source: Photo by authors.
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Urban planning is believed to have been evolved and considered to be as old as the 
history of human civilization. However, the standard, development, and quality of 
planning show a discrepancy from time to time and from place to place. The relatively 
long tradition of planning practice in Eastern Africa indicates that there is an under-
standing of physical land use planning, which mainly comprised of master planning, 
planning, and building standard and regulation and a system of development control 
[8].The then pre-twentieth-century rise and fall of political capital period was taken 
as a historic landmark that shaped the current development of the urban system of 
Ethiopia in general and Addis Ababa in particular [31]. There is a continuous change 
in urban planning process such as developing a theoretical underpinning to the study 
of urban physical structure, changing in the involvement of professionals involved 
in urban planning, planning method, the way urban plan has respond to the rapid 
change.

6. Conclusion

Challenges of urban plan implementation in Babich town were started from the 
pre-plan establishment of the town. In order to do these activities, enough budget 
and communal participation about the advantage of plan for urban development 
and wisely use of plots of land is very important; however, in Babich town it is at low 
stage. The socioeconomic and administration factors are also another important bar-
rier of plan implication in the study area. All the administrative bodies from region to 
the town municipality did not perform their responsibilities according to the mandate 
empowered on them. There is no proper monitoring and evaluation by regional UPI. 
Politicians’ intervention is serious challenge plan implementation in the study town.

The community participation in plan preparation and plan implementation 
process, in plan changing process and decision making about their town issue, is com-
pletely ignored. Illegal land tenure is also another big problem. The illegal land tenure 
is practiced in the town in the areas proposed for greenery and parking. Urban plan 
implementation problem may also happen due to the lack of detail plans. Preparation 
of detail plan is vital for every kind of plan implementation. Any work of plan imple-
mentation has to be supported with detail plans; otherwise, it will be problematic to 
implement it. Plan should be supported by essential effort to implement the proposed 
plan.

Acronyms

FGD Focus Group Discussion
KII Key Informant Interview
UPI Urban Plan Institute
OUPI Oromia Urban Plan Institute
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Chapter 10

Role of Biodiversity – Opportunities, 
Threats, and Strategic Interventions 
for a Resilient Indian City
Souporni Paul, Suchandra Bardhan  
and Sankeerthana Ananthula

Abstract

Cities are at the core of current environmental problems due to their ever-increasing 
demand for land surfaces and their impact on natural resources. Urban expansion 
compromises the functioning capacity of the ecosystems and creates complex effects 
on local and regional biodiversity. As cities grow, vital habitats are altered, destroyed, 
or fragmented into patches not big enough to support complex ecological communities, 
which is presently the most prominent factor contributing to the current global extinc-
tion and one of the pressing environmental issues. Hence, biodiversity conservation 
is integral to sustainable development and a significant concern of this millennium. 
Accurate assessment of urban biodiversity and implementation of strategies to arrest 
its loss at the local level is one of the most discussed topics in contemporary environ-
mental research and international policies. The present study attempts to understand 
and analyse the urban biodiversity of Kolkata - a high-density megacity in eastern India 
with multiple environmental issues. It addresses the global agenda of biodiversity loss 
through a detailed assessment of the biodiversity status in the Indian city of Kolkata, 
followed by formulating relevant biodiversity strategies.

Keywords: biodiversity, landscape ecology, urban resilience, city biodiversity index, 
urban biodiversity strategies, habitat restoration, biodiversity conservation

1. Introduction

We live in the Urban Age and the Anthropocene [1]. Since the mid-twentieth 
century, rising population and extensive urbanisation have surpassed the earth’s 
carrying capacity beyond its ability to recover [2]. These anthropogenic impacts con-
tribute to two significant global implications: climate change and loss of biodiversity.

Biodiversity is the “variety of life” on earth [3] and is crucial to the survival of 
humanity. Article 2 of the Convention on Biological Diversity (CBD) refers to biodi-
versity as the “variability among living organisms from all sources, including ter-
restrial, marine, and other aquatic ecosystems and the ecological complexes of which 
they are part; this includes diversity within species, between species and ecosystems”. 
A robust biological diversity is nature’s resilience and adaptability to unprecedented 
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natural calamities [4]. A large adaptive capacity and adaptive management of natural 
areas and native species are essential conditions for a climate-proof ecosystem. In sus-
tainability and climate change research, much attention is being given to issues like air 
pollution, greenhouse gas emissions, fossil fuels, etc. However, urban biodiversity and 
cities’ preparedness for climate change have not been explored. Especially in India, 
one of the world’s most biodiverse countries, maintaining a stable ecosystem and rich 
biodiversity in cities is an essential and fundamental aspect of urban development.

The Convention on Biological Diversity (CBD), for the first time, recognised the 
importance of biodiversity for the well-being, resilience, and sustenance of human 
civilisation at the United Nations Conference on Environment and Development, 
UNCED (also known as “Rio Earth Summit”), held at Rio de Janeiro in June 1992 [5]. 
Accurate assessment of urban biodiversity and implementation of biodiversity plans 
to arrest its loss at the local level is one of the most discussed topics in contemporary 
environmental research and international policies. Despite the immense signifi-
cance and contributions of biodiversity towards community resilience and human 
health, wealth, and sustenance, its global loss is considered one of the significant 
environmental challenges of this century [6]. Urbanisation, accompanied by changes 
in land-use patterns, habitat fragmentation, degradation of terrestrial and aquatic 
ecosystems, urban heat island effect, and air pollution, is a significant driver of both 
climate change and biodiversity loss (ibid). Therefore, there is an urgent need to draw 
our focus on protecting our biodiversity for a sustainable urban environment and 
resilient community structure. Biodiversity conservation is an integral component of 
the Sustainable Development Goals 2030 in many ways, as it provides the foundation 
for a “sustainable” and “resilient” society. At present, climate resilience efforts involve 
social, economic, technological, and political strategies at every scale of society. From 
local community action to global treaties, addressing climate resilience is becoming a 
priority, but the outcomes are still debatable.

With 2% of the world’s surface area, India is home to 7–8% of verified species, 
four out of 34 global biodiversity hotspots across 10 different bio-zones, and several 
largest and fastest-growing cities [7]. Considering the magnitude of India’s multiple 
crises, foremost being its population, inequality, illiteracy, lack of healthcare and 
sanitation, and pollution, climate change and biodiversity issues remain ignored. 
With limited awareness and support, it becomes an enormous challenge for city 
administrators to address climate change concerns or manage urban biodiversity and 
natural resources.

The current research has been taken up for the Indian city of Kolkata (formerly 
Calcutta). Located on the eastern bank of River Bhagirathi-Hooghly in the lower 
Gangetic delta, Kolkata is India’s third-largest city and the capital of West Bengal. 
Once bestowed with rich biological diversity and efficient ecological systems within 
the city, it is considered an ‘environmentally subsidised’ city [8]. The natural features 
have not only articulated its urban growth but also influenced its infrastructure, sus-
tenance, and liveability by offering essential ecosystem services, preserving natural 
habitat, and fulfilling the recreational need of its residents [9]. Currently, with a 
population density of around 24,252/Sq. Km., it experiences ever-increasing pres-
sure on its urban biodiversity and natural resources due to its growing footprint and 
continuous infrastructural augmentation to meet the apparent developmental needs 
[10, 11]. It suffers from urban environmental challenges of deforestation, pollution, 
land-use changes, biodiversity loss, and over-exploitation of natural systems resulting 
in deterioration (Figure 1).
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2. Background and research proposal

Kolkata is one of the eight megacities most vulnerable to disaster-related mortal-
ity, in line with the recent United Nations (UN) report on climate change. According 
to the UN Intergovernmental Panel on Climate Change (IPCC) report, it is also one 
of the 20 largest coastal cities with potentially the highest flood losses by 2050, owing 
to the additional risk of subsidence due to sea-level rise and flooding. Cyclones in 
India are most frequent in the state of West Bengal in districts adjoining Kolkata, as 
per a recent report prepared by the Indian Meteorological Department (IMD). A UN 
report said that Kolkata had already lost a substantial portion of its green cover due to 
Cyclone Amphan, which struck India’s east coast in May 2020. According to the IPCC 
report, the city is also highly vulnerable to extreme heat waves. Future assumptions 
about climate change impact by JICA include a rise in temperature by 1.20 to 1.80°C, 
an increase in precipitation by about 16%, and a sea level rise of 0.27 m by 2050. Thus, 
multiple reports underline the city’s vulnerability to multiple climatic risks. At the 
same time, there is a lack of resilience in combating those risks. Kolkata demonstrates 
limited resilience plans to address the effects of climate change, such as the provi-
sion of shelters for the informal settlements and urban poor. Past studies conclude 
that the drainage and sewage network is inefficient enough to prevent the annual 
waterlogging the city faces annually in events of high rainfall or high tide of the river 
Bhagirathi-Hooghly [12–14]. Hence, urban infrastructure systems need to be designed 
for greater resource efficiency and disaster resilience by integrating biodiversity and 
other natural assets for improved liveability and sustainability.

Detailed studies show that Kolkata is steadily declining in terms of its urban bio-
diversity and open spaces. Studies of urban growth by [10] and Paul and Bardhan 
[13, 14] display the severe loss of valuable natural areas over the past decades. Rapid 
encroachment of vacant lands and water bodies in the eastern periphery drastically 
influenced land use and resource management. In 2015, collaborative research 
stated that the open areas in the city dropped from 25% of the total area in 1990 to 
a meagre 10% by 2015, while residential and commercial land covered 79% of the 

Figure 1. 
Location and profile of Kolkata city.
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total area [15]. Paul and Bardhan [13, 14] showed that presently the urban-blue-
and-green-spaces (UBGS) of Kolkata occupy only 11.51% of the total land area with 
an individual share of UBGS is 5.08 sq. m/person (Figure 2), which is far below the 
minimum requirement set by national and global standards. Kolkata faces an acute 
shortage and unequal distribution of UBGS concerning social and environmental 
injustice and is critically insufficient to support urban biodiversity. Ironically, the 
prominent Master Plans of the city refer to climate change mitigation and adapta-
tion but have not mentioned the word “biodiversity” to date.

The biodiversity of Kolkata has been accounted for sporadically. Historical 
accounts by A.P. Benthall provide a detailed account of as many as 276 species of trees 
found till 1944, including 61 endemic, 69 naturalised, 41 truly indigenous, 20 natives 
to other parts of India, and six introduced species. After Benthall, many natural-
ists and professional scientists have also recorded butterflies, fishes, herpetofauna, 
birds and small mammals available in the city. The most recent accounts by [16] and 
Ghosh [17] reveal that at least 21 per cent of the species have disappeared from the 
cityscape within 64 years, of which 12 were indigenous. Ghosh [17] reported about 
84 species of butterflies and at least 70–75 bird species available throughout the year 
in and around Kolkata. However, their numbers are decreasing due to a decrease in 
greenery and wetlands, a decrease in trees appropriate for nesting, accumulation of 
garbage, growth of high-rise buildings, increased paved areas and vehicular traffic 
causing noise and air pollution. The People’s Biodiversity Register (PBR) is the most 
comprehensive accounting of biodiversity, released in 2012 and 2022. The PBR 2012 

Figure 2. 
Comprehensive map of Kolkata showing the distribution of UBGS on 2020 [13, 14].
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recorded 676 plants, 30 mammals, 40 reptiles, 12 amphibia, and 34 fish species. The 
latest PBR released in May 2022 has documented 138 species of trees, 26 types of 
Chinese vegetables, 33 species of medicinal plants and about 100 other plant species 
and around 290 animal species, including about 70 species of butterflies, 47 varieties 
of fish, 84 varieties of birds and 22 varieties of mammals.

Recent application of the City Biodiversity Index (CBI) by Paul and Bardhan 
[18, 19] gives an overview of the present status of biodiversity in Kolkata, including 
their governance and management. The assessments show that the valuable urban-
blue-and-green-spaces (UBGS) are continually decreasing, affecting the overall 
environmental conditions and, eventually, the city’s native biodiversity. Similarly, 
there is good institutional capacity but a significant lack of coordination, broad-
level policy planning, adequate budget and research. The studies revealed the 
root causes, underlying causes, and immediate causes leading to biodiversity loss 
in the city. They helped thoroughly understand the status, trends, and threats to 
biodiversity. With an increasing population, extending city limits, and decreasing 
natural resources, Kolkata needs a comprehensive conservation and management 
policy for its urban biodiversity for community resilience against climate change 
impacts.

3.  Results for biodiversity conservation and community resilience for 
climate change preparedness

Urbanisation is a significant global driver of land-use conversion and deforesta-
tion, leading to biodiversity loss. Thus, cities can remain healthy by integrating 
biodiversity augmentation measures in city planning and management policies. 
The article focuses on community resilience as the ability to address climate-related 
hazards and their impacts with the help of robust biodiversity and efficient ecological 
systems within the city. It aims to mainstream biodiversity into the local policies with 
species management, large-scale preservation of the city’s natural areas, institutional 
capacity, and active participation by the community. Conservation strategies are 
rooted protection, preservation, and enrichment of a city’s native species and natural 
resources, while management strategies focus on governance, mandates, awareness, 
and community participation (Figure 3).

Aligned with the Sustainable Development Goals 2030, the framework consists of 
the following:

• Short-term resiliency planning encourages awareness about species and their 
habitats, awareness of the ecosystem benefits and establishes a connection with 
nature

• Long-term resiliency planning focuses on the ability to adapt and thrive despite 
changing climate, environmental, social, and economic conditions with biodi-
versity planning and management

The context is challenging since Kolkata is a divergent urban area with multiple 
complex ecological systems and an extensive network of people, infrastructures, 
and services that are strongly interconnected. The complexity is enhanced due to 
the diversity of stakeholders and areas involved in the administration and planning 
processes (Table 1).
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Urban biodiversity results from the city’s inherent natural landscape and artifi-
cially designed infrastructure of parks and waterways. Kolkata’s blue infrastructure 
in the form of rivers, canals, and wetlands offers multiple ecosystem services, includ-
ing flood regulation and stormwater management. A reliable drainage system is the 
city’s lifeline catered by the canal network. The emergence of sewage-fed fisheries 
and peri-urban agriculture of East Kolkata Wetlands (EKW) is also nature’s gift and 
a source of livelihood for thousands. It is possible to revive the age-old tradition of 
water transport as a cheap, eco-friendly, and convenient conveyance mode by linking 
them to the major arterial roads to develop a multi-modal transport exchange. These 
longitudinal water bodies can provide an excellent opportunity to create a continuous 

Issues identified from 
literature and analysis

Pre-requisites Long-term goals Short-term strategies

Species diversity

Lack of systematic data 
on existing species, 
habitats, and ecosystem 
services

Systematic 
collection, 
classification, 
management, 
monitoring, and 
review of data 
regularly

Make local area programs 
for biodiversity conservation 
through open space planning 
and management, awareness 
of invasive species, habitat 
fragmentation and loss, indirect 
pressures on biodiversity and how 
they disrupt ecological processes

Conduct a city-wide 
biodiversity survey
Rare and endangered 
species
Endemic species
Non-existent (wiped-
out) or locally extinct 
species. Protect and 
manage existing native 
and vulnerable species

Figure 3. 
Conceptual framework of the research (Source: Authors).
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Issues identified from 
literature and analysis

Pre-requisites Long-term goals Short-term strategies

Make concerted efforts to 
protect existing native species, 
vulnerable species, habitats and 
ecosystems and to re-establish 
species which once existed

Encourage appropriate 
development that 
mimics pre-urbanisation 
ecology and biodiversity 
to reducing the impact 
on native species

Natural areas (Urban-blue-and-green-spaces)

Lack of conservation 
strategies for urban 
biodiversity and habitats

Formulation 
of strategies 
and systematic 
conservation of the 
existing natural 
areas

Restore the degraded habitats 
and improve the quality of 
existing habitats

Preserve, create, and 
maintain optimal 
green spaces in each 
neighbourhood 
for proportionate 
distribution

Lack of natural areas 
and poor ecosystem 
services

Qualitative and 
quantitative 
upgradation of 
natural habitats

Prepare and implement 
biodiversity management 
plans, outlining the approach to 
biodiversity conservation and 
habitat management work in 
large areas of nature reserves 
like wetlands, urban parks, 
sanctuaries, national lakes, 
riverfront, and canal banks

Prepare holistic 
strategies to revive, 
restore and reinstate 
the degraded natural 
streams and wetlands 
to maximise the socio-
cultural, economic, and 
ecological benefits they 
offer

Lack of connectivity 
between the existing 
natural habitats

Establishment 
of connectivity 
between valuable 
natural habitats

Increase ecological connectivity 
through biodiversity corridors 
within and beyond the core city 
to protect regionally significant 
natural areas.

Identify the existing 
and potential ecological 
cores and connecting 
corridors through a 
city-wide review of 
existing and proposed 
natural or landscaped 
(anthropogenic) 
Urban-Blue-and-
Green-Spaces (UBGS).

Institutional capacity

Lack of coordination 
between the 
governmental and non-
governmental bodies 
involved in biodiversity 
and environmental 
management.

Interdepartmental 
collaboration for a 
holistic approach 
towards biodiversity

Take a holistic and multi-sectoral 
approach that will directly or 
indirectly contribute towards the 
enhancement of biodiversity and 
ecosystem services

Utilise, protect, 
and upgrade local 
biodiversity and 
ecosystem services 
without compromising 
their value to people and 
the environment

Lack of sufficient 
budget for biodiversity 
management

Ensure a minimum 
proportion of funds 
allocated towards 
biodiversity and 
environmental 
management

Recognise biodiversity and 
healthy ecosystems as an aspect 
of good economic development

Improvement in the 
existing policy and 
legislation, collaboration 
between the relevant 
stakeholders

Mainstream the national level 
targets and strategies into local 
(city-level) biodiversity plan

Develop and 
implement a city-level 
biodiversity strategy 
and actions plans with 
possibilities of periodic 
upgradations
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network of greenery within the city with their dynamic, complex landscape and rich 
aqua-terrestrial interface.

