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Preface

Currently, the housing conditions of large urban agglomerations present the strongest 
critical elements facing the human habitat. Faced with epochal climatic, social, and 
epidemiological challenges, urban areas are suffering recurring calamities, risks, and 
problems that require profound transformations. From a phenomenon of concentra-
tion of human activities, large conurbations, an image of wise use of environmental, 
territorial and landscape resources and of interaction with human capital capable 
of imagining, realizing and building an artificial “second nature”, maximum and 
complex abstraction and expression of human ingenuity, during the pandemic, they 
experienced a negative trend that saw them empty and then repopulate after the 
positive results of the vaccination campaigns. However, metropolises around the 
world are still the areas where the most relevant social and environmental challenges 
are concentrated, and although they cover less than 3% of the earth’s surface [1], 
they are responsible for 71% of global carbon emissions related to energy [2], and in 
particular, climate change [3]. Long-term shifts in temperatures and weather patterns, 
which are both global and local issues, are increasing the frequency and intensity of 
extreme temperature and precipitation events, against which large urban areas play a 
crucial role as key players in the transition to a sustainable and low-carbon economy. 
As architects, engineers, and scholars of the sector we are called to provide timely and 
adequate responses to the phenomenon, investigating approaches and methodologies 
capable of improving this type of urban form by following and pursuing mitigation 
of extreme phenomena through policies, studies, circular economy, and resilience 
design strategies. Furthermore, the pandemic has posed further challenges, especially 
in places where conditions of overcrowding and instability make the response to the 
global health crisis even more complex [4].

The United Nations 2030 Agenda for Sustainable Development outlines seventeen 
Sustainable Development Goals (SDGs) for a sustainable future [5]. SDG 3 aims to 
ensure healthy lives and promote well-being at all ages. SDG 13 addresses climate 
change and its impacts and SDG 15 addresses the sustainability of forests, combat-
ting desertification, and halting biodiversity loss [6]. SDG 11 aims to make cities 
inclusive, safe, resilient, and sustainable. In addition, target 11c plans to support 
Less Developed Countries (LDCs) through financial and technical assistance in the 
construction of sustainable and resilient buildings [7].

This book discusses the dynamics of the spatial development of agglomerates, 
taking into account the SDGs, and analyzes the environmental risks to which they 
are subject due to climate change. It addresses the development of sustainable 
transport infrastructures and new socioeconomic transformation and regeneration 
strategies of urban settlements. It is divided into two sections. The first section 
includes chapters that address the problem of large urban agglomerations and 
propose new forms of regeneration from the top down.

The second section includes chapters on the conformation of spaces and their 
agglomerations. The proposed solutions focus on climate-adaptive strategies to 
affect the mechanisms of urban transformations and their implementation.

XII
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The design attention, at different scales, from territory to architecture, focuses 
above all on those emerging contexts (Brazil, India, Africa) where 95% of the 
world’s demographic development will be concentrated [8], making structural 
changes necessary. Central to this approach is the “production of local knowledge,” 
understood as a culture of living and acting, contrasted with housing realities 
characterized by spatial and social inequalities, lack of quality of living spaces, 
and greater exposure to epidemiological, environmental, and cultural shocks. 
Some authors propose a new dwelling paradigm, capable of involving the weakest 
populations through a bottom-up, shared, and not imposed design. The term 
resilience, in this sense, implies both an environmental instance, connected to the 
attempt to mitigate the effects of climate change also through the promotion of 
local empowerment and social connections, integrating categories of the population 
excluded from the urban design, within design attention addressing the challenges 
of the future.

Alessandra Battisti and Serena Baiani
Department of Planning, Design, and Technology of Architecture,

Sapienza University of Rome,
Rome, Italy
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Chapter 1

The Concept of Sustainability 
in the Brazilian Road Freight 
Transportation Sector
Rodrigo Duarte Soliani

Abstract

The road cargo transportation system has significant representativeness in the 
Brazilian economic scenario. Companies depend on transportation to receive inputs 
from their suppliers and take their products to consumers. This modal is also the 
major consumer of fuel oil products in the transportation sector. Thus, it is neces-
sary to act with a focus on sustainability, considering the economic, social and 
environmental aspects. From this perspective, this study aims to present aspects of 
the concept of sustainability in the Brazilian road freight transportation sector, with 
emphasis on the environmental, social and economic dimensions. A qualitative 
research approach was used with the literature research technique in order to build 
the theoretical basis for discussion on the dimensions of sustainability in Brazilian 
road freight transportation. The results show that the road cargo transportation sec-
tor is relevant for the country and seeks to fulfill its social role and be economically 
viable; requires attention to environmental awareness and eco-efficiency; should 
make efforts to use alternatives to avoid damage to the environment, applying 
technologies to reduce noise pollution, GHG emissions; and seek to comply with 
environmental legislation acting in a sustainable manner.

Keywords: Sustainable Transport, Environmental Dimension, Social Dimension, 
Economic Dimension, Road Freight Transportation

1. Introduction

In the most diverse organizations, the debate on sustainability has been intensely 
present in a constant challenge to the potential to generate value for customers, 
shareholders and society in general. Nowadays, sustainability has become a fun-
damental theme, with evidence to avoid the negative impacts of activities, also 
reflecting technological advances, population growth and consumption [1].

This comprehensive view of the importance of sustainability being undertaken 
in companies also has its validity for the cargo transportation sector, in this specific 
case, the road modal is the most representative one, being responsible for handling 
more than 60% of cargo in Brazil [2]. The preference for road transportation 
compared with other transportation systems is marked by factors such as: greater 
flexibility and easier access by trucks to the most different locations; ability to 
transport goods door-to-door; simplification of the sending of documentation in 
relation to the railway modal; and faster delivery of the product [3].
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Freight transportation operations between cities and states, as well as between 
the producer and the distribution centers and between these and the final market, 
show relevant economic importance. However, this activity, due to the large num-
ber of trucks, in view of the need for loading and unloading operations, causes 
impacts, both on cities and on roads [4].

This dynamic of road cargo transportation operations has its share of con-
tribution to the country’s development process, however, on the other hand, it 
highlights the intense use of an energy pattern based on fossil fuels that strengthens 
the relationship with the increase in gas emissions greenhouse effect (GHG) of 
anthropic origin [5]. However, this is an aspect that raises the question of how to 
undertake sustainability in road freight transportation. From this perspective, this 
study aims to discuss the dimensions of the concept of sustainability in the Brazilian 
road freight transportation sector, identifying the main attributes for a road freight 
transportation to be characterized as sustainable.

2. Sustainability

The organizational posture focused on sustainability has been increasingly 
valued by stakeholders (shareholders, employees, customers and the community 
itself). The concept of sustainability is based on the concept of the Triple Bottom 
Line (TBL), as presented by John Elkington in 1994, composed of the economic, 
social and environmental dimensions, forming the tripod of corporate sustainabil-
ity [6]. The interaction and integration between these three pillars bring benefits 
to the environment and to society, and contribute in the long term to the good 
economic performance and competitive differential of companies [7–9].

Sustainability has evolved from two sources: the first, in biology, with an 
emphasis on ecology, highlighting the potential for the recovery and reproduc-
tion of ecosystems (resilience), in the face of anthropic actions; the second, in the 
economy, as a developmental factor, due to the verification of the growth of pro-
duction and consumption in the course of the 20th century, and which signals the 
continuity of this rhythm, considering the population increase [10].

Patti, Silva and Estender [11] consider sustainability as a strategy that makes up 
development, resulting in improved quality of life. From this perspective, an integrated 
management is projected covering aspects of social development, economic growth 
and environmental protection. Sustainability is evident as a debate present in the daily 
agenda of organizations, agencies and government sectors, in non-governmental orga-
nizations (NGOs), as well as in the academic environment and in the media in general. 
Companies have shown interest in the issue, constituting a legal order and government 
recommendations, projecting environmental and social repercussions.

As for the economic dimension of sustainability, companies need to make prod-
ucts available for consumption, however, this process should provide financial return 
on the investment made. With regard to the social dimension, the organization needs 
to offer good working conditions, job creation, social inclusion to combat inequality. 
In the environmental aspect, the company must have its actions guided by eco-
efficiency, being concerned with the impacts caused by the use of natural resources 
and by the pollutant emissions [12]. An eco-efficient operation is one that manages to 
produce more and better, with less resources and less waste generation [13].

2.1 Environmental dimension

Usually, the environmental dimension is the first sustainability dimension cited as 
it concentrates the assumptions that production actions and consumption behavior 
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are compatible with the material - basis of the economy, as a subsystem of the natural 
environment. It is constituted in the processes of producing and consuming in order 
to ensure that ecosystems can evolve in their self-repair or resilience potential [10].

The environmental dimension of sustainability emphasizes the preservation of 
ecological processes, with special attention to the capacity of physical and biologi-
cal systems to withstand adversity and to maintain its structure and functions. In 
the environmental view, sustainability points to the impacts of actions caused by 
people in relation to the environment. It is a process that establishes policies for the 
conservation of energy and natural resources, reduces the use of fossil fuels and the 
emission of polluting substances, substitutes non-renewable products for renew-
able ones and transforms used products into more efficient ones [14].

The concept of environmental responsibility goes beyond the mere fulfillment 
of obligations established by legislation. It contemplates citizenship, social com-
mitment, principles, beliefs and values of an organization, their employees and 
the communities affected [15]. From sustainability centered on the environmental 
concept, two actions evolve: the ecological balance that ensures living conditions for 
people, fauna and flora, and the sustainable use of natural resources by organiza-
tions. It involves compliance with environmental laws, the elaboration of projects 
with reduced environmental impacts, the management of liquid and solid waste, 
the application of clean technologies, recycling and environmental education [16]. 
Briefly and directly, all these determinations converge to the term eco-efficiency.

2.2 Social dimension

The social dimension represents the concern to provide society with conditions 
to live properly. A sustainable society is supported by the theory that all its mem-
bers have the minimum necessary to live with dignity and that no one practices acts 
that can harm others [10].

In Gomes and Moretti [17], “social responsibility is the ability to give answers or 
to seek them”. The authors emphasize that social responsibility is one of the active 
elements in the relationship between organizations and stakeholders, thus, the 
companies involved in this proposal work to offer answers to social needs.

The sociocultural concept highlights sustainability procedures inserted in 
performance and profit, being attentive to the social and environmental impacts of 
the actions, with a focus on the quality of life of communities, cultural memory and 
economic growth. Sustainability under the social view has its activities directed to 
people, with care for their well-being and quality of life [18].

2.3 Economic dimension

The economic dimension presupposes increasing production and consump-
tion with better use of natural resources, especially fossil sources of energy, water 
and mineral resources [10]. Sustainability based on the economic aspect supports 
development and environmental policies in the face of costs and benefits and an 
economic assessment that supports environmental protection and raises levels of 
well-being. From this perspective, sustainability includes allocating and managing 
resources more efficiently and a regular flow of public and private investment. It 
aims its activities to maximize profit, however, it seeks to sustain competitiveness in 
the market and seeks to remain aware of environmental and social aspects [19].

Businesses demand the entrepreneur’s comprehensive and holistic perspective 
in order to remain active and with a high level of competitiveness in the segment 
and in the market. They require the adoption of a management model that has 
identification with the market in which it operates, seeking to generate profitability 
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for shareholders and respect and commitment to citizenship and environmental 
preservation. It is, however, an imposition of the market to apply socially respon-
sible and sustainable management, as well as an advantage for obtaining profit, 
which is the guarantee factor of longevity of the business [15].

3. Overview of road cargo transportation in Brazil

Road transportation is a complementary modality par excellence in different 
situations of cargo transposition, since it is through trucks that different loads leave 
the production source and reach the railways, airports or ports [20].

The statistics from the National Transportation Confederation [21] shows the 
road modal with a composition of more than 2.6 million trucks, 600 thousand 
mechanical horses, 1.3 million trailers and 900 thousand semi-trailers. This struc-
ture handled 485 million tons of useful kilometers (TKU), representing 61.1% of 
the total transportation cargo. It is worth mentioning that the national fleet has 
more than 63 thousand autonomous drivers. However, the CNT [22] points out that 
of the 103,259 km of roads analyzed, 58.2% have some type of problem, whether in 
the conditions of the pavement, signage or road geometry. Regarding the pavement, 
48.3% of the stretches evaluated received a regular, poor or very bad classification.

According to the National Land Transportation Agency [23], the average age 
of the Brazilian fleet is 13 years, with 16.8 years for autonomous vehicles, 9.5 years 
for companies and 12.6 years for those who belong cooperatives. Vehicle age is 
an important factor and is reflected in the type of engine and installed emission 
control technology [24]. The largest concentration of trucks is in the South and 
Southeast regions due to the greater economic activity, but they operate throughout 
the national territory on urban and intercity roads of variable quality [25].

The transportation sector consumes about 30% of the country’s total energy, 
with 92% of that consumption taking place in road transportation. Still, transporta-
tion consumes 51% of oil products spent in Brazil [26].

Road freight transportation has its typical body type established in Ordinance 
96/2015. It is a wide variety of body types defined to suit different goods. The bodies 
are: open, tipper, chassis, closed, van, board, tank, among others [27].

Cargo transportation is part of an organization’s product distribution logistics 
system and is represented by three players. The first one is the user: units from the 
industrial, trade and agribusiness sectors. The second are companies that operate in 
a cooperative manner such as: Road Cargo Transportation (TRC), Logistic Operators 
(OL), Multimodal Transportation Operators (OTM) and Logistics Service Quarters 
(4PL). Municipal, state and federal governments form the third player. Their role 
is to provide infrastructure for roads and terminals suitable for transportation 
services, in addition to regulation of operation through regulatory agencies. The 
decisions to optimize the logistics transportation networks, based on improvements 
in infrastructure, are objects of the political sphere and, therefore, difficult to influ-
ence isolated or cooperated by operators and/or users of the system [28].

Thus, road freight transportation is representative in the country’s economy 
and has great historical and current significance in development. It integrates the 
Brazilian transportation scenario in a relevantly. However, it needs improvements, 
both in equipment and infrastructure to carry out operations. One way to achieve 
sustainable development is to put pressure on national transportation sectors 
to become more sustainable. The transportation sector is an important field for 
implementing sustainability strategies as it causes many environmental, social 
and economic problems, such as air pollution, gas emissions, demand for land and 
infrastructure, among others.
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3.1 Sustainable transportation

Sustainable transportation is motivated by three considerations: 1) the concern 
with cargo transportation and the direction to the operational structure, mainly 
with regard to roads; 2) recognition for the reduction of vehicles in circulation; 
and 3) the growth of sustainability awareness. These are connotations that seek to 
highlight sustainability to ensure business [29].

In Rodrigue [29], sustainable transportation is one that: allows the basic demands 
of access by society in general to be carried out safely and without damage to human 
health and ecosystems, and with balance; if it is consolidated as accessible, it acts 
efficiently, it has options of type of transportation and it sustains a growing economy; 
limits emissions and waste within the planet’s absorption capacity, reducing the 
consumption of non-renewable resources, and limits the consumption of renewable 
resources to the levels of sustainable yield, with recycling and reuse of its components.

Companies that work with cargo transportation, following the logic of competi-
tiveness, are increasingly committed to incorporating technological innovations as 
an alternative to differentiate themselves from competitors and improve customer 
service. Putting new technologies into practice is a situation endogenous to the cap-
italist and globalized system, in which consumption determinations and marketing, 
sales and customer relations are based on consumer opinion and trends [30].

The ability of an organization to grow in a scenario of strong competition is 
directly associated with the ability to develop some kind of differential. This factor 
represents, above all, the development and adoption of innovations for the best 
relationship with the customer, to generate new products or to be able to establish 
more efficient processes [30]. In this panorama of the performance of road cargo 
transportation, the highlights are the innovations of a sustainable character, 
responsible for directing actions for the preservation of the environment, and also 
sufficient to optimize resources and reduce costs.

4. Materials and methods

The methodology adopted for the development of this study, according to 
Prodanov and Freitas [31], is: by the qualitative approach of the problem, since it 
has a dynamic relationship between the real world and the subject, through inter-
pretation without representation numerical; for its exploratory objective, since it 
intends to familiarize itself with the problem and present hypotheses; and by the 
technical, bibliographic procedures, when its elaboration uses material already 
published in the most varied media.

According to Gil [32], literature research is developed from material already 
prepared, consisting mainly of books and scientific articles. In qualitative research, 
the natural environment is the direct source for the search for information. The 
researcher has direct contact with the environment and the object of study in 
question. The data are observed in their study environment, without the need for 
manipulation or the application of statistical methods or techniques. The informa-
tion collected is descriptive, representing the largest possible repertoire of elements 
existing in the studied reality [31].

For the collection of articles, we used the databases Ebsco, Scopus and Web 
of Science for article collection of those aligned with the core of this research, 
the following keywords were adopted: “Transportation” and “Energy Use” 
and “Environmental Impacts”; “Sustainable Economy” and “Best practices”; 
“Sustainable Development” and “Business Strategies”; “Sustainable” and “Supply 
Chain Management”; “Sustainability” and “Road transportation”.
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These words were used in all defined databases and the filters adopted for the 
inclusion of articles in the bibliographic portfolio were: the language (English and 
Portuguese), research area (engineering, administration, logistics), and the articles 
should have, or in the title, or in the abstract, or throughout the text, any of the 
keywords used. In this study, only articles available in full text were selected from 
the database to which they were linked.

Through the pre-selected documents, bibliographic references were searched 
for other approaches in order to insert them in the research. In total, 58 relevant 
approaches to the theme were identified, after this survey the research was subdi-
vided into showing the classification, and the relationship with the information 
available and contributions to the discussion on aspects of sustainability in road 
freight transportation, as shown in Figure 1.

5. Results and discussion

Throughout the researches, a gap was noticed in terms of sustainability in 
road freight transportation in its most comprehensive definition, that is, from the 
economic, environmental and social aspects. When it comes to sustainability in 
transportation, the association with atmospheric emissions is inevitable. However, 
the other aspects are also of great importance for the well-being of society and 
many are associated.

Figure 1. 
Methodological Diagram. Source: Author (2021).



9

The Concept of Sustainability in the Brazilian Road Freight Transportation Sector
DOI: http://dx.doi.org/10.5772/intechopen.97280

The configuration of the transportation system, the performance of its activi-
ties, as well as the implementation of actions to achieve sustainable efficiency, 
require a foundation in the three pillars of the TBL: the economic, with emphasis on 
the efficiency of the performance of activities, costs of interiorization and compat-
ible price; the environmental, with observation for the prevention of pollution, 
protection and conservation of natural resources and environmental management; 
and the social, with attention to people’s safety, health and quality of life [29].

A company to be within the parameters of sustainability must be much more 
concerned than with atmospheric emissions. It is important to be concerned with 
optimizing the load, the better it is done, the fewer trucks will be needed to trans-
portation the goods, although for this, it may be necessary to increase the waiting 
time of the goods which would cause a trade-off, increase waiting time and have 
fewer trucks circulating, or make quick deliveries with trucks circulating below 
capacity [33].

By reducing the number of trucks, the company reduces the gases emitted, the 
noise on the roads, the congestion and the number of accidents. By having better 
infrastructure, land use and truck access, smaller trucks can be placed to circulate in 
urban areas at times with less vehicle circulation with suitable locations for loading 
and unloading. This would generate considerable social well-being by decreasing 
congestion, noise and emissions within urban centers [34].

The number of road accidents can also be reduced through improvements in 
infrastructure and in the adjustment of the drivers’ working hours so that they do 
not drive under the influence of substances or in conditions of extreme tiredness. 
Accordingly, in Brazil, Law/2015 was enacted in 2015, which defines rules for road 
transportation drivers, whether cargo or passengers. It is known as the Driver’s Law. 
It came about in order to ensure the rights and establish the duties of the driver. 
Therefore, there was a reformulation of some rules, required safety measures, 
in which the main ones were the readjustment in the workday, waiting and rest 
periods, toxicological medical exams, fees and fines [35].

The challenge for logistics professionals when embracing sustainability is how 
to link and balance environmental performance and good business practices. That 
is, how to identify appropriate approaches or solutions that balance environmental 
and economic aspects. One of the main objectives of logistics is to increase the 
efficiency and economic performance of companies. However, the implementation 
of actions that contribute to changes in other social aspects, such as environmental 
and social responsibility, depends on the simultaneous fulfillment of short-term 
economic goals. However, research shows that several benefits generated for com-
panies by adopting environmental policies, such as reducing costs due to resource 
savings, increasing sales by improving the company’s image and adapting to future 
government regulations [36–40].

5.1 Environmental dimension in cargo transportation

As for the environmental aspect of road cargo transportation, two phenomena 
stand out: emission of greenhouse gases and noise pollution. Road freight transpor-
tation is a major cause of air pollution. The emission of gases has a negative effect 
on air quality and the health of people and animals. The level of toxicity of the gas 
emission depends on the fuel used. Although alternative fuels such as biodiesel 
already exist, the main fuel in use in Brazil to transportation goods is still diesel. 
This energy source is unsustainable, as it is a finite resource, with potential to 
damage public health and the environment, through particulate emissions, carbon 
monoxide (CO), nitrogen oxide (NOx), organic compounds volatiles (VOCs) and 
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greenhouse gases [41]. Noise pollution comes from the operationality of road traf-
fic, resulting from the speed undertaken, which emits noises through propulsion 
(engine), pneumatic and aerodynamic [42].

5.1.1 Energy consumption

For the National Transportation Confederation [25], the infrastructure used for 
transportation in Brazil is inadequate. Due to the large territorial area of the coun-
try, the use of the road modal causes inefficiency, since this mode is not the most 
suitable for cargo with low added value and long distances. Still from an economic 
perspective, the lack of efficiency in Brazilian transportation logistics reduces the 
country’s competitiveness [43].

In Brazil, in 2010, the transportation sector spent 31% of the total energy, of 
which 91.7% were consumed by road transportation. The energy source of the 
Brazilian cargo transportation is constituted in a great majority of fossil fuels, 
showing the potential of environmental impacts of the sector [44]. However, 
according to the National Petroleum Agency (ANP), renewable sources, especially 
biofuels, are increasingly being improved with the proposal to increase supply. 
Biofuels come from renewable biomass, with the potential to replace fuels from oil 
and natural gas in combustion engines [45].

Diesel oil represents a high consumption rate of the energy matrix that serves 
the cargo transportation sector in Brazil. However, its use as a fuel, evidencing 
combustion and exhaust, constitutes a significant element of emission of particu-
late material and polluting gases that affect the atmosphere [46].

5.1.2 CO2 emissions

In view of the energy consumption at a level above the world average, the trans-
portation sector in Brazil stands out as a problem with regard to GHG emissions, 
mainly of CO2 gas. Transportation emissions - which mainly involve road, rail, air 
and sea transportation - accounted for more than 24% of global CO2 emissions in 
2016 [47].

The combustion process of diesel oil releases hundreds of chemical compounds 
in both liquid and gaseous form. In exhaustion, the main elements released are: car-
bon dioxide, oxygen, nitrogen, water vapor, carbon monoxide, particulate matter 
and volatile organic compounds, such as hydrocarbons, the latter of high toxicity, 
among them the most harmful to health are benzene, toluene, ethylbenzene, xylene 
and polycyclic aromatic hydrocarbons (PAHs) [48].

In summary, the main pollutants that impact the air quality emitted by the com-
bustion of diesel oil are: carbon dioxide (CO2), particulate matter, nitrogen oxides 
(NOX), sulfur oxides and other pollutants [49].

CO2 emissions have been a target of concern and actions to reduce them, so 
much so that CONAMA Resolution no. 18/1986 created the Air Pollution Control 
Program for Motor Vehicles (PROCONVE) with the objectives of: reducing the 
levels of emission of automotive pollutants; promote national technological devel-
opment; create inspection and maintenance programs for vehicles; promote public 
awareness of the issue of air pollution by motor vehicles; establish conditions for 
evaluating the results achieved; and promote the improvement of the technical 
characteristics of liquid fuels [50].

Encouraging the use of biofuel for road freight transportation in Brazil has been 
one of the recommendations for reducing CO2 emissions. Another observation 
refers to the readjustment of the fleet and vehicle models in order to increase the 
efficiency of operations, reduce energy costs and increase the competitiveness of 
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Brazil [45]. Policies for GHG control, in particular the reduction of carbon emis-
sions, the use of new technologies for more efficient and less polluting engines, have 
been objectives of manufacturers and vehicles, with significant changes in produc-
tion patterns. The more restrictive emission limit has contributed to environmental 
awareness with energy efficiency [51].

5.1.3 Noise pollution

The sound is originated by a mechanical vibration that propagates in the air 
reaching the ear. Noise is just a type of sound, but a sound is not necessarily a noise, 
subjectively, noise is an unpleasant and undesirable sound. Noise is the physical vibra-
tory phenomenon (in the case of air) as a function of frequency, that is, for a given 
frequency, there may be, at random, over time, variations in different pressures [52].

The concern with noise and its effects started at the beginning of the Industrial 
Revolution due to the appearance of powerful machinery both in factories and in 
construction, as well as new modes of transportation. The development of industry 
and the growth of cities has now resulted in an essentially urban world. In Brazil, 
according to the 2015 population census, about 84% of the population lives in an 
urban environment [53]. This urban expansion eliminated the silence of much of 
the planet and, today, noise is one of the most harmful contaminating agents to 
human health.

Road traffic is the main cause of local environmental noise. The maximum 
amount of noise that human beings can be exposed to continuously, ensuring 
acoustic comfort and not harming their health is 65 dB, a value ensured by preven-
tive medicine. Exposure to noise of values above this can cause different impacts 
on the body, such as, for example, disturbed sleep, decreased work performance, 
hypertension, interference with cardiovascular diseases, among others [54].

Noise tolerance limits set maximum exposure times for certain levels. However, 
it is known that there is not a single and perfectly constant level of noise during a 
journey, including, in the Road Freight Transportation there are great variations, 
mainly with regard to background noise, such as, for example, the passage through 
the same via trucks, automobiles, motorcycles and, close to rural areas, even trac-
tors [55]. To quantify these exposures, the dose concept is used, which gathers the 
acoustic variations according to the exposure time and the maximum time allowed 
during the journey [56].

The three main sources of truck noise on the roads, according to McKinnon et al. 
[57], are: (a) propulsion noise (engine), which dominates at low speeds (below 
50 km / h); (b) pneumatic (contact noise with the road) which is the main cause of 
noise at speeds above 50 km/h; (c) aerodynamic noise, which increases when the 
vehicle accelerates.

The National Environment Council (Conama), in its Resolution 001/90, when 
disposing about criteria of noise emission standards resulting from any industrial, 
commercial, social or recreational activities, including those of political propa-
ganda, determines that the values and noise emission limits established in the 
ABNT NBR 10151 standard, with the objective of ensuring public peace and the 
health of the population [58].

ABNT NBR 10151: 2019 - Acoustics - Measurement and evaluation of sound 
pressure levels in inhabited areas - General purpose application, Brazilian 
Association of Technical Standards [58]. In a table, ABNT NBR 10151: 2019 pres-
ents the levels of daytime and nighttime noise allowed, in different types of areas 
possible to exist in a city, such as, for example, strictly residential, urban, hospitals 
or schools; the mixed with a commercial vocation; the mixed with recreational 
vocation; and the predominantly industrial one.
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5.1.4 Trucks with alternative technologies

All automakers present in America and Europe, and also in Brazil, have been 
working on vehicle designs with hybrid technology, 100% electric or gas. There are 
also several startups around the world that also have projects to develop cleaner 
commercial vehicles [59].