4. Conclusions

Urban biodiversity is an integral component of urban ecology and a significant 
parameter of sustainable development. Biodiversity is a basis for establishing a 
resilient ecosystem, and diverse ecosystems provide essential ecological services for 
humans, such as food, timber, pollination, and climate mitigation. Loss of urban 
biodiversity is one of the most pressing concerns, a widely discussed topic in environ-
mental research and international policies. Cities need to understand that addressing 
biodiversity loss and climate change helps to achieve climate, ecological, and social 
resilience. Conserving urban biodiversity and restoring and connecting natural areas 
are essential for the community’s well-being. Appropriate regulations and policies 
can significantly reduce biodiversity loss through land-use policies while providing 
physical and mental health benefits for city dwellers. Restricting construction on the 
precious East Kolkata Wetlands (EKW) can maintain natural ecosystems, conserve 

Issues identified from 
literature and analysis

Pre-requisites Long-term goals Short-term strategies

Public participation

Lack of knowledge, 
awareness, and 
participation among the 
citizens

Awareness, public 
participation and 
social inclusion for 
all ages and sections 
of the society

Reinforce human connections 
with natural areas

Promote regular direct 
contact with nature 
through a variety of 
open spaces (such as 
allotments, private 
gardens or incidental 
green areas, school 
grounds, environmental 
education centres and 
city farms, urban parks, 
and informal wildlife 
areas).

Increase public participation 
and community engagement 
to encourage positive actions 
that support environmental 
conservation.

Maximise the health 
benefits of green spaces

Engage and optimise local 
knowledge, networks, and 
resources, and improve local 
capacities.

Schools should arrange 
visits to local parks, 
urban parks, and other 
natural areas more 
frequently

Increase public understanding 
and awareness of biodiversity 
and ecological processes to 
improve social resilience, health, 
and well-being

Appointment of 
knowledgeable people 
to create awareness 
and motivate students 
towards nature and 
biodiversity

Table 1. 
Biodiversity conservation and community resilience for climate change preparedness for the city of Kolkata.
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biodiversity, and prevent natural risks. The EKW is a natural protection against floods 
and other natural calamities. Contributions from the national government, interna-
tional organisations, the private sector, residents, and academicians are required to 
address biodiversity conservation adequately.
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Chapter 11

Perspective Chapter:  
A Conceptualization of Measuring 
People’s Activity in Sustaining 
Urban Life
Haider Jasim Essa Al-Saaidy

Abstract

The criterion of human activity could be one of the critical points in dealing with 
street life mainly and urban vitality frequently. An attempt to classify the distinct  
patterns of activities is recently required. The potentiality of a street is to formulate 
people’s interaction and responses to the street edges and reactions to each other. This 
chapter highlights the more significant outline regarding human activities and their 
patterns, besides their classifications. In this regard, the chapter aims to create a con-
ceptual framework to form a platform for analyzing and studying the effectiveness of 
street life at the micro level. In this chapter, a research type is a descriptive-analytical 
approach; regarding the method, it employs a broad spectrum of related literature 
reviews. Consequently, the street edge generates the three main (and their oppositional) 
human activities. These activities can be categorized as necessary versus optional, indi-
vidual against social, and staying as opposed to moving. Increasing the calls toward the 
sustainability of urban livability and street life versus decreasing the motor-based street 
has become a more significant demand. The street is a vital milieu that offers different 
opportunities for those who present and use such urban space as the street.

Keywords: sustainability, urban form, street edge, activity pattern, human activity

1. Introduction

In this chapter, the street and social life will be addressed according to the three 
categories of activities observed along the street edge: necessary versus optional, 
individual versus social, and staying versus moving. These three types of activities 
occur in a street when people respond either to the street’s edge or interact with each 
other. The primary objective of this research is to quantify the different responses of 
people who use the street. The observations could be based on the ethnographic tech-
nique that allows the observer to record people’s reactions and interactions without 
affecting people’s behavior. This chapter aims to create a conceptual framework of 
human activities with a clear classification related to the three categories: necessary, 
individual, and social, and their opposites. Furthermore, there is a lack of a hard 
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border between these activities when experiencing street life. However, priorities play 
a crucial role in distinguishing between different street life activities. Urban context 
grants different opportunities for those who use the urban spaces to share their varied 
responses and ambitions and involve in such activities as a conversation, sitting, 
walking, staying, standing, and observing when the street links the accommodation 
of such activities and actions in a certain milieu [1–3].

The urban ingredients could be range from fine level to the hard scale of compo-
nents and elements that give the distinct characteristics of the entire urban pattern. 
Also, analyzing and examining the urban parameters can be typified into different 
levels based on the study’s primary purpose: micro level, macro level, and local and 
global level. In this regard, comprehending the link of the spatial qualities at a micro 
and macro level involves knowledge of how spatial factors in an urban context are 
arranged around each other and the influence of the configurational pattern on the 
street network and people’s behavior. Bianca [4] denotes that the physical setting 
signifies, “… every genuine cultural tradition, architecture, and urban form” and 
that this “… can be seen as a natural expression of prevailing spiritual values and 
beliefs …. it is an outcome of tradition and daily practices which correspond to 
certain spiritual principles” ([4], p. 22). People who use different urban spaces can 
be categorized into two key activities: walkers (movement-on, movement-through) 
and stayers. The objectives of these two kinds differ in terms of the purpose of the 
destination [5].

Responding to the behavioral settings in an urban context is subject reciprocally to 
the parameters of the surrounding environment and its entities. Different studies and 
scholars addressed broadly and thoughtfully the people’s response and their interac-
tion whether with the street space or between each other as social interaction [6–9]. 
Other studies dealt with micro level, where people come to interact with just adjacent 
street edge [10–15]. Moreover, some scholars went further in order to analyze the 
interrelationship between the private-public edge of the street and how individuals 
could respond to it [1, 14–16]. The behavioral studies in relation to the environmental 
setting also addressed significant findings in highlighting the symbiotic mutual 
relationship between the incentive of the physical settings as the built environment 
and the individuals’ response and their reactions [17, 18].

The centrality and integration in computing the street network and how a certain 
link(s) play a key role in shaping not only the people stream but also how forming the 
individuals’ behavior along with the edges. These studies of centrality offered differ-
ent approaches in order to make a correlation between people and urban space, such 
as multiple centrality assessment (MCA) and space syntax (SS) [19–21].

2. Method and materials

In this chapter, the research method is a descriptive-analytical approach, on the 
subject of the method, it uses a broad spectrum of an associated literature review. 
In order to capture the more significant vocabulary of people activities, the chapter 
tends to classify activity into two main approaches: urban form and human activity 
and street characteristics and activity pattern. The materials have been derived from 
previous studies regarding the urban form and peoples’ activities. Moreover, identify-
ing human activities depends formally on recent research. Besides, there is no hard 
border between human activities. Instead, one can conduct multiple acts or responses 
toward the characteristics of the built environment synchronously.
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2.1 Urban form and human activity

In behavior-environment interaction, Canter [22] argues that “the environment 
providing perceptual stimuli … [and] also be thought of as a filter … we are always in 
the environment to carry out certain activities, and we usually carry out these activities 
with other individuals … this is the fact that we actively modify, build and influence our 
physical surroundings.” For this reason, Canter [22] alludes that, “the physical environ-
ment surrounds and supports all human activities. It is, therefore, expected that the 
study of human-environment should be as complex and multi-faceted as is the range of 
studies of human behavior.” Many urban studies and research examined the nature of 
influences of the built environment on human activities, whether psychological, social, 
and functional, such as Brownson et al. [23], Caro [24], Craig et al. [25], Greenwald and 
Boarnet [26] Handy et al. [27], King et al. [28], Shay et al. [29], and Sun et al. [30].

A considerable number of scholars addressed the interrelationship between 
human activities and use patterns. The density and diversity of land use analysis 
determine the nature of activities that are likely to take place; these accord with the 
uses along a street. Jacobs [31] refers to that, “in dense, diversified city area, people 
still walk … the more intensely various and close-grained the diversity in an area, 
the more walking [where] life attracts life.” Montgomery [32] states that activity is 
an inevitable result that derives from two distinct but quite related concepts: vitality 
and diversity. The former means a successful urban space and its characterization 
from others. It considers the pedestrian flow where people in and around the street 
can benefit from the facilities that the street offers, at different times of the day. It is a 
place where people meet for various purposes; “… the presence of an active street life, 
and generally the extent to which a place feels alive or lively. Indeed, successful places 
appear to have their own pulse or rhythm, a life force” ([32], p. 97) (Figure 1).

Montgomery [32] suggests that secondary diversity relates to enterprises and services 
which respond to primary uses and offer different amenities in serving consumers’ needs. 
Thus, “areas of high development density can be planned to accommodate and stimulate 
mixed-use and self-generating secondary diversity, [in this regard], diversity must be 
sufficiently complex to stimulate public contact, transactions and street life … for this to 
happen, streets need to be active, to accommodate and generate diversity, and they must 
be permeable. They must also engender a sense of belonging, familiarity and the respect 
of users” ([32], p. 103, 105, 109). Canter [22] states that, to enable space operation, it is 
necessary to examine the relationship between several groupings of spatial interactions; 
people in relation to physical objects, people with regard to other people, groups in rela-
tion to physical environment, and groups with regard to other groups.

Moreover, land use, to some extent, deals with large-scale (global and local or 
even neighborhood), while the activities pattern tends to address uses at the micro 
and street scales. In a sense, the oldest built environment in the most traditional area 
emanates from the street scope and daily needs that might be characterized as high-
frequency activities. While in a preplanned order, the activity pattern is controlled 
by the top-down approach that determines the activities according to land use-based 
action. The difference between the traditional and modern neighborhoods adds to 
the other characteristics that define the activity pattern, such as the street pattern 
and block-plot system, besides the land use itself. These play a significant role in 
formulating the relationship of people to the street edge. To track the activity pattern, 
the current study addresses three types of human activity, namely: necessary versus 
optional, individual as opposed to social, and staying against moving. Three pairs of 
activities are likely to happen in the street in different ways, with various densities. 
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Thus, the street scale is the domain to examine human activities after defining each 
kind of activity and disclosing the ability of the street edge to formulate the interac-
tion, whether between people and the edge (private and public) or between people 
themselves. This interaction with its interfaces (human-edge) is responsible for 
promoting street life and, in turn, social interaction.

2.2 Spatial configuration and activity pattern

Gehl [7] states that, “urban structures and planning influence human behavior and 
the ways in which cities operate.” This attracts attention to the humanity of the street as 
a pulsatile path through various activities. Jacobs diagnoses different issues that cause 
a decrease in the social life of outdoor spaces. Jacobs [31] states that, “street in cities 
serve many purposes besides carrying vehicles, and city sidewalks—the pedestrian 
part of the street—serve many purposes besides carrying pedestrians … a city sidewalk 
by itself is nothing.” A community organizes its functions spatially, and this affects 
human behavior through the distribution pattern of activities and their locations along 
the street; these might also be characterized by the integrated street that has a high 
number of connections to other streets within a short metric distance [35].

Despite having their own private spaces, people still demand spaces to interact 
socially and/or economically with other members of the community. Human activities 
tend to take their place in a physical space, where the mechanism of the organization of 
activities depends on society itself (privately and officially). In turn, they impact the 
built environment as well. Consequently, the spatial configuration of a built environ-
ment helps to shape human behavior in the urban space based on the possibilities for 
social control, and opportunities for economic activity and social interaction [35].

Figure 1. 
Three essential entities in formulating the vitality of urban place: activity, form physical attributes, and image 
(meaning and conception), Montgomery [32]. Source: based on Canter [33]; Gehl [7] and Punter [34].
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During their study of the traditional area at South Bank of London, Penn et al. 
[36] diagnosed four factors, which work together to enable apparently natural 
relationships between various types of activities and facilities. These factors can be 
summarized as follows: “the network of streets and spaces in an area produces a pat-
tern of natural pedestrian and vehicular movement. Most movement in urban areas 
is through movement. Once shops have set up on a street, they become destinations 
for to movement in their own right. And through movement alone is not enough to 
produce a successful urban shopping area” ([36], p. 82). Hence, the movement pat-
tern and street network with land use play a significant role in emanating the activi-
ties in certain urban places. Hillier [37] adopts centrality as a process to study the 
center, such as in a city. Apparently, the concentration of mixed use of activities and 
functional diversity are placed in a prominent location in a city, called a center or sub-
center. Also, Hillier [37] adopts the term “live centrality” to express the spectrum of 
activities that collectively form the centrality elements, such as retail, markets, cater-
ing, entertainment and other activities that engage people, and in turn, benefit from 
movement. Van Nes [38] states that the location of functions or activities depends on 
the configuration of the grid pattern where movement takes place.

Recently, the emphasis has been placed on the notion of the active and inactive 
edge in terms of theoretical or practical investments in the urban field. These refer to 
the capacity of the edges to attract and hold people by creating and continuing social 
activities, which thereby make the urban edge a socio-spatial factor in the urban fab-
ric [39]. This meaning also is denoted by Alexander [40] who states that an effective 
and attractive edge that takes a scalloped shape includes various activities as pockets; 
moreover, “to make the space lively, the scalloped edge must surround the space com-
pletely” ([40], p. 601). Marshall [41] distinguishes between patterns of physical enti-
ties and patterns of activity or use. The former concerns roads, land use areas, built 
area, and open spaces, while the second addresses trip-making, commercial activities, 
or trajectories of movement [41] (Figure 2). Moreover, Marshall [42] refers to that, 
“the social space of streets is the single contiguous public off of which private spaces 
are carved. … in this sense, the public-private filtering of the building-plot-street 
system enables settlements to exist—they enable large agglomeration of humans to 
coexist in a limited area. This is why the streets are not merely voids between blocks of 
buildings, but must be seen as integral to the concept and fabric of a city.”

At the global and local scale, the spatial configuration of urban elements; plot, 
block, and street network are the essential entities that lead human activities and con-
trol the distribution pattern of activities. Furthermore, the underlying characteristics 

Figure 2. 
The classification depends on the purpose of its application. (a) The transport modeller might see a ‘cross-nodal 
network’ of routes where they constitute the adjacent buildings, while (b) a planner or developer might see a 
‘square tessellation’ of land parcels where the streets constitute the edge of buildings. Source: based on Marshall 
([41], p. 23).
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of each urban element (in terms of shape, size, number, and its interrelation to the 
other components in space), also determine the type of present or potential activities. 
Regarding the micro scale, the street as a transitional edge is constituted by adjacent 
buildings and their characteristics play a crucial role in controlling the interrelation-
ship between the private and public space and the level of interaction between them.

2.3 Street characteristics and activity pattern

Computing the value of the street in terms of its proportional position to the 
surrounding links within the network system is another significant aspect in evaluat-
ing the level of human activity and the degree of its presence in a particular area. Can 
and Heath [10] suggest that, when integration and connectivity in spatial patterns are 
higher, social interaction will increase. Additionally, modern urban areas are likely to 
be more introverted than the inner city and traditional regions. Most often, activities 
in modernist areas tend to be located on the edge, where the primary route contrasts 
with inner parts in the traditional city. Carmona, Tiesdell et al. [43] state that the term 
street and other labels, such as boulevard and avenue, reveal design elements lacking 
in the term “road.” The main goal of these labels is to accommodate and reconcile the 
demands of the movement, social life space, and urban activities. Collectively and 
substantially, they need to emerge in the same physical space.

Thus, the notion of the street is to define social space and to secure an effective 
connection with the whole network system [43]. Different terminologies and defini-
tions are given to identify the street space itself and its relation to others. Kostof [44] 
argues that the history of the street so far has to be addressed, either as an urban form 
or as an institution. On the one hand, the street belongs to the architecture and urban 
study archives as it is a physical phenomenon. The street is an entity that consists of a 
roadway, usually a pedestrian way, and bordering buildings; however, the street as an 
institution is a critical theme. In this regard, the street has an economic role and social 
importance.

The traditional aim of the street is to enable the movement to exchange goods, con-
duct social exchange, and communicate. These three aspects are inseparably related 
to the street space, where those activities are located, and then to the whole street life 
([44], p. 189). Porta et al. [45] explain the relationship between street centrality and 
economic activities in a certain area of Barcelona by adopting the measure of multiple 
centrality assessment. The aim of using MCA analysis is to quantify the centrality 
value and its relationship to economic activities. According to Porta et al. [45], two 
kinds of economic activity can be recognized: primary and secondary. In the relation-
ship between economic activities and spatial networks lies a fundamental question 
about the mechanism of distribution of activities in the urban context and the role of 
urban structure, functions and other capabilities in shaping this relationship [45].

3. Identifying activity pattern

The aimed of urban space usage is to create an interactional relationship between 
individuals as occupants of space and activities within a behavioral framework. This 
relationship can also cover the nature of linkages between individuals and with the 
kind of activities present in the same space. The reinforcing factors in a particular 
space might be utterly different from one space to another, and between regions 
and countries, according to a series of considerations. In other words, what may be 
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an enhanced factor in a given space might be a debilitating factor in another one 
place [46]. A clear pattern of activity relates to the classification process of com-
pound parameters, which increases in limited areas or specified spatial dimensions. 
However, minimal or single settings mainly affect large-scale classifications, and 
this can refer to the comprehensive analysis of commercial streets. This is likely to be 
irrelevant in creating the distinctive urban characteristics of a whole city. Rapoport 
[47] argues that the environment is perceived by people, which causes a reaction 
before any act is taken to specifically analyze it. There are two types of meanings 
embodied in a built environment, latent, and manifest, since that environment 
apparently grants cues for behavior and represents a form of people’s behavior. These 
two types of meanings relate to the nature of the activity of buildings within a whole 
urban context. This can be classified into four components for each activity: (1) the 
activity proper, (2) the specific way of doing it, (3) additional, adjusted, or associated 
activities that become part of the activity system, and (4) the meaning of the activity 
([47, 48], p. 15) (Figure 3).

In this respect, Chapin [49] refers to an outline working schema based on human 
activity systems, which includes two steps: the first is behavioral constructs through 
the spatial structure of the city and a physical construct as the second step. According 
to Chapin [49], “environment is construed not only as a structure of land uses and 
communications channels with physical dimensions but also as a structure of institu-
tions with significant social and economic dimensions, all influencing and begin 
influenced by human activity.” To examine and evaluate a human activity that could 
occur in an environment, Chapin [49] suggests a linear scale that consists of mini-
mum dissatisfactions and maximum satisfaction. Two factors can govern the stimulus 
of activities that are primarily reflected in human behavior; these are pull factors and 
push factors, where the first decision is mostly based on push factors, and the second 
is based on pull factors. Furthermore, people stand between these push-pull factors in 
response to their surrounding physical environment (Figure 4).

Street space must be conceived as an outdoor milieu that contributes to the 
sense-making of a place through a considerable number of activities and facilities. 

Figure 3. 
A relationship among four sections of activity. Source: based on Rapoport [48].
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This includes a place to relax and enjoy the urban experience, a venue for a range of 
different activities, including entertainment, sport and play areas, a site for civic or 
political functions, and most importantly a place for walking or sitting-out. A strict 
interrelationship between the public space and people who live and work around it is 
an essential aim in raising the public space value through its spatial performance [50]. 
A street is a place to meet people and is a place for people to have an opportunity to be 
intimate, anonymous and in some way private. It also promotes concentrated spaces 
for face-to-face activity [50].

The definition of activities is an essential characteristic of understanding and effec-
tively interacting with urban space and acknowledges a symbolic and meaningful pat-
tern. This helps to form the crucial determinants of activities and social interactions, 
so that they coincide with the surrounding environment. This occurs by decoding the 
process of communication between people and the urban context, which is mediated 
by the activities [47]. In this respect, physical form and activity are congruent, and 
this enables the adoption of the idea of the activity-based place [6]. Thus, according to 
Jacobs [51], “the interplay of human activity with the physical place has an enormous 
amount to do with the greatness of a street. It is difficult or impossible to separate the 
two … streets are settings for activities that bring people together.”

In his seminal work, Gehl [11] refers to three types of activity: necessary, optional, 
and social activity (Figure 5). This classification of urban space activities can cover 
a large range of behaviors throughout people’s presence in space. It might start with a 
small indicator, such as talking between people and ending with a festival or an annual 
activity, to promote the value and quality of space. Diversity is considered one of the 
leading characters of three types of activities regarding the urban context [7, 11, 52]. 
Thus, the street space in a city is a shared milieu that embraces people and activities 
alike. This sharing covers the responsibility of designing the street space, where spaces 
are always much broader than the specialized expertise in designing the built environ-
ment. In other words, the design of a space, cannot be separated from daily life and the 
social activities of urban areas as well as other aspects and institutional considerations 
in making a decision [43].

3.1 Necessary versus optional activities

Necessary activities can be defined as a kind of compulsory act with a diverse 
degree of participation among others. The occurrence of these activities is not affected 
by the physical scope. It fluctuates due to dependence on the doer, where these activi-
ties constrain the interactions as a crucial part of their life, and regardless of the condi-
tions of the surrounding environment [11]. The second is optional activities, which 
are based on the desires of participants and the extent to which they help to motivate 
the individuals to take part in these activities. Exterior conditions are regarded as one 

Figure 4. 
A linear relationship among three components of behaviour. Source: based on Chapin [49].



209

Perspective Chapter: A Conceptualization of Measuring People’s Activity in Sustaining Urban Life
DOI: http://dx.doi.org/10.5772/intechopen.108901

of the most critical factors in achieving this kind of activity, one of which is the built 
environment and natural conditions. Opportunities for occupancy of the place can 
increase if there are high-quality conditions within the place. Individuals are automati-
cally attracted by places, which include what people like and desire [11].

Jacobs [31] tends to distinguish between two main activities: primary and second-
ary uses. The former is employed to bring people to particular places that function 
as an attractive point, such as offices, factories, and dwellings, as well as the main 
destinations of, for example, educational institutions, entertainment centers, and 
recreation. In addition, museums, libraries, and galleries are primary uses. The 
secondary uses serve the primary purposes and include a wide range of activities and 
events [31]. Porta et al. [45] offer a description of primary activities by stating that, 
“primary activities are characterized by a larger-than-local market or catchment area; 
they are typically highly skilled, larger, or more specialized economic activities, such 
as wholesale, industry, and those not related to the public or not mainly serving the 
end-users; and their location choice is more likely to be driven by a formal top-down 
decision-making process” ([45], pp. 1476–1479). The distribution pattern of eco-
nomic activities has significant implications since it influences the availability of land 
for particular economic uses and for people who benefit from these activities [53].

Furthermore, Porta et al. [45] write descriptively about secondary activities by 
saying that a local market or catchment area characterize secondary activities, and 
these are typically retail and other services that serve the regular needs of the popu-
lace on a daily or frequent basis. Accordingly, secondary activities can be defined 
as the kind of economic setting that sustain and embody the sense of a lively and 
walkable local community at the scale of the neighborhood [45]. The primary uses 
are associated with, and represent, necessary activities, while the secondary uses 
are optional and social activities according to [7, 11]. Moirongo [54] refers to the 
relationship between street function and activity pattern. He states that the street is 
characterized by heterogeneous and mixed uses that tend to be for optional and social 

Figure 5. 
Graphic representation of the connection between outdoor quality and outdoor activity. An increase in outdoor 
quality gives a boost to optional activities. The increase in activity level invites a substantial increase in social 
activities. Source: Gehl [7].
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activities. In comparison, the street is identified by monofunctional and homoge-
neous uses that contain necessary activities. This, however, emphasizes the earlier 
statements that necessary activities are obligatory for those accustomed to attending 
a regular activity for a particular purpose, such as school, work, shopping, or wait-
ing for someone. Meanwhile, the optional activities relate to a degree of desirability, 
besides the impulse factors that attract people’s engagement with activity.

3.2 Individual versus social activities

Social activities tend to see individuals gathering in public spaces. These activities 
cover a wide range of people’s acts while they are in a place. Spontaneity is one of the 
features of these activities, where people, at the same place, can meet each other and 
talk. It seems to be quite difficult to isolate and separate these three activities from 
each other within a certain space; however, the weight of activity may vary from one 
space to another [11]. Thwaites et al. [39] pay more attention to social activity as a key 
factor in social restoration. Thus, social activity is, “soft, active or engaging edges are 
commonly associated with a social activity, usually generated by their capacity to hold 
the attention of passers-by. Such edges are also associated with having transitional 
qualities defining an overlap of adjacent realms, their social activity related to acces-
sibility across it and opportunities to be stationary coupled with things that can hold 
attention” ([39], p. 81).

The need to return to social space and urban social activities has become a per-
sistent demand in order to promote the vitality of a city. Shared places provide a 
platform to create an integral relationship between various aspects of a city’s ele-
ments and its people. One of the aspects of shared space is to reduce motor flow and 
constrain its speed. Therefore, shared urban places are pedestrian orientated and give 
rights to people to invest in the street as a social milieu. The role of social interaction 
in an urban context is witnessed through its components, namely streets, sidewalks, 
and parks, which represent intermediate spaces between activities and human 
behavior. One of the concerns about urban space is the meaning of context in terms of 
cross-connection between activities and space [43].

The range of opportunities that could be offered by the street edge contributes 
significantly to creating social life and attracting people to share their activities with 
others. In this regard, Jacobs [31] prioritizes the commercial, entertainment, and 
other aspects represented by, for example, restaurants, shopping centers, retailers, 
and cafes. When located on the sidewalks of a street, these activities, help to entice 
people to use the street. If it does not attract social life and the sharing the street 
edge, the street functions as a transmit channel. Moreover, the activities generated 
by people help to promote street life, where people can be seen as magnetic points to 
attract others. As such, Jacobs [31] alludes that, “the sight of people attracts still other 
people … people’s love of watching activity and other people is constantly evident in 
cities everywhere.”

According to Jacobs [31], the primary mixed uses must be concurrently active 
with diversity. Effectiveness depends foremost on people who tend to use spaces for 
different purposes and reasons. However, efficiency, according to Jacobs [31] means, 
“that the people using the streets at different times must actually use the same street 
[including] among them, people who will use some of the same facilities. All kinds 
of people can be presented [and] the mixture of people on a street at one time of day 
must bear some reasonably proportionate relationship to people there at other times 
of day.” Engwicht [5] defines the street according to aspects that have been ignored, 
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and particularly in consideration of modern thought. Therefore, street reclaiming 
means, “[an] exchange space —an outdoor living room for social, cultural, and 
economic exchange, [and] as a place for the adult and those on the margin of society 
to share their street wisdom, [also] the street for adult play: people-watching, prome-
nading, water, art celebration, festivals, eating, or just hanging out, [and] as the stage 
upon which those at the margin of society can make a contribution to community life. 
A vibrant street life is essential for any egalitarian, democratic society to a healthy 
political process” ([5], pp. 17–54).

3.3 Staying versus moving

People’s activities regarding the street milieu can be classified into two trends, 
namely: through street-based movement and to street-based movement, including those 
who are staying and moving. The reciprocal role between staying and moving relates 
to the pedestrian flow and the street edge, which governs the level of stopping or 
walking. Movement is a crucial key to expressing a dynamic street. Carmona et al. 
[43] state that, “movement is fundamental to understanding how places function. 
Pedestrian flows through public space are both at the heart of the urban experience 
and important in generating life and activity … most shops, for example, are not a 
sufficient magnet and have to be well-located with respect to the existing movement 
patterns. The land-use activity merely reinforces/multiplies the basic movement.”

The opportunity for people to be able to stay or move in a space correlates to the 
space’s characteristics one of which is intervisibility and permeability through-in 
space. This is what Hillier [55] calls the strategic value of isovist when he argues that 
this makes intuitive sense because, if the primary activity of those who stay in public 
spaces is people-watching, then “… strategic spaces with areas close to—but not 
actually lying on—the main lines of movement are optimal.” For this reason, Jacobs 
[31] states that, “a city’s collection of opportunities of all kinds, and the fluidity with 
which these opportunities and choices can be used, is an asset—not a detriment—for 
encouraging city— neighborhood stability.” The street edge is responsible, to a large 
extent, for generating the three main (and their oppositional) human activities. The 
street edge grants the opportunity for those who belong to a different gender, age, 
and cluster to use the street for different purposes and activities. Hence, the value of 
the street is not limited to only vehicular movement but offers a broad spectrum of 
opportunities for people to advantageously use the street.

4. Conceptual framework of quantifying human activities

In this chapter, the idea of extracting conceptual layout in quantifying differ-
ent patterns of activity could play a significant role in examining human behavior. 
Moreover, the street edge as an independent factor also contributes substantially to 
forming peoples’ responses. Gehl [3] states that the dramatic evolution that mark-
edly changed the atmosphere of cities, public spaces, and public life in the twentieth 
century, was the influx of motor cars in substantial numbers. He also states that the 
“city space continued to function as important social meeting place in the twentieth 
century, until the planning ideals of modernism prevailed and coincided with the car 
invasion” ([11], p. 25). However, modernism carried a new perspective of scale and 
proportion based on its ideal thoughts, which stand away from what people per-
ceive in order to their desires and aspirations with meaningful and comfortable [7]. 
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The scale can be divided into two levels: the scale of the urban context in the city and 
the scale of buildings in the city. The other dramatic changes in reading the city are 
that the city has become a milieu for cars rather than people, and the destruction of 
the human scale of the city in terms of high-rise buildings and wide roads with larger 
open spaces, which are far from a human scale and tend to be antipedestrianism [56].

In this chapter, the ethnographic technique is an investigation that can be adopted 
through the observation of people’s behavior throughout the streets. Ethnography 
examines how persons behave in a space without any direct connection to them; this 
is achieved by conducting a direct field observation. To collect data from the field, 
synchronically, the need is to record pedestrian flow, non-pedestrian flow in motor-
ized (cars, vehicles, motorcycles, etc.) spaces, and nonmotorized flow (bikes and 
human-powered cart). They also recorded other observed activities. The observation 
could be functioned for different time per day, such as morning, noon and afternoon, 
and during weekdays and weekends, when each recording period covered approxi-
mately an efficient interval. Furthermore, this meant coexisting with street life and 
people in the field study. Two fundamental types of movement occur in the street: 
pedestrian flow and vehicular movement as non-pedestrian flow. The first sort is 
classified according to kind, amount, and proximity. The kind considered the gender 
and age of people, and the volume, which calculated the number of pedestrians. The 
proximity referred to the grouping of pedestrians (Figure 6).

The conceptual framework is to evaluate the street edge and the extent to which 
the edge, with its embodied activities, attracts people. In addition, this captured the 
age and gender of people and how they behaved; for example, whether they walked 
and stayed, or were alone or in a group. The level of pedestrian flow through the street 
and how people respond to both the private and public edge is a crucial question 
for the nature of the street life. Similarly, the physiognomies of the street edge play 
a key role in formulating people’s behavior and in controlling the interrelationship 
between both the human-edge interface and the human-human interface. Concerning 
non-pedestrian (vehicular) movement can be considered one of the leading issues 
in studying a street network, particularly where most of the street is designated for 
vehicular-based standards rather than human-based dimensions.

The conceptual framework includes two main sections: pedestrian movement and 
non-pedestrian stream. The former covers three categories, namely: group, volume, 
and kind each one deals with a specific demand of data. A group pattern represents the 
number of individuals to be grouped and how the different groups are scattered across 
the street, and the diversity of these clustering(s) in terms of members who belong 
to them. A volume pattern refers to the number of persons who move-to and move-
through in a certain segment of the street. In this chart, a kind pattern illustrates two 
classes: gender and age, where the people are symbolized into male and female. Also, 
the kind pattern embraces another division, that is age pattern, where the individuals 
can be labeled into three different ages: child, teenager (young), and adult (elder) 
people. The second part of the classification allocates for the non-pedestrian flow, in 
this class, there are three lists: nonmotorized, hybrid, and motorized. The nonmo-
torized flow deals with two items: bike and human-powered cart, and hybrid class 
contains motorcycles, vehicles, and other, besides, motorized alike (Figure 6).

In this flowchart of classification, on the furthest right of the diagram, a column 
illustrates the levels of information in relation to each row of the conceptual frame-
work. The level of interfacing is for a human-human interface meaning that the 
relationship between people themselves across the street life. A scope is a domain of 
dealing with a certain range of street segment observation such as these levels as micro, 
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macro, local, and global scale in measuring different activities. A focus indicates the 
chosen sample of this framework and that is people who would be observed and expe-
rienced in street life. Following, the levels that link the different rows of the flowchart 
are flexible and expandable concerning the circumstance of each case separately. The 
variables that were listed through the conceptual framework, these variables were 
interpreted thoroughly before and then giving the definition for each one. A scale is 
an indicator to define the scope of each variable in studying street life, for instance, 
street segment scale, block scale, and neighborhood scale. A layer of information, in 
the flowchart, is an important scheme that helps to deal with specific data and input 
evidence and materials that would be invested and employed in a study (Figure 6).

Mapping individuals’ behavior through the street life and how people meet each 
other for different purposes, such as walking, chatting, sitting, and sharing an event, 
this procedure entails a spectrum of plans and scenarios. For example, the conceptual 
framework and its variables and indicators would be a research process map in order 
to draw the layout of future studies regarding urban life, street life, and social interac-
tion. Raising the appeals toward the sustainability of urban life and street knowledge 
against minimizing the car-based street has become a more essential need. The 
street is an active ambience that grants various possibilities for people who come and 

Figure 6. 
A Conceptual framework of the movement in the street into two main flows: Pedestrian flow and Non-pedestrian 
movement. Source: Drawn by the author.
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utilize such different urban space as the street. This conceptual framework has been 
designed to deal with people within the surrounding environment. Additional details 
of examining the physical settings of the adjacent street edges require more concen-
tration on the anatomical characteristics of such street edges.

5. Conclusion

This chapter was an attempt to draw the main layout of different patterns of 
activities that could perform in an urban street setting. In this sense, the street edge 
promotes how individuals might respond to the surrounding environment differ-
ently. Three significant actions could be reflected in people’s behavior when they 
move through the street: necessary, individual, and staying; moreover, their opposite 
actions are: optional, social, and moving. This chapter highlighted the meaning of 
these activities, and it provided the conceptual framework through projecting its 
vocabularies on the street observation. Human activities and how people behave are 
not independent phenomena within the urban context; however, one can recognize 
the level of the relationship between those who use the street and the street itself. 
The spatial configuration of the urban form and the street’s characteristics are ranked 
most important in affecting the individual’s response to the built environment.

However, creating an obvious border of human activity is not straightforward, and 
it is challenging for the observer to distinguish people’s movement and their intent 
and purpose. Therefore, the outlines and presents findings from the ethnography 
technique, namely, to record human movement and behavior is a methodical tech-
nique. Nevertheless, the direct observations of, and coexistence with, people in the 
observed streets and the capturing of notes are more significant and helped to enrich 
future studies. The classification of different activities that could be observed and 
experienced in a street space contributes, to a large extent, to diagnose the different 
abilities of people’s responses and reactions. The conceptual framework chart granted 
a new vision of a research map that would employ in order to study street life.