In addition to sustainable issues, trucks with alternative technologies to diesel 
have low maintenance costs, emit less noise and, therefore, can travel at times or 
places of greater restriction and, even with the largest initial investment, in a few 
years, the trucks are pay. Much because of the lower operating cost than diesel 
guaranteed by the manufacturers [60].

The electric truck is a response from manufacturers to the increasingly strict 
rules on pollutant emissions. The need to reduce CO2 levels is such that it has 
attracted new companies to the transportation sector [60]. This is the case of the 
Swedish Volta, with the recently introduced HGT, and the American Tesla, with 
the Semi.

Several tests and attempts to introduce the electric truck in Brazil were made 
before BYD arrived. The brand started operations in the country in 2015. Currently, 
according to information from the Chinese company itself [61], it offers the eT7 
11,200 and eT8 21,250 models in the Brazilian market for garbage collection 
operations, and the eT3 van for the urban transportation. BYD’s electric truck has 
lithium iron phosphate batteries. According to the brand, this solution can last up to 
30 years and its autonomy is 200 km [61].

JAC Motors is the second brand to bet on electrification. In September 2020, the 
brand launched the iEV1200T in Brazil. The model is the second electric truck in 
the country, but the first focused on urban collection and distribution operations. 
Unlike BYD eT3, which has a load capacity of 720 kg, the JAC model has a Total 
Gross Weight (PBT) of 7.5 tonnes. The truck’s autonomy is up to 250 km, if the 
truck runs with 2 t of net load. If traveling with 4 t of net charge, the JAC iEV1200T 
can travel 180 km between battery recharges [62].

Volkswagen Caminhões e Ônibus (VWCO) started production of the e-Delivery 
electric truck in October 2020. The model, which was developed in Brazil, is being 
produced at the Resende plant (RJ). Sales will start in the first half of 2021. The 
e-Delivery electric truck will hit the market with two Total Gross Weight (PBT) 
models: 11 and 14 tons [63].

The tests started in 2018, after Cervejaria Ambev announced that it will have 
more than 1/3 of the fleet composed of at least 1,600 Volkswagen electric trucks by 
2023, the largest ad of its kind in the world [63].

In about two years of testing, more than 22 tons of CO2 are no longer emitted 
into the atmosphere and, so far, e-Delivery has stopped consuming more than 6,500 
liters of diesel. The electric truck is recharged with 100% electric energy from clean 
sources, and 43% of its energy comes from the vehicle’s own regenerative brake sys-
tem. The e-Delivery electric motor generates up to 260 kW (equivalent to 348 hp) 
of power and its torque is around 233 mkgf [63].

Like e-Delivery, in addition to being supplied with electricity, some models have 
a braking system that also produces electricity to be stored in the same batteries that 
supply power to the engine. All of them are non-polluting, both in relation to the 
emission of harmful gases and in relation to noise [64].

The main application of these vehicles in the near future is in urban traffic, in 
short and light cargo logistics operations. With the current battery technology, 
urban vehicles are the most suitable, as they travel short distances and do not need 
as much energy to operate [65]. Because of their low autonomy and load capacity, 
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electric trucks depend on an operation that prevents, for example, the vehicle from 
getting stuck in traffic jams. In addition to autonomy, other issues to be addressed 
to make electric trucks feasible are cost and battery recharge. As with cars, electric 
trucks also cost more than conventional models. This is mainly due to battery packs, 
which make up 50% of the vehicle’s value [66].

5.2 Social dimension in cargo transportation

In this study, two important points stand out in the social aspect of road cargo 
transportation: accidents and congestion. Accidents can cause deaths and injuries 
to those involved, as well as inconvenience to other drivers on the roads. In general, 
the number of accidents with the participation of heavy vehicles considering the 
distance covered is lower when compared to automobiles, however, the probability 
of a truck being involved in a fatal accident is great [26].

5.2.1 Accidents

According to data from the Institute of Applied Economic Research [67], in 2014 
the total cost of traffic accidents on federal, state and municipal highways reached 
an approximate value of R $ 40 billion, with an average cost of R $ 647 thousand by 
fatal accident. Santana et al. [68], point out that, although road cargo transportation 
(TRC) is a strategic sector for Brazil, it presents several structural problems, with high 
social cost, including high mortality due to Work Accidents (AT) with truck drivers.

Every day, Brazil records 14 deaths and 190 accidents on federal highways. 
In 2018 alone, there were 69,206 accidents, of which 53,963 were victims. These 
accidents resulted in 5,269 deaths in the year [69]. In the 12 years analyzed by the 
CNT [69], Brazil had 1.7 million accidents on federal highways, with 751.7 thousand 
with victims and 88.7 thousand deaths. The highway with the highest number of 
accidents in 2018 was BR-101, where a total of 8,896 accidents with victims were 
recorded. Most of the occurrences on Brazilian federal highways have the presence 
of automobiles (64.6%), followed by motorcycles (44.4%) and trucks (23.4%) [69].

According to Silva et al. [70], drowsiness, physical and mental tiredness, drug 
use and payment for production are among the main factors that lead to accidents 
at work with professional drivers. In spite of this, the cargo transportation sector 
has been organized in such a way as to favor productivity, generally linking driv-
ers’ remuneration to the number and extent of trips, which leads them to make 
long journeys with little rest, a combination considered as one of main factors that 
contribute to the occurrence of accidents.

5.2.2 Traffic Jams

Urban congestion is one of the main problems generated by the use of road 
transportation for goods transportation, since the speed is relatively low, compro-
mising the flow of vehicles through the streets and avenues. This situation signifi-
cantly interferes with the city’s routine [26]. It is, therefore, a great challenge to 
be solved, ensuring the economic development of cities and reducing the negative 
impacts of congestion.

The National Confederation of Transportation [25] developed the study “Urban 
Logistics: Restrictions on Trucks?” which presents the current panorama of restric-
tions on the circulation of trucks and loading and unloading operations in seven 
Metropolitan Regions of Brazil: São Paulo (SP), Belo Horizonte (MG), Curitiba 
(PR), Porto Alegre (RS), Goiânia (GO), Recife (PE) and Manaus (AM). To this end, 
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a survey of the laws governing the circulation of trucks and loading and unloading 
operations was carried out in these municipalities.

The results show that the accelerated urbanization of Brazil, in the last decades, 
has brought complexity and challenges to the supply logistics of cities where 84% of 
the Brazilian population lives and 96.7 million motor vehicles circulate. The study 
found a variety of rules and restrictions on the circulation of trucks in urban cen-
ters, added to problems of infrastructure, signaling and inspection, among other 
deficiencies that have an impact on the transportation activity [25].

The problems found by CNT [25] make it difficult to plan cargo transporta-
tion, increase operating costs and decrease the quality of supply services in cit-
ies, namely:

• Increase in the operational costs of road cargo transportation. In some cases, 
the barriers encountered by carriers have generated extra fees that affect the 
price of freight. Two examples are the Delivery Difficulty Rate (TDE), negoti-
ated from a floor of 20% on the value of the freight; and the Traffic Restriction 
Rate (TRT), calculated at 15% of freight.

• Low predictability of delivery of goods. In addition to congestion and traffic 
restrictions, the carrier’s planning is often changed in an unpredictable man-
ner due to the lack of clarity and transparency about the restrictions on cargo 
transportation.

• Increased emission of pollutants and noise. Poorly planned restrictions can 
lead to congestion, discharge queues, increased number of trips, longer and 
inadequate routes and other disorders that increase noise produced by traffic 
and the emission of polluting gases into the atmosphere.

• Risk of accidents. Poor signage or even lack of signage, night time windows and 
other restrictions are factors that increase the risk of accidents.

The main solutions identified by the study [25] are: to improve public policies 
and planning, including cargo transportation in urban planning and traffic policies, 
integrating all municipalities in metropolitan regions; carry out democratic man-
agement and expand social control of all interested sectors: transportationers, ship-
pers, buyers, manufacturers, distributors, transportationers, logistics operators, 
wholesalers, retailers and final consumers; improve traffic signs and inspection, 
giving more clarity and visibility to restrictions on cargo transportation, publicizing 
alternative routes and expanding inspection, especially in the areas of loading and 
unloading; expand the supply of loading and unloading spaces and hourly windows 
for deliveries and collections; increase security, expanding the offer of rest and rest 
places associated with goods distribution centers; and expand investment in infra-
structure, carrying out maintenance and expansion works on urban infrastructure, 
especially in highway rings.

The complexity of urban distribution stems mainly from the great variety of 
demands for goods (at different locations and times), the reduced capacity to 
expand the road infrastructure and the insufficient offer of routes and alternative 
modes. In addition, the increase in the total vehicle fleet, congestion, restrictions 
on the circulation of trucks, the inadequate supply of loading and unloading 
spaces and the reduced hourly windows are some of the factors that condition the 
performance of the freight transportation activity in the middle of the country, 
urban transportation, increasing the costs of road transportation and reducing the 
predictability of goods delivery.
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5.3 Economic dimension in cargo transportation

The economic aspect of road cargo transportation, in addition to focusing on 
obtaining profits, highlights some significant factors: the configuration of infra-
structure for operationalization, access opportunities, cargo optimization and 
adequate land use. These determinants aim at better organization and distribution 
of cargo, mainly in the movement in urban centers, with definitions of areas for 
loading and unloading.

When it comes to infrastructure, access, cargo consolidation and land use, the 
best organization and distribution of cargo in urban centers is sought. An example 
of measures related to land use is to reserve areas in urban centers for loading and 
unloading. When talking about access, it refers to spatial and temporal restrictions 
and, in the case of public infrastructure, the use of transfer points to improve the 
load factor of vehicles, that is, the load consolidation centers [71].

According to Novaes [72], in Brazil the occupancy rate in road cargo transporta-
tion is only 43%, which results in an excess of trucks on the roads. This is because 
there are customer demands on specific routes, but the demand does not complete 
the capacity of a cargo vehicle, nor can it be deactivated due to low demand, as it is 
necessary to serve the customer.

In an attempt to achieve these economic attributes, Vidal, Laporte and Matl 
[73], report the use of Information Technology (IT) to achieve some objectives, 
such as: promoting the exchange of information between interested parties; vehicle 
routing and scheduling according to the degree of congestion in the transporta-
tion network; allocate loads in the compartments, efficiently, for the loading and 
unloading process; and increase the vehicle occupancy rate. The use of IT to help 
aggregate freight is of great importance to avoid trips below capacity. In addition, 
vehicle routing and scheduling systems for using the loading and unloading zones 
can result in savings in travel time between 10% and 15%, according to the authors.

Some urban centers and cities that are on the side of the roads have tended to 
build road loops to divert the flow from city centers [74]. Another way to reduce the 
impact of trucks on urban centers is access restrictions, which are the most common 
regulations in Europe. These access restrictions can be according to the size restric-
tion of the truck or the time allowed for traffic [75].

5.3.1 Last mile delivery

In freight transportation logistics, the final step “Last-Mile” refers to the trans-
portation in which the goods leave the distribution center for the final destination, 
that is, for the customer, both B2B and B2C, who purchased a certain product [76].

In terms of innovation, Last Mile Delivery, in addition to transforming the 
methodology commonly used by the transportation sector, which prioritizes the 
quality and efficiency of delivery, started to take into account issues such as sustain-
ability [77].

Because of this, it has become increasingly common among companies to use 
bicycles and scooters to make deliveries, whether on short or large routes. The 
alternative is quite feasible, since it provides the improvement of urban mobility 
and does not pollute the environment [78].

The investment in technologies allows for faster delivery, which will not only 
make the final consumer more satisfied, but will also help the company to gain 
more time, streamlining processes [79]. Geolocation enables the optimization and 
improvement of other tools used in the transportation process, being essential for 
the integration of the company’s system with the Google Maps API (Application 
Programming Interface).
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A geolocation tool contributes to the definition of more viable routes, which 
helps to save time and fuel, directly impacting the maintenance of the means of 
transportation used. In addition, geolocation allows control of delivery in real time, 
taking into account the company’s particularities. With this, the entire delivery 
process is streamlined, optimizing material and human resources [79].

According to Joerss et al. [80] the business model conventionally applied to the 
last mile should be replaced due to the new technologies that reach the market. For 
these authors, the traditional model that uses light diesel vehicles will be respon-
sible for only 20% of deliveries in the last mile in urban areas, being progressively 
replaced by autonomous vehicles and delivery services by bicycles, more energy 
efficient. There is a potential for new technologies to transform deliveries in the last 
mile, which can lead to a new transportation infrastructure and delivery models [81].

6. Conclusions

The road cargo transportation sector has its representativeness in the country’s 
economic scenario and, however, in order to obtain sustainable gains, attention must 
be paid to the negative effects that its performance can cause to the environment and 
establish a reduction in the levels of CO2 emissions. This is done through logistical 
planning and the choice of more eco-efficient modes, that is, less polluting, such as 
the railway. Biofuels, as well as electric trucks, may also help to minimize the serious 
problems of road transportation in the country, especially urban ones.

The current transportation matrix has proved to be inadequate, since the high 
dependence on the road modal intensifies the problems of urban mobility, enhances 
environmental problems and negatively affects people’s quality of life. Thus, it is 
understood that the improvement in the country’s economic and environmental 
results is directly related to changes in the transportation sector. The current model 
is contrary to the search for a better quality of life for society and to the increase of 
Brazilian competitiveness in relation to the foreign market.

Organizations around the world have faced the challenge of making their 
operations more sustainable. In logistics, the focus for the coming years will be on 
reducing carbon emissions and reducing production waste. Technology and logis-
tics go together, mainly with regard to the development of solutions that help to 
optimize processes, make the results more satisfactory and guarantee higher quality 
for companies that are served by companies in the sector.

In the case of logistics, innovation is considered an extremely strategic factor for 
the success of a business in the sector. In this sense, among the main trends identi-
fied in this study in Brazilian road freight transportation, are: the greater use of 
ecological fuels, which are less polluting and provide less noise, the popularization 
of hybrid or fully electric vehicles, the growth in use of small vehicles for last-mile 
deliveries, in addition to the use of transportation management tools, which allow 
to select and better manage the partners that offer these differentials.

Society faces a challenging time for economic growth and public welfare. The 
environmental problems resulting from unrestrained progress are already reach-
ing great proportions, becoming the subject of discussions and mobilizations 
worldwide. In this reality in which sustainability is no longer just a competitive 
differential, it is indispensable for the future of the planet, the Brazilian transporta-
tion sector adopts socio-environmental responsibility as the basis for its perfor-
mance. Promoting social and environmental responsibility in the Brazilian cargo 
transportation sector and, thus, collaborating to the preservation of life and the 
environment, constitute the main contribution of this chapter to the book Urban 
Agglomeration.
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Chapter 2

The Degraded Insular 
Landscape in the Urban-Rural 
Interface – Application to the 
Urban Agglomeration of the South 
of the Island of Tenerife
Miguel Ángel Mejías Vera and Víctor Manuel Romeo Jiménez

Abstract

The urban agglomeration of the south of Tenerife is characterized by its  
accelerated and explosive conformation since the tourist boom of the 80s of the 
last century. This speed has caused radical landscape changes that have had envi-
ronmental, economic, social, and spatial repercussions. We try to extract those 
landscape patterns that characterize this urban model but also to analyze and 
quantify the landscape degradation of the urban-rural transition zones existing 
between the tourist and non-tourist nuclei. Through the cartographic and graphic 
method, typical of spatial thinking and regional geographical analysis, we combine 
multiple components that characterize and synthesize the substance of the abiotic, 
biotic, and cultural elements. As a result, we have a diagnosis where the centrality 
of the tourist nucleus brings together economic activity, the movement of people 
and vehicles, but at the same time, allows the development of other former rural-
based nuclei, transforming them into residential ones, as well as the explosion of 
buildings dispersed between them. We propose that planning should be based on 
the landscape patterns that characterize it, starting from the corridor that links the 
urban centers of the agglomeration.

Keywords: degraded landscape, urban sprawl, soil sealing, green corridor,  
eco-corridor, urban agglomeration, compact city

1. Introduction

In a finite space such as an island, the fragmentation of the landscape [1, 2] 
induces a growing deterioration, mainly due to the abandonment of the agricul-
tural space and the increase of urban dispersion [3]. In Tenerife, this process is 
more severe, when in the last 30 years hardly any new urban plans adapted to the 
social, economic, and environmental reality have been drafted. Instead, there have 
only been adaptations to new regulatory texts applied to old territorial and urban 
plans. Among many consequences, there is a disruption of biodiversity and natural 
capital flows, but also a break in the continuity of the structures of the cultural 
paleo- landscape. This pattern is recurrent in many cases, but “studying cities is a 
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never-ending process there is always more to learn” [4]. If we say that an urban 
agglomeration is built from a central urban core and a series of smaller peripheral 
urban centers that are under its influence, perhaps we are not making a big dif-
ference, but if its expansion is channeled through its network of road corridors 
that stretch the built-up space, while at the same time, buildings are constructed 
between the interstitial spaces indiscriminately, the perceived landscape is not only 
fragmented but, in many cases, it has deteriorated. The rural-urban interface is 
not defined. Beyond the large nuclei that make up the urban agglomeration of the 
south, there are multiple population swarms of all kinds: medium-sized nuclei, 
scattered micronuclei, many clandestine and self-built, individual scattered build-
ings, urbanizations, all glued between the industrial agricultural space and the 
abundant abandoned agricultural space. If we add to this problem that this process 
has an explosive character, forged in just two decades, 1970–1990 and that we are 
facing a model of urban agglomeration linked to the implementation of the massive 
and fordist tourist industry [5], we believe that it is a space that has enough entity 
to investigate what has happened in its past [6] to explain its present, but above all, 
and this is where we are, to monitor the changes that will occur in the future.

But can this urban typological model be considered a city? Possibly we cannot yet 
consider it as a consolidated urban structure, but yes, it is in the process of conforma-
tion. If we look at the projection of its planning, we would say that it could be, in 
the future, the largest in the Canary Islands. The large central urban nucleus, Los 
Cristianos-Las Américas-La Caleta (Arona-Adeje), can be considered the driving 
force of the tourist industry in Tenerife, although there are authors who consider 
that, although it does not have a direct relationship with the phenomenon of industri-
alization, it did affect all settlements, being a modifying factor of the first magnitude 
[7]. The numerous studies developed in Spain between the 80s and 90s of the last 
centuries on this phenomenon are considerable and use typologies such as enclave, 
nucleus, and even call conurbation to the whole Mediterranean coast. The evolution-
ary process of these enclaves or nuclei goes from being simple tourist urbanizations 
to tourist cities creating specific urban spaces destined for recreational consump-
tion [8]. The south of the island of Tenerife could be considered, on an insular 
scale, a large conurbation, which is related to the rest of the island, but also to other 
national and international scales. This same idea overlaps with its immediate past. 
Agricultural activity took the leading role in the change, when the export of crops 
became the first great socio-spatial modifier of the south, between the 40s and 50s of 
the twentieth century. The arrival of water for irrigation (Canal del Sur S.A.) and the 
implementation of thousands of hectares of irrigated crops, generated a large labor 
supply, causing the movement of the insular and regional working population [6]. 
But the physical characteristics that made the farms ideal were also ideal for tourism, 
generating a dialectic for the soil, the water, and the worker [9]. In this relationship, 
undoubtedly, the weight has shifted to the side of the tourist industry. The price of 
land, the speed of profit, the large economic margins, etc., as demonstrated by Víctor 
Martín, turned agrarian income into urban income [10]. Small, medium, and espe-
cially large landowners put up for sale thousands of hectares of land, in many cases 
wasteland and unproductive land, but close to the sea. The property map changed 
from physical properties (individuals) to different corporate legal figures. The 
owners of rural land changed legal figures from individuals to corporations. But even 
today, in its urban perimeter both activities coexist, although, spatially, agricultural 
production is displaced more towards both extremes NW and SE, freeing land in the 
perimeter closer to the large and medium urban centers (Figures 1 and 2).

The tourist landscape is a product, as in the rest of Spain, of mass tourism linked 
to the sun and the coast, which began in the 1960s, centered on the Mediterranean 
arc and the Balearic and Canary Islands. In our case, it is developed from the 60s in a 
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punctual way in traditional coastal settlements: El Médano or the sale of large plots 
of wasteland along the coast that allow the promotion of Ten-Bel. But it was not 
until well into the 1980s that the tourist nucleus was formalized, combining tour-
ist infrastructures (hotels, apartments, beaches, ports, shopping centers, leisure 
infrastructure, industrial estates, etc.) with the original small settlements, to which 
many other scattered, illegal, and non-formal settlements were added, spreading 

Figure 1. 
Landscape of the 1950s and 1970s. Model of transformation from rain-fed agriculture to irrigated agriculture 
for export. Municipality of Adeje: La Caleta de Adeje (Photo 9), Playa de la Enramada (Photo 10), and Playa 
del Duque (Photo 11). An area with residual rain-fed agriculture where some small water catchment dams can 
be observed in the courses of the ravines. Source: 1956 Cadastral Orthophotography, Aerial photograph 1970, 
and Island Council of Tenerife.

Figure 2. 
Urban agglomeration in the Playa del Duque sector (Costa Adeje). 2003. Source: Island Council of Tenerife.
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in all directions, following the conception of the processes of the classic ecological 
system and based on the processes of expansion-aggregation and invasion-succes-
sion [11]. The processes of invasion-succession are sustained, when they do not find 
equivalent resistance, in those cases the type of space occupation is substituted by 
another. In the south of Tenerife, especially in the coastal areas, the substitution of 
the agrarian landscape is evident, but also, following H. Gibbard, there is a change 
in the local population dimension, in the ethnic composition, social stratifica-
tion, economic activities, residential mobility, the affectation of residential areas, 
administrative activity, creation of jobs in suburban areas, etc. [11].

Following the ecological method [12] proposed by the Chicago School in the 60s 
of the last centuries, we could check if the construction of the urban agglomeration 
in the south of Tenerife followed sustainable patterns adapted to its nature, or on the 
contrary if it has been built without these logics. That is why we start in this work, 
from a deterministic point of view, since the urban agglomeration that we analyze is 
developed from a key environmental justification, the sun, and the sea. Therefore, 
there are two abiotic and environmental facts of first level, the coast, and the climate. 
But we also look for cultural components that are the ones that explain the events in a 
very short timeline. Between them is the whole biotic set that threads them together. 
This is the transition zone; it is the possible eco-corridor that should be designed.

Our intention is to show a work conceived from spatial thinking.

2. Objectives

This work has two fundamental objectives. On the one hand, to characterize the 
landscape of the urban agglomeration in the south of the island of Tenerife, placing 
emphasis on the space occupied by the interface between the different population 
centers that make it up. It is in these spaces where the different models of growth 
will be developed, and therefore where it is necessary to intervene on the basis of a 
landscape policy. On the other hand, it is necessary to construct a method applica-
ble and reproducible to other agglomerations through the combination of multiple 
landscape components, as well as using different spatial scales, sources, and data 
models. Therefore, the cartographic and graphical method is substantial.

3. Methodology

Based on spatial thinking, typical of regional geography, we use qualitative 
and quantitative analyses of spatially based components and variables, following 
criteria of geographic information processing [13]. To support this method, we 
use graphics and cartography, supported by geospatial analyses that combine 
vector data models with raster data models [14]. To do so, it is necessary to 
proceed with the work by defining the different spatial units of analysis, in this 
case ranging from a point (location of an activity or the gauging of traffic intensi-
ties) to a region (regionalization understood as the sum of municipal entities that 
share resources and management services). In the middle of this range appear 
the landscape units [15–17] that are structured from the integrated relationships 
of abiotic, biotic, and cultural components and that clearly define their identity 
[18, 19], and functioning. Our study area falls within this pattern and differs from 
other large island landscape units, such as the metropolitan area or the north. To 
discover these patterns, it is necessary to follow phases of information process-
ing, that is, at the time of inventory, at the time of processing, and at the time of 
communication of the results. Clear patterns of graphic semiology [13, 20]. In 
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each of these phases, we proceed to perform qualitative and quantitative analyses 
of components and variables to characterize their keys [21].

The sources used are multiple. Starting from a general literature review on 
landscape concepts [15, 22] and their different characterizations [21], spatial distri-
bution measurements [2], and management proposals, catalogs, plans, catalogs, etc. 
[18, 23]. Strategic concepts of territorial and urban planning, such as the European 
Territorial Strategy [24] based on the polycentric [24], compact city [25], sustainable 
[25], and resilient [26, 27] design solutions through ecological and green corridors 
or green open space [28]. Supported with applied research on the specific region 
in the geographical field where the hard relations of man in that environment are 
highlighted but at the same time his adaptation to it. From the slow historical trans-
formation of this space, a vertiginous speed of change took place, first in agriculture, 
then in tourism, in the second half of the 20th century. In the 1990s, the Geography 
Department of the University of La Laguna carried out projects, books [9], exhibi-
tions [29], dissertations [6, 30], and theses [10, 31, 32] related to this phenomenon. 
This space had a great scientific interest, which continues today with new challenges 
[33]. This work is framed within this line. Cartographic sources: The open data revo-
lution [34] of geographic information allows researchers and analysts of the territory 
to have a volume of data that were not available until very recently, which is why, 
from the point of view of the selection processes of sources are directed toward the 
problems we address, seeking methods of analysis-synthesis that allow us to system-
atize the multiple relationships that characterize the landscapes. “In the treatment 
of geographic information, there are three perfectly related and inseparable levels 
characteristic of any language: data, information, and communication” [20]. The role 
of spatial data infrastructures in research is marking a new path toward knowledge 
and this we can implement in our research and results. In this sense, Cartográfica 
de Canarias (GRAFCAN S.A.), Instituto de Estadística de Canarias (ISTAC), Island 
Council of Tenerife, Cadastre, and LANDSAT8 support the data that we have con-
verted into the information that we communicate following the following structure:

3.1 Inventory level

From a process of selection and debugging of data sources, we organized the 
information of this first level. We structure the study area, following landscape 
science, in thematic spatial components of abiotic, biotic, and cultural character. 
Each of them is modified in a process of transformation until the objectives of the 
same are obtained. The analysis of the inventory components will allow us in some 
cases to characterize the urban agglomeration and check where the conflicts are, 
in others, to build a space of synthesis were to project the connectors between the 
nuclei and their natural environments.

3.1.1 Abiotics

Environmental characteristics: From a DEM of the topographic base, we can 
have a map of insolation. This map, together with the DEM and the location of dif-
ferent meteorological stations, allows us to characterize one of the most important 
factors in the generation of the current landscape.

3.1.2 Biotic

From the LANDSAT8 satellite image and the combination of 543 NIR bands, we 
can classify in a supervised way the vegetation space of the bare space that covers 
the county analysis unit.
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3.1.3 Cultural

This space is much more complex. We systematize topographic, cadastral, 
statistical sources, and raster and vector data models. Each one of them was built 
for particular purposes of different disciplines.

3.1.3.1 Population structure

We work with 2020 data from the municipal census and select the variables of 
population, average age, and foreign population. The objective, is to extract the 
weight of the different settlements and demonstrate which is the driving and attrac-
tion core of this urban agglomeration.

3.1.3.2 Structure of the built-up área

We combine topographic data at a scale of 1:5000 for the years 1964, 1987, 1996, 
and cadastral data of 2015. The objective, is to demonstrate the growth of fre-
quency, dispersion-concentration, and accumulated area and by classes.

3.1.3.3 Road structure

We work on two variables, the main road network and gauging data from dif-
ferent control points of average annual intensities. The objective, is to demonstrate 
where are the weights of daily mobility of vehicles in the urban agglomeration.

3.1.3.4 Economic structure

Geolocation of economic activity: For punctual implantation, we differentiate 
the lodging space into different typologies and segregate it from other activities 
linked to tourism. The objective, is to demonstrate the weight of the economic 
location of urban centers.