The main variables and indicators included in the conceptual framework would 
support capturing the fine characteristics of the varied reactions that could come 
from those who experience street life and different social interactions. The ability 
of resilience of the conceptual framework is not limited to what has been done, but 
instead, the outline of these variables is open for more progress procedures. Finally, 
the reliability and validity of such a conceptual framework are needed meaning that 
future research could seek to apply this framework in order to get the level of proof 
of the variables and how that could be interpreted and explained the findings, and 
in turn, promote and update the current and new variables and indicators. However, 
the chapter had been focused on the activity pattern and, theoretically, apart from the 
built environment as an independent factor. For this reason, there is an opportunity 
to give more attention to the physical setting and the different levels of urban scales, 
such as micro, macro, and local and global levels.
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Smart-Field of the Farm, First
Relevant Link of Transparent Path
of Grapes in the Farm to Fork Value
Chain: A Review
Constantin Vîlcu, Steve Vanlanduit, Resul Kara, Aurora Ranca
and Mohamed Bourouah

Abstract

Data-based farming facilitates the zonal management (Smart-FIELD) in the
smart farm (SF) vineyards. The classic SCADA for data acquisition and processing
system, used especially in rapid industrial processes, can also be adapted for the
slow processes (during a vegetation period) of horticultural crops (including the
vineyards). The Smart-SCADA core software activities will develop through AI
modules the CPS technique for integrating IoT devices with operational appli-
cability in vineyards SF. The Web Smart-SCADA core interconnection with the
European platforms in use (UTOPIA, ATLAS, DEMETER, PANTHEON,
SmartAgriHubs, … ) will add value in the transparency of the traceability of the
F2F value chain of grapes.

Keywords: precision agriculture, multispectral monitoring of crops, IoT in vineyard
smart farming, toward zero pollution in the farming environment, smart SCADA core
in vineyards

1. Introduction

A little while ago, the European Green Deal (EGD) established the Farm to Fork
Strategy for Next Generation Europe (NGE) in the agricultural field (R-D & Innova-
tion, management of farms and the smart operations in real farming environment).
Long ago, much ink flowed on paper for industrial development and the effort to
move agriculture to a higher level. Now we have agriculture-4.0, where the analog
pen has turned into a digital tool. We can write in machine code, thanks to the ICT
technology, on the virtual paper from the SSD hard drive of the PC for the variable
rate actuation of the execution elements in the processes of horticultural crops
(vineyard inclusive).

Data-based farming will represent the agriculture of the future. In this sense, ICT
systems have a crucial role in data acquisition (metadata), analysis and decision
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support (DSS), action with variable rate of actuation (VRA) in crops processes,
and promotion of agri-food products through the IoT technique, [1]. The hardware-
software integration of these systems in any agricultural sector allows the farmer
to obtain higher harvests with reduced expenses, i.e., a profitable ROI (the first
point of view - that of the farmer). The second point of view is at the other end of
the F2F value chain - end user, and represents the needs of the end consumer to
have quality (healthy) and cheap products. Between these two extreme points of
view, the TZP-UTOPIA-F2F concept seeks an optimal path and conforms to the
Farm to Fork Strategy. The paper addresses the horticultural sector of the culture
processes in open spaces and focuses the activities of work in the vineyards for SF
digitization.

As rationale for SMFs that represent a significant part of EU horticultural
landscape, the paper approaches vineyard farms regarding F2F Strategy. The digital
transformation of this agricultural sector (through data-driven farming) is crucial for
addressing global issues related to climate change and implicitly in the sustainability
of F2F agri-food value chain. As method, the TZP-UTOPIA-F2F concept will develop
a smart-SCADA core system adapted to the needs of horticultural SMFs and imple-
ment the software modules that enable a scalable, easy and economically feasible
approach of the management of vineyards farms in the digital context of extreme
climate change constraints.

Smart-FIELD of the farm, is the first relevant link at the potential applications
of TZP-UTOPIA-F2F concept and will combine new ICT technical solutions
with innovative learning systems to achieve the adoption of digital technology in
vineyard farms. As impact and potential benefits, the TZP-UTOPIA-F2F works
make an in-depth analysis of the socio-economic issues of precision farming in
vineyards, an assessment of the return on investment and the development of
sustainable business models, will provide new and innovative possibilities for
vineyards SF to produce the necessary and healthy food in the context of the F2F
Strategy.

2. Edge-activities in operational FIELD of vineyard Smart Farm

2.1 Why, Smart-FIELD in vineyards?

In order to obtain quality and profitable products, farmers from vineyards must
respect and even permanently adapt the technological links of the culture system to
climatic constraints. Their cost price must cover all the necessary products (fertil-
izers, pesticides, fuels, etc.) and, at the same time, be competitive on a sufficiently
saturated market, such as the European one. Farmers are currently facing two major
constraints, the high price of inputs and the demand of consumers to find cheap and
healthy products on the market. In this context, we meet the demands of consumers
by ensuring a diminishing of the inputs and a traceability system of wine products
from the farm, to finished products such as grapes intended for fresh consumption,
fresh must or preserved by pasteurization and wines of different types and levels of
quality. The system can come to the aid of certification bodies, for example ecolog-
ical certification, or those that verify and attest the origin and quality of wines.
Through the various signs provided to manufacturers for application on labels
(logos, holograms, QR codes), the degree of consumer information increases
considerably (MUR) [2, 3].
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2.2 How, do we operate in the vineyard?

Farmers are heavily investing in digital technologies to improve their productivity
and to safeguard their harvest from losses due to drought, pests, etc. Multispectral
imaging systems installed on mobile platforms (like mobile robots, drones) are a
valuable tool to reach this goal. Unfortunately, the imaging systems and platforms that
are currently available are expensive, and difficult to use (by farmers without exper-
tise in computer programming). The InViLab research group of the University of
Antwerp will develop a low-cost multispectral vision system (consisting of industrial
cameras and image processing units integrated in a compact housing). State-of-the-art
machine learning algorithms will be developed to monitor the growth and health of
the vineyards (both at plant and at field level). The algorithms will be deployed on
edge platforms to realize real-time performance. In the work the methodology devel-
oped by InViLab is applied to vineyards, even though the applicability of the frame-
work is much wider: seaweed monitoring and monitoring of vertical greenery systems
applied to buildings (UAB) [3, 4].

2.3 How do we have, F2F traceability?

Improvements in IoT devices have been going on for many years. Especially in
recent years, with the use of IoT in the field of farming, healthier, more efficient and
traceable products have been grown. By evaluating the data collected from the envi-
ronment and products that are grown by various methods, the way to obtain more
perfect products has been opened. Similarly, in the light of the data obtained by using
the surrounding sensors, it is possible to intervene immediately in adverse situations
that will affect the development of the product. In this study, both product-related
data and data about environmental conditions will be collected quickly from various
sensors located in a wide area of agricultural land. Thanks to the advanced IoT
network, all data will be collected in the central communication unit and situations
that require urgent intervention will be decided. Necessary actions can be taken in
emergencies. The data collected from the environment will be sent to the cloud system
for processing together with the actions taken and all other data. In the next phases,
the feedback from the customers will also be recorded in this system, and thus the
products will be tracked from the farm to the table. In addition, the farmers will have
the opportunity to monitor their products grown in the field and in the F2F value
chain (DU), [3, 5].

2.4 What is needed to solve the problem?

An ICT system durable solves the problem by digitizing the SF vineyard. For data-
driven farming is needed the integration of a Web SCADA (data acquisition and
processing system). Smart-SCADA core software activities will develop through AI
modules the CPS technique for integrating IoT devices with operational applicability
in SF vineyards. The interconnection with the UTOPIA platform will add value to the
TZP-UTOPIA-F2F concept. The graphic transformation for mathematical modeling of
the F2F process is presented in Figure 1, from organizational chart 1. (a) – F2F agri-
food chain management for grapes products, to the graph 1. (b) – Graphic diagram
of the F2F agri-food value chain: 1-Farm, 2-Fork, 3-Crop storage, 4-Food processing,
5-Distributor transporter, 6-Agri-food market, 7-Food health safety (FHS), 8-web
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platform UTOPIA, which is the basis of Fuzzy neural processing in the software
module integrated of TZP-UTOPIA-F2F concept, (INMA), [6–8].

3. Materials and methods

3.1 Excellence

The World is currently facing several challenges, [9]:

• At current growth rate, by 2050 there should be over 9.5 billion people to be
nourished;

• Chemical based mass-agriculture, despite higher short-term yields, negatively
impacts food safety and will lead to soil impoverishment on the long-term and
reduced yields;

• The overall Farm to Fork value chain produces 25% of worldwide emissions
directly contributing to climate change crisis;

• 75% of F2F emissions are located in the agricultural environment.

The paper has chosen to address of TZP-UTOPIA-F2F concept for Agri-food
systems enabled by interconnected digital technologies that are more transparent to

Figure 1.
Transparent traceability of agri-food products from Farm to end-user.
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consumers, farmers and other stakeholders along the agri-food value chain, as a strong
collaborative engagement to impact positive for a healthy life.

From the multiple sectors of activity of Agriculture presented in the tree graph in
Figure 2, the branch was chosen: Agriculture ! Crop farming ! Horticulture !
Olericulture. Why horticulture? Horticulture represents, through its activities in open
and closed spaces (greenhouses), the “art” of vegetable crops in agriculture.
Vineyards and fruit farms cover an extensive area of Europe and the automation of
process crops in these areas is experiencing a high development. The TZP-UTOPIA-
F2F concept is for data-processing in vineyard crops in order to promote the grapes
product in the F2F value chain.

Ultimately, TZP-UTOPIA-F2F concept has been conceived to create value for
farmers and consumers through the Farm to Fork value chain, while restoring value to
the Natural Capital value chain (see Figure 3). The farm is the main link in the F2F
value chain, obtaining organic food products (e.g., grapes) must be promoted
transparently so that end-users know that the consumed product is fresh and healthy.

By assessing all indicators related to the use of intrants, such as pesticides and
fertilizers, as well as monitoring the state of nutrients, Web Smart-SCADA core

Figure 2.
Summary of branches of agriculture.

Figure 3.
Method of restoring the value to Natural Capital value chain.
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through AI software modules will provide farmers with automatized call-to-action
recommendations to farmers. Once farmer validates call-to-action SF will automati-
cally provide point-specific agriculture surgical treatments (watering and other
intrants) with newly developed operating plans compliant pesticides, fertilizers and
other nutrients, reducing water pollution, polluting emissions and intrants waste
across the cycle of farming production. This will have a positive impact on the health
of the agri-food products produced (e.g., grapes).

3.2 The overall concept and progress beyond the state-of-the-art

Regardless of the field of the agricultural environment (plant or animal kingdom),
data-based agriculture requires data acquisition systems, IoT sensors and devices, IT
technique, or in a word CPS that allows the storage of monitored data in large
databases, necessary for analysis further for an intelligent management of the agri-
cultural process.

The aim of the work is to digitize the vineyards by implementing the ICT
technology in Smart Farm, consisting in Web Smart-SCADA core integration and
the scalable software packages for easy methods of learning sustainable farm man-
agement toward zero pollution. Today, precision farming or agriculture-4.0 is no
longer a new concept in farming operations management using UAV drones (for
measurement, aerial observation and response to crop variability) and/or GRS
robots (for resource efficiency even in cases where they are limited). The use of
these MAS systems in a unitary hard-software framework of TZP-UTOPIA-F2F
concept, leads through the F2F strategy, to the achievement of the following
targets: (i) obtaining high quality farming crops; (ii) ROI economic profit optimi-
zation; (iii) integrated environmental protection to TZP, (iv) Cloud connection
with the UTOPIA platform to allow full visibility of the health status of grapes in
F2F value chain for a complete and reliable traceability of agri-food products to the
end user.

The TZP-UTOPIA-F2F concept has a high degree of novelty through Web smart-
SCADA core that unifies software relevant preliminary results from agriculture-4.0
for advanced vineyard SFs management. This paper, in relation to the current state of
the art technology, facilitates the transition to agriculture-5.0 or agriculture based on
management of large databases in cloud (metadata). After the Industrial Revolution,
especially since the advent of mechanization and during the Green Revolution,
farmers and their machines worked together effectively to cultivate crops with a
tendency to digitize agriculture.

A new approach driven by digital technology implies that growers need to act as
supervisors of their crops rather than as workers, thus avoiding repetitive, demanding
and tiring tasks in the field. In this modern agricultural setting, agricultural databases
are key, and the information-based management cycle provides the practical approach
that combines the concept of Smart-FIELD with agricultural tasks. Agriculture based
on large databases on crops and the farming environment, with the help of MAS
systems that incorporate state-of-the-art AI techniques, lays the foundations for sus-
tainable farming of the future (agriculture-5.0), [3].

3.3 Ambition of works

Unmanned Aerial Vehicles (UAV) and Ground Robotic Systems GRS, as collabo-
rative Multi-Agent Systems (MAS), make a crucial contribution to improving
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precision farming by controlling the TZP global index for sustainable agriculture.
Monitoring the Inputs in agricultural process and the state of crops vegetation are
essential in management of SF. The processing of data recorded for the monitored
crops influences managerial decisions and implicitly the ROI indicator of vineyard
farm.

The components of the abiotic environment (air, water, soil) are vital as inputs
together with the planting material for a sustainable SF. The current trend is to make
smart farming by automatically controlling inputs and outputs. Supervisory control
and data acquisition of agricultural processes involves the introduction of high-
performance technologies to streamline the farming process and ensure control of
production in ecological conditions. All farmers try to get as much agricultural pro-
duction as possible at the lowest cost.

To this end, the paper proposes the creation of a Smart SCADA core for vineyard
precision farms with an integrated package of Smart-FIELD software modules for easy
learning of the new generation of farmers for the management of SF. The TZP-
UTOPIA-F2F model will be physically materialized through a dedicated Web SCADA
core system by parameterization to any SFs that integrates it.

The human operator in the farm control center is continuously interconnected
with MAS systems and on-site sensors to control the process and pollution of the
agricultural environment. Thus, TZP-UTOPIA-F2F allows real-time assessment of
crops and the agricultural environment without the need to move the human opera-
tor. The main target of the works is therefore the digital creation and implementation
of modular software packages that allow a scalable and easy approach to the manage-
ment of vineyard farms in the sustainable context of TZP. It’s shown in Figure 4 the
automation process diagram for vineyard farms in the new TZP-UTOPIA-F2F concept
of F2F strategy, [3, 6].

Figure 4.
Automation process for vineyards farms in the new TZP-UTOPIA-F2F concept of the F2F strategy.
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3.4 List of parameters for Smart-SCADA core

The hard- and software implementation of the Web Smart-SCADA core in the SF
vineyard, requires the existence of a minimum equipment’s and IoT devices to ensure

Integrated equipment in
smart farming (vineyards)

# List of monitored parameters for TZP-UTOPIA-F2F concept

Abiotic component Symbol Name

[10]: air sensors*

1 Air General
indicators

Ta Air temperature

2 Ha Air humidity

3 pa Barometric pressure

4 Ws Wind speed

5 Wd Wind direction

6 Special
indicators

TSI Solar irradiation (Sun intensity -
lighting) [W/m2]

7 CO Carbon monoxide

8 CO2 Carbon dioxide

9 Critical
indicators

PM Dust particles (PM – particles matter)

10 FW Frost warning

11 NOx NOx gases

[11]: water sensors*

12 Water General
indicators

Tw Water temperature

13 pH pH

14 DO Dissolved oxygen

15 ECw Electrical conductivity

16 Wt Water turbidity

17 Special
indicators

Ra* Rain amount [l/m2]

18 Ri* Rain intensity [l/m2/h]

19 ORP Oxygen reduction potential (Redox) [V]

20 Critical
indicators

Pest Pesticides

21 Orth Orthophosphates

22 NO3 Nitrate

[12]: soil sensors*

23 Soil General
indicators

Ts
* Soil temperature

24 VWC* Soil moisture (volumetric water content
in soil)

25 ECs Soil electrical conductivity

26 [13]:
Special

indicators

N Azote (Nitrogen)

27 K Potassium, (Kalium)

28 Mg Magnesium

29 Critical
indicators

IW* Soil water tension (Irrometer
Watermark measures moisture available

for plants)

…
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monitoring the list of parameters in Table 1. The multitude of sensors in the field
must ensure a minimal list of monitored parameters of the culture through the
processing of which in the DSS software module results in those VRA operations when
the situation in the field requires it.

3.5 Originality of the proposed approach of article

The originality of the approach proposed in this paper is the definition and calcu-
lation of the quality global indicator TZP of the agricultural environment toward zero-
pollution within the processes of agricultural crops as a basic principle of precision
farming.

The TZP principle – Toward Zero Pollution is the principle of supervisory control
of inputs (air-water-soil) and outputs in a horticultural process to strive for “zero-
pollution” through advanced management of inputs/outputs using MAS systems. In
the following, a combined global indicator function is defined, which provides an
index of the degree of pollution of the three abiotic components of the air-water-soil
agricultural environment. This is represented by a matrix function with the index
“TZP” and (fq) variables, randomly determined at the t time throughout the T period
of a horticultural process:

Integrated equipment in
smart farming (vineyards)

# List of monitored parameters for TZP-UTOPIA-F2F concept

Abiotic component Symbol Name

[14]: MAS* - remote sensing

30 Crops Remote
sensing -
Satellite

EVI Enhanced vegetation index

31 …

32 Remote
sensing -
Drones

NDVI Normalized difference vegetation index

33 …

34 Remote
sensing -
GRS

NDVI Normalized difference vegetation index

35 …

[15]: other* sensors

36 Other General
indicators

LW* Leaf wetness (Meter Group PHYTOS 31)

37 pHv pH

38 SO2 sulfur dioxide

39 Rs reducing sugars

40 Special
indicators

YAN Yeast assimilable nitrogen

41 Tsc tartrate stability by conductivity

42 Bt bentonite

43 Critical
indicators

Sc sugar content

44 …

45 … … …

*See Reference.