3.1.3.5 Structure of the agricultural space

Using LANDSAT8, extract the cultivated space by means of supervised clas-
sification of 654 bands. The objective, is to know the distribution, frequency, and 
surface of this economic activity. It will serve in the processing phase to combine 
it in the construction of the geometry of a possible ecological corridor, green or 
refined eco-corridor.

3.1.3.6 Planning structure

We selected two subjective planning classifications in force, urban planning 
at the municipal scale of our area of analysis, and the delimitation of protected 
natural spaces. The objective, is to demonstrate the space projected and committed 
in the urban planning regulations and its capacity for compactness within the urban 
agglomeration. The protected natural spaces are those that must be linked through 
the green corridor with the planned and consolidated urban structures.

3.2 Level of treatment

The Corridor Island [35] as a spatial unit of synthesis. If we reduce the agricul-
tural space and the island is compromised by planning, the result is the eco-corridor 
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island, in short, the unprotected abiotic and biotic space that must thread the 
urban-rural-natural interface with landscape criteria.

3.3 Level of communication

The whole spatial analytical process leads to a new, more precise unit of analysis: 
the eco-corridor. On this basis, it will be possible to articulate proposals for land-
scape integration in future territorial and urban developments.

4. Results

4.1 Inventory level

4.1.1 Abiotics

Environmental characteristics: Without going into the geomorphological and 
lithological basis that greatly differentiate the landscapes of the unit of analysis, 
and with a deeper study in this aspect will give us new keys to explain the places of 
the south, we will focus only on exposing the microclimates as a differentiating fac-
tor. Tenerife is a topographically extreme island, but its geographical position and 
altitude (3718 m) make it differential because it directly affects the generation of 
microclimates, and that in our study area is very significant. The south of Tenerife, 
like the rest of the island, from the historical point of view, had a clear settlement 
pattern, the places with water and fertile soil for agricultural production. For this 
reason, the humidity factor and the degree of sunshine were very important.  
Where the environment was less sunny and there was more humidity (Figure 3). 

Figure 3. 
Representative climograms of coastal and midland areas: (a) Tenerife Sur Reina Sofía Airport. Prolonged 
series. (b) Hoya Grande, Adeje, SW, elevation 130 m above sea level. (c) Pinal, Granadilla. SE, elevation 
850 m. (d) Guía de Isora, SW, 476 m. Sources: AEMET and Agrocabildo. Elaboration: Mejías and Romeo.
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These places were not on the coast, but in the middle zones of the island, the 
so-called “medianías,” which range between 400 and 900 m of altitude. As can be 
seen in the figures, there are enormous differences in temperature and precipitation 
depending on the altitude, but there are also differences depending on the orienta-
tion and position within the island, and this aspect is marked by the wind, the insu-
lar space oriented to the SE is swept intensely by the trade winds N-NE to S-SE. On 
the other hand, the main urban development in the south of Tenerife is protected by 
the SW. Therefore, coast, light winds, and high insolation are a perfect combination 
for the development of this industry that formalizes the urban agglomeration of 
southern Tenerife (Figure 3).

4.1.2 Biotic

The vegetation in the area of analysis is irregularly distributed, but clearly has 
two patterns: the space at high altitudes is occupied by pine forests, broom, and the 
rest is made up of replacement scrub, often on abandoned cultivation areas, tabai-
bas, cardones, or balos. The environmental and cultural conditions of intervention 
in the lowlands make the vegetation very residual and irregular (Figure 4).

4.1.3 Cultural

4.1.3.1 Population structure

We selected the 2020 data. Administratively, the population information of 
the municipal census of inhabitants is distributed in municipalities, districts, and 

Figure 4. 
Biotic synthesis. Source: LANDSAT8. Elaboration: Mejías and Romeo.
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sections. In order to check the size of the urban agglomeration, we understand 
that the section offers us more precise information on population movements 
and we can better check the details of the distribution. The urban agglomeration 
of the south of Tenerife is inhabited by 244,191 registered persons and an annual 
transient (tourist) population of 4,601,793 persons. To check the human pressure 
on the region we must indicate that the total insular total of tourists accommo-
dated in 2019 was 6,071,820, therefore 75% are accommodated in our unit [36]. 
Undoubtedly this population weight marks the characterization and dynamics of 

Figure 5. 
Distribution of the foreign population by section (a). Population distribution by mean age class and section 
(b). Source: GRAFCAN S.A. Prepared by: Mejías and Romeo.

Figure 6. 
Distribution of population density by sections. Source: GRAFCAN S.A. Elaboration: Mejías and Romeo.
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this urban agglomeration. The analysis of this population component currently 
shows three very significant spatial and statistical patterns: the average age of the 
area is set at 40 years and its distribution by classes between 32 and 52 years. The 
gender balance (50.32 men/49.68% women), and the importance of the foreign 
population (34.85% of the total). Young population: The presence of population 
between 37 and 41 years of age is the majority group and they are distributed in 
the sections immediately surrounding the main urban nucleus, while the sections 
with older average age are distributed spatially between the traditional nuclei of 
the midlands and the traditional coastal nuclei of Los Cristianos and Las Galletas 
(Arona). Foreign population: The high percentage of the foreign population has a 
dispersed spatial distribution, it is distributed throughout the analyzed area, but 
without a doubt, the highest concentration occurs, first in the sections closest to 
the coast, secondly, in the central section of the largest urban center and its imme-
diate surroundings, thirdly, there is a very significant section where the highest 
concentration of foreign residents occurs (Figure 5). Its location coincides with the 
proximity of the airport (Granadilla de Abona), the industrial park of Las Chafiras, 
and Los Abrigos (San Miguel) (Figure 6).

4.1.3.2 Structure of the built space

We combined topographic data at scale 1:5000 for the years 1964, 1987, 1996, 
and cadastral data of 2015. The objective, is to demonstrate the growth of fre-
quency, dispersion-concentration, and accumulated area and by classes. The growth 
dynamics have three very clear phases. The starting point is 1964, the built-up space 
was in the midlands threaded by the southern general road and the growth to the 
coast did it by secondary roads to the coast, where were the jetties or coastal ports 
where all the goods entered and left. For this reason, the development of coastal 
settlements was minimal. The explosive growth occurred with tourism and the 
infrastructures created for its formalization: airport, 1978, widening of the TF-1 
highway, after the inauguration of the airport, Ferry-Gomera line in 1975 [29]. The 
structure of the built space grows, but at the same time reduces the average surface 
area of each polygon, a clear indicator of building dispersion (Figure 7, Table 1).

Figure 7. 
Evolution of the built-up structure. 1964–2015. Source: GRAFCAN S.A. Island Council of Tenerife, Cadastre. 
Elaboration: Mejías and Romeo.
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4.1.3.3 Road structure

The road structure is divided by hierarchy into a highway linking the metro-
politan area of Santa Cruz de Tenerife with the south, which supports the weight 
of mobility in the region. The southern general highway, parallel to the previous 
one and with the same purpose, is to connect the island’s capital with the south, but 
link the settlements in the middle of the island. Construction began in the middle 
of the 19th century and was not completed until the 80s of the 20th century. The 
structure of roads and secondary roads, many of them rural and unpaved, channel 
the scattered buildings. To demonstrate the weight of mobility and the centrality 
factor of the nuclei of the urban agglomeration, we constructed this heat map 
with the average annual mobility indexes, which indicates the majority weight of 
the main central nucleus and the axis, more to the E, between the industrial area 
of Granadilla, the new port, the airport and the urban nuclei of San Isidro and 
El Médano. This axis is becoming a new and powerful strategic pole of attraction 
(Figures 7 and 8).

Year Frequency Area (Ha). Polygon average (m2)

1964 5353 123.4 230

1987 13,592 365.3 260

1996 26,568 564.3 210

2015 147,783 1467.6 90

Table 1. 
Frequency, cumulative area, and the average size of the polygons of the built-up structure.

Figure 8. 
Level of daily mobility index. Source: Island Council of Tenerife. Elaboration: Mejías and Romeo.
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4.1.3.4 Economic structure

Geolocation of economic activity: Undoubtedly, the economic weight generated 
by the tourist industry is found in the central urban nucleus (Los Cristianos-Las 
Américas-La Caleta). We have extracted and classified the types of activity separat-
ing the lodging activity from the rest of the related activities. The former, in turn, 
is divided into the traditional hotels and aparthotels, on the one hand, and in the 
census of vacation homes, on the other, which, in the last decade, have experienced 
great growth, becoming a variant of the traditional fordist system described above. 
This has a very significant distribution, is located in the traditional coastal towns 
(Los Cristianos and La Caleta) and in the urbanizations of the upper coastal zone, 
exceptionally there are some on the coastline. Therefore, there begins to exist 
segregation of the lodging activity that we must consider in order to characterize 
the internal morphology (Figure 9).

4.1.3.5 Structure of the agricultural space

The southern landscape was transformed with the arrival of water for irriga-
tion in the 40s and 50s of the twentieth century, the network of canals and sec-
ondary water conduction networks allowed the implementation of thousands of 
hectares of land for export crops (tomato and cotton, in the beginning, banana, 
mainly at present) [6]. Its current distribution is divided between the coast and 
the midlands and between the eastern and western sectors. Potatoes are grown in 
the midland areas of the eastern sector, cultivated on terraces covered with jable 

Figure 9. 
Distribution of tourism economic activity by type. Detail of the central urban core. Los Cristianos-Las 
Américas-La Caleta. 2019. Source: Cabildo Insular de Tenerife. Elaboration: Mejías and Romeo.
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(pumice stone). The coast is mainly reserved for export crops, mainly bananas. 
The difference between the eastern and western sectors is that the former, 
which is windier, cultivate under glass, while the western sector, with less wind, 
cultivates mainly in the open air. This creates totally different landscapes. The 
construction processes of these agricultural structures are similar to the built 
structure, land clearing, creation of terraces, soil importation, construction 
of greenhouses and warehouses, irrigation network. Therefore, we are talk-
ing about industrialized agriculture. In the advanced stages of this production 
system, we have demonstrated processes of the creation of clandestine and 
self-built micronuclei inside this type of structure. It is a form of conversion of 
traditional rustic agrarian land to industrial land and then to residential land 
(Figure 10) [32].

4.1.3.6 Planning structure

Based on the current urban planning at the municipal scale, we want to show the 
urban projection of this urban agglomeration. This synthesis represents the urban-
izable corridors. The tendency of the urbanistic model would have been continuity 
and compactness if, at the end of the 90’s, some geomorphologic structures were 
not declared as protected natural space. This action, at the moment of greatest pres-
sure, prevented this continuity, leaving a possible future connection by means of 
green corridors that link the nuclei with the surrounding agricultural space and the 
biotic space. This, at least, is our hope, as long as the design linked to the landscape 
is applied under the criteria of sustainability and resilience. The model we show 
(Figure 10), is the current planning and each of them has approvals from the late 
twentieth century and adaptations to the new rules of the early twenty-first century 
[37]. Meanwhile, the growth of urban sprawl at different levels of compaction was 
explosive (Figure 11). The large pockets of developable land give continuity to the 

Figure 10. 
Synthesis of the agrarian space. Source: LANDSAT8. Elaboration: Mejías and Romeo.
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Figure 11. 
The projected city. Source: GRAFCAN S.A. Elaboration: Mejías and Romeo.

Figure 12. 
Morphology of the built space. Levels of aggregation by area of influence (20 m). Source: Cadastre. 
Elaboration: Mejías and Romeo.
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central urban core to the west, the traditional nuclei of medianías are projected 
in small sectors and the eastern axis of Puerto de Granadilla-San Isidro-Airport 
projects another large pocket. Arona, and especially the Valle de San Lorenzo, 
has suspended its urban projection, which was intended to bring together all this 
dispersed mass (Figure 12).

4.2 Level of treatment

Corridor Island [30] as a spatial unit of synthesis. The microanalysis we propose 
responds to what we have shown in the characterization. We finish as we started, a 
place as finite as the insular requires processes of spatial microsurgery, so we must 
refine the units of analysis. The corridor island that we proposed in the previous 
work, coordinated by Professor Mustafa Ergen [38] proposed a basic corridor island 
at the island scale. Analyzing larger scale areas allows us to build better models; this 
is our intention.

4.3 Level of communication

We must project from here the new corridor interface that links the urban 
agglomeration of the south of Tenerife. The same control that exercised the 
declaration of natural areas in the 80s will require doing it with new places, more 
than places, it is necessary to conserve landscapes. The result should help to make 
planning decisions. The refined eco-corridor will help to do this. We will imple-
ment new high-resolution data in the future to continue to monitor these processes 
(Figure 13).

Figure 13. 
Refined eco-corridor. Elaboration: Mejías and Romeo.
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5. Conclusions

The urban agglomeration that we have tried to show you in this thematic 
sequence, tells the landscape evolution of an insular region that went in 30 years 
from oblivion to being a world reference. This perception is reflected and each 
of the moments of its evolution are impregnated in the landscape of the south. 
Even today, and despite the passage of time and the indiscriminate and indiscreet 
intervention of man, the structures of this society remain.

In this current moment of the pandemic by COVID-19, an event has occurred 
that a few months ago was unimaginable, the tourism machine stopped. The pres-
ence of tourists was reduced by 70%, hotels, and aparthotels, travel agencies, stores, 
schools, transport, airports, ports, were closed. They were prolonged in time. It 
has been 14 months now. This has shaken the economic structure but above all 
the social structure. Marginality, hunger, unemployment, and other social conse-
quences denounce if this is the model to be resumed, what has already been called 
“return to normality.” Undoubtedly, we cannot evaluate the effects at this moment, 
we will do it in the next months or years, but it is necessary to continue investigating 
the degree of affectation that the population, and therefore, the space of the urban 
agglomeration.

The analysis shown focuses on the idea of landscape thinking. Planning, manag-
ing, educating, and raising awareness in the landscape. It is necessary to interrelate 
abiotic, biotic, and cultural connections because they are parts of a whole in 
equilibrium. The imbalances caused by unidirectional decisions provoke crises. The 
Canary Islands are full of them. We must diversify, invest in what we are powerful 
in, the renewable energy industry has in the south the most precious source, the 
sun, and the wind, an industry that also competes spatially, but we have excellent 
cultural, patrimonial, and natural values. We must not create tourist bubbles. Is it 
possible to integrate all this, with respect for landscape values without degrading 
them? We will see.
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Chapter 3

An Urban Fabric Responsive Last 
Mile Planning
Chidambara

Abstract

The chapter aims to cover an important and often neglected aspect of transit 
planning—that of last mile connectivity (LMC). Today most transit systems extend 
beyond the city to conurbations or metropolitan regions. However, most often 
LMC planning is on the hindsight or follows a “one shoe fits all” approach, without 
taking into cognisance the importance of the urban fabric context of the stations. 
Last mile solutions that do not respond to the built environment context can result 
in unsustainable mode choice for LMC or in reduced transit appeal. The chapter 
presents last mile trip characteristics for stations located in different urban fabrics 
in the city of Delhi and its surrounding town Noida. It explores the attributes of the 
built environment that impact last mile travel behaviour across the metropolitan 
region. Additionally, the paper discusses the level of integration, with a lens on the 
current last mile environment, policy and planning practice for Delhi. The chapter 
further makes a case for treating LMC planning as integral to transit planning and 
outlines last mile planning principles suitable for different urban fabrics.

Keywords: last mile connectivity, urban fabric, built environment and travel 
behaviour, transit access, walk share and urban fabric, Delhi metro, urban rail

1. Introduction

A growing number of cities across varying economies of the world today are 
nested within urban agglomerations or metropolitan regions. The need for or the 
factors resulting in co-dependence of the city with its conurbations or satellite 
towns are well-researched and documented in literature. Geddes in his seminal 
work, Cities in Evolution, nomenclated ‘city-regions’ or ‘town agglomerates’ as 
‘conurbations’, identifying them as the future model of urban development; at 
the same time, underscoring the role of transportation in rendering redundant, 
the administrative boundaries between the various constituents of a city-region. 
Describing the absorption of the many villages and boroughs in the development 
of Greater London, he wrote, “…Instead of the old lines of division we have new lines 
of union: the very word “lines“ nowadays most readily suggesting the railways, which are 
the throbbing arteries, the roaring pulses of the intensely living whole;…” [1]. He further 
emphasised that different forms of transit systems (rail/trams/buses) will be crucial 
for such urban development to take shape.

The technological advancements in urban transport (both in automobile and 
public transport) since that period have been tremendous and we find such models 
of urban development prevalent economy-wide, albeit, with varying degree of 
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penetration and role of transits. In today’s context it is common to see transits 
extending beyond city boundaries to conurbations or the other entities within 
their metropolitan regions, playing a vital role in providing several thousands of 
populations social, cultural, and economic opportunities. Urban rail systems (in all 
their variants) today have assumed greater significance than ever before, especially 
in Asian cities. As per a report on World Metro Figures, “at the end of 2017, there 
were metros in 178 cities in 56 countries, carrying on average a total of 168 million 
passengers per day. 75 new metros have opened since the year 2000 (+70%). This 
massive growth is to be credited largely to developments in a few countries in Asia” 
[2]. Given the pace and nature of urbanisation, the metro rails are likely to play a 
crucial role in the urban mobility landscape globally, owing to their higher speeds, 
comfort, safety in comparison to other public transport modes.

In an increasingly globalised economy, the need to connect, both in the physi-
cal and the virtual spaces cannot be negated. Travel takes a centre-stage in every 
urban dweller’s life. However, the way people and goods move in a city and across it 
impacts its socio-economic and physical environment and is one of the key mea-
sures of a city’s sustainability. Noted economist Colin Clark in his paper Transport—
maker and breaker of cities, observed that transport is one of the “less tangible 
implements” that is necessary to create the “end-products” of what is commonly 
classified as man’s basic needs [3]. Developing an effective and efficient public 
transport thus becomes an indispensable pre-requisite for sustainable mobility and 
subsequently for sustainable cities. Several scholars recognise the role of transit 
systems in increasing economic development in cities through the creation of dense 
urban centres with walking and transit urban fabric [4]. Other benefits of rail 
transit cited in literature include higher per capita transit ridership, lower per capita 
traffic fatalities, lower per capita consumer transport expenditure, lower per capita 
motor vehicle mileage, among others [5]. Through the facilitation of easier access to 
opportunities, transit systems enhance the catchment and work-sheds which is not 
only crucial for cities to be globally competitive but also for their overall sustain-
ability. Not surprisingly, we also find that travel patterns and urban forms, in turn, 
are influenced by the dominance (or absence) of transit outreach.

A substantial volume of scholarly works establishes the link between transit rider-
ship and the surrounding built environment [4, 6–13]. Density (both residential and 
employment) in particular, is a common indicator across several studies that is found 
to influence transit ridership. A study of 27 residential areas in California, having dif-
ferent residential densities around metro stations, concluded that higher density resi-
dential areas have higher share of transit commute trips [14]. Similarly, transit stations 
located in higher employment density settings are found to have greater transit shares 
[15–17]. It is argued that sustainable transport is possible when there is “an emphasis 
on urban form and density; infrastructure priorities especially the relative commit-
ment to public transport compared to cars; and street planning especially the provision 
for pedestrians and cyclists”, highlighting the importance of other factors apart from 
densities [18]. This is reiterated through other research studies that have observed 
higher transit shares in transit and pedestrian-oriented neighbourhoods [10, 19].

1.1 Transit and last mile connectivity

The transit systems in their course, from the city centre to the outskirts and the 
conurbations traverse different built environment. Alongside, their network density 
and coverage drop significantly. Planning a transit network that is as dense in the 
peripheries/suburbs as in the city core might be an almost implausible task. Given 
this limitation, maintaining the attractiveness of transit, and achieving optimal 
ridership throughout the system is a big challenge for transit authorities too. It is 
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increasingly accepted that in-transit and out-of-transit experience collectively 
account for a transit’s attractiveness. The last mile connectivity (LMC), referred 
to in this paper as both the first and the last mile, is an important constituent 
of the out-of-transit experience, and often, also one of the weakest links of the 
overall transit journey. The term ‘mile’ is merely representative, and it can vary 
from less than half a mile in central parts of the city with dense transit network to 
significantly over a mile in peripheral areas and conurbations with lower transit 
network density.

The nature of available options for LMC along with its quality can also have 
an impact on the catchment sheds of stations located in similar settings, and 
subsequently on ridership as well. It is important to understand that since the 
transit coverage itself varies in different parts of the city, the approach to addressing 
the last mile solution cannot be the same everywhere. While in some areas, it may 
not be necessary to stress on enlarging the catchment sheds, rather on improving 
the quality of infrastructure; in other areas the focus necessarily should be on 
enhancement of the catchment sheds, to enable more areas easier access to transit. 
This is especially vital for transits that serve metropolitan regions or urban 
agglomerations. Hence, a pragmatic approach that acknowledges and draws upon 
the potential and limitations of the physical built context is important to maintain 
transit attractiveness for higher patronage and greater user experience.

The need for a difference in the approach arises principally out of the difference 
in the locational context of the stations. Newman, Kosonen and Kenworthy [20] 
in their ‘theory of urban fabric’ show that cities are a combination and often 
overlapping of three distinct types of urban fabric - walking urban fabric, transit/
public transport urban fabric and automobile/motor car urban fabric. The ‘urban 
fabric’ in this theory signifies “a particular set of spatial relationships, typology 
of buildings and specific land-use patterns that are based on their transport 
infrastructure priorities”. The three fabrics are distinguishable with respect to 
aspects such as distance from the city centre, densities, mix of land-use, network 
typology, characteristics, and quality, among others. The authors further contend 
that “strategic and statutory planning need to do more than land use and transport 
integration, and they need to have different approaches in each of the three urban 
fabrics”. Their theory is well applicable and relevant for LMC planning at an 
agglomeration scale, as well.

This paper includes the findings of a study for Delhi Metro rail (which also serves 
its satellite towns Noida, Gurgaon, Faridabad and Ghaziabad), which in further 
sections attempts to show that last mile travel characteristics vary with respect to 
stations located in different urban fabrics. The paper presents a case for the treat-
ment of LMC planning differently in different urban fabrics. For cities where transits 
serve an entire agglomeration and/or the suburbs or the surrounding smaller satellite 
towns, respecting the different urban fabrics in LMC planning becomes even more 
crucial to maintain the attractiveness of the transit systems and subsequently, for 
higher transit patronage and greater user experience across all the urban fabrics.

2. Built environment and last mile connectivity

There has been far more research examining the relationship between built 
environment and transit ridership than on built environment and last mile user trip 
behaviour. However, from the limited body of literature we can somewhat conclude 
that urban form surrounding a transit stop is an important decisive factor in transit 
users’ choice of walk, cycle, feeder bus or other forms of transport for the last 
mile commute. A study conducted in Bogotá examines how the built environment 
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influence walking and cycling behaviour [21]. The authors also observe that 
while in the developed world, there exists substantial literature that suggest built 
environment are significant predictors of non-motorised travel, not much research 
on the same has been carried out in the developing world.

In a study of three European countries namely the Netherlands, UK, and 
Germany the results indicated that suburbs generate higher levels of cycling-transit 
users than cities [22]. It would thus be interesting to distinguish the last mile access/
dispersal behaviour in city versus the satellite towns in a developing world context. 
The study also observed that improving the access to railway stations by public 
transport and non-motorised modes can limit car use. In cities in the developing 
world this is taken care by a variety of intermediate public transport (IPT) 
both motorised and non-motorised. Relatively shorter travel distances between 
common origins and destinations in cities as compared to suburban locations, 
enables higher walk share. In contrast, in transit-rich, compact cities, transit and 
walking are attractive alternatives to the bicycle [23]. Moreover, relatively higher 
densities in cities also makes possible a high-quality feeder bus service with short 
headways, making them more convenient [24]. The ‘Transit Choices Report’ for 
Santa Clara Valley Transportation Authority corroborates that the pattern of urban 
development largely determines how many people will be near a stop, whether they 
can walk to it, and whether transit can follow a path that will be useful to many 
customers [25]. It identifies density, walkability, diversity of land use, among others 
as the key indicators of built environment that governs transit ridership.

Yet other studies observe the nature of development around stations influencing 
non-motorised trip access to stations. Walk/bike share and trip rates were observed 
to be higher in transit neighbourhoods [10] and walk mode also had higher 
probability to be used for rail station access in a traditional neighbourhood [11]. 
Another study found the probability of walking to stations higher when retail uses 
predominate around stations [26].

Street networks are an important constituent of the built environment. Several 
studies associate travel behaviour, especially ‘walk’ share with transportation 
network. The relative association of street design: local qualities of street environ-
ment, street network configuration, spatial structure of the urban grid and land 
use patterns was studied with the distribution of pedestrian flows in 20 areas in 
Istanbul [27]. Cervero et al. [21] in their study in Bogota found that the variables 
that impact most are network characteristics while in developed countries diversity 
(of land-use) and density impact walking behaviour. They found two network 
characteristics variables—street density and connectivity index entered the 
model as significant predictors. Erstwhile, other scholars have used connectivity 
index [28, 29], street density [30, 31], block length [28, 32], block size [32, 33], 
block density [11, 34, 35] metric and directional reach and pedestrian detour 
factor (PDF) (also referred to as pedestrian route directness) [32, 36] as network 
measures. However, not all these studies have been conducted to understand the 
last mile travel behaviour per se and it would be interesting to explore whether 
network characteristics significantly influence station access/egress mode as well.

A study which directly explores this relationship is conducted by the Atlanta 
Regional Commission [37] which explores “how far urban density, mixed land-uses, 
and street network connectivity are related to transit walk-mode shares to/from 
stations”. It observes that “local conditions around rail stations are significantly 
related to riders’ choice to walk to/from transit”. In particular, the study finds street 
connectivity to be strongly associated with walk-mode shares when controlling for 
certain other built and socio-economic attributes.

There is not much conclusive evidence of the relationship between built 
environment and last mile travel behaviour for cities set in the developing world, 
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which have their own set of uniqueness that set them apart from cities in the 
developed world. Presence of vertical mixing of land-use areas with fine-grained 
urban fabric, higher urban densities, poor conditions of walking and cycling 
infrastructure in several parts of the city, lower automobile-ownership and 
income levels, presence of the ubiquitous motorised and non-motorised forms 
of IPT available for individual hire as well as on shared basis, increasing penetra-
tion of on-demand/ride hail cabs: all of these present a very different last mile 
landscape in these cities and city-regions, thereby warranting studies conducted 
in these settings.

3.  Last mile travel behaviour of transit users in different urban fabrics: 
Delhi, India

The chapter focuses on the relationship of built environment and last mile trip 
characteristics, based out of a more comprehensive study (also covering last mile 
mode quality, pedestrian environment and users’ socio-economic characteristics) 
carried out by the author. Hence, the analysis pertaining to only built environment 
characteristics is presented here. The study was carried out for 10 metro stations 
of Delhi Metro rail network currently having a network length of 348 kms. Delhi 
Metro covers the National Capital Territory of Delhi (NCTD), and the surrounding 
towns of Noida, Gurugram, Faridabad and Ghaziabad. The average daily ridership 
of the Delhi metro, although not phenomenal, has gradually risen from 0.12 
million in 2004–2005 to 2.2 million in 2013–2014, and 2.76 million in 2016–2017. 
The stations selected for the study lie on the two busiest metro lines and one on 
a relatively new line, representing low to high ridership levels. The stations were 
selected also to represent different locational contexts with respect to distance 
from the city centre, land-use, population and employment densities, and last mile 
supply/quality. Two of these stations are located in the satellite town Noida. Table 1 
gives the profile of each of the ten case stations and their context.