Table 1.
List of the usual parameters monitored in the SF vineyards.
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FTZP f q, t
� �h i

(1)

Only the monitored values of the polluting parameters of the abiotic environment will
be taken into account. Carrying out the successive replacements according to the stages
described in the paper [12], for a work variant adapted to the horticultural process in the
vineyard, the following TZP global indicator function is obtained:

FTZP f q, t
� �h i

¼

Ql
i¼1

xi tð Þ
� �1

l

0 0

0
1
m

∗
Xm
j¼1

yj tð Þ 0

0 0

Pn
k¼1ωk ∙ zk tð ÞPn

k¼1ωk

�������������

�������������

(2)

The attached determinant to the global indicator function [FTZP] take values in the
[0,1] range. A subunit value in the vicinity of “0 + 0” indicates that process in the
vineyard is environmentally friendly.

det: FTZP f q, t
� �h i

¼ jFTZP f q, t
� �

j !t¼T
0 (3)

where: t ∈ (t0, T), T being the period of a vineyard production process (grapes
maturity period).

The SCADA software program in LabView code automatically creates the color
graphic representation shown in Figure 5 required for product packaging labeling and
grapes promotion in the F2F value chain [3].

3.6 Minimum devices and mandatory equipment for Smart-SCADA core in
vineyard SF

A complete list for equipping a pilot station as a smart vineyard farm is a complex
problem because it depends on the following factors: economic-financial, geographi-
cal, climate, agrarian policy of the vineyard farm. It’s shown in Figure 6 the specifi-
cation of the first device necessary for monitoring the farming environment in
vineyard SF. Mobile app for remote crop monitoring with Meteobot provide, [16]:

• Current and historical data from weather stations;

• Local weather forecast for 10 days;

• Agronomic indicators such as rain sum, temperature sum, etc.;

• Weather notification for frost, intensive rain, etc.

Figure 5.
Graphic representation of the TZP quality global indicator.
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3.7 Implementation the Smart FIELD to prototype level in vineyard SF

Realization of the TZP-UTOPIA-F2F concept brings an extra novelty through the
hard- and software elements created for digitization of vineyards SF. Complete

Figure 6.
Agricultural farm weather station Meteobot®Pro model, [16].

Figure 7.
Cross cutting activities of TRL tasks for the Smart-FIELD and flow to prototype.
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automation of farming processes in vineyard SFs through centralized digital manage-
ment from the farm PC of UAVs, GRS (as MAS) and of execution elements (for
plowing, arable land preparation, sowing, irrigation, protection, stimulation,
harvesting, transport and storage), makes easier activity of the farm manager in
making decisions regarding ROI. The cross-cutting activities for TRL tasks of Smart-
FIELD within the TZP-UTOPIA-F2F concept are shown in Figure 7, [3].

4. Conclusion

The Smart-SCADA core model of TZP-UTOPIA-F2F concept to be developed and
tested in real Pilot farm (MUR) as an easy method and Smart technique to Fostering
InnovativE Learning for Digital agriculture-4.0 (Smart-FIELD) is built on four pillars
as basic principles: (i) monitoring the NDVI & EVI vegetation index of crop; (ii) TZP
- toward zero pollution of crops process; (iii) ROI - Return on Investment, (iv)
Transparent traceability of agri-food products between the F2F for the end user and
other stakeholders. The basic Smart-SCADA package and AI scalable software mod-
ules are based on deterministic mathematical models that define the stated principles.

Smart-FIELD – Easy techniques to promote innovative learning for digital agricul-
ture toward Zero-Pollution, will be addressed through applied research in the MUR
Case Study within the TZP-UTOPIA-F2F project, as integrated smart actions in the SF
vineyard. Transparent traceability of agri-food products between Farm to Fork for the
end user and other stakeholders will be guaranteed for grapes, through the veracity of
data monitored and transmitted from the smart vineyard. Web Smart-SCADA core

Figure 8.
Smart-SCADA core architecture of flow process from CROP to VRA actuation for data transparency in F2F chain value.
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software flow of TZP-UTOPIA-F2F concept for SF vineyard as future research direc-
tions in agriculture-5.0 is shown in Figure 8.
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Chapter 13

Perception of Soundscape in 
Landscape
Banu Chitra Mookiah

Abstract

Landscape or nature-related design is mostly focused on the visual aspects. As 
a result of increased urbanization, the exploration of the possibilities of a tranquil 
environment concerning landscape enhances the positive effect on the quality of the 
urban population. This can be achieved by understanding and characterizing the 
sonic environment in such a setting. In connection to the visual landscape aspects, 
acoustical cognition in terms of perception of the environment is important. In mod-
ern scenarios; the concept of soundscape is used to discuss the quality of the environ-
ment. In line with this, the chapter reviews the state of the art of literature on various 
definitions, perceptions, and theories of landscape in conjunction with the theories 
of the soundscape and classification of soundscape elements. Also, it reviews the 
soundscape dimension in the landscape through the function of green spaces and its 
impact on quiet/tranquility in an urban context by understanding the role of natural 
and manmade landscape elements on sonic perception along with various methods of 
data collection commonly used for soundscape research.

Keywords: landscape, landscape perception, soundscape, sound mapping,  
urban environment

1. Introduction

The improvement of the soundscape concept evolves with the concept of human 
beings who perceive the world in a multisensory manner [1]. Human beings can 
communicate to the world through the five senses seeing, hearing, smelling, touch-
ing, and tasting. However, sounds environ us everywhere. With the rapid growth 
of urbanization in the 20th century, urban communities are discontented with the 
quality of the urban environment, especially with the urban acoustic environment. In 
[2] performed a pioneering field study of the urban soundscape in a sector of central 
Boston, including several subjects, and tested the perception of sounds and sights. His 
study strongly suggested a need for sonic planning and designs [3]. The [4] defines 
soundscape as an acoustic environment as perceived or experienced and/or under-
stood by a person or people in a given context. The soundscape is usually referred to 
in terms of identifying and describing diverse sound sources in a particular place. In 
general, the soundscape is the combination of all sounds within a given location with 
an emphasis on the relationship between an individual’s or society’s perception [4]. 
Schafer explained the control of visual aesthetics in present societies, where a series 
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of hearing exercises intended to create sonic awareness among people through field 
studies were carried out. These studies were carried out using sound measurements, 
soundscape recordings, and portraying various sound features. This interest directed 
him and a few of his soundscape colleagues to invent a few terms as

Keynote: Sounds that are continuously heard in the given location. This is also 
called background sound (the sound of the train in the railway station).

Sound Signals: Sounds that attract the attention of the people. This is also called 
foreground sound (e.g. announcements in the railway stations about the train tim-
ings, for people to listen)

Sound marks: The sound which serves as a landmark for a particular place.
Lo-fi: The sounds that cannot be heard properly due to the masking of other 

sounds, which acts as a disturbance
High- fi: Sounds can be distinguished since there is only little masking by other 

sounds.
In the process of understanding and defining the soundscape environment of a 

given place, the sensitivity of the people and their preference for a sonic environ-
ment decide the overall soundscape quality of that place. As per the studies, with the 
increase of age people tend to have more inclination toward sounds relating to Nature 
and human activities whereas the young crowd was tolerant towards mechanical 
sounds and loud music. The preference criteria for different sounds add to the char-
acter of a space. Further, it is also observed from the studies that these sounds have a 
strong connection with the people’s landscape preferences, particularly in the absence 
or presence of desirable and undesirable sounds, more than in the acoustic environ-
ment. In most cases, landscapes of these spaces are designed whereas soundscapes are 
not designed. Ren et al. [5] in their study explored that there is a strong connection 
between the preference for soundscape and landscape elements.

2. Characteristics of sound

Sounds are caused due to the vibration created by the motion of a source. The 
more sounds experienced by people are transmitted through the air [6]. The vibra-
tions created cause oscillation in air pressure which results in sound waves that a 
human ear can detect [7]. Sounds are considered to carry information from the 
environment. It acts as one of the major components to communicate with our 
surroundings [8]. Sound also holds the ability to awaken the emotional response 
of people both in positive and negative ways. There have been various studies on 
the various categories of sound based on sound sources [9–12]. The general three 
categories of sound source classification are natural, technological, and human 
sounds [12] as shown in Figure 1. Based on the perception of the people the sounds 
from natural sources are considered to be pleasant whereas sounds from technologi-
cal sounds are considered to be unpleasant and the sounds from human beings are 
regarded to be tolerable [14–16]. In addition to this, the perception or preference is 
connected to other physical components such as a source of the sound, the context of 
the sound, and personal preference [17]. Constant exposure to unpleasant sounds or 
noise can harm the auditory system along with other nonauditory health effects such 
as cardiovascular disease, sleep disturbance, annoyance, hypertension, etc. It also 
leads to mental problems [18]. The constant noise exposure also reduces the quality 
of the environment [19]. In addition to negative effects on health. As per the World 
Health Organization [20], there are 1.0 and 1.6 million Disability Adjusted Life Years 
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(DALYs) annually due to the harmful effects of noise exposure. However, to act as a 
relief there are a growing number of studies that show that natural sounds such as 
birds chirping, water sounds, etc, can be used to reduce the stress level [16, 21].

2.1 Theories and concepts of soundscape

Several scholars proved that nature sounds could act as a healing medium in con-
nection to anxiety and stress [22–24]. As an essential component, to relieve the people 
from the negative impact of urbanization the concept of the soundscape was initially 
developed by the geographer J. G. Grano in the year 1929 who explained the shifting 
of sound from animal sound to mechanical sound in the agrarian landscape [25]. In 
1969, Southworth carried on the study of the soundscape with different subjects on 
the perception of sounds and sights [2]. Further his study strongly recommended 
the need for sonic planning [26]. The Canadian musician Murray Schafer in the year 
1977 coined the term soundscape in his book Tuning of the world with the summary 
collected in his World Soundscape Project [27]. The project by Schafer and his col-
leagues recommended the approach, understanding, and development of soundscape 
by introducing many methods and concepts which form the rationale for soundscape 
study. Followed by Schafer and Truax in the year 1978 study on the terminological 
dictionary and also introduces a series of distinctions and conceptualizations that 

Figure 1. 
Taxonomy of sound source classification (Source: [13]).
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builds the relationship between soundscape and noise research [28]. Moreover an 
organization was formed in the year 1993 to coordinate soundscape research is known 
as World Forum for Acoustic Ecology (WFAE). In the year 2014, the International 
Organization for Standardization (ISO) defines the soundscape as the “acoustic 
environment as perceived or experienced and/or understood by a person or people, in 
context” [3]. Around the 1990s, the focus of noise studies shifted toward soundscape 
perception. Generally, the human reaction to noise is related to acoustical factors 
such as sound pressure level. In contrast, non - acoustical factors such as expecta-
tions of the users, context, etc also play a vital role [29]. The soundscape approach 
to noise includes a qualitative perspective which is very constructive from the user’s 
perspective. As mentioned earlier, the city sound experience was first experimented 
with in the World Soundscape Project in the 1960s. Southworth, a city planner in 
the year 1969 investigated the character of the city sounds with visual aspects. He 
suggests the four strategies to deal with city sounds based on planning as cautious 
positioning of noisy activities, new kind of street design, unique vehicular design and 
most importantly masking of unwanted noise by addition of wanted sound [2]. Later 
in the 1970s, the research institute CRESSON highlighted the relationship between 
sound, people, and the environment. The most notable publications of CRESSON 
are Sonic Experience – the wanted and unwanted sounds which can be seen from 
the sound quality perspective of open spaces. Another approach [29] proposes two 
ways of observing sound’s sonic activities and spatial aspects. They also suggested the 
desirable decibel limit of 65-70 dBA above which introduction of new sounds is not 
appropriate unless the reduction in already existing sound pressure level is exercised. 
Further, there have been suggestions to introduce the map to illustrate how sound-
scape can be integrated into the planning process of the UK [30] which was later 
incorporated by De Coensel et al. integrating various activities such as sound walk 
and soundscape simulations [31, 32] created a framework to improve soundscape 
with three stages describing soundscape, factors influencing soundscape, and relating 
possible design interventions to user's perspectives which were evaluated through the 
Kano model.

2.2 Tools and techniques used for soundscape studies

There have been various tools and techniques to conceptualize the soundscape to 
understand the role of the soundscape in experiencing the environment which serves 
as an influential tool in the assessment of soundscape. One of the models developed 
by Hedfors in 2003 is the model of prominence which gives the distinction between 
the total of prominent sounds to the total of background sounds in a given environ-
ment [33]. This model characterizes the soundscape as powerful, mild, clear, and 
crowded to describe the sonic environment. Axelsson et al. included the two dimen-
sions of “pleasantness” and “eventfulness” to understand the variations in the sound 
environment based on the listening experiment with one hundred listeners. Later a 
principal component analysis model was developed with the inclusion of soundscape 
characteristics such as exciting, monotonous, calm, and chaotic [14]. Jennings et al 
proposed an illustrative framework to describe soundscape perception that considers 
aspects such as direction, proximity, foreground, and background of the sonic envi-
ronment [34]. A system based on the evaluation of soundscape in urban open spaces 
was suggested by Zhang & Kang based on the source, space, people, and environment 
[29]. Later a detailed taxonomy was proposed to understand the relationship between 
environment and types of sound sources [35]. Another model was introduced by 
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Herranz-Pascual et al. to seek the interaction between person, activity, and place 
in the environment [36]. The approach suggested a broad way of identifying sound 
sources and improving the soundscape which is based on the identification of wanted 
and unwanted sounds and the possibilities to control them. Based on the urban 
scholar and sound artist [37] a tool was established for urban sound design named 
‘Sonic rupture’ which was centered around five approaches for designing addition, 
subtraction, disclosure, passion, and transformation.

2.3 Methods of data collection in soundscape research

There are various methods for the collection of soundscape data as sound walks, 
Listening tests, behavioral observations, and narrative interviews

2.3.1 Listening test

The method of listening tests is generally carried out to perform the sound evalu-
ation under the controlled condition without which it may be affected by the external 
parameters [19]. Generally, this method is broadly used to evaluate the influence of 
visual aspects without the support of visual material [38]. For carrying out the study, 
a replica of the outdoor environment is usually created. It gives more focus to the 
participant's response in response to the sonic environment [39]. This data collection 
can experiment with a group that has no prior experience and with a varied range of 
participants [39, 40] who can be recruited through the mail [39, 40]. However, the 
interpretation of the data collection requires a significant determination of the hear-
ing capacities of the participants.

2.3.2 Interviews

This method is commonly used in assessing the sound environment related to 
sound quality. This is widely used in evaluating environmental noise and other noise 
pollution [41]. This method is normally conducted with the interaction of users of the 
space from the micro-level as residents of the space to the macro- level users of the 
space as urban space as parks, plazas, squares, etc. This includes the investigation of 
sound quality along with different parameters based on the objective of data collec-
tion [42, 43]. The data collection using interviews was explored in various studies 
[44–48]. The various parameters used for the interview method was adopted on the 
basis of soundscape expectation [49, 50], soundscape description [51], soundscape 
preference [52, 53], soundscape memories [49], soundscape perception [51].

2.3.3 Sound walk

The sound walk method implies the method of conscious listening to the sound 
environment which helps in exploring the multimodal aspect of the surrounding [54]. 
This method is carried out through both qualitative and quantitative data collection 
[16, 46, 47]. As per quantitative data the data collection procedure it varies concerning 
the measurement (duration, measurement, seasons, etc) and varies with a collection 
of data based on the various objectives and for qualitative data, it differs with the size 
of the sample, duration of the sound walk, size of the participants, etc [55, 56]. Sound 
walk procedure is generally carried out individually or in groups based on the prefix trail 
routes using a structured protocol [27, 56]. There have been various studies that have 
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used the sound walk as a tool for the interpretation of soundscapes [57–59]. After the 
initial learning, most of the scholars used the sound walk as an effective tool for inves-
tigating soundscape based on the objective. Many sound walk studies are conducted 
in groups [30, 58]. While conducting the study it is important to maintain a specific 
distance between the participants to avoid the effect of footsteps [58]. In contrast to the 
group sound walk, the individual sound walk can be performed at diverse times and 
days based on the objectives [59, 60]. In the 1970s the soundscape took place in urban, 
rural, and different locations. However, recent studies focus mainly on the urban con-
texts especially urban parks, urban squares, and urban streets [30, 57, 58, 60, 61]. The 
study of the sound walk is generally conducted in locations where there is a broad range 
of sound sources [58]. The range of context varies based on the objective of the study.

2.3.4 Focus group

Focus groups are the additional modality of data collection in which the aim is 
to facilitate discussion based on the specific issue put forth by the scholar. A certain 
topic of discussion comes out with an unbiased opinion. This method engages the 
reflective state of mind of the participants about their previous experience of sound-
scape based on the discussion. It also helps the participants to express their ideas with 
the agreed response from other participants [46, 62].

2.4 Methods of mapping in soundscape research

There have been various methods of mapping soundscape based on the data 
collected on the measurements and these maps are found to be an effective tool in the 
assessment [63]. The noise maps that presently exist and that are recommended by EU 
Directive are in 2D. For the creation of urban sound maps, the model which is based on 
numerical methods is broadly used which provides quality inaccuracy [64]. However, 
these maps have considerable limitations in terms of both sound sources and the 
dynamics of a sound environment. Sound maps created based on sound measurements 
helps to improve the mapping of the soundscape [65–67]. Various applications allow 
participatory sensing to increase the potential of mapping the sound environments 
in the city based on measurements [68–71]. To know the time and spaced relation-
ship concerning such measurements, certain knowledge of the interpolation methods 
can be created to produce sound maps that show the spatial and temporal aspects of 
the sound [72–74]. Studies show that shortening the time of recording proved the 15 
min sampling period as relevant [74]. The shortening recording time of 5 min was 
also found in the literature; however, it should be compensated by a large number of 
measurements [69]. The dynamics in the urban environment can be explained with the 
help of spatial characteristics of the environment. He also mentioned that the repre-
sentativeness in the space based on spatial interpolation of the sound environment is a 
very important factor. Several types of research on describing the methods have been 
explored using urban sound level interpolation as Kriging methods, multi quadratic 
interpolation [67, 75], and (IDW) methods [17, 67, 75]. There have been various studies 
that created the interpolation of sound maps through fixed sound measurement 
stations which provides a useful insight for the city level [75, 76]. However, this is not 
possible as the distance of the measurement station is more and these can be explored 
by model-based methods. Various studies have been suggested for model-based sound 
maps for measurements suggesting that spatial interpolation methods can also be based 
on perceptual assessments [65, 77, 78].
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3. Theories and concepts of landscape

The origin of the landscape was traced back to the 5th century A.D by J.B, Jackson 
in his book “Discovering the Vernacular Landscape” [79]. In the fifteenth century, 
the reasonable depiction of the landscape which emphasizes the visual character and 
symbolic meaning was found in Renaissance paintings [80]. There are significant 
references that define the landscape as a picture representing natural inland scenery 
[81]. According to the landscape convention of Europe, Landscape is defined as an 
area perceived by the people, whose character is the result of the action and interac-
tion of natural and/or human factors’ [82]. This landscape became an expression 
of human thoughts, human beliefs, and human intuition or feelings. Later it was 
incorporated into different parts of the world. The original intent of the word was to 
define a specific parcel of land, and later a particular bounded scene as an object for 
painting. As per Jackson the word ‘land’, means a bordered territory and also refers 
to soil and territory, and as ‘organized land’ based on the characteristic of the people 
who made it. Landscape expresses the (visual) expression of territorial identity. It 
also refers to subjective observation and understanding [83]. In general, the varied 
definitions imply that landscapes are the portrayal of surroundings and aesthetics. 
Moreover, there is various understanding through definitions mainly to understand 
the process of human interaction and to understand the spatial dimension of the 
surroundings.

3.1 Landscape – A cross-disciplinary overview

The term landscape is used by a varied range of scientific disciples retaining dif-
ferent definitions. In broad terminology, the landscape is defined as the “total char-
acter of an area of the Earth” [84]. However, there are dynamic perspectives for 
the term based on different disciplinary contexts as shown in Table 1. According 
to the perspective of art, landscape images are the representations of landscape, 
e.g., as drawings, paintings, or photographs, which are the impressions or illusions 
which evolve in the mind of the observer as two-dimensional objects with added 
colored stains [86]. More importantly, landscapes are defined as the perception as 
demonstrated within the images, however as per archeology landscape was per-
ceived as a backdrop or a setting that is characterized by the interpretation of the 
artist [87]. In general, as per the observations from the historical perspectives, the 
landscape is considered in terms of cultural aspects and is interpreted as a cultural 
landscape that claims landscape as a result of human actions over time which 
gained its importance in the 1990s. Landscapes that are engaged by people through 
which the identities are created. Hence as per ecology landscape is defined as the 
investigation of the human population which induces the changes in the heteroge-
neity of ecological and landscape components. Geographers investigate landscape 
in terms of the region with an integrated spatial view followed by region and zone 
and also different factors such as topography, land use, etc. While the landscape 
is a representation of a relatively smaller unit as per geography, it serves as the 
representation of the earth's surface which makes it a more powerful concept for 
geographers [88]. In explaining the “Principles of Geology” Charles Lyell describes 
the landscape as the result of external and internal factors acting upon the struc-
ture of the earth's surface. Similar to Geographers, Geologists who describe the 
landscape as a geomorphologic process stumbled upon in a certain environment. 
The human action of the landscape where the natural landscape was transformed 
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into anthropized space as a result of human’s fight against space which leads to the 
exploitation of environment. To conclude according to historian’s landscape is an 
analysis of complex interaction between humans and the natural environment and 
the investigation of the same.

3.2 Landscape perception

“Landscape is composed of not only of what lies before our eyes but what lies 
within our heads.” [89]. Generally, perception is the process of deriving information 
through the senses which are an active process between organisms and the environ-
ment [90]. The perception of the environment helps us to understand the environ-
ment diversely. People usually interact with their environment for a purpose. As a 
result, we select spatial information related to our purpose [91]. There are two basic 
modes of perception auto-centric and allocentric as the first one deals with subject-
oriented and the second one deals with object-centered [92]. He explains that the 
components of auto-centric involve the sensory quality whereas the allocentric deals 
with attention and directionality. The terms of perceiving the physical environment 
involve not only physiological phenomena by both social and cultural factors as the 
perception changes based on the individual experience [93]. Hence the perception of 
our surroundings is dynamic based on the individual [55]. In terms of the perception 
of the environment landscape architects must play a crucial role in comprehending 
this relationship.

3.2.1 Visual landscape perception

Although spatial information is received through various senses such as a sense of 
smell, touch, auditory, etc the sense of sight is assumed to be the most valued sense. 
Almost 80% of our sensory inputs are perceived visually [92]. Hence in the environ-
mental assessment studies, the evaluation of visual landscape character is mostly 
taken into consideration [94]. Bourassa 1990 states the two principles of landscape 
aesthetics as biological and cultural in which biological aesthetics deals with the 
aesthetic contentment obtained from refuge or prospect whereas cultural aesthetics 
deals with the aesthetic contentment obtained from the landscape that contributes to 
cultural identity. The concept of aesthetics has evolved from history based on philo-
sophical context.

S. No Various disciples Given the meaning of landscape

1 Geographer Landscape as features in an area

2 Historian Landscape as a record of history

3 Architect Landscape as townscape

4 Academic Landscape as the analysis of meaning in the environment

5 Ideological Landscape as an expression of property ownership

6 Landscape architect Landscape as an object

(Source: Edward Relph, [85])

Table 1. 
Functional classification of ‘landscape’ meaning.
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3.2.1.1 A brief history of aesthetics in the philosophical context

The picturesque beauty of the landscape serves as a concern for the assessment 
of the visual quality of the landscape and its preferences. The concept of aesthet-
ics in environmental psychology gained its importance in ancient times. The 
term aesthetics was coined by a German philosopher [95]. The word aesthetics is 
derived from the Greek word “aisthanesthai” which represents “to perceive” and 
aisthet which means “perceptible objects”. Various philosophers connected beauty 
to truth and symmetry [96]. It was believed that beauty is linked to good and eth-
ics [97]. Aristotle on the other hand, argued beauty in perspective to mathematics 
[98]. He insisted that beauty was associated with size and order which is carried 
out in Rome and Greece where the approaches towards landscapes are connected 
to order, symmetry, proportion, and balance which rose to a concept of classism. 
Apart from this, the concept of modern aesthetics defined beauty as a certain 
composition of colors and Figures giving happiness to the beholder which was 
subjective [99]. Beauty beyond the expression of pleasure or joy was perceived 
as the perfection of sensitive cognition based on intellectual directions [100]. 
Landscape beauty on the other hand is related to our social and natural structure 
[101]. In the 19th century, beauty was perceived in terms of romanticizing Nature. 
During this period landscape was viewed as an object which has some intrinsic 
qualities. However, the perception of objectifying landscape changed during 
the 20th century as the landscape is perceived as relevant to its subject which is 
connected to the people’s experience [102]. Mainly in landscape two approaches of 
visual landscape assessment were observed as subjective and objective. Subjective 
assessment is the assumption of visual quality in relevance to the observer 
whereas the objective approach deals with the characteristics and physical char-
acteristics of the environment. Four various prototypes involve the perception 
of visual assessment of landscape as experts, psychophysical model, experiential 
model, and cognitive model

3.2.1.1.1 The expert’s prototype

This is a paradigm based on the judgment of the experts based on the visual qual-
ity of landscapes. These are based on the characteristics of landscapes as vegetation, 
texture, color, landform, etc, and based on this model the natural ecosystems gain 
their aesthetic value. The disadvantage of this prototype is its inefficiency to consider 
the users’ perceptions [103]. Moreover, the model was criticized due to its consider-
ation of only experts based on the perception of the visual environment; however, it is 
mandatory to incorporate the people’s opinions about the landscapes which the model 
failed to do so.

3.2.1.1.2 The psychophysical prototype

In contrast to the expert’s prototype, the visual quality of the landscape is evaluated 
in terms of public opinion in the psychophysical prototype. The techniques used for 
evaluating this prototype are ranking and categorizing for evaluating the visual quality 
of the landscape [104]. The main objective of this model is to perceive the landscape as 
an external factor without conscious thinking based on its incentive nature.
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3.2.1.1.3 The cognitive prototype

The cognitive paradigm centers on the reason to understand why people prefer 
specific landscapes which are theoretical approaches. This prototype differs from 
the psychophysical paradigm as it influences aesthetic judgment based on the visual 
quality of the landscape. Mostly tools such as semantic differential analysis and a 
checklist of adjectives are considered to evaluate the preferences and meanings of 
such landscapes. Mostly it is based on the evolutionary theories on environmental 
perception however it neglects the physical environment and focuses on meanings 
associated with landscapes

3.2.1.1.4 The experiential prototype

The experiential prototype approach is commonly explored by geographers who 
practice this prototype in “sense of place” studies. This focus on human-environment 
interaction is based on their experience. The experiential approach focuses more on 

Figure 2. 
Theories and concepts of Landscape (Source: Carys Swanwick, [109]).
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subjective than cognitive and psychophysical paradigms. Hence the measurement 
of the dependability and validity of the results is tough. The prototypes classified 
contribute to the overall comprehension of environmental perception. However, 
making use of the public as the center of the prototype is essential [105] assessed that 
landscape architects and geographers intend to use a theoretical and a psychologi-
cal approach in landscape assessment while psychologists use mainly theoretically 
derived psychometric methods. Hence it is very much essential to relate different 
disciples to resolve the conflicts.

3.3 Significance of landscape

Landscapes have a significant role in enhancing the human experience which has a 
wide range of theoretical perspectives [106]. This landscape serves as a cultural image 
in which it represents the pictorial way of representing human surroundings [107]. 
As a result of new concepts and approaches, the landscape ensures a remarkable 
change [90]. Landscape integrates the dynamic and functional relationship between 
the components which serves as an expression of an ecological, economic, and social 
organization [108] as shown in Figure 2.

Landscape helps us to perceive and depict the importance of its resources through 
conservation and enhancement of the same [110]. In general, the landscape origi-
nated from the concept of Nature’s philosophy in which human beings are considered 
as a part of nature which is described as ecological humanism.The landscape can 
be seen as physical geography which is perceived as a concept of space rather than 
trying to create new boundaries [111]. The authors insisted that landscape can also be 
perceived as archeology and human geography in which the allocation, distribution, 
and people were compared and incorporated with the background information of 
the natural environment. Landscapes are argued as “symbolic environments” which 
are created by human acts that confer meaning to the environment [112]. Landscape 
can also act as social constructions that are mediated through the collective human 
experience as it emerges the people with the social setting with the engagement of 
people with the material world.

4. Role of green spaces in an urban context

As a result of growing urbanization, the configuration of recreational space 
in connection to environmental problems such as noise has become a challenge 
since roads and traffic sounds are inevitable in the urban context. Green spaces 
have an important role in addressing these issues as they can increase the health 
and well-being of the citizens in the urban context. They also had the potential to 
provide habitat for biodiversity, especially in urban parks. Moreover, these spaces 
bring tranquility to the urban context which is evident in many studies [113] made 
a specific questionnaire in seeking an answer for quietness in the urban environ-
ment. In response to that, a large group of participants responded that they visit 
green spaces to relax. Therefore, visiting quiet places or going outside actually meets 
a need for quietness in the urban context. Quiet is not a core requirement for such 
acoustic preference in the outdoor acoustic environment. Core requirements include 
congruent soundscape and landscape, and dominant wanted sounds in a place over, 
and not masked by, unwanted sounds [114]. There have been various efforts taken to 
protect such places. E.g. a decade ago the Environmental noise Directive 2002/49/EC 
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suggested the competent authority implement a noise action plan intended to protect 
the quiet areas as urban parks. There have been various definitions of quiet areas as 
quiet areas are those that contribute to the society’s culture and have a specific char-
acter and it does not represent the absence of sound [13]. In addition to that, the END 
defined the specification of the quiet area as 55 dB L day. It is observed that the pos-
sibilities for quiet recreation in urban environments can have a positive effect on the 
quality of life in the urban setting [13, 115] worked on the first-ever evaluation of the 
tranquility of open spaces for the characteristics of both acoustic and visual stimuli. 
They found that the maximum sound pressure level and the percentage of landscape 
features present at a location were the key factors influencing the tranquility of the 
urban context. With this, it is evident that green spaces especially urban parks help in 
exploring the tranquility of the citizens in an urban context.

5. Soundscape dimension in Landscape

As a result of urbanization, more concerns related to sustainability aspects of the 
landscape are taken into consideration by various scholars. In the early 1960s and 
1970s the concept of sustainability under landscape evolve from the ecological point 
of view which is stated with various concepts such as urban metabolism [116], land-
scape urbanism [117], and “design with nature” [118]. In general, the aspects of sus-
tainability include aspects of social, environmental, and economic concerns where it 
could be agreed upon sound, especially in connection to social sustainability [33, 119]. 
Due to the increased urbanization nature, related places act as a pause for stress and 
have been important places for restoration [120, 121]. Especially in an urban scenario, 
these spaces act as a key element in providing tranquility [12]. The extent of land-
scape architecture is a diversified one. It ranges from the micro level as the design of 
individual plant beds to the macro level as planning at the city level. In 1847, Sir Joseph 
Paxton designed Birkenhead Park in England by reclaiming the existing marshland. 
Landscape architecture as a profession gained its value in the year 1858, after the win-
ning proposal of Calvert Vaux and Fredrick Law Olmsted for the design of the central 
park, New York [122]. However, the field had its significance much earlier when 
Geoffrey and Susan Jellicoe portrayed their first recognized examples of landscape 
designs in cave paintings in France and northern Spain, which dated back between 
30,000 and 10,000 BC [123]. The field gained its significance in the direction of 
environmental-related approaches with the idea of a few works of notable landscape 
architects as “design with nature” [118]. McHarg gives an ecological concept that is 
chained to the environmental services which laid the foundation for environmental 
sciences. Because of the regional environment, the emergence of multifunctional 
landscape design has become an important paradigm that addresses varied societal 
pressures such as population growth, and degradation of the environment [124]. Mc 
Harg’s design-with-nature concept is a precursor for the multifunctional landscape 
design in which he focuses on social, natural, and cultural processes and establishes 
the relation between man and nature. Various systems address the integration of 
nature for multifunctional benefits which is the result of Mc Harg Design with nature 
concept [118]. The main feature of this system is the integration and facilitation of 
several ecosystems along with consideration of human interventions which becomes 
an integral part of the ecosystem [118]. With this evolved the concept of landscape 
urbanism which is considered to be an aspect of sustainable consideration [117]. As 
an inspiration from McHargian landscape planning, landscape urbanism focuses 



247

Perception of Soundscape in Landscape
DOI: http://dx.doi.org/10.5772/intechopen.108938

on natural science with the conception of ecology as the main theme. It attempts to 
engage the natural and cultural system which is on par with the McHargian concept 
which explains the best fit between culture and nature. In his book, design with 
nature he defined landscape architecture as the process of superimposing and syn-
thesis land information. He also incorporated sound data as a source of noise [33]. 
It has been proved that the landscape architects are well-thought-out of sound in 
their experiments. For instance, on the measurement of Lascaux and other caves, 
[125] found that the image representing animals was placed in such a way where the 
aural qualities of such caves would reverberate sound which makes it feasible for 
the animals to come alive. Moreover, the conscious embellishment of garden design 
features such as water features in Renaissance Italy, suikinkutsu in Edo-era Japan, and 
mechanical singing birds of oriental gardens were a few interesting examples of how 
sound was incorporated into the landscape. In line with other aspects of landscape 
architecture, perception, understanding, and function of sound-space associations 
have undeniably diverse among practitioners. Soundscape planning a resemblance to 
landscape planning involves design or management to influence the acoustic environ-
ment of a place to improve the human perception of such an environment. These 
environments are continuously shaped by both social and cultural characteristics of 
society. In general, the urban environment is an ecological entity that comprises three 
factors landscapes, soundscapes, and people [57]. Hence, the diverse human senses 
and the physical environment should be considered together in interpreting urban 
environments [126].

5.1  Influence of natural and manmade landscape elements on soundscape 
perception

Landscape factors have been well-thought-out in numerous studies about sound 
and soundscape perception [2, 115, 127]. People’s landscape preferences play a vital 
role in a significant correlation with the sounds, especially in the presence or absence 
of wanted and unwanted sounds more than acoustic characters [128]. The classifica-
tion of sound sources according to [129] is shown in Figure 3. Biophony refers to the 
sounds which are produced by biological organisms such as birds and insects [10]. 
Geophony refers to running streams, rain, and waves whereas anthrophony refers to 
sounds produced by humans. Among all these sound sources, anthrophonic sounds 
are considered the most dominating sounds because of their capacity to produce high 
energy [129]. It is also considered to mask biophony and geophony sound sources 
due to its high energy. In broad terms, sound sources mingle and interact with one 
another.