User surveys were conducted at these 10 stations (collecting 1000 transit user 
samples) using revealed preference method to understand the users’ current 
first/last mile mode choice and other travel characteristics, their socio-economic 
characteristics, along with rating and ranking of criteria for mode choice 
decisions.

3.1 Urban fabric around stations

Each station is set in a built context that represents an urban fabric (although, 
some overlapping of fabrics is also evident, the dominant fabric is used) discussed 
in the section1. The core CBD areas which are characterised by high density, 
mixed land-use (primarily, vertical mixing of residential and commercial at 
building-use level) and narrow, dense street network, qualifies them as having a 
walking fabric. Transit fabric are predominantly other medium to high density 
areas and depending on a combination of criteria such as distance from the core, 
population/employment density, and contiguous development, they were further 
sub-classified as representing ‘inner’ or ‘outer’ transit fabric. For instance, Noida 
Sec-15 was classified under ‘outer’ rather than ‘inner’ since it is not part of NCT of 
Delhi and falls in the satellite town of Noida. Similarly, Dwarka Mor and Dwarka 
Sec-10, although located somewhat close to each other, were categorised differ-
ently as having ‘inner’ and ‘outer’ fabric respectively owing to the much higher 
densities in Dwarka Mor vis-à-vis Dwarka Sec-10 and also because Dwarka Sec-10 
is still not a fully developed area. The stations qualifying under ‘automobile’ 
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fabric are either in low density peripheral areas or terminal stations in the satellite 
town. Figure 1 shows the land-use and network pattern for one station represent-
ing each fabric typology.

Population and employment densities for each station were measured from 
population and employment data available for traffic assessment zones (TAZs) of 
Delhi from a transport demand forecast study [38]. The density map and locations 
of the case study stations are given in Figure 2.

Ranking the stations from low to high density was a challenge since there is no 
standard definition across globe of what qualifies as low or high densities within 
cities. For instance, the Master Plan of Noida has two categories of densities: greater 
than 500 persons per hectare (PPH) as high density and less than 500 PPH as 
medium density, while Santa Clara, USA considers below 11.6 PPH as low density 
and greater than 97 PPH as high density. Besides, there is scant literature available 
that specifies ranges for employment densities from low to high. As such, the study 
developed its own ranking methodology of low to high densities: five ranges of 
densities were identified to distinguish clearly the differences in mode share with 
varying density conditions. The density ranges and corresponding density rank 
was developed based on the population and employment density values observed 
in all the 288 TAZs of Delhi. The low, medium-low, medium, medium-high and 
high ranges correspond to the densities of all TAZs denoting upto 15th percentile, 
15th–25th percentile, 25th–50th percentile, 50th–85th percentile and above 85th 
percentile respectively. Hence, the low to high densities are relative in the context of 
the city of Delhi.

Station name Avg. daily ridership 
& line name

Adjoining 
land-use

Population 
density

Employment 
density

Representative 
urban fabric

Chawri Bazar 
(CB)

30,798 (yellow) Mixed use
Commercial

High High Walking

Red Fort (RF) Low ridership
(violet)

Commercial
Mixed use
Heritage

Medium-high High Walking

Dwarka Mor 
(DM)

42,928 (blue) Residential Medium-high Medium Inner transit

Green Park (GP) 27,900 (yellow) Residential
Institutional 
Commercial

Medium-high Medium Inner transit

Vishwavidyalay 
(VV)

23,802 (yellow) Residential
Institutional

Medium Medium Inner transit

Mayur Vihar-I 
(MV)

19,413 (blue) Residential Medium Low Inner transit

Noida Sec-15 
(N15)

29,220 (blue) Residential
Industrial
Institutional

Medium Medium-high Outer transit

Dwarka Sec-10 
(D10)

9761 (Blue) Residential
Institutional

Low Medium-low Outer transit

Chhatarpur (CP) 36,036 (yellow) Residential Low Medium-low Automobile

Noida City 
Centre (NCC)

37,733 (blue) Residential 
Commercial 
(partially 
developed)

Medium Medium Automobile

Table 1. 
Case stations and context profile.
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3.2 Last mile travel and built environment characteristics of case stations

The last mile trip characteristics including mode share and average trip length 
(ATL) for the stations are given in Table 2. The share of walk trips has a wide 
variation, the highest being 82.9% while the lowest being 9.4%. The average trip 
length (ATL) of all modes combined point towards larger catchment-sheds for some 
stations compared to others. These will be discussed in the context of urban fabric.

Figure 3 gives the distribution of mode share across the ten stations located in 
different urban fabrics. Several inferences can be drawn from the comparison given 
in Table 2 and Figure 3. The most evident of these is the decline in the share of walk 
trips from ‘walking’ to ‘transit’ and to ‘automobile’ fabric and significantly higher 
share of motorised IPT and private mode trips in transit and automobile fabrics.

High density mixed land-use areas (Chawri Bazar and Red Fort) have higher 
share of walk trips and shorter overall average trip lengths owing to maximum 
destinations located within 1 km range. This finding conforms with other studies 
where it is suggested that people are willing to use slower modes of travel, such as 
walking, for shorter distances, especially if many trips can be chained [7, 17].

Areas with higher share of institutional use (Vishvavidyalay, Dwarka Sec-10, Green 
Park, Noida Sec-15) are observed to have higher share of IPT modes. However, within 

Figure 1. 
Land-use and network around stations representing each fabric. a) Chawri Bazar-Walking Fabric. b) 
Chhatarpur-Automobile Fabric. c) Green Park-Inner Transit Fabric. d) Dwarka Sec-10-Outer Transit Fabric.
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this group, relatively higher activity density areas (Green Park, Noida Sec-15) also 
have higher share of walk trips. In areas having more than 30% residential land use, 
it is observed that higher density areas (Dwarka Mor, Green Park, Mayur Vihar) have 
higher share of walk trips compared to low density residential areas (Chhatrarpur and 
Dwarka Sec-10). Low to medium density stations located on the peripheries and/or 
terminal stations (Chhatarpur, Noida City Centre) have the highest overall average trip 
lengths implying a larger catchment shed. This difference in catchment sheds draws 
attention to the need for a differential last mile planning approach for stations across a 
metropolitan region.

The built environment attributes considered for the study were analysed for 
approximately 1 km buffer around each station. Land-use and network details 
of areas in 1 km radius around each of the 10 stations were obtained from the 
openstreetmaps and updated through site visits. Network attributes such as net-
work density, node-link ratio (connectivity index), block size and block density 
were computed on ArcGIS. Another network characteristic of importance is the 
pedestrian route directness or pedestrian detour factor (PDF) which is the ratio 
of length of walking distance to the geodesic distance between its start and end 
points. For the detour analysis all blocks were treated and imported as zones in 
VISUM. Similarly metro stations were imported as a single zone but with zero area. 
Two skim matrices were generated: a ‘direct distance matrix’ and a ‘travel distance 
matrix’. Finally average of all detour factors was taken.

The values of all the network attributes discussed above for the 10 case stations 
are given in Table 3. Most of the stations have network attributes that are within 
acceptable or recommended levels. However, there is some degree of relative varia-
tion, and the models test whether network attributes significantly affect last mile 
mode shares.

Figure 2. 
Population density and station locations on Delhi metro network.
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Handy [30] recommends a network density of 26 miles per sq. mile  
(16.2 km per sq. km) and Mately et al. [31] suggests 18 miles per sq. mile  
(11.2 km per sq. km) as minimum recommended network density. As can be seen 
from Table 3, almost all case stations have network densities either within these 
ranges or higher. The station Dwarka Mor has an extremely high network density 
of 46 km per sq. km. which is due to the presence of exceedingly small block sizes 
(5625 sqm), which in turn is on account of the area having low-income housing 
and very small plot sizes.

Further, the recommended and minimum block densities are 160 (62 per sqkm) 
and 100 per sq. mile (38.6 per sqkm) respectively [11, 34, 35]. Three stations namely 
Chhatarpur, Dwarka Sector-10 and Vishwavidyalaya have block densities lesser 
than the minimum figure given above and two stations namely Dwarka Mor and 
Chawri Bazar have much higher block densities. The remaining five stations have 
block densities within this range. The connectivity index should be preferably 1.4 
or higher and minimum 1.2 [29, 39]. The minimum node-link ratio observed in the 
10 case station areas is 1.0 (Chhatarpur). All other stations have connectivity index 

Station 
name

Network density 
(kms/sq.km)

Node-link 
ratio

Average block 
size (sq. m)

Block density 
(no./sq.km.)

Pedestrian detour 
factor

CB 24.8 1.2 10,705 109 1.49

RF 18.1 1.5 11,886 62 1.41

VV 14.6 1.4 38,952 28 1.17

N15 20.9 1.3 17,502 56 1.71

GP 17.9 1.6 12,287 81 1.59

D10 17.2 1.8 46,234 19 1.67

DM 45.7 1.7 5625 155 1.29

MV 19.9 1.3 16,684 48 1.61

CP 13 1 27,987 29 1.56

NCC 14.9 1.3 19,068 45 1.43

Table 3. 
Network characteristics around case stations.

Figure 3. 
Mode shares across different urban fabrics.
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higher than 1.2. PDF should preferably be around 1.5 [32] and not more than 1.8 
[36]. None of the case stations had a PDF higher than 1.8.

3.3 Impact of built environment attributes on last mile travel

Bivariate regression analysis was carried out between the dependent variables 
representing last mile travel characteristics and the independent variables repre-
senting built environment attributes. Multiple regression was not carried out since 
the dataset representing the built environment is quite small (just 10—representing 
1 for each station), and because some of the network attributes also exhibit multi-
collinearity. The dependent variables considered for the models were first/last mile 
mode share and average trip length (ATL). The specific mode share used in the 
models was ‘walk’ since it had the maximum share in almost all case stations except 
for two; at the same time, it had also wide variations across the stations as reported 
earlier. Besides, the built environment in 1 km radius around stations is more 
likely to affect ‘walk’ shares in comparison to other modes which have much larger 
catchment area making it unfeasible to study them in detail. The decision to select 
‘walk’ was also guided by the fact that walking is the most common, affordable, and 
sustainable mode choice (cycling share was quite insignificant across all stations 
and hence not used) for LMC worldwide, and probably one that is likely to be most 
affected by the built environment. Hence ‘mode share (walk)’ and ‘ATL (walk)’ 
were selected as the dependent variables.

The independent variables include ‘population density’, ‘employment density’, 
‘network density’, ‘block size’, ‘block density’ ‘link-node ratio’ and ‘pedestrian 
detour factor’. Curve Estimation tool under regression module in SPSS was used to 
check which curve fits best for each of the variable. With the entire dataset, ANOVA 
value for none of the regression types was observed to be significant. Hence, 
anomaly (1 data point) in the dataset was identified using ‘unusual cases’ tool and 
the models were rerun. The model results (refer Table 4) for only the significant 
variables are shown here.

The regression analysis shows that population density, network density, block 
density and block size contribute significantly to ‘walk’ mode share, whereas node-
link ratio and network density showed a significant relationship with ‘walk’ ATL. 
Population density has the highest and significant relationship with walk share. It 

Model Dependent 
variable

Independent 
variable

R2 ANOVA (P 
value)

Coefficients Intercept

1 Mode share 
(walk)

Population density 
(in PPH)

0.91 .00025 19.8 −60.8

2 Mode share 
(walk)

Network density 
(km/sq.km)

0.72 .004 5.4 −52.7

3 Mode share 
(walk)

Block density (no./
sq.km)

0.55 .023 .60 11.87

4 Mode share 
(walk)

Block size (sq.m) 0.49 .034 618,438 8.5

5 ATL (walk) Node Link Ratio
Node Link Ratio**2

0.81 .015 4.7
1.6

−2.7

6 ATL (walk) Network Density
Network Density**2

0.52 .05 .06
−.001

−.07

Table 4. 
Models results.
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has a logarithmic relationship with walk mode share. The finding is substantiated 
through claims made in other studies where density is thought to shape pedestrian 
activity by bringing numerous activities closer together, thus increasing their 
accessibility from trip origins [34, 40]. It is suggested that people are willing to use 
slower modes of travel, such as walking, for shorter distances, especially if many 
trips can be chained [7, 17]. However, the Bogota study [21] did not find density and 
diversity (of land-use) as significant, the reason for which the authors cite could lie 
on the sample selection of neighbourhoods which consisted of uniformly compact, 
mixed-use nature. As reported earlier, there is variation in both density and typol-
ogy of land-use selection in this study and as such contradicts the Bogota study 
findings.

The models also indicate moderate to high relationship between ‘walk’ mode 
share with network density, block density and block size. Among the network 
attributes, network density has the highest and significant influence on walk mode 
share. It has a significant linear relationship with walk mode share. There is a 
significant linear relationship and inverse relationship of block density and block 
size respectively with ‘walk’ mode share. There is moderate relationship between 
‘walk’ ATL and network density and link-node ratio (connectivity index). Similar 
results have been observed elsewhere [21] wherein street density and connectivity 
index were found to be significant predictors—higher connectivity index and street 
densities increase the likelihood of walking. The models on ‘walk’ mode share and 
link-node ratio (connectivity index) and PDF were not found to be significant. This 
may be explained by the fact that none of the stations had high PDF values. Also, 
the relationship between ‘walk’ ATL versus block Size, block Density, and PDF were 
not found to be significant and had quite low values of R square.

The study shows that there is distinctive relationship between built environment 
characteristics and last mile travel behaviour of transit users. Stations located in 
high activity density mixed land-use areas such as Chawri Bazaar and Red Fort have 
quite high share of last mile trips made by ‘walking’. Within each type of land-use 
such as those that are predominantly residential, stations located in areas with 
relatively higher density such as Dwarka Mor have higher ‘walk’ shares for last mile 
trips compared to medium to low density areas such as Mayur Vihar-I or Noida 
City Centre and Chhatarpur. The study also observes that last mile travel behaviour 
varies across different land-uses, across varying densities within a particular type 
of land-use and across stations located in peripheries and satellite towns. Unlike 
the study of European cities cited previously [23] where suburbs had higher share 
of cycle access to rails, stations located in outer areas in Delhi have higher shares of 
IPT and private mode usage. Within satellite towns, as densities increase, the share 
of walk increases. Networks also play a crucial role in influencing walk share for 
transit access and should be given due consideration in planning of new areas.

4. Last mile mode supply and integration in Delhi

As mentioned in Section 3, Delhi metro provides services in National Capital 
Territory of Delhi (NCTD) and four surrounding towns of Noida, Ghaziabad, 
Gurugram and Faridabad, which are part of the National Capital Region (NCR) of 
Delhi. Although these towns share boundary with NCTD, they lie in different pro-
vincial regions (states) of the country, resulting in different administrative jurisdic-
tions. The importance of providing metro connectivity in an integrated manner in 
the region was acknowledged early on and Delhi Metro Rail Corporation (DMRC) 
through legislative provisions was given the power for construction, maintenance, 
and operations of metro rail in these towns. However, the provision of last mile 
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services by DMRC is mostly limited to the NCTD. This undermines the importance 
of institutional integration at a metropolitan region scale, for the provision of last 
mile connectivity. It is only recently that some last mile services such as cab aggre-
gator kiosks and authorisation of e-rickshaw services have been initiated at metro 
stations of the satellite towns as well.

The DMRC’s official website has two sections on “passenger information” tab 
related to last mile connectivity: one for parking and bicycle facilities and another 
for feeder buses. Interestingly, an important recent addition to the website is 
pertaining to information on “last mile connectivity” which does not feature on the 
“passenger information” tab.

Delhi Metro’s feeder bus services has a fleet size of just 269 buses [41], with most 
of them having surpassed their life cycle and with frequency that can be clearly 
termed as less than satisfactory. There has been no official route rationalisation 
carried out for the currently operational routes with most of the routes having quite 
long route lengths and plying primarily on arterial and sub-arterial roads. The 
website gives a list of feeder buses plying from 32 metro stations [42], giving the 
names of the location covered under each route. This information is barely useful 
to commuters since it neither provides a route map of feeder buses nor contains 
information related to schedule and frequency of service. The physical integration 
at station is also quite poor. At most of the stations covered in the survey, feeder bus 
stops were either not clearly demarcated or not integrated with station entry/exit. 
There was no real time information display of feeder/city bus timings or route guide 
map, and some stops did not even have a basic bus shelter. While some attempt at 
fare integration has been recently attempted through introduction of “common 
mobility card”, these are available on an insignificant number of city bus routes, and 
feeder buses are not covered at all. The DMRC site does not give any information to 
users on where or how to avail this card.

However, Delhi’s metro commuters have the advantage of availability of a 
wide range of other IPT options for their LMC in the form of cycle-rickshaws, 
e-rickshaws, auto-rickshaws (for individual hire), shared-auto-rickshaws (plying 
on semi-fixed routes), jeeps (eg., gramin sevas), and mini-buses. These modes are 
largely demand-driven, and as one can relate from the study findings, also respond 
to the urban fabric setting. The availability of certain types of modes such as 
cycle-rickshaws and e-rickshaws at stations are also affected by restrictions on their 
plying in certain areas. Shared auto-rickshaws and gramin sevas plying on fixed or 
semi-fixed routes are more visible at stations on peripheral areas, thereby enhanc-
ing the catchment sheds of these stations. Ride-hailing applications (RHAs) such as 
Ola, Uber, Meru and other taxi and auto-rickshaw services (individual hire as well 
as shared) are playing significant role in urban mobility as well as for last mile com-
mute. Besides these IPTs privately and/or company operated chartered bus services 
also ply to/from some stations. In the last 1 year, Delhi is also seeing some level of 
penetration of the electric micro-mobility, which could play a significant role in 
future LMC landscape.

A heartening addition on the DMRC site is the page on “last mile connectivity” 
which gives some information related to modal integration and/or availability of 
IPT modes at stations. The referred page gives information on the list of stations 
where one can avail DMRC-authorised e-rickshaw services, cab aggregator services, 
e-scooter services and cycle-sharing services. Physical spaces are provided to the 
operator of these services within the precinct (such as kiosks for cab booking at 
stations) or outside the station precinct (such as docking facilities for shared cycle 
services). However, only limited stations have planned spaces available for various 
IPT modes and the situation is worse for stations in the satellite towns where local 
agencies are responsible for managing these spaces outside the station precinct; a 
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few stations have ad-hoc demarcated spaces, primarily located on service roads. The 
agency has not yet facilitated formal integration of metro system with semi-fixed 
route shared IPT modes serving the stations and its catchment and subsequently 
has no information related to the same. The lack of physical integration of the same 
sometimes results in chaotic and unsafe environment outside station premises 
(Figure 5).

Parking facilities are available at 105 stations with a total area of 32 Ha  
(for 101 stations) [42] which averages to approximately 3100 sq.m. per station as 
area under parking. Most stations provide surface parking facilities, and as such this 
land has not been put to other uses. Various studies have pointed out that the space 
needed for parking and access of private modes adds significantly to the cost of 
transit stations and attenuates environmental and traffic benefits of transit service. 
This negates the very objective of curtailment of automobile usage/dependence in 

Figure 4. 
Huge parking spaces for private vehicles but lack of organised space for IPT and buses.

Figure 5. 
Chaotic environment outside a station due to lack of physical integration.



59

An Urban Fabric Responsive Last Mile Planning
DOI: http://dx.doi.org/10.5772/intechopen.103954

cities like Delhi, which is key to sustainable mobility. While some stations provide 
huge areas for private vehicle parking, the same cannot be said about planned 
spaces for IPT modes (Refer Figure 4). Operator survey of IPT modes at the 10 case 
stations revealed 85% citing lack of adequate and designated planned spaces (and 
subsequently harassment by police/civic agencies) as a key issue.

The National Urban Transport Policy (NUTP), 2014 [43] for the first time 
explicitly covers “last mile connectivity”. The term is mentioned at four places com-
pared to zero in the NUTP, 2006. The new policy document broadens the scope of 
multi-modal integration to include “private modes of transport i.e., walk, cycle, cars 
and 2-wheelers and para transit modes i.e., tempos, autos, minibus and cycle rick-
shaw to the mass rapid transit network” which was limited to “integration of buses 
with Metro rail” in the previous transport policy [43]. The policy also recognises the 
significance of improving last mile connectivity to public transport through provi-
sion of footpaths and cycle lanes, provision of feeder services, and incorporating 
design principle to promote safety, accessibility, reliability and affordability, among 
other measures.

Integration—at levels of physical, operational, fare, information and institutional—
of last mile services with the transit service is crucial for enhancing the attractiveness 
of transit. The integration becomes more critical when transit system extends beyond 
city border to connect areas that fall in other provincial jurisdictions. While DMRC 
has taken more pro-active approach towards LMC planning in recent years, the idea of 
“seamless integration”, especially at a metropolitan region level is yet a far cry. There is 
also a need to develop a strategy or framework to cater to the last mile connectivity that 
responds to the locational context of the station.

5. Conclusion and last mile planning approach

In view of the present research findings, it is reiterated that users behave  
differently while using stations located under different urban fabrics in the metro-
politan region. A singular approach for addressing the issue of last mile connectiv-
ity is thus not appropriate. Last mile strategies and planning need to respond to the 
urban fabric typology of the station context. The study also reveals that the largest 
share of last mile commuters walk or use various IPT modes to and from metro 
stations and policies need to cater to their needs first. Further, the use of clean 
technology modes in the form of cycle-rickshaw and e-rickshaw which already 
have a large user base need to be promoted and thus requires appropriate regula-
tory framework which facilitate their operation rather than adopting a restrictive 
approach towards them. Policies on last mile should prioritise improving walking 
and cycling environment around transit stations and facilitating integration of low 
carbon IPTs, especially in terms of physical integration. It is evident that lack of 
appropriate last mile planning can result in greater dependence on private modes 
of transportation to access the transit system, especially in stations lying in the 
automobile fabric. Automobile usage for access/egress to/from stations generates 
large number of single occupant vehicular trips at the local level, thereby attenuat-
ing the environmental benefits of the transit. The most important policy direction 
that can be drawn from this study findings, is adopting a multi-pronged planning 
approach incorporating contextual environment to provisioning of LMC, in place 
of ‘one size fits all’ approach. A broad strategy could be focus on enhancing walk-
ability in walking fabric; better physical integration and operational environment 
for IPT in transit fabric; and high-quality and route-rationalised feeder services 
and shared IPT services in the automobile fabric.
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5.1 Recommended last mile planning approach

Keeping in view the fact that a large share of last mile trips across all case stations 
are covered by walking and since walking is the most sustainable way of last mile 
access, it is expected that creation of good walk infrastructure will encourage more 
people to walk the last mile as well as enhance users walk experience. Replogle [44] 
developed a transit serviceability index which included components such as ‘sidewalk 
conditions’, ‘biking conditions’, ‘land-use mix’, ‘building setbacks’, and transit stop 
amenities. He observed that zones with high transit serviceability indices not only had 
higher likelihood of use of transit but also had greater probability of walk access to 
transits. Provisioning of NMT infrastructure thus also makes economic sense.

Globally there is a lot of stress on improving both pedestrian infrastructure and 
environment for improving LMC. Provision of extensive network of sheltered and 
landscaped walkways connecting transit hubs is a pre-requisite for an enabling 
sustainable last mile ecosystem for Indian cities. This is of utmost significance, 
given the climatic conditions. However, another part of this study published earlier 
[45], which examined the effect of walkability on last mile travel behaviour, also 
suggests that it is not sufficient to merely create sidewalks and cycle lanes; other 
factors such as safety, aesthetics, etc. that contribute to creating the overall walking 
and cycling environment also determine how well these facilities are used. Hence, 
creating vibrant spaces along streets connecting transit hubs should be given due 
importance. This can be attained through paying attention to the built form design 
in greenfield areas and ‘placemaking’ practices in brownfield areas where there is 
limitation on altering the built form.

The share of bicycles for last mile connectivity as observed in this study was 
quite low. However, this may be on account of poor cycling environment and 
supporting infrastructure. Biking as the last mile mode is increasingly being given 
importance across the globe. The share of cycling for LMC could be enhanced 
through adequate safe biking and bike parking infrastructure. It is not sufficient 
to have public bike sharing facility only at the station precinct; there should be 
a network of deposit and hire facilities at several points in the catchment area 
(especially in institutional and commercial) for higher usage. Creation of bikeways 
in low-density peripheral and suburban areas can enhance their catchment sheds. It 
would also be beneficial in the long run as these areas grow denser in due course of 
time and transition from an automobile-fabric to transit and walking fabric.

A demand-driven and demand responsive system needs to be in place that caters 
better to connecting the users to their trip-ends. As the study highlights the vital 
role that IPTs play in providing LMC, it is important to acknowledge their services 
by integrating them in transit system planning in a concerted and organised 
manner. Localised loop or hub-and-spoke systems of e-rickshaws, shared auto-
rickshaws, shuttle services can be operated in vicinities ranging from 1 to 5 kms 
(depending on the location of the station and the mode type). A good feeder service 
for a wider area can help in increasing the catchment sheds of each station. In this 
context, high frequency feeder bus services planning in peripheral/terminal stations 
is especially important given their larger catchment-sheds. Demarcation of planned 
spaces for all last mile modes at station areas and their adequate integration should 
be mandatory to avoid chaos and safety hazard to users.

At present there is lack of a set framework for last mile planning in the country. 
A toolkit containing general guidelines for last mile planning for metro stations 
should be developed which could guide all cities having or planning for transits. 
Based on the toolkit more specific area level last mile plans can be prepared for 
each station. These plans should cater to both station precinct level requirements 
and catchment area of each station. At station level the focus should be placed on 
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seamless integration of last mile modes with the transit in terms of both spatial 
and non-spatial integration. Catchment area last mile planning can be more local 
context specific (responsive to particular urban fabric and socio-economic mix of 
the population in the area), with focus on making areas safer, active and vibrant 
for pedestrians and cyclists and facilitating services of modes that are most suited 
to the locality. However, some facilities should not be compromised upon and kept 
consistent across all stations, such as, excellent walking and cycling infrastructure 
and environment.

The planning approach may also be slightly altered for stations located in differ-
ent urban fabrics in brownfield and greenfield areas. Brownfield stations pertain 
to those stations that are in areas that are already developed and as such may have 
limitations in altering of the built elements (except for the redevelopment TOD 
projects) that are known to encourage walkability. Stations in brownfield areas will 
be generally located in walking and transit fabrics, and last mile planning should 
take this into consideration. Greenfield stations pertain to stations that are in the 
peripheries/fringes in automobile fabric. Although these are generally low-density 
areas, they offer great opportunity for both station precinct planning and incorpo-
rating planning principles that create sustainable built environment and mobility 
systems. This potential needs to be tapped optimally while planning these areas 
through incorporating principles of compact development and TOD; mixed use; 
active frontage; and an efficient road network system that offers connectedness, 
directness, and permeability. In due course, they can transform to high quality 
walking and transit fabric.

The study draws our attention to the importance of aligning transit policies with 
metropolitan region planning as that would enable creating urban fabrics that sup-
port sustainable mobility. In the long run it would help in naturally attaining more 
sustainable last mile behaviour (having higher share of non-motorised trip access 
to stations) as well as higher transit patronage. Last, but not the least, the role of 
institutional integration is paramount to providing seamless connectivity, especially 
for transit systems that serve an entire agglomeration/conurbation/city-region.

© 2022 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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Promoting Sustainable 
Development of Cities Using 
Urban Legislation in Sub-Saharan 
Africa
Kasimbazi Emmanuel

Abstract

African countries have been urged to reform their urban policies, practices 
and laws in order to turn urban areas such as cities and towns into more effective 
engines of economic growth and play a central role in economic transformation 
and national development. This chapter examines how urban legislationpromotes 
sustainable development cities in Africa. Specifically, it discusses the characteristics 
of cities in sub-Saharan Africa, reviews international legal and policy framework 
for urban governance and analyses how urban legislation addresses sustainable 
development aspects in four Africa cities namely: Addis Ababa, Accra, Kampala and 
Johannesburg.