Biophony involves the sounds which are produced by living organism as birds and 
insects that are considered to be the most frequent biophonic sound producers [10]. 
The pitch and frequency of their songs depending on whether they are habitat to the 
natural or urban environment. In general, some birds in an urban setting have been 
observed to sing more at the night due to the less intrusive anthropogenic sounds 
[129]. Correspondingly geophony may have an impact on biophony as wind or rain 
which suppresses the bird’s sound or biophony. In many cases, anthropogenic sounds 
are considered to be the dominant as they mask the biophony and Geophony due to 
the strong energy produced. The high influence of these sounds can be mitigated by 
camouflaging them with the addition of positive sounds because relatively enhance-
ment of pleasant sounds was found to reduce the perceived loudness and botheration 
of the receivers. In urban scenarios sounds from nature are typically taken as a means 
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to enhance the acoustic quality [130, 131]. Factors such as the presence of trees 
and natural features contribute to psychological perception by users, even in areas 
with higher sound limits than those that define as quiet areas. Natural sounds are 
those which are produced by organisms (biophony) or by the physical environment 
(geophony) [43]. It is proved from various studies that good soundscape quality areas 
are those with highlighted natural sounds whereas low soundscape quality areas 
are those with highlighted technological sounds [132, 133]. These factors cannot be 
neglected in the soundscape assessment of urban spaces according to [52]. Through 
interviews, [134] showed that natural sounds such as birds twittering and the wind are 
the most expected sounds than sounds from road traffic and aircraft fly-over which 
are considered to be most annoying. Natural sounds and landscape features have a 
significant part to play role in improving the perception of the soundscape [16, 135].

5.1.1 Role of water body in soundscape perception

There have been various categories of water bodies that have a significant contri-
bution to the enhancement or masking of sounds. In an ecological waterscape, acous-
tic comfort is an important element associated with landscape experience. The water 
sounds such as streams and waves of lake sounds were selected as effective natural 
sounds to mask urban noises. In general ponds, lakes, pools, and puddles fall into the 
still-water category whereas waterfalls, rivers, brooks, fountain jets, and cascades fall 
into the moving water category [136]. The level of the water sounds should be simi-
lar to or not less than 3 dB below the level of urban noises [46]. It is observed from 
various literatures that water elements such as jets, fountains, running water, etc. 
have some influence on the soundscape of an urban environment, especially in urban 
parks. It has been noted that sounds from water features improve the urban sound-
scape also mask the unwanted background noise in parks [13]. They can also be used 
to effectively mask other irritating sounds [134]. Brown in 2003 suggested that rush-
ing water can be used as an acoustic camouflage of traffic sounds [137, 138] experi-
mented with fountains and proved that water sounds may have an indirect impact on 
soundscape quality by camouflaging the cap urban of hearing the road-traffic noise. 

Figure 3. 
Classification of sound sources (Source: [129]).
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They conducted a field experiment to explore whether water sounds from a fountain 
had a positive impact on soundscape quality in a downtown park. In total, 405 visitors 
were recruited to answer a questionnaire on how they perceived the park, including 
its acoustic environment. Meanwhile, the fountain was turned on or off, at irregular 
hours. Water sounds from the fountain were not directly associated with ratings of 
soundscape quality. Rather, the predictors of soundscape quality were the variables 
“Road traffic noise” and “Other natural sounds”. The former had a negative and the 
latter had a positive impact. However, water sounds may have had an indirect impact 
on soundscape quality by affecting the audibility of road traffic and natural sounds. 
Traffic noise reduction can be achieved by the introduction of water-oriented sound 
in urban open spaces. Coensel et al. [31] suggested that adding fountain sound with 
low temporal variability reduces the loudness of road traffic whereas, the addition 
of bird sound enhanced soundscape pleasantness and eventfulness. The addition of 
the latter was more effective in curbing traffic noise. They also agree with the results 
from laboratory studies that water sounds may mask road traffic sounds, but that this 
is not straightforward. Thus sound should be brought into the design scheme when 
introducing water features in urban open spaces especially since flowing water can 
improve the restoration experience [139].

5.1.2 Role of greenery in soundscape perception

As water features influence the soundscape, the greeneries also help to influence 
the soundscape [140] suggested that tree belts help with noise reduction in open 
spaces and urban parks which decreases the stress on environmental noise for people. 
Besides, [141] proved through experimental research that the effects of hedges, as a 
result, of a combination of physical noise reduction, influence people’s perception. 
The acoustical effect produced by the hedges can be understood as a combination of 
physical noise reduction and its influences on perception. In a study that involved 
the measurement of light vehicle noise reduction by hedges, thick dense hedges were 
found to provide only a small noise reduction at low speeds. Whereas, higher noise 
reductions were found to be associated with an increased ground effect. It is also 
proved that even the trunks could disperse sound [29]. Acoustically soft material, for 
instance, as found in vegetated soil can be used to reduce unwanted sounds while at 
the same time producing other ecosystem services [133]. New physical structures of 
densified urban spaces, if planned appropriately, can be used as screens that separate 
city spaces acoustically [142, 143] proved that viewing natural landscapes as vegeta-
tion and other natural elements generally creates a stronger positive health effect than 
viewing urban landscapes as concrete, buildings, and other man-made structures. 
This is proved by quantitative (EEG evaluation) and qualitative (the questionnaire 
survey) methods which indicate that landscape plants can cause inflated levels 
of noise reduction and psychological noise reduction. There have been various 
researches that show the impact of vegetation on soundscape [128, 144, 145] with the 
help of different methods of data collection. This shows that acoustic dynamics can be 
linked to vegetation structure, even on a micro-scale.

6. Conclusion

The paper reviews the state of the art of literature on various definitions, percep-
tions, and theories of landscape in conjunction with the theories of the soundscape 
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and classification of soundscape elements. Also, it reviews the soundscape dimension 
in the landscape through the function of green spaces. In the modern scenario, most 
conservation aspects are focused on the preservation of natural biodiversity, however, 
diminutive thought is provided to the acoustic heritage which greatly contributes 
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ronment, especially in urban areas. In terms of landscape, the auditory sense provides 
visual awareness in terms of activities. A better consciousness of sound and other 
senses generates a more pleasant understanding of the surrounding landscape. Hence 
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the planning level in terms of the design of urban spaces. In this paper, the landscape 
element of vegetation and water body has been discussed. However, further research 
can be extended to understand the impact of other landscape elements as different 
footpath materials, soil, seating, hoardings, etc. in relation to soundscape.
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Chapter 14

Securing Smart Grids to Address 
Environmental Issues in Regional 
Planning
Vicent Mbonye

Abstract

This chapter examines regional planning and development in relation to sustainability 
and highlights sustainability challenges in various regional planning case studies. Creating 
smart cities addresses the problems that arise from rapid urbanisation and growth of 
the urban population. This chapter provides an overview of smart cities and discusses 
several global smart city efforts. It introduces the idea of smart energy highlighting the 
smart grid components and how it tackles environmental challenges in regional planning. 
Additionally, it analyses several threats to the smart grid that may hinder its efficient 
operation and makes suggestions on how to deal with them so that sustainable energy 
may be delivered to smart cities.

Keywords: security, regional development, smartgrids, smart cities, sustainability

1. Introduction

The number of people residing in cities is expected to reach approximately 5 
billion by the year 2030. A significant portion of this urbanisation will take place in 
Africa and Asia, resulting in profound social, economic, and environmental changes 
[1]. However, the fast shift to a highly urbanised population poses significant dif-
ficulties for the design, growth, and management of cities [2]. Examples include 
challenges with waste management, a lack of resources like electricity and water, air 
pollution, concerns about human health and traffic congestion [3].

A number of nations have embraced the idea of smart cities as a means of reducing 
the issues brought on by the rapid urbanisation and growth of the urban population 
in their regional planning efforts [3, 4]. For instance, Bristol city and Miltonkeynes 
in England, Chicago city in United States of America and Shenzhen in China. More 
smart cities have been built in Australia, Japan and Singapore.

In Africa, various smart city initiatives are being developed. These cities include 
Vision City in Kigali, Rwanda, HOPE City in Ghana, Waterfall City in South Africa, 
and Senegal’s Akon City. It also includes, Eko Atlantic City in Nigeria and Konza City 
in Kenya [5].

Smart city elements include smart infrastructure, smart transportation, smart 
energy and smart healthcare. Smart citizens, smart governance, smart buildings, 
smart technology, and smart education are also included [4]. In these cities, solutions 
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to more sustainable transport, energy, health and education have been developed and 
some are in development. For instance, MiltonKeyness has set up an innovative solu-
tions to support efficient transportation through a smart transport application called 
MotionMap [6]. In Japan, Yokohama is characterised by smart city features within its 
energy, waste, transportation, and water services [7].

Dealing with the difficulties of dependable electricity becomes essential when 
populations move to cities and increase their energy consumption [8]. This is because 
reliable electricity fuels economies, governments, health care, education, and leads 
to poverty reduction [8, 9]. Hence, the lack of adequate and reliable power is a major 
constraints in economic growth [10].

The core of a smart energy system in smart cities is the smart grid [11]. Smartcities 
implement the smart grid to integrate decentralised sustainable energy sources, 
effective distribution, and optimised power usage [4]. Through the smart grid utility 
companies can add renewable energy sources like wind, solar, and biomass, which 
are more ecologically friendly than the fossil fuels like coal used in many facilities for 
generating large amounts of electricity [12]. For example, Japan has developed the 
smart grid system in Yokohama with distributed power sources, self-managed power 
plant that uses renewables [7]. In South Africa, smart grids electric systems are being 
piloted [13]. Already projects in various municipalities have enabled efficiencies and 
effectiveness not seen before in the municipal environment [14].

Despite the fact that the smart grid solves the numerous energy concerns, the vast 
interconnectedness of the systems creates a significant attack surface for intruders [15]. 
For instance, intruders can compromise smartgrid infrastructure like the smart meter 
through a denial-of-service attack that prevents critical alerts, such as alarms, from being 
relayed to the head-end systems [15]. In addition, they can hack the smart meter and be 
able to see everyday life patterns of consumers and occupancy of households [15]. Hence, 
these assaults put human lives in danger in addition to destroying infrastructure [16].

Safety is crucial to create environments where residents may fully benefit from 
economic and cultural opportunities [17]. Ensuring that a city is safe is important in 
order to satisfy the urban safety sustainability indicator [18]. The urban safety indica-
tor focusses on urban security and protection against crime, as well as defence against 
its impact [18]. This chapter argues that threats to the smartgrid reduce the possibility 
of having safe liveable smart cities that are sustainable.

Safeguarding the security of residents calls for a thorough comprehension of best 
practices and solutions backed by adequate resources [17]. Regional planners, must 
be knowledgeable about the smart grid and its role in sustainable regional develop-
ment. They should also know smartgrid domains and the threats to the smart grid. 
Furthermore they need to be aware of the proposed remedies these threats. This can 
aid in the planning and development of more sustainable cities.

2. Sustainability challenges in regional planning

Sustainability involves ensuring that people can satisfy their immediate demands 
without compromising the ability of future generations to satisfy their own [19]. 
Sustainability development goals include eradicating poverty, quality education, zero 
hunger, good health and well-being, sustainable energy, clean water, and sanitisation [19].

Regional planners must make sure that initiatives for regional development are 
centered on sustainability. However, a variety of barriers that could prevent sustain-
able regional planning have been recognised in the literature.
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The management of suburban sprawl is one of the major problems confronting 
planners in many nations [20]. Despite several studies and attempts to control sub-
urban sprawl, it still poses a serious problem since it encourages unsustainable urban 
development. As an illustration, in India, the pressure from the growing population 
and the saturation of urban regions within municipal boundaries led to the densi-
fication of the central urban centres of Dhanbad and Jamshedpur. In addition, the 
development of built-up land at the expense of agricultural land in Ranchi Urban is 
documented [21]. In a similar study conducted in India, land use in Kolkata UA was 
altered by urbanisation and development. However, this resulted in unparalleled 
urban sprawl, which greatly harmed the environment [20]. Additionally, the majority 
of the region was converted to urban territory at the expense of agricultural land. This 
also applied to swamps and aquatic vegetation [20].

Furthermore, in Ethiopia, it’s reported that the town’s Ehud-Gabia market was 
converted into a bus stop, residential area and kindergarten [22].

In China, the development of new development zones and the transformation of 
urbanised communities were the primary reasons of fast urban sprawl [23]. However, 
although real estate development was a main driving factor for rapid increase in 
Gross domestic product (GDP) in China, it led social problems like traffic congestion 
in Beijing [23]. In addition, urban sprawl in Shanghai resulted in the loss of a sig-
nificant amount of farmland and agricultural operations and endangering the city’s 
traditional architectural forms [23]. Moreover, many individuals in Guangzhou who 
relocated to suburbs found it challenging to adjust to new life transitions and living 
situations [23].

Sanitation and waste disposal are also growing concerns in regional planning. The 
soil, water, and air can get contaminated as a result of improper waste management. 
This fosters unhygienic circumstances that could cause illness, damage, or death. 
More than 60% of the world’s population lacks access to either adequate or even safe 
sanitation facilities or services. Additionally, the majority of wastewater produced 
globally is discharged without being properly treated [24].

Waste management is crucial in the construction of sustainable and habitable 
communities, yet it is still difficult in many developing nations and cities. Global 
waste production rates are growing. Annual trash generation is anticipated to 
increase by 73% from 2020 levels to 3.88 billion tonnes in 2050 due to high popula-
tion expansion and urbanisation [25]. In low-income countries, waste is usually 
burned outdoors or thrown in unregulated dumps. The environment, public 
safety, and health are all adversely affected by these actions. Moreover, methane 
produced by improper waste management contributes to climate change and may 
even fuel urban violence [25]. In addition, effective waste management is expen-
sive, frequently taking up 20–50% of municipal budgets. Moreover, unsustainable 
waste management has a greater detrimental impact on residents of developing 
countries than on people of industrialised countries, especially the urban poor [25]. 
Additionally, urbanisation also leads to an increase in waste production. High-
income nations and economies are more urbanised and produce more garbage overall 
and per person [26]. Hence, locations with a high proportion of growing low-income 
and lower-middle-income countries are anticipated to have the biggest increases in 
waste production. This is because it is projected that waste production increases with 
economic development and population expansion [26]. Waste levels in the Sub-
Saharan Africa and South Asia regions are expected to nearly quadruple and double, 
respectively, during the course of the next three decades as a result of urbanisation 
and economic growth [26].
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Waste management challenges are documented in literature. For instance, poor 
collection of waste affects the effective management of waste. As an illustration, it 
is reported that Senegal produces more than 2.4 million tonnes of waste per year. 
However, about 1.08 million tonnes remains uncollected causing harm to the envi-
ronment [26]. Another issue in waste management is the absence of funding for the 
creation of solid waste management systems, which makes it even more important to 
factor in continuing operating expenses up front [26]. These factors make sustainable 
waste management a difficult task on the path to economic growth, and the majority 
of low- and middle-income countries and their cities struggle to manage them [26].

Integrated systems that are effective, sustainable, and socially supported are 
needed to operate this crucial municipal services [25]. Smartcity initiatives have 
facilitated addressing waste and sanitisation issues. For instance the city of Yokohama 
has implemented a garbage collection and management system based on IT, the 3R 
(reuse, reduce, recycle) philosophy, and bioenergy generated from solid waste [7].

Additional planning challenges for a sustainable regions arises from maintaining 
clean air and water in urban areas. Air is one of the most important environmental 
factors when examining the relationship between environmental quality in populated 
areas and population health and wellbeing [27]. However, the safety and well-being 
of society are endangered when pure air is polluted [27]. This may result in disease, 
injury, or even death.

In addition, the quality of the world’s water is impacted by the growth of metropolitan 
areas. Runoff from urban surfaces, for instance, may contain a variety of pollutants, 
such as heavy metals, sodium, nitrate, phosphorus, trash, and rubber residue [28]. 
Additionally, contaminants from urban surfaces have the potential to significantly worsen 
the water quality of urban streams and other receiving waterways [28]. Furthermore, 
the way rainfall is caught, stored, and released in hydrological systems is also affected by 
changes to slopes, elevations, soils, and plant covering [28]. These developments result 
in the creation of extensive flat, impervious material regions and drainage networks, 
significantly changing the main hydrological routes. For instance, significant wetlands in 
Tianjin have gradually been replaced by extensive urban development [29].

Overpopulation is also acknowledged as a significant problem in regional plan-
ning. When there are more individuals than resources available at an area. In cities, 
overpopulation presents a number of challenges. Firstly, it prevents a nation from 
using its resources effectively [30]. Secondly, it also leads to production methods that 
are inefficient and out of touch with consumer demand. For example, most people 
who work in agriculture regularly try to support their families on small pieces of 
land even if doing so does not ensure the family’s long-term survival [30]. In India, 
Overpopulation has resulted in inadequate health care facilities, inadequate educa-
tion, and early marriages [30].

Industrialisation is another major challenge in regional development. Pollution 
and environmental degradation rise as a result of industrialisation and increased capi-
tal intensity. With a contribution rate of 61%, industrial activities have been shown to 
be a significant contributor to the global threat of environmental pollution [31].

Furthermore, energy utilisation is a key challenge in regional planning. The major-
ity of the world’s energy is now produced by fossil fuels (coal, oil, and natural gas), 
which cause climate change to worsen and air quality to decline. Cities currently use 
75% of the world’s resources and energy, which results in the production of 80% of 
greenhouse gases. Therefore, there might be a significant detrimental influence on the 
ecosystem in the next decades [4]. City planners hence need to plan for sustainable 
energy solutions.
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Other challenges in regional development include the lack of involvement of stake 
holders in the realisation of regional development goals and insufficient funds [22].