Keywords: promotion, sustainable development, cities, urban legislation, Africa

1. Introduction

Africa is the most rapidly urbanizing region of the world and has immense 
urban challenges, such as growing slums and growing poverty and inequal-
ity, combined with weak government capacity [1]. Other challenges include 
land allocation and land use management, provision and management of basic 
infrastructure/services, such as water, sanitation, and waste management, the 
movement/accessibility system [2]. The urbanization in Africa need to comply 
with the goals and principles as developed in the international policies and 
instruments. The Vancouver Declaration (Habitat I) 1976 recognized the grow-
ing impact of urbanization and the need to secure political commitment for 
sustainable urban. The World Commission on Environment and Development 
(1987) (Brundtland Report) defined the concept of Sustainable development as 
“development that meets current needs without jeopardizing future generations’ 
ability to meet their own needs” [3]. Therefore, economic development, social 
equity, and environmental preservation are the key variables of sustainable urban 
development. should all be included in sustainable urban development [4]. The 
1992 Agenda 21 under Chapter 7 was dedicated to promoting sustainable human 
settlement development, particularly the urban and rural poor. The Sustainable 
Development Goal under goal 11 aim to make cities and human settlements inclu-
sive, safe, resilient and sustainable and the World Cities Report 2020 called for 
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well-planned, managed, and financed cities and towns create economic, social, 
environmental and other unquantifiable value that can vastly improve the quality 
of life of all [5].

The extraordinary projected rate and scale of urban growth in Africa between 
now and 2030 underscores the need to urgently develop urban laws and regula-
tions that will create and shape cities that work more efficiently, treat people more 
fairly and address the urban challenges [6]. New urban infrastructure should be 
built, new urban growth regions should be established and new city governance 
and management systems should be implemented [6]. All of this should be done 
in accordance with laws that provide clarity, ensure that everyone is heard, prepare 
cities for a climate-change-resilient future, and provide efficient decision-making 
and administration systems [6]. In doing this, there must be harmonization of the 
national urban laws with global commitments and calls for urban reforms to enable 
better urban management [6].

The purpose of this chapter is to analyze how urban legislation promotes 
sustainable development of cities in Africa. The chapter is containing five sections. 
Section 1 gives an introduction to the chapter. In Section 2 the characteristics of 
cities in Sub-Saharan Africa described. These include population, infrastructure 
development, public utilities services, environmental management, the challenges 
and challenges of sustainable development of cities in Africa. Section 3 analyses 
international legal and policy framework for sustainable development of cities 
in Africa. Section 4 analyses the implementation urban legislation for develop-
ment for cities selected cities in Africa: Accra in Ghana, Addis Ababa in Ethiopia, 
Johannesburg in South Africa and Kampala City in Uganda. Section 5 provides 
concluding remarks and some recommendations.

2. Characteristics of cities in sub-saharan africa

2.1 Population and urbanization in cities in africa

Currently, Sub-Saharan Africa has the lowest proportion of its population 
living in urban setting and cities, with 472 million people living in urban areas and 
cities, accounting for roughly 40% of the region’s total population [7]. Sub-Saharan 
Africa, on the other hand, is the world’s fastest urbanizing region, with an annual 
urban population growth rate of 4.1 percent compared to the global rate of 2% [7]. 
African cities are forecast to urbanize at a rate of 3.65% annually, adding nearly 
350 million new city-dwellers by 2030, and a billion more people are expected to 
be living in African cities by 2063 [8]. Africans are migrating to the cities, and the 
continent, which already has the world’s youngest and fastest-growing popula-
tion, is urbanizing at a faster rate than any other portion of the globe [9]. By 2050, 
Africa’s 1.1 billion people will have doubled in number, with more than 80% of the 
growth taking place in cities, particularly slums [9].

This is particularly evident in the continent’s spreading urban populations; the 
top fifteen most populous cities on the continent all have populations above two 
million [10]. Lagos, Nigeria’s capital, is Africa’s largest metropolis, with a popula-
tion of at least nine million people; it is also one of the fastest-growing cities in the 
world, so the number is sure to increase [11]. This is followed by Kinshasa in the 
Democratic Republic of Congo, with a population of roughly 7.7 million people [11]. 
Nigeria and South Africa, two of Africa’s most populous countries, have several 
cities with enormous populations [10]. Nigeria is also home to the cities of Kano 
and Ibadan, both of which have populations of approximately 3.5 million people, 
making them large cities in their own right [10]. Cape Town, South Africa, has a 
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population of about 3.5 million people, but Durban, South Africa, is not far behind 
with 3.1 million [10]. Johannesburg in South Africa has also 2 million residents, as 
well as Soweto and Pretoria, each with about 1.6 million residents [10].

Southern Sub-Saharan Africa has the biggest proportion of people living in urban 
areas in Sub-Saharan Africa (more than 70%), followed by West Sub-Saharan Africa, 
Central Sub-Saharan Africa, and East Sub-Saharan Africa [7]. Demographics across 
the region show that the urban population is predominantly youthful [7]. Children 
and youth (0-24 years) accounted for 62.9% of the overall population of Sub-
Saharan Africa in 2015, and 19% of the global young population [7]. In Sub-Saharan 
Africa, the population aged 0-24 years was 628 million in 2017, with an estimated 
increase to 945 million by 2050, implying that more children and youth will live in 
metropolitan regions and cities than in rural areas [7]. Notably, the Sub-Saharan 
Africa region is anticipated to see a positive gain in its child and youth population 
by 2050, whilst all other regions in the globe are expected to see reductions [7]. 
Currently, the population pyramid in Sub-Saharan Africa shows a strong child and 
youth base that anchors the other age groups in the region [7].

2.2 Infrastructure development in cities in africa

Infrastructure shapes cities and its deficiency makes the cities unattractive 
[12]. On the one hand, cities have physical infrastructure, which includes 
physical structures such as transportation, electricity grids, drainage systems, 
sewage systems, and waste disposal systems that are essential for an economy to 
function. Cities, on the other hand, have social infrastructure, which consists of 
facilities that support social services and serve as a backbone for communities 
and societies, such as hospitals, schools, and universities, as well as economic 
infrastructure (markets) and public facilities such as community housing and 
prison [7]. Generally, cities in Sub-Saharan Africa have poor infrastructure due 
to political instability and corruption, complex geographies, cultural barriers, 
and lack of technology and capital [13]. In addition, a recent World Bank research 
on infrastructure identified hurdles for continental economic development in 
this area. It was discovered that deficient infrastructure in Sub-Saharan Africa, 
specifically electricity, water, roads, and information and communications technol-
ogy (ICT), lowered annual national economic growth by 2 percentage points and 
slashed business productivity by as much as 40%.

One of sub-Saharan Africa’s top developmental challenges continues to be the 
shortage of physical infrastructure [14]. Greater economic activity, enhanced effi-
ciency and increased competitiveness are hampered by inadequate transport, com-
munication, water, and power infrastructure. African cities are being held back not 
only by a lack of urban infrastructure, but also by a lack of city planning, inefficient 
land use, regulatory barriers, and vested interests [15]. As a result, cities are expansive, 
fractured, and hyper-informal [7]. African cities are, unsurprisingly, quite expensive 
to live in. African cities are 29 percent more expensive than non-African cities with 
equal income levels, according to the World Bank. Locals pay a stunning 100% more 
for transportation, 55% more for accommodation, 42% more for transportation, and 
35% more for food. All of this slows business down, nearly halving firm productivity 
while drastically raising consumer products input costs. The infrastructure gaps in 
Africa are not coincidental [7]. One of the main reasons is that municipal govern-
ments and city governments are cash-strapped, struggle tax revenue; and often lack 
the political discretion and financial autonomy to take action [7]. Rapid population 
growth also places enormous challenges on existing, and often obsolete and poorly 
maintained infrastructure and resources [14]. In many African countries, infrastruc-
ture limitations, notably in power and logistics, inhibit productivity [14].
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Sub-Saharan Africa is still a long way from having universal access to the 
internet [16]. Only 1 in 5 people in Sub-Saharan Africa utilized the internet in 2017, 
according to the International Telecommunication Union (ITU), which analyzes 
internet usage internationally and across nation [16]. While internet coverage in 
Sub-Saharan Africa has increased significantly over the years, it still lags behind the 
rest of the globe [16]. Sub-Saharan Africa has not achieved the international goal 
under target 9.C of the Sustainable Development Goals that calls for the achieve-
ment of universal and affordable internet access by 2020 [17].

Currently, more than 100 million urban Africans live just beneath a grid but are 
unable to connect to the grid due to unreasonably expensive connection prices [18]. 
In Sub-Saharan Africa, 55 percent of urban people live in slum-like conditions, with 
many of them being without power or connected illegally [18]. Other city inhabit-
ants have electrical connections, but due to frequent outages and voltage changes, 
they are unable to gain from them [18]. Applications of the Multi-tier Framework 
in sub-Saharan Africa, for example, show that about 60% of urban households in 
Ethiopia and 77% in Rwanda experience 4–14 power outages per week [18].

2.3 State of public utilities services in african cities

Majority of the people most African cities live in unplanned urban areas and 
informal settlements. As a result, the public utilities services in most African cities 
are well developed. In assessing the performance of Sub- Sharan Africa cities in 
provision of public utility service due regard must be place on areas that include 
accessibility to the large portion of the population in the city, safety in terms of 
water supply, sufficiency in the area of people accessing to at least meet basic health 
requirements; for reliability in areas of supply of interruptions of limited duration; 
for affordability and cost-effectiveness dictate the ability of poor households to 
afford utilities to meet at least basic needs. Water and sanitation are basic human 
rights, yet in Sub-Saharan Africa, 42 percent of people do not have access to basic 
water and 72 percent do not have access to basic sanitation [19]. In urban areas, only 
56% of the population have access to a piped water supply (down from 67% fifteen 
years previously), and just 11% to a sewer connection [19, 20]. Simultaneously, 
the region is quickly urbanizing is urbanizing rapidly—with the urban population 
anticipated to rise from 345 million in 2014 to 1.3 billion by 2050 [21]. As a result, 
there is a big and growing demand for services, as well as a growing funding short-
fall [22]. To achieve the Sustainable Development Goals for water and sanitation in 
Sub-Saharan Africa, investments will have to be enhanced by at least threefold [22].

Sewerage systems in most sub-Saharan cities serve few people [23]. They cover 
only a small fraction of the urban area and even where available, the connection 
costs are high and unaffordable for poor households [23]. The cost of a sewer 
connection can be twice as costly as a water connection for individuals living near 
a sewerage network [24]. Furthermore, once connected, households are subject 
to a wastewater charge that can account for as much as 50% (and occasionally as 
much as 90%) of their water bill [24]. The sewerage service network in many cities 
is limited to better-off, formal, and planned districts, and even here, the rate of 
connections has been modest because many families already have on-site sanitation 
facilities [25]. In some circumstances, a mandatory connection policy for residences 
within a certain radius of the network has been implemented. Even in these loca-
tions, however, many homes have yet to connect, and/or utilities have failed to 
enforce the connection policy because they are unable to provide a consistent water 
supply to their customers [25]. However, even in these areas, many households have 
not yet connected and/or utilities have not enforced the connection policy, as they 
are unable to ensure a regular water supply to their customers [21].
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2.4 Status of environmental management in african cities

Sub-Saharan Africa has been (and still is) a region of varying environmental 
problems which are inherent or human-caused in quest of development [26]. 
Africa’s urban areas are likely to suffer disproportionately from climate change, as 
the region as a whole is warming up 1.5 times faster than the global average [15]. 
Africa’s fast urbanizing cities are rapidly depleting their natural capital [27]. Unique 
characteristics of African urbanization, such as considerably lower per capita 
incomes, a high reliance on biomass fuels, widespread informal settlement with 
poor service levels, and cities’ exposure to natural disasters such as floods, are put-
ting pressure on the natural environment of African cities and eroding the value of 
environmental assets [27]. As a result, there is a major risk that Africa’s cities will be 
trapped in a “grow dirty now, clean up later” development path that will be costly, 
irreversible, inefficient, and detrimental to citizens’ wellbeing [27].

The impact of urbanization on the natural environment includes a reduction 
in the amount of the impact of urbanization on the natural environment includes 
a reduction in the amount of freshwater available and a degradation in its qual-
ity; the rate of natural resource consumption is driven by a number of demo-
graphic and economic drivers, including population growth, rises in wealth and 
living standards, and increases in economic productivity [28]. Urbanization has 
an impact on the city’s ecosystems, as well as the volume and value of services 
generated by these systems. For example, converting wetlands to agricultural or 
hard surfaces diminishes the value of the water purification services that wet-
lands frequently provide; the ongoing stress on urban city environments also has 
an impact on city biodiversity, since species may be destroyed [29]. Slow prog-
ress in addressing climate change in many developed countries is wreaking havoc 
on the world’s least developed countries, particularly in Sub-Saharan Africa, 
where a lack of preparedness for extreme events, as well as socio-economic and 
environmental resilience, will intensify the negative impacts of climate change 
and variability [30]. Only a few regulatory regimes in Sub-Saharan Africa 
explicitly require climate change to be addressed in an environmental impact 
assessment, indicating that most nations’ environmental legislation lags behind 
the urgent need to tackle climate change [31]. When done right, environmental 
social and impact assessments can aid in the development and implementation 
of better projects that address challenging issues such as climate change, biodi-
versity loss, urban sprawl, conflicts over increasingly scarce resources, inequity, 
and new technological opportunities [28]. Environmental Social and Impact 
Assessments can help build a balanced and sustainable future by critically 
assessing development actions while they are still being conceptualized, as well 
as molding and improving the society that future generations will live in., which 
is not operationalized [28].

Water scarcity is a major worry in most cities as a result of urbanization, and 
adequate, safe water supplies are a key concern [32]. Because majority of Africa is 
arid or semi-arid, and 41% of African countries are water-stressed, this is posing 
problems in many towns [32]. Most African cities are characterized by high levels of 
pollution [33]. The majority of African cities have high levels of air, water, and solid 
pollution. Pollution is due to the enormous number of households who use wood as a 
source of energy, and also industrial emissions, fertilizer use in urban and peri-urban 
farming, and traffic congestion [33]. Insufficient sanitation, as well as industrial 
 discharges and herbicides and pesticides applications, are all linked to water pollu-
tion [33]. Low investments in waste collection services are linked to solid waste issues 
[28]. The majority of these issues are aggravated by inadequate enforcement of the 
regulations in place [28]. The combination of sewage and poorly managed industrial 



Sustainable Development Dimensions and Urban Agglomeration

70

effluents and agricultural return-flows has led to critical levels of pollution in many 
urban river systems, to the point of being hazardous to human health [34].

3.  Analysis of international legal and policy framework for sustainable 
development of cities in africa

There are a number of international and regional instruments which provide 
guidelines and principles for sustainable development of cities in Africa.

3.1 Stockholm declaration 1972

The Stockholm Declaration represented a first taking stock of the global human 
impact on the environment, an attempt at forging a basic common outlook on how to 
address the challenge of preserving and enhancing the human environment. Principle 
15 requires that planning must be applied to human settlements and urbanization 
with a view to avoiding adverse effects on the environment and obtaining maximum 
social, economic and environmental benefits for all. This Principle implies that 
development of human settlements in cities should consider environmental effects.

3.2 The Vancouver declaration (habitat I) 1976

The Vancouver Declaration of 1976 was the outcome of the first United Nations 
Conference on Human Settlements held in Vancouver, Canada, 31 May-11 June 
1976. The Declaration provides some guidelines for sustainable development of 
cities in Africa. In its preamble the Declaration recognized the need for socially 
and environmentally rational human settlements and the dire consequences of 
“uncontrolled urbanization and consequent conditions of overcrowding, pollution, 
deterioration and psychological tensions in metropolitan regions,” as well as “rural 
backwardness,” especially in the impoverished world.

The Declaration in Principle 1 (b) requires creating more live able, attractive 
and efficient settlements which recognize human scale, the heritage and culture of 
people and the special needs of disadvantaged groups. Further, Principle 13 reaf-
firmed the human right and responsibility of all persons “to participate individually 
and collectively in the elaboration and implementation of policies and programmers 
of their human settlements.” These two Principles imply that the development of 
cities should consider the quality of life and human rights.

3.3 Our common future or Brundtland report, 1987

The Brundtland report defined the term sustainable development to mean 
“development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs.” This term encompasses the three 
basic variables which are essential for human beings: economic development, social 
equity and the preservation of the environment.

The report’s sixth chapter, “The Urban Challenge,” examines the enormous 
increase in the urban population of developing countries between 1940 and 1980.
It also makes predictions about future trends and encourages Third World cities to 
develop their capacity to generate and manage urban infrastructure and services. 
Additionally, the Report emphasizes the issues that many cities in both developing 
and developed nations are facing, and it urges governments to develop and design 
explicit settlement strategies to manage the urbanization process.
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3.4 Agenda 21 and the Rio + declaration 1992

The agenda 21 was one of the documents that were negotiated during the Rio de 
Janeiro, Brazil, from 3 to 14 June 1992. It is a non-binding action plan of the United 
Nations with regard to sustainable development whose aim is to achieve global 
sustainable development.

Agenda 21 provides guidelines that relevant to cities sustainable develop-
ment in Africa. The goal of Chapter seven of Agenda 21 is to promote sustainable 
human settlement development, with the objective of improving the social-
economic and ecological quality of human settlements as well as the working and 
living conditions of all people, particularly the rural and urban poor. Paragraph 
7.15 requires that to ensure sustainable management of all urban settlements, 
particularly in developing countries. It emphasizes that improving urban man-
agement requires encouraging intermediate city development in order to relieve 
pressure on large urban agglomerations as well developing and implementing 
countries policies and strategies towards the development of intermediate cities. 
Further, Paragraph 7.19 requires all countries to conduct reviews of urbanization 
processes and policies in order to assess the environmental impacts of growth 
and apply urban planning and management approaches specifically suited to the 
needs, resource capabilities and characteristics of their growing intermediate-
sized cities.

The other outcome of the Rio Conference was the Rio Declaration on 
Environment and Development 1992. It also contains guidelines for cities 
development and management. Principle 4 provides that in order to achieve 
sustainable development, environmental protection shall constitute an integral 
part of the development process and cannot be considered in isolation from it 
while Principle 11 recognizes the importance of enacting effective environmental 
legislation. Thus, states are required to enact effective environmental legislation. 
It further requires that environmental standards, management objectives and 
priorities should reflect the environmental and developmental context to which 
they apply.

3.5 The Istanbul declaration on human settlements and the habitat II, 1996

The Istanbul Declaration was the outcome of the Habitat II, the second United 
Nations Conference on Human Settlements that was held in Istanbul, Turkey, 3–14 
June, 1996.

The Habitat Agenda’s preamble expressly addresses the issue of gradually 
rising rural-to-urban migration, especially those in developing countries, 
which has put great strain on already overburdened urban infrastructure and 
services. Conflicts arising from the expansion of city suburbs have grown as a 
result of increased rural migration to cities. The haphazard settlement of this 
land, which is devoid of urban infrastructure, complicates any green space 
development.

In its Preamble the Declaration recognizes that among the most key problems 
facing cities and towns, as well as their residents, is the rise of squatter colonies and 
improper property use. Under paragraph 6, it recognizes the interdependence of 
rural and urban development, along with the need to focus development, especially 
in rural areas and small- and medium-sized towns, while minimizing the depriva-
tion causing and resulting from rural-to-urban migration. This Declaration implies 
that there is need to minimize rural to urban migration in order ensure sustainable 
development of cities in Africa.
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3.6 The Rio declaration 2012 (the Rio + 20) the future we want

The Rio Declaration 2012 was the outcome of the United Nations Conference 
on Sustainable Development (UNCSD). The Rio + 20 or Earth Summit 2012 was 
the third international conference on sustainable development aimed at reconcil-
ing the economic and environmental goals of the global community. Its objective 
was to secure renewed political commitment for sustainable development, assess 
the progress to date and the remaining gaps in the implementation of the outcomes 
of the major summits on sustainable development, and address new and emerging 
challenges.

Paragraph 132 notes that transportation and mobility are central to sustainable 
development because it can enhance economic growth and improve accessibility. 
It recognizes the importance of environmentally sound, safe, and economical trans-
portation in improving social fairness, health, city resilience, urban-rural links, 
and rural productivity. We therefore consider road safety as part of our efforts to 
promote sustainable development in this area.

The establishment of sustainable transportation systems, such as energy- 
efficient multimodal transport systems, particularly public mass transit systems, 
clean fuels and cars, and enhanced transportation systems in rural regions, accord-
ing to paragraph 133. It further recognizes the need to promote an integrated 
approach to policymaking at the national, regional and local levels for transport 
services and systems to promote sustainable development.

Paragraph 134 acknowledges that cities can create economically, socially, and 
environmentally sustainable societies if they are adequately planned and developed, 
namely through integrated planning and management approaches. It therefore 
acknowledges the need for a holistic approach to urban development and human 
settlements that prioritizes slum upgrading and urban regeneration while also 
providing affordable housing and infrastructure.

3.7 The sustainable development goals 2015

The 2030 Agenda for Sustainable Development, adopted by all United Nations 
Member States in 2015, provides a shared blueprint for peace and prosperity for 
people and the planet, now and into the future.

Some of the goals provide some guidelines for urban development and manage-
ment. Member states are responsible for making cities and human settlements 
inclusive, safe, resilient, and sustainable, and this according to SDG 11. Target 
11.1 is particularly relevant to cities in Africa, as it requires the government to 
ensure that everyone has access to adequate, safe, and affordable housing and 
basic services by 2030, as well as upgrade slums, which necessitates making cities 
and human settlements inclusive, safe, resilient, and sustainable. The targets for 
achieving this goal include ensuring access for all to adequate, safe and affordable 
housing and basic services and upgrade slums, providing access to safe, affordable, 
accessible and sustainable transport systems for all, improving road safety, notably 
by expanding public transport, notably by expanding public transport, sustain-
able people settlement management and planning in all countries, minimising 
the adverse per capita ecological effects of cities, such as through ensuring proper 
management of air quality and municipal and other waste management, enabling 
equitable access to green and public areas that are safe, inclusive, and accessible and 
putting in place integrated policies and programs for inclusion, resource efficiency, 
climate change mitigation and adaptation, and resilience hazards, and design and 
implement holistic disaster risk management at all levels, in accordance with the 
Sendai Framework for Disaster Risk Reduction 2015-2030.
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3.8 The paris agreement on climate change, 2016

The Paris Agreement provides a framework for global climate action. In the 
preamble, the Agreement calls for the inclusion and networking of all levels of 
government in order to cope with climate change.

The Agreement contains provisions that provide guidelines for cities develop-
ment and management. The Agreement’s Articles 7 and 8 urge for climate change 
adaptation to be integrated by national adaptation plans that can be utilized to 
execute policies, programs, and projects. Cities and towns play a vital role in the 
development of such national plans since they strive to coordinate and integrate 
efforts to improve the resilience of major infrastructures in the face of climate-
related disasters.

3.9 Habitat III: the new urban agenda 2016

The Habitat III or the New Urban Agenda 2016 was the outcome of the United 
Nations Conference on Housing and Sustainable Urban Development, took place in 
Quito, Ecuador, 17–20 October 2016.

The New Urban Agenda is a collective vision for a more prosperous and sustain-
able future. Urbanization, if well-planned and managed, may be a powerful tool for 
both developing and developed countries to achieve sustainable development. The 
issues that are covered in the New Urban Agenda include how to plan and manage 
cities, towns and villages for sustainable development.

The Agenda implored all national, subnational, and local governments, and all 
relevant stakeholders, to revitalize, enhance, and create partnerships, as well as 
improve coordination and cooperation, in accordance with national policies and 
legislation, in order to effectively implement the New Urban Agenda and achieve 
the shared vision.

The States committed themselves to promote national, sub-national and local 
housing policies that support the progressive realization of the right to adequate 
housing for all, equitable and affordable access to sustainable basic physical and 
social infrastructure for all without discrimination, including affordable serviced 
land, housing, modern and renewable energy, safe drinking water and sanitation, 
safe, nutritious and adequate food, waste disposal. The States further committed 
themselves. The States also agreed to promote appropriate measures in cities and 
human settlements to ensure that people with disabilities have equal access to the 
physical environment of cities, including public spaces, public transportation, 
housing, education and health facilities, public information and communication, 
and other public facilities and services, in both urban and rural areas, that are 
safe, inclusive, and accessible open or provided to the public, in both urban and 
rural areas, safe, inclusive, accessible, green and quality public spaces, including 
streets, sidewalks and cycling lanes, squares, waterfront areas, gardens and parks.

The states also committed themselves to increasing the supply of a variety of 
adequate housing options that are safe, affordable, and accessible to people from 
all walks of life, while also taking into account the socio-economic and cultural 
integration of marginalized communities, homeless people, and those in vulnerable 
circumstances, and avoiding segregation.

The New Urban Agenda 2016 sets standards for the development of cities in 
Africa which include quality urban settlement are dependent upon the set of rules 
and regulations and its implementation, establishing the adequate provision of 
common goods, including streets and open spaces, together with an efficient  pattern 
of buildable plots and developing local fiscal systems that redistribute parts of the 
urban value generated.
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3.10 The AU vision 2063

At a regional level Africa adopted Agenda 2063 (The Africa We Want) provides 
aspirations towards achieving a prosperous Africa based on inclusive growth and 
sustainable development. The Vision is a Pan-African people-centered vision and 
action plan that aims to position Africa for growth over the next 50 years. It puts 
a strong focus on urban development that includes transformational outcomes by 
2023 in urban services such as improvements in living standards having access to 
safe drinking water and sanitation, electricity supply and internet connectivity to 
be up by 50% and recycling in cities at least 50% of the waste they generate [34]. 
The Cities are also expected to meet the WHO’s Ambient Air Quality Standards 
(AAQS) by 2025and also make cities and human settlements inclusive, safe, resil-
ient and sustainable [34].

4.  Analysis of urban legislation framework for development of selected 
cities in Africa

Effective urban legislation is an indispensable pillar of sustainable development 
of cities because it ensures proper planning. The next section analyses the urban 
legislation development and its implementation in selective African cities. It also 
describes the adequacy and how urban legislation in supporting sustainable devel-
opment and transforming cities into more effective engines of economic growth.

Four major cities namely, Kampala, Johannesburg, Accra and Addis Ababa 
were selected as case studies to provide a comparative analysis of the implementa-
tion. Kampala was selected because it is Uganda’s biggest city and is reported to be 
among the fastest-growing cities in Africa. In addition, it is the only city in Africa 
managed by Kampala Capital City Authority (KCCA) which is the legal entity 
established by Act of Parliament that is responsible for the operations of the capital 
city of Kampala in Uganda. Johannesburg was selected because it is South Africa’s 
biggest city and it is recognized as a major world city and the economic capital of 
both South and sub-Saharan Africa. Accra was selected because it is the capital and 
largest city of Ghana and was established as the administrative capital of Ghana in 
1877 during the British colonial rule. Addis Ababa was selected because it is one of 
the fastest growing cities in Africa and a capital city of Ethiopia and it also the dip-
lomatic Centre of Africa because it hosts a number of international organizations 
such as the headquarters of African Union (AU) and the United Nations Economic 
Commission for Africa (UNECA).

4.1 Kampala city in Uganda

Uganda is in the East African region and situated 800 kilometers inland from the 
Indian Ocean, across the equator. It is located between the Equator’s 10 29′ South 
and 40 12′ North latitudes, as well as Greenwich’s 290 34′ East and 350 0′ East lati-
tudes. Kenya is on the east, South Sudan is on the north, the Democratic Republic of 
Congo is on the west, Tanzania is on the south, and Rwanda is on the west. It spans 
a total area of 241,551 square kilometers, with 200,523 square kilometers of land. 
Kampala is capital city and largest city of Uganda of Uganda. It is the most populous 
urban centre with 1.5 million persons [35].

Uganda has developed several pieces of legislation that are intended to pro-
mote sustainable development of urban areas such as cities. The Constitution of 
Uganda 1995 sets an objective for the State to promote sustainable development 
and public awareness of the need to manage land, air and water resources in a 
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balanced and sustainable manner for the present and future generations [36]. The 
same Constitution mandates Parliament to make laws for the management of the 
environment for sustainable development [37]. The parent law on environmental 
management in the country establishes and mandates the National Environment 
Management Authority to provide for the management of the environment for 
sustainable development with powers to make statutory instruments that apply to 
the whole country including the capital city [38].

According to Article 5 (4) of the Constitution of the Republic of Uganda, 
Kampala is the capital city for Uganda and is administered by the Central 
Government; Article 5 (6) empowers the Parliament of Uganda to enact a law that 
provides for the administration and development of Kampala as the capital city 
[39]. Therefore, Kampala is managed under the Kampala Capital City Authority Act 
which provides an administrative arrangement for the city of Kampala and provides 
for its development and physical planning. The same law grants responsibility upon 
the Minister of Kampala Capital City Authority to coordinate physical planning 
in the metropolitan area in consultation with the Ministries responsible for urban 
development and local governments [40].

A specific law on the establishment and regulation of KCCA has been enacted. 
Section 7 of the KCCA Act specifies functions of KCCA in administration and 
development that include initiating and formulate policy, enacting legislations in 
form of ordinances for the proper management of the Capital City, constructing 
and maintaining major drains, carrying out physical planning and development 
control among others [41]. Several ordinances have been passed by the City Council 
while several bye-laws have been passed by division councils to strengthen and 
support sustainable development and management of the city as an urban area. The 
deposit or allow any solid waste to be placed or deposited on his or her premises 
or on private property, on a public street, roadside [42]. The Urban Agriculture 
Ordinance regulates use of manure, chemicals, disposal of toxic emissions and 
wastes, disposal of sump oil, prohibits agriculture in certain areas such as green-
belts, road reserves, wetlands, an area less than ten feet away from an open drain-
age channel, toxic area as well as parks; and also prohibits use of human waste 
as manure [43]. The Sewage and Fecal Sludge Management Ordinance regulates 
the disposal of fecal sludge, fecal sludge transportation, and issuance of licenses 
of providers of environmental sanitation services [44]. KCCA Act alongside the 
regulations and bye-laws do not express on make the capital city as inclusive, safe, 
resilient and sustainable just as is stated by Goal 11 of 2030 Agenda for Sustainable 
Development. This may Uganda to reach Target 11.1 which requires that by 2030, 
governments must ensure access for all to adequate, safe and affordable housing and 
basic services, and upgrade slums which requires making cities and human settle-
ments inclusive, safe, resilient and sustainable.

4.2 Johannesburg city in South Africa

South Africa is one of the most geographically varied countries in Africa. It is 
located at the southern tip of the African continent. The total land is 1,213,090 km2. 
It is bordered by Namibia, Botswana, Zimbabwe, Mozambique and Swaziland. In 
2019, the population of the city of Johannesburg was estimated to be about 5,635,127 
people making it the most populous city in South Africa. In the same year, the 
population of Johannesburg’s urban agglomeration was put at 8,000,000 people.

There are several pieces of legislation that promote and govern sustainable 
development of urban areas in South Africa. The Constitution of South Africa of 
1996 provides a right to every person to have the environment protected, for the 
benefit of present and future generations, through reasonable legislative and other 
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measures that prevent pollution and ecological degradation; promote conservation 
and secure ecologically sustainable development and use of natural resources while 
promoting justifiable economic and social development.

According to Sections 156(2) and (5) of the Constitution a municipality is 
empowered to make and administer by-laws for the effective administration of 
matters over which it has jurisdiction, as well as exercise any power over a mat-
ter that is reasonably necessary or incidental to the effective performance of its 
functions [45]. Johannesburg city makes by-laws under Section 13(a) of the Local 
Government: Municipal Systems Act, 2000 [46]. Some of the by-laws that concern 
development of a sustainable urban city include: Air Pollution Control By-laws of 
the City of Johannesburg Metropolitan Municipality which prohibits air pollution 
by providing for adoption of reasonable measures to prevent and mitigate air pollu-
tion [47]. The Waste Management by-laws provide for reduction, re-use, recycling 
and recovery of waste so as to minimize the environmental harm; to provide for 
rules on storage, collection, treatment, transportation and disposal of recyclable, 
industrial and organic waste [48]. The Water Services By-Laws provide for an 
environmental impact assessment to be carried out before the provision of the 
water services can be approved or commenced it also prohibits discharge of sewage, 
industrial effluent or other liquid or substance and installation of pre-treatment 
facilities [49].

The Municipal Planning By-law seeks to set up and manage land use scheme and 
municipal spatial development framework through the established of Municipal 
Planning Tribunals [50]. Public Health By-Laws provides for prohibition on caus-
ing public health nuisances and public health hazards, provides for the issuance of 
Public health permits, demolition orders, provides for compulsory connection to 
municipal sewage system, prohibits against obstruction of sanitary services, sets 
requirements in respect of toilet facilities, prohibits pollution of sources of water 
supply, sets out duties of salon operators overstore or dispose of waste, and also 
rules on keeping of animals [51].

4.3 Accra City in Ghana

Ghana is a country in West Africa that shares borders with the Ivory Coast in 
the west, Burkina Faso in the north, and Togo in the east, spanning the Gulf of 
Guinea and the Atlantic Ocean to the south. Ghana has a total size of 238,535 square 
kilometers (92,099 sq mi). Accra is Ghana’s capital and largest city, with a popula-
tion of 2.27 million inhabitants. The Greater Accra Metropolitan Area (GAMA) has 
a population of roughly 4 million people, making it Africa’s 11th largest metro area.

Accra City has the Accra Metropolitan Assembly (AMA) which currently 
derives its legal basis from Local Government Act, 1993, which currently has been 
amended as the Local Governance Act, 2016, and under Legislative Instrument 
[52]. It has departments on waste management, works, physical planning among 
others [53].The functions of the Accra Metropolitan Assembly include provision of 
a sound sanitary and healthy environment, planning and development control of all 
infrastructures within Accra and provision of public safety; it has the Metropolitan 
Planning Committee which has the overall responsibility for the management of the 
land use plans and physical development activities [53].

The Environmental Protection Bye-law provides a responsibility onto house-
holds, industries, waste management operators, corporate bodies, institutions or 
any other business to take all necessary measures to protect the environment; it cre-
ates a duty that any discharge from a factory, industries, commercial mall, market, 
institutions, office or household must meet the standards set by the Assembly or 
other regulatory agency [54]. It also provides for promotion of waste treatment 
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systems; sets a requirement of permits for sand winning activities; provides for 
rules on the protection of wetlands and water bodies, control of tree felling and 
vegetation; and advocates through permits the replanting of economic trees [54]. 
Control of Animals Bye-law prohibits keeping of swine, cattle, sheep or goat and 
other wildlife in any town/community in the area of authority of the Assembly 
without a permit issued by the Assembly [55]. Sanitation Bye law provides for 
guidelines on disposal of solid and liquid waste management [56]. The Cleaning 
Bye-Law prohibits throwing litter, refuse, or other matter into gutters, drains, or 
unauthorized places which may cause nuisance or block free passage of running 
water [57]. Building/Physical Development Bye-law, provide for issuance of devel-
opment and building permits to developers before commences development [58].

4.4 Addis Ababa city

Ethiopia is a landlocked country located in the North Eastern part of the African 
continent or what is known as the “Horn of Africa.” Ethiopia is bounded by Sudan 
on the west, Eritrea and Djibouti on the northeast, Somalia on the east and south-
east, and Kenya on the south. Ethiopia lies between the Equator and Tropic of 
Cancer, between the 30 N and 150 N Latitude or 330 E and 480 E Longitude. The 
country occupies an area of approximately 1,127,127 km2.

According to article 49 (1) of the Constitution of the Federal Democratic Republic 
of Ethiopia, Addis Ababa is the capital city of the Federal Democratic Republic of 
Ethiopia [59]. The specific law to manage the administrative affairs of the city is  
the Addis Ababa City Government Charter Proclamation No. 87/1997 revised by the 
Charter Proclamation No.361 of 2003 which under Section 9(8) provides one of the 
objectives of the City Government to make the City a naturally balanced, clean, green 
and favorable spot through the prevention of environmental pollution [60]. Section 
11 (1) empowers the City Government to make laws and exercise judicial powers as 
well as executive powers and functions over different matters within its jurisdiction, 
which empowers the city government to legislate on matters that promote sustainable 
development of the City [60]. The City Government has the powers and functions 
under Section 11 (2) (g) to administer the land and the natural resources located 
within the bounds of the City; and under Section 14 (1) (c) to issue the Master 
plan of the City [60]. Some of these include the Addis Ababa City Government 
Immovable Property Registration and Information Agency Establishment 
Proclamation No.22/2010, the Addis Ababa City Government Procurement and 
Property Administration Proclamation No.17/2009, the Addis Ababa City Master 
Plan Preparation Issuance and Implementation Proclamation No.17/2004, the Addis 
Ababa City Government Civil Servants Proclamation No.6/2008, among others.

Section 11 (2) (1) of the Revised Charter Proclamation, provides that the City 
Government has the powers and functions to: (a) issue and implement policies 
concerning the development of the City; (b) approve and implement economic 
and social development plans; (f) identify, ascertain, and organize municipal 
services to be delivered at the city, sub-city, and Kebele levels; to provide efficient, 
effective, and fair services by the use of a variety of service delivery options and 
public participation; and to make sure that a standardized, acceptable system of 
service delivery is in place. Some of these functions actualize the achievement of 
the sustainable development goals related to urban development and management. 
Some of these functions actualize the achievement of the sustainable development 
goals related to urban development and management.

In addition Section 11 (2) (1) of the Revised Charter Proclamation states that 
the City Government has the powers and functions to: In addition Section 11 (2) 
(1) of the Revised Charter Proclamation states that the City Government powers 
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and functions include the following to administer, develop, and sell houses nation-
alized under the Government Ownership of Urban Lands and Extra Residences 
Proclamation No. 47/1975 and administered by the City Government, as well as 
other houses developed or obtained lawfully by the City Government. This is in line 
with achieving the New Urban Agenda of 2016. The implementation of the New 
Urban Agenda implies that governments should establish a legal framework for 
regulating adequate provision of common goods such as streets and open spaces, 
together with an efficient pattern of buildable plots.

4.5 Challenges of sustainable development of cities in africa

There are several challenges that affect promoting sustainable development of 
cities in Africa.

First, most cities lack a holistic urban legislation to regulate key issues to sustain-
able development of cities especially physical planning framework such as physical 
infrastructure for human settlement or area and public services such as transport, 
economic activities, recreation and environmental protection. Most cities lack a 
holistic urban legislation to regulate key issues to sustainable development of cities 
especially physical planning framework such as physical infrastructure for human 
settlement or area and public services such as transport, economic activities, 
recreation and environmental protection.

Second, due to a multiple of pieces legislation that creates conflicts and duplica-
tions of mandate there is limited coordination at the various hierarchies of plan-
ning by the different authorities which creates a conflict of interest when making 
decisions that involve consultations from more than one planning authority. For 
example, in some cases there are conflicts and duplications between Planning 
authorities and local authorities. The uncoordinated planning and development 
leads to uncontrolled sprawling of the major towns, growth of slums and informal 
settlements, lack of public space and weak coverage of basic infrastructure services, 
notably water, energy, and sanitation, which makes it difficult to improve welfare in 
either urban or rural environments.

Third, the emerging rapid increase in urban population poses great challenges 
leading to overcrowding, traffic congestion, growth of slums and informal settle-
ments, dilapidated housing, food security concerns, and poor sanitation.

Fourth, the existing infrastructure and service provision do not correspond to 
the growing population demands. Investments in urban infrastructure and services 
have lagged behind the expanding demographic and economic importance of cities, 
resulting in the expansion of unplanned settlements, urban poverty, insufficient 
fundamental urban services, and a deteriorating urban environment. Most slum 
settlements are inaccessible because of poorly planned transport infrastructure and 
lack access to clean water and waste management systems.

Fifth, there is limited funding of urban development and management as a 
result in most cities, there are inadequate financial deal with the escalating urban 
infrastructure challenge.

Sixth, many cities lack the sufficient human resources to develop and implement 
plans. Developing such capacity within local planning departments, by using other 
agencies and engaging the community and interest groups, is the key to producing 
good plans.

Seventh, high level urban poverty has led to the development of slums charac-
terized by the poor housing conditions, high urban crime rates, homelessness, poor 
medical care, among others.

Eighth, in some cases, there is political interference in urbanization pro-
grammes. Political interference sometimes affects enforcement of action plans for 
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example where the development control decision by the planning authorities affects 
the political position of the government or individuals, such decisions are revoked 
and authorities instructed to act on the contrary to their directives.

Lastly, corruption of politicians and technocrats leads to poor decision process 
and increases the cost of and reduces the benefits from development programmers 
to the society [61]. As a result, the gap between the potential and realized achieve-
ments continue to widen thereby further undermining the country’s chances of 
achieving sustainable development [61].

5. Conclusion and recommendations

The analysis in the paper has demonstrated that characteristics of the most cities 
in the Sub-Saharan Africa include limited regulation of physical planning which 
has led to widespread illegal and informal development and this has hindered the 
extension not only of water, electricity, and solid waste collection services but also 
of adequate sanitation arrangements and road networks. Further, many African 
cities have not developed legal and regulatory framework that address the realities 
of urban life. This is in addition to limited ability to implement existing laws and 
regulations. In most cases, City governments do have adequate legal experts to 
develop the appropriate regulatory framework that is enforceable. As a result, the 
citizens are compelled to follow informal methods to conduct land and property 
transactions, undertake business, acquire means of a livelihood, and even access 
fundamental services due to the number and rigidity of laws and regulations. 
Uncoordinated decision making and implementation as well as political interfer-
ence led to the failure of City Authorities to cope with the challenge of urban 
growth in Africa. This is in addition to limited financial and human capacity to 
support sustainable development of cities.

There are recommendations that can be proposed to improve the urban 
legislation development and implementation in the African cities. First, it is 
necessary to develop a holistic urban legislation that provides predictability and 
order in urban development, from a wide range of perspectives, including physi-
cal planning framework such as physical infrastructure for human settlement 
or area and public services such as transport, economic activities, recreation 
and environmental protection viewpoints. Second, there is need to strengthen 
the institutional framework on urban development and management so as to 
stimulate capacity building to sustainably develop cities. This can be done by 
establishing appropriate urban planning departments with appropriate mandates 
and governed by the experts. Third, there is need to strengthen capacity of the 
physical planners, engineers and architects, decision makers and urban dwellers 
through training and education on issues designed to meet each city’s particular 
circumstances, although most cities and towns share some urban problems whose 
solutions may be similar. Fourth, there is need to increase funding for activities 
for cities development and management at various levels in cities. Lastly, devel-
opment and planning in cities should be participatory at all levels to facilitate 
more transparent and collaborative decision-making development decisions. This 
should involve empowerment urban poor communities and provision of pro-poor 
services.
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Chapter 5

Urban Agglomeration and the  
Geo-Political Status of the 
Municipality of Portmore, Jamaica
Carol Archer and Anetheo Jackson

Abstract

This chapter will attempt to shed light on the relevant explanations for designating or 
creating urban agglomeration for the purpose of administration and governance in the 
case of largest urban space in Jamaica. The main objective of this chapter is to provide 
an in-depth look at the case of Portmore with specific emphasis on the socio-economic, 
political, legislative, and relevant policy arrangements that influence the change in sub-
national geo-political status from municipality to parish. The researchers explore the 
literature on local government reform, public financing, urban economics, and urban 
planning which provided a basis for objectively interrogating the proposed change. 
From the analysis of existing legislations, policies, and international conventions such 
as the New Urban Agenda, the proposal to change the geo-political designation of the 
Municipality of Portmore raises several questions about the economic profile of the area 
and the capacity to enjoy the benefits of urban agglomeration given its location attri-
butes. Understanding the evolution of the theoretical discourse in urban planning can 
provide clarity on the relevance of this geo-political designation, the intergovernmental 
relationship associated with the geo-political designation, particularly as it relates to 
autonomy, and the allocation of resources for the provision of local government ser-
vices. This understanding will help to direct the decision makers as to the best designa-
tion for Portmore given its current realities and importance of implementing measures 
to support decentralization and autonomy at the local level for major urban areas. The 
researchers found that the economic viability of the proposition is at best questionable 
as the economic base of the municipality is limited and its capacity to generate linkages 
demand serious considerations. Attention should be given to local government reform in 
the face of emerging trends and current realities rather than changing status of an urban 
areas which is the direct result of the principles of urban agglomeration.

Keywords: municipality, local government reform, urban agglomeration, 
decentralization, political economy, geo-political status

1. Introduction

Recently there has been raging debate regarding changing the geo-political 
designation of Portmore, Jamaica, from a municipality to a parish. The historical 
development of Portmore is intrinsically tied to Kingston. Portmore’s develop-
ment began in the early seventeenth century and has developed from being a 
single community into a vast network of housing schemes. Some of the early com-
munities include Queens Town, now renamed Edgewater and Port Henderson. 
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Queens Town was established after the 1692 earthquake, which destroyed 
Port Royal. This  community was established as a twin city to Kingston but was 
destroyed by a storm surge in 1722. Since its inception, Portmore as served as a 
dormitory of Kingston. In fact, by Jamaican government’s definition Portmore 
is included in the designation of the Kingston Metropolitan Area (KMA) and by 
extension an agglomeration of Kingston, the capital of Jamaica.

The major justification, for a change in geo-political status, offered by the 
government representatives, is that parish status would allow for greater autonomy 
for the elected officials from Portmore. The push for autonomy is influenced by the 
fact that the population and communities in Portmore increased since 2002 when 
the area was first designated as a municipality. As reported in the Jamaica Daily 
Gleaner on December 16, 2020, the communities in Portmore increased from 22 in 
1991 to 40 communities in 2001 with the construction of several housing schemes, 
including that of Greater Portmore.

This chapter will attempt to shed light on the relevant explanations for designat-
ing or creating urban agglomeration for the purpose of administration and gover-
nance in the case of the largest urban space in Jamaica. Understanding the evolution 
of the theoretical discourse in urban planning and urban economics can provide a 
lens through which to examine the efficacy of the proposed geo-political designa-
tion, the intergovernmental relationship associated with the geo-political designa-
tion, particularly as it relates to autonomy, and the allocation of resources for the 
provision of local government services. This understanding will help to direct the 
decision makers as to the most appropriate designation for Portmore given its cur-
rent realities and importance of implementing measures to support decentralization 
and autonomy at the local level for major urban areas.

Ebenezer Howard, pioneering urban planner, offers one of the earliest works on 
designation of urban areas. Howard, in his 1902 seminal writing, Garden Cities of 
Tomorrow, proposed the concept of town clusters [1]. Based on his research, Howard 
concluded that there was a dynamic relationship between the spatial organization 
of the cities/urban areas and the semi-urban and rural areas. Furthermore, Howard 
foresaw urbanized areas comprising several “garden cities around Central Cities. In 
his vision of the urbanized landscape, the urban form is not only the areas occupied 
by cities but also an area comprising several peripheral Garden Cities integrated with 
a Central City. Researchers Fang and Hu ([2], p. 128) argue that Howard’s concept 
eventually evolved into the early forms of the “Garden City” model of urban agglom-
eration. The growth of urbanized population in Europe, the Americas and Asia, called 
for further explanation of the relationship between and within these urbanized areas. 
Geddes [3] coined the term conurbation or continuous urbanization. Unlike Howard 
that predicted the growth of urban areas contained by greenbelts, Geddes [3] predicted 
the growth of these urban spaces without the swath of rural lands. Based on Geddes’ 
prediction, the British government recognized the various forms of aggregated local 
authority to address local land use and service delivery issues.

2. Methodology

An exploratory approach was used to examine the case of Portmore as a 
Municipality and the efficacy of the proposed change in the geo-political designa-
tion from a municipality to a parish. In this regard, the first objective was an in-
depth look at the case of Portmore with specific emphasis on the socio-economic, 
political, legislative, and relevant policy arrangements.

Specifically, detailed information on the proposed change, relevant legislative 
documents, existing policies, available reports, and prior research were assembled 
and studied.



87

Urban Agglomeration and the Geo-Political Status of the Municipality of Portmore, Jamaica
DOI: http://dx.doi.org/10.5772/intechopen.102665

The review took account of the existing context of the Municipality of Portmore 
and its connection to the Kingston Metropolitan Area (KMA), details of the current 
and proposed geo-political arrangement, the rationale for the proposed changed and 
the readiness of Portmore for the proposed change from municipality to parish status. 
In addition to this, economic roles, and functions of the Municipality of Portmore in 
relation to the neighboring urban centers, the academic literature on local govern-
ment reform, public financing, urban economics, and urban planning provided a 
basis for objectively interrogating the proposed change. This also informed the analy-
sis and discussion of the existing fiscal relationships between the local authorities and 
central government and narrow down key considerations for the government and key 
stakeholders in determining the way when considering changing sub-national geo-
political status. The existing legislative and policy environments and the implications 
for sustainable development also guided the study.

3. Urban agglomeration/economies and geo-political designation

One of the most recent discourses on geo-political treatment of large, urbanized 
areas is presented by Fang [4]. Fang suggests that urban agglomerations are very dif-
ferent from the simple clustering of similar administrative units or geographic loca-
tion. Instead, urban agglomeration is an emerging urban spatial form that is driven 
by concentrated industries and populations, a highly connected transportation 
network, an enhanced central city and favorable regional incentive policies. Urban 
agglomerations are evidently a product of the late stages of metropolitan develop-
ment. Furthermore, “one can only claim that there is an urban agglomeration when 
the networks grow in strength and frequency and the socioeconomic ties among the 
central and peripheral cities become more integrated Fang and Hu ([2], p. 133).

Cities are characterized by urban agglomeration as there exists agglomeration 
economies. Agglomeration economies are generally either pecuniary or technologi-
cal in nature [5]. These are resource advantages. The former can result from a large 
and diverse labor market. Thus, firms in the KMA that rely on Portmore for its 
labor supply can enjoy greater productivity through lower labor and transportation 
costs due to proximity to work and stronger competition for jobs. This is of major 
consideration when other urban areas such as May Pen or Old Harbor are consid-
ered (see Map showing designated towns and areas in Jamaica). Portmore is one of 
the largest residential settlements in Jamaica and the English-speaking Caribbean. 
It is also one of the fastest growing urban areas in the island. However, as afore-
mentioned, Portmore has been a dormitory for Kingston. Its main pull factors are 
proximity to Kingston and its affordable housing stock, in comparison to the KMA.
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Technological agglomeration economies result from knowledge spill-over 
across and within industries. It implies thicker upstream and downstream linkages 
between economic activities in an urban area. To capitalize on these economies, 
local governments, with the autonomy to design and attract the right kind of 
industries will most likely promote the appropriate mix of land uses and production 
linkages that will trap the benefits of knowledge sharing and the cross-fertilization 
of ideas, inputs, and outputs, that will maximize returns to firms and by extension 
to the locality.

Presently, in the Municipality of Portmore, the leading sources of private-sector 
income are retail and services. There is also a fairly recent trend of a growing 
number of Business Process Outsourcing (BPO) firms in the Municipality. In addi-
tion to this, the steady demand for housing in the area stimulates growth in new 
outputs of housing and commercial properties. However, the strength of linkages 
between these economic activities is questionable. For example, there is no evidence 
of strategic clustering of industries and spatial concentration of suppliers, supply 
chains, complementary industries, and local institutions to maximize on locational 
competitiveness [6].

In fact, it is arguable that the informal economic activities in the area perform 
fairly well in establishing linkages when compared to the formal activities. It must 
be noted that although the informal sector is a source of employment and income 
for many residents, it is not a source of revenue for the government. Further, with 
the exception of the Municipality’s fishing industry, these informal economic 
activities are diverse and very difficult to locate. Strategic clustering in any urban 
agglomeration is significant as land use patterns are substantial to the maximization 
of the benefits of agglomeration economies.

A further consideration is the potential intercity dynamics—The economic 
competition between Kingston and Portmore. If Portmore fails to create and supply 
the jobs to match its endowment of labor, the region will continue to serve as a 
dormitory for Kingston’s labor input. An alternative arrangement to serving as a 
dormitory is for Portmore to use its labor supply as a source of competitive advan-
tage to attract the type and quantity of productive activities to the area. According 
to Reilly’s [7] law of gravitation the capacity of two cities to attract retail spending 
from the catchment area in between them is dependent on the size and the square of 
the distance from any location between the two cities. However, while large popula-
tion and labor supply is a potent pull factor for firms, the existing spending power 
in the locality is also an important consideration. Arguably, higher income cities are 
more likely to attract higher income residents which makes them more attractive to 
both large and small businesses. Harvey and Jowsey [8] noted that:

consideration has to be given to the composition of the population (for example, 
by age group and working proportion), its earning capacity (for example, whether 
they are skilled workers), government subsidy policy within the district and the 
spending habits of different income groups (Harvey and Jowsey [8], p. 97).

When these are taken account of, the pull-factor of a more affordable hous-
ing stock in Portmore which makes housing more accessible to residents in lower 
income groups, may not necessarily translate to making the area more attractive 
to more businesses. Therefore, Portmore’s current ability to attract the kind of 
economic activities in the quantities that will generate linkages and capital-
ize on economies, and which will provide job opportunities for its residents is 
questionable.

As mentioned earlier, Portmore lacks the level of diversity in economic activi-
ties and the type of upstream and downstream linkages to fully capitalize on the 
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benefits of agglomeration economies that will likely be needed for the economic 
viability of the area if it is designated as a parish. However, other considerations 
include the quality and quantity of its urban infrastructure and services, particu-
larly when compared to neighboring areas. Local governments in Jamaica and 
throughout the world are preoccupied with identifying the necessary funding to 
address these issues. It is likely to be more challenging should Portmore be des-
ignated parish, to generate the necessary resources to support the demand on its 
resources which would necessitate increasing investments in some public goods and 
services and land resources.

The prospects of maximizing scale economies in Portmore will likely depend 
on intensifying land use in the area. However, given the relatively inelastic supply 
of land for the various uses in the area, more intensive use will invariably take 
the form of high-rise developments. High-rise development is the most likely 
response to increased demand for residential or commercial properties in more 
urbanized areas where suitable land is relatively scarce. On this point, Portmore’s 
geographical location makes it vulnerable to natural disasters. Consequently, 
building sound and resilient high-rise structures are likely to be costly. Whereas 
the land input may be minimized, the capital input would likely be substantial, 
such that these developments would not be feasible if the cost of capital is not 
sufficiently low.