In this section, the challenges to regional planning were discussed. These chal-
lenges are all unique in their own right. For instance, it is important to decrease 
industrial pollution since it can harm the quality of the air and water. Additionally, 
inefficient waste management practices could jeopardise the health of residents. 
Finally, the larger issue caused by urban growth must be addressed and combated via 
sustainable urban development. A variety of urban sustainable development solutions 
may be used to address urban sustainability concerns. Regional planning and the need 
for sustainable energy are covered in the next section.

3. Regional planning and sustainability energy

The International Energy Agency (IEA) estimates that cities account for 71% 
of CO2 emissions and use around 67% of all energy produced globally [32]. 
Urbanisation will account for 66% of the global population by 2050, which would 
increase energy use and CO2 emissions by up to 80–90%.

A totally decarbonised electricity sector must serve as the foundation for a net zero 
energy system [33]. However, the energy sector is responsible for around 60% of all 
greenhouse gas emissions worldwide. This is because, more than 60% of the power 
used in the globe today is still produced from fossil fuels. That percentage must fall 
to 26% by 2030 in order to be compatible with the scenario of net zero emissions by 
2050. To reach this goal, the implementation of low and zero-emission sources must 
accelerate rapidly [32]. Regional approaches to renewable deployment in Africa can 
lower overall system costs and enhance operation. Regional strategies can increase the 
flexibility and stability of national power networks and act as a complement to enable 
nations to accelerate the development of single sources while also lowering the risks 
associated with climate change [34].

By supporting renewable energy, which is more ecologically friendly than the 
fossil fuels utilised in many electric power producing facilities, the smart grid offers 
a solution [12]. Hence, measures that ensure the efficient operation of the smartgrid 
in smart cities are key in its success. This ensures the delivery of safe reliable and 
sustainable services to individuals.

4. Urban safety and sustainability

A smart city goes beyond the use of digital technologies for better resource use 
and less emissions [35]. It comprises better water supply and waste disposal systems, 
stronger urban transit networks, more efficient building lighting and heating sys-
tems. It also implies safer public spaces, a more active and responsive local govern-
ment, and addressing the needs of an older population [35].

Safety is critical for building environments in which residents may fully use 
economic and cultural potential [17]. To ensure safety, coordinated policy approaches 
to urban safety and security are required. Also a robust knowledge foundation of good 
practices and effective interventions backed by suitable resources are essential [17]. 
The goal of urban planning and implementation is to create economically productive, 
environmentally sustainable, socially viable, and livable urban areas that are physi-
cally connected and interconnected [22].
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One of the main goals of the 2030 Agenda for Sustainable Development’s Goal 11 
is to make cities and human settlements secure [17]. Through this goal member states 
make a commitment to promote secure and safe environments in cities and human 
settlements that allow everyone to live, work, and participate in urban life without 
fear. In this context, member states are required to adopt measures to reduce violence 
and promote urban safety in their nations [17].

The best methods for ensuring urban safety and security involve addressing 
the many factors that contribute to crime and other acts of violence, such as sexual 
harassment and gender-based violence. This includes strengthening local ties, foster-
ing civic engagement and collaboration, and improving local governance of safety 
and security as a public good through civic engagement, place-making, vernacular 
arts and cultural activities, behavioural change strategies, and community develop-
ment initiatives [17].

5. The role of smart cities in sustainable regional development

A smart city is allocation that allows for services to be enhanced by information, 
digital, and communications technologies to make them more adaptive, effective, and 
sustainable for the benefit of its citizens [4].

Smart cities include intelligent transportation systems (ITS), which encompass 
the rail, water, and air transportation systems as well as their interconnections [4]. 
The smart transportation system makes it simple for users to choose from a variety of 
modes of transportation for the cheapest, shortest, or quickest routes.

Smart healthcare in smart cities refers to a concept that combines traditional 
healthcare with smart biosensors, wearable technology, information and communica-
tion technology (ICT), and smart ambulance systems [36, 37]. Patient information 
may be accessed in real-time at various offices inside a smart hospital, or even at many 
smart hospitals in the same or separate cities [4, 38].

Additionally, smart cities incorporates “smart governance,” which relies on con-
cepts of good governance including transparency, accountability, collaboration, and 
citizen involvement. Smart governance is the skillful application of ICT to enhance 
decision-making through greater collaboration between many stakeholders, including 
the government and the general public [39].

Smart cities include the use of smart technology for the design, implementation, 
and operation of smart cities. The ICT infrastructure is the crucial smart component 
of the smart city, holding all the other elements together and serving as the hub for 
its residents [4]. Infrastructure for services is built on physical infrastructure and 
may include certain ICT elements. Smartgrids and mass rapid transit systems are two 
examples of service components.

Everything that is physically, electrically, or digitally connected to a smart city 
forms its infrastructure. Smart infrastructure includes smart buildings that may have 
a variety of hardware, software, sensors, and smart appliances for various automated 
activities, such as data network, access control, power management, and lighting 
control [4].

Additionally, the smart city incorporates smart energy which is includes smart-
grids that generate, store and transport sustainable energy using information and 
communication technology (ICT) [4].



265

Securing Smart Grids to Address Environmental Issues in Regional Planning
DOI: http://dx.doi.org/10.5772/intechopen.110189

5.1 Case studies of smart cities around the world

The concept of a “smart city” refers to an area where existing networks and 
services have been enhanced via the use of digital technologies for the benefit of both 
its citizens and businesses. The following are some of a smart city’s components: 
smart infrastructure, smart buildings, smart technologies, smart government, smart 
education, and smart citizens [4].

To address the problems and challenges associated with urbanisation, several 
nations and towns have started their own smart city initiatives. For instance, Bristol 
is renowned for its smart city and sustainability projects; in 2017, the city was named 
top in the UK Smart City Index [40] and was European Green Capital in 2015.

Milton Keynes is one of the smart cities that have developed their smart city 
strategy and put important initiatives into effect [6]. This project’s initiatives 
include cutting-edge methods to assist effective mobility, such as the creation of the 
MotionMap smart transportation app [6].

The city of Curitiba is well known for its innovative efforts in the field of sustain-
able urban development. Brazil’s Curitiba is regarded as a premier example of sustain-
able urban design. It has received numerous accolades, including the 2012 Global 
Green City Award and the World Habitat Award for Urban Management [41].

Australia’s top three smart cities are Sydney, Melbourne, and Brisbane. The most 
widely used technologies in these cities are those involving the internet of things, 
artificial intelligence, and driverless vehicles [42].

In Japan, Yokohama has developed the smart grid system with distributed power 
sources to provide sustainable services to individuals. In terms of waste management, 
it has built an IT-based collection and management system that provides efficient 
collection and management of waste in the city [7].

In China, Shenzhen was designated as an experimental city to spearhead China’s 
modernisation. It has two giant telecom firms, Huawei and Tencent which are playing 
pivotal roles in advancing the smart city movement in China [43]. Shezen has imple-
mented smart technologies through carefully including innovative technologies like 
artificial intelligence, the internet of things.

Similar methods have been employed by Singapore to promote economic develop-
ment through smart city initiatives. Singapore, for instance, has earned the title of lead-
ing smart city. Singapore was ranked first among 102 worldwide smart cities by the IMD 
World Competitiveness Center, with the highest rating of AAA; Singapore is ranked as 
the seventh-smartest city in the world by the IESE Cities in Motion Index 2019 [44].

Additionally, there are various smart city initiatives being created or planned 
throughout Africa. For instance, Akon City in Senegal, HOPE City in Ghana, Vision 
City in Kigali, Rwanda, Konza City in Kenya, and Eko Atlantic City in Nigeria are a 
few examples [5].

The core of the “smart city” concept is the notion that information and communi-
cation technology may promote intelligent behaviour and logical, optimum decisions 
in urban settings (ICTs). By utilising ICTs to process information in the form of data, 
urban planners, investors, and developers would be able to redesign the experience 
of urban life using computer power, networked technologies, and scientific discover-
ies. Infrastructure, energy, health, safety, and other problems might be addressed 
by bringing objects and people continuously online and integrating sensors and the 
Internet into physical-virtual interactions.
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5.2 Smartgrid domains

Cities currently use 75% of the world’s resources and energy, which results in the 
production of 80% of greenhouse gases. As a result, they may suffer grave environ-
mental consequences in the following few decades. This necessitates the idea of smart 
cities. The development of smart cities is a logical response to the issues brought on 
by the fast urbanisation and population increase of cities. Smart cities, once imple-
mented can reduce energy consumption, water consumption, carbon emissions, 
transportation requirements, and city waste [4]. The smart grid is the heart of a smart 
energy system. The information and infrastructure that make up the smart grid are 
in charge of gathering data on energy usage and disseminating information about 
provider rates. Smart appliances like dishwashers and water heaters may be operated 
with an acceptable degree of energy consumption using ICT. The smart grid facilitates 
efficient energy storage, smart metering, and effective energy management [45].

As depicted in Figure 1, the smart grid can be broken down into seven domains: 
Operations, Distribution, Service Provider Markets, Generation, Customer and 
Transmission [47].

In the customer domain, Consumers can control how they use and produce energy 
through the Home are network [48]. The consumer is the last stakeholder, the smart 
grid seeks to assist the customer.

In the Service Provider/Utility Domain, Service providers manage customer 
accounts, billing, and energy usage. The service provider links to the customer and 
market domains as well as the operation domain for situation awareness and system 
control [46].

Figure 1. 
Interaction of actors in different smart grid domains through secure communication flows. Source: [46].
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The process of supplying electricity to the end consumer begins with energy gen-
eration. Through an interface, the bulk generating domain is electrically connected to 
the transmission domain and interacts with the market, transmission, and operations 
domains [49].

Communication with the transmission domain is crucial because without trans-
mission, consumers cannot be served [48]. The transmission domain is in charge of 
the extensive transfer of electrical power via multiple substations from a generator to 
a distribution system [48]. The transmission domain uses several substations to move 
electrical energy across long distances from the generating domain to the distribution 
domain [46].

The transmission domain is in charge of transferring huge amounts of electrical 
power via a number of substations from a generator to a distribution system [48]. 
Electrical power production is transferred from the generation domain to the distribu-
tion domain through a large number of substations in the transmission domain [49].

Actors in the operations domain are accountable for the power system’s smooth 
operation. The actors in charge of transporting electricity are the players in the 
operations domain. This department guarantees that transmission and distribution 
activities run smoothly [46].

Furthermore, Electrical grid resources are bought and sold via markets. Within 
the power system, market participants exchange prices and maintain supply and 
demand balance [46].

5.2.1 The role of the smart grid in ensuring sustainable energy delivery

The smartgrid provides more efficient ways to generate and distribute electricity, as 
well as consumers’ ability to utilise electricity more effectively [50]. In electricity genera-
tion, smart grids provides numerous environmental advantages to nations by enabling 
the integration of renewable energy [51]. These include renewable energy sources, which 
are more ecologically friendly than the fossil fuels employed in many large-scale electric 
power producing facilities, such as wind, solar, and biomass [12]. As a result, greenhouse 
gas emissions that contribute to global warming may be reduced [52].

In addition, Utilities may use the smart grid to remotely monitor, troubleshoot, and 
manage network infrastructure. This enables faster response times to interruptions 
and disturbances, as well as the potential of proactive maintenance [52]. For example, 
if there is an unusually high voltage, the smart grid may detect it and instruct one of 
the network’s devices to decrease the voltage [53]. This allows utilities to minimise the 
likelihood and frequency, as well as the cost connected to blackouts and outages [52].

Smartgrids, provide improved management and monitoring systems which allow 
customers to be better aware of their energy usage [52]. Customers have access to real-
time production and consumption data, the ability to manage their power usage, and 
the ability to react to changes in the price of electricity by changing their use [51]. This 
not only reduces energy loss, but also saves costs incurred by the customers [11, 12].

Taking into consideration both technological and political concerns, the smart 
grid ensures supply security with a minimal risk of interruption. This guarantees 
energy independence by lowering external threats to energy supply, such as political 
and economic risks [51]. As regional planners plan for smart cities they need to be 
aware of the challenges behind powering the energy dependent infrastructure. If the 
smartgrid is to thrive and provide efficient service to its settlers. The planners to be 
prepared to deal with the many threats that threaten the smart grid. The next section 
highlights the smart grid domain threats to the domains.
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5.2.2 Threats to the smart grid domains

There are several risks to the smart grid. For instance, smart meters (SMs) enable 
utility providers to gather and communicate data on residential energy use [54, 55]. 
As a result, consumers’ sensitive information may be revealed hence putting their 
privacy at risk [56].

In addition smart meters may be installed both inside and outside of a house 
or vacation rental. As a result, they are unattended and vulnerable to an attacker 
who can introduce malware into the devices, causing them to send false data to the 
concentrator [15].

Additionally, attackers might be able to determine whether there are people on the 
property by analysing the consumption data from smart meters, enabling burglary [57].

Additionally, if smart meters are deployed in consumers’ homes and businesses 
without hardware security protections, they might be vulnerable to physical attacks 
such tampering with metering data to cause inconsistencies in billing [58, 59]. 
Consumers may replace the smart meter with one that has been tampered with and 
shows lower usage than the actual one [60]. Additionally, the unauthorised insertion, 
alteration, or deletion of data or control orders in communication network traffic 
leads smart grid equipment to behave incorrectly [61, 62].

The retail energy provider may face the threat of intentional errors from disgrun-
tled employees. Disgruntled employees could access the smart grid systems and inflict 
severe damage to the infrastructure by attacking critical smart grid nodes [63, 64].

Protection relays are prone to internal technical threats from organisational 
practices. A key challenge in protecting relays is that the security of many com-
mercial relays is only guaranteed by requiring each relay to have a password. 
Unfortunately, because many operators do not change the default password for the 
sake of convenience, improper password practices have always been detected in 
substation-level networks [65].

Additionally, attackers have the ability to alter the readings from a variety of sen-
sors and PMUs [66]. For instance, attackers are able to conduct a False Data Injection 
attack by altering the readings of several sensors and Phasor Measurement Units 
(PMUs) in order to introduce erroneous measurements and finally inject arbitrary 
mistakes into the state estimations without being noticed [66].

In addition, attackers are able to launch a jamming attack near the GPS antenna 
of PMUs. This enables the attacker to disconnect parts at a specific location. The 
region that is impacted depends on the jamming device’s emission power (i.e., signal 
transmitter) [67].

Components in the distribution domain face external technical threats. For 
instance, threats to IEDs have been identified in the previous section. This also covers 
spoofing attacks. By performing a spoofing attack, the attacker may trick a monitor-
ing IED into sending false close/open signals to switches, causing the protection 
system to malfunction and perhaps shutting off electricity to customers [68].

In addition, attacks that cause a denial of service (DoS) have been recognised as 
a major threat to SCADA systems. By injecting their own packets into the smart grid 
system’s packet traffic, the attacker may overwhelm the smart grid system’s packet 
flow until it can no longer handle or accept any more packets and fails. In addition to 
isolating a power substation or preventing operators from accessing SCADA systems, 
a distributed denial of service (DDoS) assault may purposefully delay the transmis-
sion of a time-critical message in order to breach its timing requirement. This may 
possibly interrupt the electricity supply or, worse, cause electrical equipment to be 
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destroyed [45]. An attacker may cause partial or full equipment failure, making vital 
data inaccessible until the utility provider fixes or replaces it [59].

5.2.3 Solutions to threats in the smartgrid

To protect against customer privacy violations, customer data should be pro-
cessed and kept properly since maintaining consumer privacy is a difficult task in 
the customer sector [69]. In addition, utility providers can employ data aggregation 
technologies to protect user privacy. Instead of providing their power use information 
directly to the utility supplier, a group of customers use this method to transmit them 
to a reliable third party. The utility company receives aggregated data on all users’ 
power usage from a dependable third party [55].

Malware injection in the smart meter hardware can be addressed by implementing 
protection measures when installing smart meters. Stake holders should shut down 
unneeded physical ports or making such ports unavailable to unauthorised users [15].

Additional measures to secure the premises and control rooms have been sug-
gested to keep adversaries or anyone intending to harm the grid out [46]. To protect 
smart appliances in the customer houses holds from burglary, customers can imple-
ment physical protection measures [46].

Stakeholders can place a smart meter in a safe space, like a house, or in a public 
spot to solve physical meter tampering and swapping, but it must be confined in a box 
with a lock [15].

Furthermore, an efficient defence against jamming attacks is to send arbitrary, 
unauthenticated packets to each wireless station in the network [70]. When packets 
are filtered, they are not kept on a network device if they are determined to be invalid. 
This method can be applied to stop jamming assaults [71].

Regarding the threat of misconfiguration, it is recommended that operators adopt 
good password practices that include changing the default password in substation-
level networks [65].

To solve the problem of fake data injection attacks that change sensor readings. 
[72] recommend using a multiplicative, limited scaling factor. [67] suggest using 
reliable encryption and authentication methods [67].

In order to increase the resilience of smart-grid protection systems to intentional 
errors and unintentional errors, Fadul, et al. [73] propose the adoption of a trust-man-
agement toolkit that makes use of network-flow techniques and reputation-based trust. 
This toolkit can address spoofing attacks on Intelligent Electronic Devices (IEDs).

6. Conclusion

Countries are undergoing significant social, economic, and environmental 
changes as a result of urbanisation. This poses several difficulties for city planning, 
growth, and management. This chapter discusses sustainability challenges in regional 
planning. These include challenges in waste management, energy and water short-
ages, air pollution, health issues, and traffic congestion.

Regional planners are responsible for ensuring that regional development projects are 
oriented on sustainability. The focus of recent regional advancements has been on creat-
ing smart cities to address various issues. This chapter presents the role of Smart cities in 
sustainable regional development. It discusses some smart city case studies around the 
world and presents some solutions developed to address sustainability challenges.
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