Further, if the designation of parish results in altering the land use patterns in 
Portmore in pursuit of agglomeration economies, through a larger, more diversi-
fied economic base, then as mentioned earlier, the demand for services, facilities 
and urban infrastructure will likely increase. Any foreseeable increase demand 
on the services and infrastructure must be matched by the revenues generated by 
economic activities in the area. For this to be feasible, the marginal benefits from 
additional users in the area should equate the change in costs for the provision of 
public goods and services by the local government. Public goods are non-rivalry and 
non-excludable and cannot be efficiently allocated through the market mechanism. 
These include some levels of school and educational facilities, safety and security 
services, access to and maintenance of recreational facilities and markets, sewers 
and sanitation, public health facilities, and roads.

It must be noted, that in countries with decentralized governments, the market 
could be relied upon to smooth out differences in the marginal costs and benefits 
of the changes that may accompany a change in the geo-political designation 
from a municipality to a parish. However, even in a democratic society, as long as 
central governments have a high level of autonomy over revenues and the sources 
of income, local governments are not empowered to make the necessary adjust-
ments to manage its provision of public goods and services. This generally results in 
sub-optimal allocations at the local level. Therefore, the designation of parish may 
be accompanied by increased fiscal responsibility but not necessarily by the level 
of autonomy and financial independence of the local government that is needed to 
avoid welfare loss to its residents.

To evaluate the extent of their financial independence if the designation is 
changed to parish, Portmore’s local government should assess the following:

1. The amount of actual revenue from taxes and fees that will be available to the 
local authority.

2. The extent and efficiency of its sources of income.

3. The real power and methods by which the local government can influence 
increase in fees to cover rising costs.
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4. The possibility of incurring debt as part of financial autonomy and financial 
management.

5. The strength and size of the economic base of the locality.

6. Level of diversity in economic activities of the locality.

With the proposed change of the geo-political designation of the area, the 
arrangements for financing of, for example, public goods and services will neces-
sarily be changed. Thus, the amount of actual revenue from taxes and fees and how 
these would be allocated to the newly established parish are pertinent to the deci-
sion. It must be noted that property taxes and council fees are the primary sources 
of revenue for local governments in Jamaica. However, property tax rates are set by 
central government and it is calculated on the unimproved land value, the build-
ings are not taxed. Consequently, increased tax revenues to the local authority are 
largely dependent on the demand for land. A noteworthy point on this topic is that 
the costly re-valuation exercise that is required to capture gains from appreciation 
in property value, is arguably not undertaken as often as is needed for local govern-
ments to capture its share of the gains in property value that is needed to finance 
investments in public goods and services to support residents and businesses in the 
area. In fact, disinvestment, and a lack of maintenance of public goods and services 
by local governments as they rely on this income to cover some of these costs is not 
far-fetched.

4. Political economy and urban agglomeration

The corollary of the foregoing is that alongside the potential benefits of parish 
designation touted by government officials, decision-makers are tasked to take 
an objective look at the Municipality’s opportunities to expand and deepen its 
economic activities to cover both internal and external costs. This objective evalu-
ation should include serious considerations as to whether or not the type, size and 
diversity of current and potential economic activities in Portmore can sufficiently 
capture the benefits of agglomeration economies and what changes will be made to 
empower the local government to manage the fiscal affairs of the proposed parish.

In Jamaica, as in most developed country that have adopted a market driven 
economy, the bulk of funding for local government services is appropriated by 
Central government. The assumption behind central government’s control of fund-
ing for local services has been influenced by the notion of achieving economies of 
scale and efficiency in the delivery of these services.

For a small island state such as Jamaica, with a parliamentary system almost akin 
to a unitary form of government, centrally controlled funding for local government 
services might seem logical at first. However, further examination of income and 
expenditure at the local level reveals that services are duplicated across agencies and 
there are no clear lines of accountability towards the allocation of these funds.

Historically there has been a “tug-of war” between the national government and 
the local authority about who should bear the cost for delivering services. Central 
to the conflict is the control of powers. The central government wants to maintain 
control and access to revenues which are generated at the local level. In Jamaica, like 
any other modern democracy there is the tension between the nation state and local 
authorities, as the officials at the local level become more concerned with increasing 
their share of powers and resources visa-vis the claims of other localities and the 
national state ([9], p. 35).



91

Urban Agglomeration and the Geo-Political Status of the Municipality of Portmore, Jamaica
DOI: http://dx.doi.org/10.5772/intechopen.102665

There are several treatises on local government reform which Jamaica can adopt 
to carry out the much-needed reform. One line of argument, at the broader macro 
level, placed the discourse into two camps: neo-Marxist left and the neo-conserva-
tive right. The neo-Marxist argues that growth and decline at the local level, par-
ticularly in the urban areas is influenced by decisions made at the national level as a 
function of economic forces [9]. The neo-conservatives believe that decisions at the 
local level should be left to ‘invisible’ force of the market and those local areas that 
can grow as a result will do so. Central to both lines of arguments is that national 
government can and does influence the growth and decline of local municipalities. 
This is the main point carried by political economists.

Another theory on local government reform, while arguing from the perspective 
of market forces, introduces a more complex variable, that of globalism. According 
to Clarke [10] “global economic change process general transcend scale, yet in some 
instances are very sensitive to local contextual factors, including state actions” 
([10], p. 12). According to Clarke, local officials over the world operate under 
heightened conditions of economic and political uncertainty. They have new social 
and economic roles and responsibilities that are unanticipated. Local officials must 
reconstruct relations between public and private sector at the local level, in the 
context of the “new globalism” in addition to concentrating on providing the most 
basic governance issues.

Proponents of the “new global reality of local government” further argue 
that to the extent that the legitimacy of democratic regimes is tied to economic 
performance rather than governance based on civic values, the new localized 
state suggest a subordination of political will to private interest, particularly at 
the local level. Furthermore, democratization trends at the national level have 
left unclear the autonomy of local government relative to other ties. Local govern-
ments are victims of structural adjustment programmers in developing countries, 
national government focus on complying with international debt programmer 
rather than providing financial and administrative resources for the delivery of 
local services.

Attempts have been made at redistributing local influence. This is evidence by 
increased participation of the citizenry in the decision-making process. However, 
full participation is hampered by the fact that those who tend to “benefit” from the 
new privatization of services is the party ‘faithful’s’ and the often-gained new posi-
tion of influence in newly privatized local government. Local government’s inability 
to carry out new roles and functions are constrained by “poor capital” and uneven 
development patterns. Uneven allocation restricts the ability of local governments 
to compete for new private investment.

New localism generates extensive competition among states and between local 
areas. This heightened level of competition has been known to exacerbate uneven 
development. In this era of globalism, local leaders must now move in a decision-
making arena where pivotal investors operate at global scales, and at a magnitude 
and pace that defies local involvement. However, local leaders are asked to perform 
in this market as entrepreneurs under public constraints. National government also 
influences local leaders’ performance in the global context.

The national government is wary of the fiscal and political consequences of 
proactive local development efforts. The local decision makers are also limited by 
the knowledge base and skills to act as public entrepreneurs. In the past local coun-
cilors were tied to their local context and the skills there are less likely to transfer 
when dealing in a global context. Schoburg [11] supports this position. She argues 
that most local government authority in Jamaica are hampered by an organiza-
tional framework built on values that are no longer compatible with contemporary 
leadership and management technologies or development norms. Furthermore, the 
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operations of local government in the Caribbean and in Jamaica specifically, lack a 
culture of high performance ([11], p. 19).

Peterson [12] also acknowledged constraints associated with local government. 
He is of the view that local governments are limited by their ability to implement 
and redistribute polices or social welfare type policies. These local decision-makers 
fear that this would encourage the movement of capital. Instead, local decision-
makers are likely to seek out developmental policies that serve to increase local 
capital base. In their view, this represents a maximization of “the public interest.” 
Stone [13], among others, expanded Peterson’s argument by pointing out that the 
political culture of the locality also plays a significant role in the policies developed 
for that locality. The influence of political culture is most evident in policy making 
at the local government level here in Jamaica.

Recognizing the limitations associated with resource mobilization, local gov-
ernments have opted to privatize the provision of certain services. Theories of 
privatizing local government services have also influenced the discourse on local 
government reform. Boyne [14] in his analysis of local government reform in Great 
Britain, points out that since the 1980s there has been efforts to privatize govern-
ment services. This effort of privatizing is driven by the belief that the market 
can produce goods and services more efficiently. It is also driven by the belief that 
resource decisions are seen as more rational when left to individuals who choose 
alternatives based on their own preferences through a market bidding process. 
Market like disciplines will prevent consumers of public goods and services from 
over consuming their services and smooth out inefficiencies in the provision of 
these goods and services.

The historical overview of local government reform in Great Britain, pro-
vided by Boyne [14] mirrored that of Jamaica. Boyne notes that in Great Britain, 
local authorities have been shaped by central government into service providers 
whose primary role lies in supplementing the welfare state rather than economic 
production.

The industrialists shaped municipal policies to give their businesses the com-
petitive edge. As large companies expanded, they began to focus on national and 
international base of power and gave limited attention to local politics. The national 
government oftentimes step in and control the provision of infrastructure and 
social services. In the 1980s, like Great Britain, there was restricted funding for 
local government in Jamaica. To address funding constraints, the more independent 
local government in Great Britain developed strategies for economic development. 
Greater London Council and the more radical councils developed schemes for 
allocating funds to stimulate local businesses.

In Great Britain, the Local Government Reform Act of 1980 forced local 
authorities to operate many services as if they were private companies without 
the capacity to generate a trading loss for a few years or to expand their business 
through national or international trade. Under this Act, local authorities could not 
use power to expand entrepreneurial skills to expand into markets other than those 
directly tied to the needs of the local authority. In other words, the local authorities 
were limited by Central government.

Hero [15] introduced a departure from the market-centered approach theory to 
local government reform. Hxe criticized efforts to evaluate local government solely 
in terms of the empirical distribution of concrete goods and services. People must 
be placed in the equation. Hero states that the value of ordinary individuals should 
be measured by the degree to which “outputs” of the system, in the form of security 
services and material support benefit them ([10]. p. 41). Unfortunately, Hero’s 
suggestions were not taken into consideration until in the 1990s in Great Britain and 
New Zealand. In the 1990s, under the leadership of Prime Minister Blair, the “Best 
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Value” system was introduced as a means of ensuring effective and efficient service 
delivery. This system set targets for local authorities. Included in these targets is a 
strong customer service component.

In general, existing research on local government reform points to the influence 
of global economic forces. These forces limit the decision-making capacity of local 
government, particularly as it relates to economic development. This also impact on 
service delivery. Although the local authorities are constrained by global forces, the 
average taxpayers are still concerned about effective and efficient delivery of local 
services such as fire, sanitation, and provision of social services.

In Jamaica there is an increasing demand for efficient and effective service deliv-
ery. With this demand there is a tendency to argue for prioritizing some of these 
services as a means of achieving these goals. Walker and Davis [16] have conducted 
extensive research on impact on contracting government services in Great Britain. 
They argue that services that are easily defined, monitored, and for which appropri-
ate measures for performance can be implemented are the best to be contracted. 
They also warned that the difficulty in contracting service the recipients (taxpay-
ers) do not often get the best possible service but rather the best service according 
to the contract.

The promulgation of the various Acts governing local government inclusive of 
the Parish Council Acts of 1887, the Parochial Rate and Finance Act of 1990, the 
Kingston and St. Andrew Act of 1925 and Municipal Act of 2003, and most recently 
the Local Governance Act of 2016, among others, serve to further blur the distinc-
tion between the provision of and funding for services at local and central govern-
ment levels. Increasingly, research on local government recognizes that the powers 
of national or central government have increased significantly since the 1960s. The 
central government have assumed more interest in maintaining order and authority 
at the local level as well as securing public revenues and preserving the interest of 
public officials in pursuit of the government overall goals relating to growth and 
development.

In Jamaica, as in other developing states, government spending on public service 
delivery at the local government level has seen a mercuric rise since the 1980s. 
Concomitant with this increase in spending, central government has increased its 
regulatory powers and the decision-making authority have become more central-
ized. This is evident by the passage of various acts of parliament to centralize 
funding mechanisms. This is with the aim to achieve economies of scale, eliminate 
duplication of services and increase service efficiency.

The emphasis on market driven forces to influence the provision of and funding 
for local government services also served to blur the lines between the responsi-
bilities of local and central government to provide these services. However, Gurr 
and King [9] argue that “the provision of such public services as water supply, for 
protection and waste management cannot be left up to the market neither can it 
be the sole responsibility of one layer of government” Gurr and King ([9], p. 33). 
According to Gurr and King, “Whatever other interest is pursued by the national 
government, some minimum level of the public services must be provided if the 
local authority is to survive at all” Gurr and King, ([9], p. 35).

Ragoonath [17], in his essay, “Challenges for Local Government in the 
Caribbean” is of the view that Jamaica and other Small Island Developing States of 
the region is faced with issues of rebuilding credibility to a local government sys-
tem. The rebuilding is necessary since for many years local government structures 
of the region has been “‘hijacked’ and even emasculated by central governments, 
and at the same time being an arena for corruption and mismanagement, all in the 
context of self-interest, political expediency and even party paramount.” ([17], 
p. 100). To remedy the situation Ragoonath calls for, reform of the legislative and 
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the administrative structures in order that participation is enhanced, and citizens 
are empowered. He further argued that such reform must be because of consensus. 
Consensus will only come after consultation, and when trust is developed or incul-
cated. Moreover, the opinions of those at the bottom must be considered, alongside 
all other opinions [17].

5.  Urban agglomeration, legislative provisions, policies,  
and implications for sustainable development

In justifying the proposed geo-political parish status for Portmore, a newly 
elected government official representing Portmore stated that,

as a model parish, Portmore has the potential to counter a lot of the ills that ail 
most parishes: Particularly the blight spawned by unplanned developments and 
the resulting urban sprawl. The orderly development and zoning of the parish is 
of tremendous value in making Portmore the parish to live, work and do business. 
The creation of high-occupancy vehicle lanes at the tolls to encourage carpooling 
and reduce traffic and pollution; the creation of a model inter- and intra-
parish public transportation system; the provision of designated public markets 
and strict enforcement of vending rules; a modern waste disposal and sewage 
treatment systems are all potentially practical benefits of parish status. Miller 
(2020), “Practical Benefits of Portmore As a Parish, Friday, January 29, 2021, 
Jamaica Gleaner https://jamaica-gleaner.com/article/commentary/20210129/
robert-miller-practical-benefits-portmore-parish.

It is important to note that the existing Town and Country Planning Act (1957) 
and other legislative provisions make allowances for the Portmore Municipality 
and the other parishes to prepare its land use plan to address issues of urban blight, 
transportation, and settlement needs. Unfortunately, in this statement, the elected 
official failed to recognize these existing legislations and failed to mention the 
enabling legislative enactments and or policies and programmers that will be imple-
mented for the Jamaican society to achieve the principles of sustainable develop-
ment as measured by the Sustainable Development Goals (SDG) 11—safe, inclusive, 
and resilient cities and communities. Elsewhere in Small Island Developing States 
in the Caribbean and throughout the world, elected officials at the city level, policy 
makers, and city planners are actively working to create environmentally friendly, 
safe, and resilient communities, neighborhoods, and cities for their citizens without 
compromising the needs of the future generation.

The current administration in Jamaica must take care to adhere to the principles 
of the agreement under the New Urban Agenda which is the Framework for the 
implementation of SDG 11. By signing the New Urban Agenda, the government 
agreed to:

1. Support appropriate policies and capacities that enable subnational and local 
governments to register and expand their potential revenue base, while ensur-
ing that poor households are not disproportionately affected.

2. Promote sound and transparent systems for financial transfers from national 
governments to subnational and local governments based on the latter’s needs, 
priorities, functions, mandates, and performance-based incentives, as appro-
priate, to provide them with adequate, timely and predictable resources and 
enhance their ability to raise revenue and manage expenditures.
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3. Support the development of vertical and horizontal models of distribution 
of financial resources to decrease inequalities across subnational territories, 
within urban centres and between urban and rural areas, as well as to promote 
integrated and balanced territorial development.

4. Provide the transparency of data on spending and resource allocation as a tool 
for assessing progress towards equity and spatial integration.

5. Promote best practices to capture and share the increase in land and prop-
erty value generated because of urban development processes, infrastructure 
projects and public investments. Measures such as gains-related fiscal policies 
could be put in place, as appropriate, to prevent its solely private capture, as 
well as land and real estate speculation.

6. Support the creation of robust legal and regulatory frameworks for sustainable 
national and municipal borrowing, based on sustainable debt management, 
supported by adequate revenues and capacities, by means of local creditwor-
thiness as well as expanded sustainable municipal debt markets when  
appropriate.

To ensure that the government is not in breach of the New Urban Agenda and 
is able to achieve the SDGs, it is imperative that the necessary steps are taken to 
further enact the recommendations of the National Advisory Committee on Local 
Government Reform. The detailed Report prepared by the National Advisory 
Committee on Local Government Reform in 2009 for the government of Jamaica, 
recommend urgent need to reform the local government and governance struc-
tures to ensure sustainable development for Jamaica as a Small Island Developing 
States (SIDS).

In addition, the Report, among other things, proposed a legal framework that 
makes local government relevant to current realities and emerging trends regarding 
local governance and conducive to the achievement of good governance, sustain-
able development, empowerment of communities, and the active participation of 
citizens in the local governance process. In essence, the Report encourage decentral-
ized local services provision, revenue collection and decision-making.

These recommendations in the Report are in keeping with several global think 
tanks approach to decentralization. Chief among them is the World Observatory 
on Subnational Government Finance and Investment. The World Observatory 
on Subnational Government Finance and Investment proposes the following 
definition: ‘decentralization consists of the transfer of powers, responsibilities 
and resources from central government to sub-national governments, defined 
as separated legal entities elected by universal suffrage and having some degree 
of autonomy’. This is in line with the view that the level of autonomy of the local 
government is critical to the decision about the proposed change in the geo-political 
designation of the Municipality of Portmore.

6. Conclusion

The proposal to change the geo-political designation of the Municipality of 
Portmore raises several questions about the economic profile of the area and the 
capacity to enjoy the benefits of urban agglomeration given its location attributes. 
The efficacy of the proposal was also considered against the background of the 
competitive advantage of the locality when compared to competing urban spaces, 
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the political economy arrangements, and the legislative and policy environment to 
support this change. The economic viability of the proposition is at best question-
able as the economic base of the municipality is limited and its capacity to generate 
linkages demand serious considerations. The change would most likely be accompa-
nied by more intensive land use if this can be achieved without compromising the 
goals of sustainable development. Furthermore, many of these services are funded 
in part by several agencies but there is no clear picture of the total amount being 
allocated for these services. A reporting mechanism which emphasizes the services 
rather than the agency or Ministry will give a clearer picture of how much is being 
allocated for the particular service.

Another recommendation to ensure clearer understanding of the delivery of the 
public services is to develop clearer performance measures and a reporting format 
that is intrinsic to the whole process of the service being delivered. This includes, 
the management, planning, monitoring and evaluation of the service. Well defined 
and easily measured goals reported in a concise manner will help the decision 
makers and the general public has a better understanding of how the public purse is 
being spent towards the delivery of these services. These clear structures will help 
decision makers and the average citizens to determine the most appropriate urban 
agglomeration and the attendant government and governance structure. It is impor-
tant for local government to concentrate on service delivery and get the necessary 
support from central government to support these service deliveries rather than an 
“upgrade” parish status without the requisite autonomy for expanding it economic 
base for improve service delivery.

Decision-makers are of the view that Portmore’s has the potential to attract the 
kind of economic activities in the quantities that will generate linkages and capital-
ize on economies, and which will provide job opportunities for its residents without 
acknowledging that the municipality’s current position is based on the relationship 
that exist within the network provided by the Kingston urban agglomeration. For 
Portmore to exist above or outside of the existing agglomeration, there is need for 
the appropriate mix of land uses and production linkages that will trap the benefits 
of knowledge sharing and the cross-fertilization of ideas, inputs, and outputs, that 
will expand returns to firms and by extension to the locality. Review of the draft 
land use plans for the Municipality of Portmore does not suggest that consideration 
is given to land use management that increase the return on investment to enable 
the provision of basic urban services.

It is also evident that central government in Jamaica continues to maintain 
autonomy over revenues and the sources of income and local government at the 
parish level are not empowered to make the necessary adjustments to manage its 
provision of public goods and services. As a result, the designation of parish may 
be accompanied by increased fiscal responsibility but not necessarily by the level 
of autonomy and financial independence of the local government that is needed 
for the area to grow at the same level or rate of the larger metropolitan area. More 
emphasis is needed to make local government relevant to current realities and 
emerging trends regarding local governance and conducive to the achievement of 
good governance, sustainable development, empowerment of communities, and the 
active participation of citizens in the local governance process rather than chang-
ing status of an urban areas which is the direct result of the principles of urban 
agglomeration.
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Chapter 6

Perspective Chapter: Belem 
and Manaus and the Urban 
Agglomeration in the Brazilian 
Amazon
Tiago Veloso dos Santos

Abstract

Exploring the results of research on the relationship between urban  
agglomeration and the Brazilian Amazon region, this chapter demonstrates, 
from a comparative study between the two main metropolitan agglomerates -  
Belem and Manaus -, the different ways of production in the regional space. 
Based on the organization, systematization, and analysis of data regarding the 
main elements of the urban structure in both agglomerates, namely: the patterns 
of housing settlements of the upper, middle, and lower classes; the distribution 
of industrial zones and the patterns of urban expansion, we sought to highlight 
the intra-urban differences between the two metropolises, considering their 
importance in the configuration of the regional urban network. The most recent 
evidence points to two quite different metropolitan structures, explained both 
by the distinct nature of the urbanization processes that produced them and the 
highlighted intra-urban characteristics.

Keywords: urban agglomerate, regional metropolises, Belem, Manaus, Amazon

1. Introduction

The Amazon region, identified throughout history by its biogeographic and 
morphoclimatic characteristics, has undergone a significant change in its tropical 
forest natural landscape from the second half of the twentieth century, which is no 
longer the only visual reference. This change, resulting from the production of the 
regional space, places cities and the urban as the main territorial reference at the 
beginning of the twenty-first century.

The image of the urbanized forest as a reference [1] is a symbol of this trans-
formation. Following the urbanization trends in the Brazilian territory, the region 
had about 70% of its population living in urban areas in 2010, in contrast to the 
30% in the 1950s, according to the Brazilian Institute of Geography and Statistics 
(IBGE). More than the statistical expression of this change in the composition of 
the regional population, these data show a trend toward the formation of urban 
agglomerates as a basis for spatial planning.

This arrangement was made possible by the formation of a frontier economy 
since the formation of cities in the Amazon was part of the implementation of a 
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regional urban network, the locus of action of the institutions responsible for the 
integration [2].

This evolution of urbanization demonstrates the genesis of urban “condensa-
tions” since it is related to the increase in the number of cities in certain regions of 
the settlement system [3]. In this case, it is necessary to consider that, for the study 
of urbanization processes, the presence of these densities is as important as the 
increase in the size and number of cities or changes in their hierarchical structure.

However, thinking beyond the urban density in a more recent period, a new 
quality emerges in the dynamics of the urbanization of the Amazonian space, which 
can be classified as the emergence of metropolitan agglomerates in line with the 
metropolization movement of the Brazilian space.

The repercussions of this metropolization process in the Amazonian space arise 
from the need for expansion toward the frontier and the new patterns of capital 
accumulation and regional labor market organization, but it also concerns the 
general movement of urban complexification of Brazilian society [4]. Regional 
metropolization is associated with a pattern of transition from urbanization of 
society and territory to a trend toward the metropolization of space. It is from this 
interpretation that the Amazonian metropolitan agglomerates are presented.

However, if the socio-spatial processes of regional metropolization show up as a 
revealing trend in Amazonian urbanization, this does not mean that such processes 
have homogeneous configurations. On the contrary, the region has metropoli-
tan agglomerations that present different characteristics, either to the type of 
economic-spatial dynamics that potentiates metropolization, or about a particular 
landscape produced as an expression of deeper processes.

The metropolitan agglomerates of Belem and Manaus, the two main cities in the 
region, are the references for this analysis since it is about recognizing the spatial 
manifestations expressed in them from a description of their constitutive character-
istics as urban and regional phenomena.

2. Urban agglomerates and regional metropolization

The metropolitan reality is present throughout the Brazilian territory to a greater 
or lesser extent, and it has been also expressed in the regional Amazonian context 
in recent decades, in which significant portions of the region currently follow the 
trends of metropolization. The configuration of this phenomenon in the regional 
scenario is a consequence of various aspects of the globalization expansion and how 
this process is presented in the region, considering the insertion of the Amazon 
in the internationalization of the Brazilian economy since the mid-1970s, through 
integration and development policies.

The territorial impacts of the world economy unfold in two related manifesta-
tions: the ones that act on the intra-urban level and those that express themselves on 
the regional level around the metropolises. The metropolises of regional projection 
are parts of this global economic geography, causing transformations that can be 
synthesized as follows “The current world-system causes a “multi-scale restructur-
ing of capitalist socio-spatial configurations”, leading to “qualitatively new geogra-
phies of capital accumulation, state regulation, and uneven development” [5].

Considering the official data (Table 1), 72% of the population in the Amazon 
region is in urban centers. Although they can be evaluated according to different 
degrees of lack and precariousness regarding basic services, the existing urban 
centers must be considered as constituents of an urbanization model. In addition, 
urbanization cannot be measured only by the spread of the urban stain or even by 
the emergence of new cities, but also by the dissemination of its values by society. 
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In this case, it is recalled that the image of the Amazon as an “urbanized forest” had 
spread as virtuality since the 1980s.

Although it is possible to speak of metropolization, it is important to bear in 
mind that this process is not hegemonic in the Amazon case. For this reason, a 
particular type of extensive urbanization [7] is identified in the region, that is, a 
diffusion pattern of an urban way of life in the territory that does not need an exclu-
sive urban center, but rather that it spreads in the territory of production relations 
and general living conditions, which have significant urban content to the point of 
creating demands with metropolitan profiles [8].

This characteristic of urbanization expansion with intensifying metropoliza-
tion generated the interpretation that the settlement systems configuration in the 
Amazon is irregular and detached from a general principle of spatial organization. 
In this case, there is a whole literature stating that regional urbanization would be 
functionally disjointed from industrial and agricultural regional developments, 
because while agricultural expansion and industrial growth are limited to specific 
locations in the Amazon, the growth of the urban population is widespread across 
the region, leading to the conclusion that the urbanization process is disconnected 
from local development processes [9].

I assume a different theoretical premise to analyze the process of regional 
urbanization from the metropolitan agglomerates because in the two metropolises 
analyzed - Belem and Manaus - the existence of metropolization relates exactly 
to the networks of relationships that keep the Amazon, in a varied way, con-
nected to global economic forces, which would be a general guiding principle of 
regional metropolization, and therefore not a reflection of an alleged functional 
disarticulation.

In Belem, this manifests itself through the expansion of the connection networks 
of the metropolis with the most dynamic regions of the countryside, through the 
expansion of the urban network dispersion radius and the logistical infrastructures 
that follow it.

In Manaus, the location of an industrial hub that connects the city to global 
networks of production and circulation of goods, with a relevant degree of special-
ization, becomes a “knot” in the international network of cities.

Therefore, it is relevant to understand that, unlike the urbanization and 
metropolization process in other regions of Brazil, in which the expansion of  
the urban area happened along with the process of the conurbation and the  
creation of territorial mobility networks strongly marked by industrialization, 
the Amazonian urbanization is characterized by the allocation of a set of the 
system of objects in the territory and a system of punctual actions - the large 

Year Urbanization rate (%)

1950 29.60

1960 35.70

1970 42.70

1980 50.20

1991 57.83

2000 69.83

2010 72.80

Source: IBGE [6].

Table 1. 
Brazilian Amazon urbanization.
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objects [10], which provided the regional urbanization for the expansion of the 
frontier economy.

Based on these aspects, it is assumed that the space metropolization in the 
Amazon region is inserted into two sets of variables. In the first one, the existence 
and expansion of metropolization is functional to the new forms of appropriation 
and capitalist accumulation on a global level, in which the production of value in 
the urban space leads to the consolidation of new forms of accumulation.

The second variable is linked to the internal structuring axis of the metropolises. 
The fragmentation of space in these agglomerations demonstrates this unequal real-
ity produced as one of their elements in common, despite their different patterns.

These agglomerates represent an important aspect of regional dynamics in a 
long historical period, being carriers of a reality that reflects what the process of 
regional metropolization is nowadays. The importance of Belem and Manaus as the 
largest agglomerations in the Brazilian Amazon is expressed in Figure 1.

Although pre-1960 regional history helps to identify the genesis of these 
agglomerations, it must be considered that it is the integration and development 
strategies in the second half of the twentieth century that intensify the current 
urban occupation pattern, expressed in their population growth (Table 2)1.

According to the data, Belem presents oscillation with a decreasing trend 
of demographic concentration in its metropolitan space, although the institu-
tional area has been significantly expanded in the analyzed period, with the 
insertion of new municipalities in the Metropolitan Region of Belem (MRB). 

1 The percentages of the populations in the agglomerates were calculated considering the contingent of 
the main municipality and the populations of the metropolitan municipalities. As new municipalities 
were included, they started to be added to the count, considering the decades in which the metropolitan 
regions were constituted.

Figure 1. 
Brazilian Amazon: cities populations (2010).
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These municipalities were in part created from divisions and dismemberments of 
the municipalities that already made up the MRB.

Manaus, on the other hand, has the opposite trend, with increasing demographic 
concentration. This trend is explained by the significant growth from the implanta-
tion of the Manaus Free Trade Zone (MFTZ) and the Manaus Industrial Pole (MIP) in 
the 1960s. More recently, the inclusion of municipalities at the time the Metropolitan 
Region of Manaus (MRM) was created explains the population increase, given that the 
population of the municipalities becomes part of the metropolitan region.

In line with the trend of the participation of the metropolitan population in 
the state total, a similar aspect is observed when we consider the degree of con-
centration of the metropolitan Gross Domestic Product (GDP). In the two states 
(Amazonas and Pará), a significant percentage of wealth is concentrated in the 
metropolitan region, although this is more intense in Amazonas, with 85% of GDP 
concentrated in the Metropolitan Region of Manaus. In turn, Pará has important 
concentration levels, with the Metropolitan Region of Belem participating in 35% of 
the state’s wealth (Table 3).

These trends are related to the way in which the integration and urbanization poli-
cies of the territory were established, which are part of the differences since there is an 
overlap between the formation of the metropolises and their regional surroundings.

In this case, there is a set of elements that help to demonstrate such differences, 
such as the induction of metropolization, the types of connections established with 
the global plan and the regional scale, the types of circulation systems, and the ways 
of territorial management that present distinct characteristics in the two agglomer-
ates, making up a mosaic of diversity, much rather than the homogeneous repro-
duction of the same process. Such elements (Table 4) reaffirm the argument of the 

Year Pop. Belem/PA (%) Pop. Manaus/AM (%)

1950 22.70 27.16

1960 25.93 24.31

1970 30.00 32.70

1980 28.50 44.34

1991 25.10 48.05

2000 29.00* 49.90

2010 27.90* 61.10*

*It considers the municipalities that became part of the Metropolitan Region.
Source: IBGE.

Table 2. 
Belem and Manaus: Metropolitan population in relation to the states.

Amount (R$ 1.000) Share (%)

State Metro. 
Region

State Total Metrop. 
Region Total

Core City Other cities MR/ State Core City / 
MR

Amazonas Manaus 39.166.314 33.426.618 31.916.257 1.510.361 85.3 95,5

Pará Belem 44.375.376 15.680.400 12.520.322 3.159.818 35.3 79,8

Source: IBGE.

Table 3. 
Amazonas and Pará: Participation in the Gross Domestic Product of the metropolitan region and the state (in 
current R$ thousand) – 2010.



Sustainable Development Dimensions and Urban Agglomeration

104

regional metropolitan difference and the territorial and content differentiation of 
the urban forms that the region presents.

The recognition of these elements leads to the conclusion that, in regional terms, 
these agglomerates can be understood when viewed along with the regional dynam-
ics, which confirms the existence of an articulated complex between metropolis 
and the region. This complex produces metropolitan spaces that are mirrors of the 
differentiated sub-regional occupation profile.

These metropolization-inducing elements in different urban-regional realities make 
up a scenario that must be considered for the understanding of their organizational 
bases when it comes to the internal structures of the agglomerates. Based on these con-
clusions, we proceed to the analysis of the internal structure pattern of each of them.

3.  The structure of the urban agglomerates: Belem and Manaus in 
perspective

Although the articulation between metropolitan agglomerates and their regional 
immediate surroundings is on a scale of understanding the role played by these 
spaces, it is important to highlight that the metropolis can also be interpreted from 

Elements/Metropolises Belem Manaus

Metropolization inducers Dismantling of old agrarian 
and riverside structures of the 
hinterland and modernization of 
the tertiary sector

Modernizing agglomeration 
economy of the Manaus Free Trade 
Zone

Global connections Large economic project and 
modern export port system

Assembly industry and globalized 
tourism.

Main modalities of regional 
articulation

River – road – airway River – airway

Growth of the metropolis in 
relation to the region

The region grows more than 
the metropolis, with a tendency 
toward demetropolization.

The metropolis grows more than 
the region, with a profile of a 
macrocephalic metropolis.

Intrametropolitan
Configuration

Scattered, discontinuous with the 
presence or absence of conurbated 
satellite cities

Concentrated, continuous, without 
satellite cities or conurbation

Segregation Pattern Concentration of classes with high 
purchasing power and increasing 
suburbanization of urban poverty

Concentration of classes with high 
purchasing power with increasing 
suburbanization of poverty and 
formation of selective sectors in 
pleasant suburbs

Urban fabric Configuration Urban fabric of double 
configuration (conurbated and 
discontinuous) and unified by a 
system of regular flows

Single, not conurbated urban 
fabric, with recent and rarefied 
connections with adjacent 
municipalities

Metropolitan Region 
Creation

Older (1970s) More recent (2000s)

Scope of the metropolitan 
institutional framework

Smaller than the actual 
metropolitan agglomerate

Larger than the actual 
metropolitan agglomerate

Territorial Planning Limited to local districts and with 
little intercity permeability

Limited to the municipal district, 
but with a metropolitan scope

Source: [11].

Table 4. 
Metropolitan agglomerates in the Brazilian Amazon: characterizing elements.
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its internal structure, that is, the way it is organized according to elements that 
define its intra-urban, or intrametropolitan space.

In this case, it is necessary to identify the elements that make up the urban 
structures of the regional metropolitan agglomerates. The goal is to identify the 
different degrees of differentiation of these structures, considering that they do not 
mechanically follow the same dynamics. Thus, we will see the elements that mark 
both Belem and Manaus agglomerates.

3.1 Belem: From urban confinement to dispersed restructuring

From the seventeenth century until the first half of the twentieth century, the 
trajectory of urban growth in Belem followed the needs of the Amazonian urban 
network, which still had little need for a complex urban space. Belem rose in the 
regional and national urban network at some moments in history, such as during 
the cycle of Pombaline reforms in the eighteenth century and the rubber period 
at the end of the nineteenth century. But with the end of these cycles, the city 
returned to its profile with the limited urban fabric.

In a more recent period, it is possible to affirm the configuration of a phase of 
urban expansion, marked by the dynamics of metropolization, which presupposes 
the advance of the urban network in relation to the period and the previous phases. 
This phase “begins in the sixties and is consolidated in the following decades and 
presupposes the incorporation of cities and villages close to Belem, defining a 
unique urban network, despite being fragmented” [12].

In this case, it is understood that Belem had its moment of expansion toward the 
formation of a metropolitan fabric from the 1960s, in the context of alteration of the 
circulation networks with the construction of the Belem-Brasília highway, the first 
major axis of road penetration in the Amazon Basin [13]. The highway (Figure 2) is 
one of the fundamental elements to understand the expansion of the urban fabric 
and the consequent spread of the city because until the 1960s the urban fabric was 
confined to the perimeter demarcated by its central neighborhoods and immediate 
peripheries. The stimulus coming from new regional dynamics, such as the introduc-
tion of road axes, propels growth toward other districts.

Simultaneously, the limitations on the demands of the new regional configura-
tion stimulated changes of intra-urban spatial nature due to the growth of the city. 
The existence of a large area destined to state and parastatal agencies, forming 
an “institutional belt”, made the introduction of the road axes to become one of 
the elements of the intensification of land use, contributing to the formation of a 
metropolitan core marked by real estate use and making possible to overtake the 
initial area of the city. This central area or metropolitan core undergoes vigorous 
densification, followed by a vertical landscape of the central neighborhoods.

On the one hand, if verticalization is the predominant vector in the central 
areas of the metropolis, on the other hand, the transformations caused changes 
in the uneven landscape, observed from its slums and baixadas2, expressions of a 
metropolization that intensifies a type of urban peripheralization. The formation of 
peripheries, even within the central area of the metropolis, had a close relationship 
with this limited urban configuration at the time, since the “existence of institu-
tional areas, bypassing the initial limits, made continuous expansion of the city 
impossible, making it difficult to access, with few urban services and equipment; 
a fact that contributed to the population densification in the most central areas, 
including the baixadas, located below the “institutional belt” [15].

2 The term “Baixadas” derives from the original topographic conditions of certain areas of the city which 
are floodplain level, constantly flooded or subjected to flooding at certain times of the year and that 
made up about 40% of the urban site, in the denser area.
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However, this institutional belt began to be broken in the 1960s, consolidating 
the spread of the urban fabric toward the two main routes of expansion: the BR-316 
federal highway and Augusto Montenegro Avenue, which have guided the direc-
tions of expansion since the 1980s (Figure 3).

This movement made it possible to expand the metropolis to its immediate 
periphery in the following decades, with growth toward the peripheral municipali-
ties, configuring the expansion area and shaping the old confinement in a new way. 
The municipality of Ananindeua reaches a demographic growth of around 18% over 
the 1990s. In the 2000s, all municipalities in the Metropolitan Region had greater 
growth than Belem (Table 5).

The described movement of metropolitan expansion caused the concentration 
of the highest-income population in the metropolitan core to undergo some changes 
in a very recent period. It is representative of a change - which cannot yet be clas-
sified as a trend - the fact that Belem receives real estate investments from high-
income developments, such as Alphaville3, but this time located in an area far from 
downtown, in the district of Outeiro. This district is characterized as an area of low-
income housing and leisure, which somewhat contradicts the effort of the upper 
classes in Belem to remain close to downtown. Otherwise, it reaffirms the trend of 
dispersion of the metropolitan space, only this time, not from the peripheralization 
of low-income classes, but rather from the suburbanization of high-income ones.

The industrial areas are also present in the metropolitan area of Belem, even 
though the urban expansion was not a process derived from the allocation of 

3 Alphaville is the brand of a horizontal real estate development exclusively for high-income classes. The 
brand is a national reference in horizontal projects, planned neighborhoods and urban centers, present 
in 21 Brazilian states and the Federal District.

Figure 2. 
A stretch of BR-316 highway: Boundaries between cities become imperceptible given the conurbation and the 
intensity of flows. The BR-316 Highway is part of a set of federal highways that connect the capital, Brasília 
(DF), to Belem (PA), in a connection known as Belem-Brasília. Source: [14].
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industrial capital, because the organization of the metropolitan space in Belem is 
not structured around industrialization, unlike other Brazilian metropolises.

In this case, we refer to the industrial experience carried out in Barcarena4, 
a municipality that shapes the current configuration of the metropolitan space. 
The installation of a third roadway corridor in the 2000s5 brings the metropolitan 

4 The Barcarena industrial pole was defined as one of the projects of the Grande Carajás Program, whose 
goal is to implement industrial plants aimed at the processing of aluminum, kaolin and alumina. At 
approximately 36 kilometers from Belem, it has an energy supply provided by the Tucuruí Hydroelectric 
Power Plant, a road system and a port with capacity to serve ships of up to 60 thousand tons.
5 The Alça Viária, PA-483 highway, inaugurated in 2002, is a complex of bridges and roads with 
74 km of highways and 4.5 km of bridges, built to integrate the Metropolitan Region of Belem into the 
countryside.

Figure 3. 
Belem: Expansion of urban space beyond the metropolitan core.

Municipalities 1980–1991 (%) 1991–2000 (%) 2000–2010 (%)

Belem 2.65 0.32 0.85

Ananindeua 2.68 18.09 1.83

Benevides 10.73 –7.02 3.81

Castanhal — — 2.56

Marituba — — 3.82

Santa Bárbara do Pará — — 4.18

Santa Izabel do Pará 3.01 2.93 3.24

Source: [16].

Table 5. 
MRB: Municipalities growth rate (1980, 1991, 2000 e 2010).
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 influence closer to the industrial pole, causing the metropolitan agglomeration to 
spread, made possible by the rapid flows between Belem and Barcarena.

In addition to the importance of these industrial areas, in economic terms, it is 
necessary to consider that Belem was historically characterized as the gateway to the 
Amazon Basin, and still has river navigation in its relationship with the rest of the 
country and in the diversification of its regional economy. Belem “is one of the most 
dynamic metropolitan centers in the network, having influence not only over the 
state of Pará, but also in Amapá, the western portion of Maranhão and the northern 
Tocantins. This influence of the metropolis has been made possible by the restruc-
turing of the metropolitan area of Belem through the construction of highway axes 
that connect the capital to the countryside and the region itself, which improved the 
fluidity and shaped the Pará Integration System, linking the Metropolitan Region of 
Belem to the other regions of the state” [17].

The existence of ports in the metropolitan space confirms this position. The main-
tenance of the importance of river navigation combined with a dispersed metropoliza-
tion has made road-river transportation possible, integrating the industrial and port 
structure, making the configuration of the metropolitan agglomerate more complex.

If the urban form of the metropolis was confined at first, assuming its dispersed 
character from the 1980s onwards, nowadays there is an increasing complexity 
of metropolization at a regional level, made possible by the increase of flows, the 
implantation of the infrastructure of material circulation and the expansion of the 
influence of the metropolis on the region. This can be seen on Figure 4.

This characterization sets up a metropolitan structure that is not limited to 
political-administrative limits but rather explained by the fixed points and flows 
that make up a functioning metropolitan agglomerate. As such, its structure can be 
thought of from its organization into sectors (Table 6).

In this structure, the core of the metropolis is formed by the central neighbor-
hoods of Belem located in the initial perimeter of the city, either by high-income 
and upper-middle-class neighborhoods, but also by low-income class ones, known 
for their precariousness in terms of urban services and facilities, despite their 

Figure 4. 
MRB: Demographic densities.
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proximity to downtown. This core, the most valorized area of the city thanks to the 
pattern of concentration of services, jobs, and urban equipment, has been experi-
encing an increase in density in the form of verticalization [19], with new types of 
social selectivity, incorporation of sophisticated leisure equipment and high real 
estate prices, outlining the reinforcement of the trend of segregation for high-
income social segments in the central area.

The transition areas are identified by the spaces destined to public and private insti-
tutions, which in the past served as a restraint to the expansion of the city and have a 
reasonable degree of lower-middle-class residential settlements, whose inhabitants still 
manage to live relatively close to the metropolitan core, counting on the services offered.

Finally, the metropolis expansion areas, which follow the direction of three 
vectors. The first one, Augusto Montenegro Avenue, which goes toward the periph-
eral districts, is inhabited mainly by low-income classes. This vector has been the 
object of recent transformations in urban dynamics because although it remains a 
vector in which there is the presence of low-income neighborhoods and classes, it 
has shown qualitative changes caused by the actions of the local real estate sector 
associated with the national real estate circuit. This expansion has been the scenario 
of a possible trend of upper-class suburbanization, represented by the arrival of 
middle- and upper-class developments.

Sectors Subdivisions Characteristics Municipalities

First Légua 
Patrimonial 
(metropolitan central 
area)

Metropolitan core Old neighborhoods with 
commercial, port, service, 
and residential functions

Belem

Pericentral
Neighborhoods

Old or recent 
neighborhoods, 
predominantly middle and 
upper-class ones

Belem

Baixadas Recent residential 
neighborhoods, low-
income classes, and poor 
infrastructure

Belem

Transition Areas Institutional
Areas

Areas destined for 
public civil and military 
institutions.

Belem

Residential
Areas

Recent residential 
neighborhoods, lower and 
lower-middle-class ones

Belem

Expansion areas Vector 1 (Augusto 
Montenegro Avenue)

Recent and low income 
industrial or residential 
sectors;
Sectors of lower-middle 
classes and high-income 
suburbanization

Belem and municipal 
districts (Outeiro, 
Icoaraci, Mosqueiro)

Vector 2 (BR-316 
Road)

Recent and predominantly 
low income industrial or 
residential sectors

Ananindeua, Marituba, 
Santa Bárbara, 
Benevides, Santa 
Izabel, Castanhal

Vector 3 (Alça 
Viária)

Recent industrial, port, 
and residential sectors.

Acará, Barcarena, 
Abaetetuba.

Source: [18].

Table 6. 
Belem: Metropolitan structure.
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The second vector is the BR-316 highway, which goes toward the peripheral 
municipalities of the Metropolitan Region of Belem, such as Ananindeua, Marituba, 
and Benevides, which were the ones that grew the most in the last decades, a growth 
that was partly due to the metropolitan peripheralization of lower-middle classes 
and low-income classes, who leave the metropolitan core toward these municipali-
ties. This peripheralization, the main constituent element of the BR-316 vector, took 
place in a state-stimulated manner via housing policy, through the construction of 
large housing estates, but it also took the form of “spontaneous” lower class repro-
duction strategies, with occupations of areas for low-income housing.

More recently, in the 2000s, the expansion of this vector was expanded toward 
more distant municipalities, such as Santa Izabel do Pará, allowing a territorial 
discontinuity to happen on a landscape level, but reaffirming the contiguity of the 
metropolitan network, especially by flows related to the new spaces of low-income 
settlements that exist in this municipality and the dynamics and demands related 
to population and urban growth, which ratifies the need for a policy of common 
metropolitan services [20]. In addition, this BR-316 vector is configured by the 
existing relationship with the municipality of Castanhal, which, like Santa Izabel do 
Pará, was recently recognized as a member of the MRB.

The third and most recent vector of metropolitan expansion follows the direc-
tion of Alça Viária toward the integration of the metropolis with the closest or 
more dynamic state sub-regions, as in the cases of Lower Tocantins and Southeast 
of Pará, respectively, which presupposes the existence of a metropolis more inte-
grated into the region’s countryside, hence the affirmation of restructuring the 
urban-metropolitan network of Belem based on the design of this new structure.

The analysis of these processes of expansion of the metropolitan network allows 
to conclude the redefinition of the metropolitan dynamics which, enlarged from 
these different processes, consolidates a more complex metropolitan structure in 
the regional scenario.

3.2 Manaus: From industrial enclave to concentrated metropolization

The growth of Manaus as a city of regional reference dates to the end of the nine-
teenth century, when it began to experience the first forms of capitalist interaction 
under an agro-export basis, because of the exploitation of natural resources (Figure 5). 
This economy enabled the development of an agro-extractive production base, without 
incentives for the processing of primary products, in the same way, that it triggered the 
existence of a migratory movement that became workforce for the greater productivity 
of latex extraction. The end of the period of economic expansion and urban growth 
caused by the rubber activity until the first decade of the twentieth century was fol-
lowed by a period of decline in economic, demographic, and urban aspects.

Thus, the movement of little expansion of the urban fabric during the first half 
of the twentieth century is partly explained by the period of decline, which was only 
changed from the 1960s with the arrival of regional development programs, when 
the city’s rise to the status of a metropolis began. In the demographic evolution of 
Manaus (Table 7), it is noticeable how there were changes among the highlighted 
periods: the decline of the population after the 1910s, the slow collapse of the rubber 
economy, and the growth stimulated by the MFTZ6 and MIP in the 1960s onwards.

6 The Manaus Free Trade Zone (MFTZ) was established in 1967, with the purpose of creating an 
industrial, commercial and agricultural center in the countryside of the Amazon, through an import 
and export free trade area and tax incentives with determined deadlines, in the Export Processing Zones 
model. Within the MFTZ strategy, a Pole was created to attract industries through reductions in customs 
fees, tax exemptions, land concessions and infrastructure provided by the State.
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Following the trend of population expansion, stimulated to grow throughout 
the Amazon region in the 1970s, an intensification of the urban area and the cur-
rent configuration of the metropolitan agglomerate can be seen. The evolution of 
Manaus and the expansion of the occupation of areas further away from downtown 
can be perceived as causally related to the movements of the region.

While under the influence of Belem, the economic modernization projects 
contributed to the production of a network of cities in the Amazon’s countryside. 

Figure 5. 
Manaus and the Negro River Bridge: The expansion to the other side of the river. Source: Personal archive to 
the author.

Year Total population

1910 85.340

1920 75.704

1940 106.399

1950 139.620

1960 173.343

1970 311.622

1980 633.392

1991 1.011.000

2000 1.405.835

2010 1.802.014

Source: IBGE.

Table 7. 
Manaus: Population evolution (1900–2010).
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In the capital of the state of Amazonas, there was a concentration of urbanization 
and productive activities in the urban environment. The impact of the industrial 
enterprise caused the landscape of Manaus to be mediated by the industry.

The initial limits of the city were overcome when Manaus started to receive 
investments for the improvement of its infrastructure aiming at the implementa-
tion of the Free Trade Zone: an international airport was built, the port underwent 
changes and telecommunications services were implemented [21]. The new urban 
configuration, brought about through economic activities, marked the transfor-
mation of the city, because “with the consolidation of the Free Trade Zone, in the 
1970s, the city underwent profound transformations, both in its form and in its 
social content. Manaus stopped being the “Paris in the Tropics” of the great works 
of the Rubber Cycle, to become a modern metropolis, with all the economic, social 
and regional contradictions” [22].

The reformulation of the city’s profile since the arrival of the industrial  
pole is remarkable, with an immediate impact on the production of the space 
(Figure 6a and b).

From then on, the metropolis landscape follows the restructuring dynamics 
of the urban space in the logic of industrial production, which acquires its own 
economic importance. The urbanization process in Manaus has not stopped since 
then, and the expansion of the urban fabric was intentionally stimulated by state 
and market agents, especially the real estate sector.

Due to state actions, the changes in the administrative headquarters of the 
governments of the state of Amazonas and Manaus city hall, which were in the 
central area of the capital until the 1990s, were elements that induced the growth 
of the city toward the west-north vector since the decentralization of some of the 
administrative structures is consistent with the objectives of metropolitan decon-
centration. The areas to which these services were relocated were coincidentally 
the ones which grew the most during the 1990s and 2000s, a period of the changes 
described (Table 8).

The state action in different administrative spheres has a common goal, to create 
the conditions for the expansion of the metropolis to one of its sectors, in a struc-
tural movement. In this sense, a type of center was created for the middle and upper 
classes of the city, located in the southern part of the city.

In fact, the production of the manauara space, which is uneven due to the nature 
of its urbanization, also tends to produce an urban area that has as a characteristic 
the income inequality, manifested in the city from the forms of land use and hous-
ing production. This inequality is constituted in the demographic distribution of 

Figure 6. 
Manaus: The Industrial Pole in two moments: (a) during its construction, in 1967, with the extension of 
reserved land in the city; and (b) consolidated in the urban structure in 2012. Source: [23].
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the population, quite concentrated in Manaus when compared with the extensive 
territory that constitutes the metropolitan region (Figure 7).

It is in this sense that a project of expansion in today’s Manaus is conditional on 
overcoming natural obstacles, such as the river and the forest. This growth model 
tends to deny the dynamics of nature in its development process and in its represen-
tations. As we saw in the metropolitan reality of Belem, the recent arrival of large 
real estate projects for high-income consumers, such as Alphaville, is representative 
of this qualitative change in the production of urban space in Manaus.

It happens that, unlike Belem, the location of the enterprise in Manaus is close 
to the metropolitan core, precisely in the highest income area of the city, the south 
zone. This location is justified by some specific reasons regarding the urban struc-
ture of the city, such as the particularity of the population and economic concentra-
tion in the metropolitan core and the existence of green areas, which could not only 

Urban Zones Permanent private housing 
units total, 1991

Permanent private housing 
units total, 2000

% of growth 
(1991–2000)

Central-West 
Zone

24.880 32.342 29.99

South-Central 
Z.

20.653 31.739 53.68

East Zone 34.382 76.783 123.32

North Zone 23.463 66.587 183.80

West Zone 38.508 47.952 24.53

South Zone 62.966 68.846 9.34

Source: IBGE.

Table 8. 
Manaus: Total households by urban zones (1991–2000).

Figure 7. 
MRM: Demographic densities.
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be used for projects but are also an element of urban marketing when the product is 
offered to a specific target audience.

Meeting these new landscape realities, the city has also presented urban 
interventions for areas of lower classes, such as the Igarapés de Manaus Social and 
Environmental Program (Prosamim), a state government strategy for the housing 
and health issues in occupations adjacent to Manaus streams, historically occupied 
by these populations.

In addition, Prosamim is made possible with the possibility of expanding the 
urban-metropolitan network beyond municipal limits. This expansion has recently 
been made possible by the construction of the bridge over the Negro River, which 
provides road access between Manaus and some neighboring municipalities, such as 
Iranduba and Manacapuru. In the case of Iranduba, there is already a pilot project for 
Prosamim, reaffirming the influence of the metropolis on the adjacent municipalities.

In the new face of a Manaus-metropolis, the influence of the bridge on the Negro 
River cannot be minimized, as it composes a new scenario and reinforces the influ-
ence of the capital on the immediate region. It is the most important object symbol 
of the metropolitan landscape, expressing the arrival of the urban on the “other side 
of the river”. This is one of the spatial expressions that large objects tend to inten-
sify, given that in the municipalities close to Manaus the flow of relationships taking 
place in the metropolis has not yet been established.

Iranduba is a small city in terms of economic dynamics, with little capacity for 
its activities to add value on a local or regional level [24]. Such conditions occur due 
to its proximity to Manaus, with integration by highways, which allows it to present 
a greater quantity and variety of shops and services.

Manacapuru, on the other hand, is classified as a medium city with an interme-
diary function, since it performs an intermediary function between the other cities 
and Manaus due to the proximity of the metropolis and the road connection, that is, 
its importance is not only for the municipality itself but also for those smaller ones 
around it.

In other words, from the point of view of expanding relations to the municipali-
ties that make up the metropolitan region of Manaus, one can identify a growth 
trend in these relations, although at present they are not a consolidated fact, due to 
the concentrating characteristic of the Manaus metropolis.

It is necessary to add that the expansion of these relations is not mediated only 
by the consolidated urban network between Manaus and the adjacent municipali-
ties. There is a type of movement in the metropolitan space that is made possible 
by the existence of spaces metropolized7 by commuting and specific flows, such 
as those made possible by tourism activities in the municipality of Presidente 
Figueiredo. This municipality is connected contiguously to Manaus and has flows 
and commercial activities derived from tourism that cause it to be influenced by a 
space consumption characteristic of metropolitan areas, including the use of nature 
elements, such as waterfalls, which are used to enhance tourist activities8.

Despite the differences in elements of the urban structure, such as economic 
activities and the resulting socio-spatial impacts, the type of location of the upper 

7 The inspiration for understanding the metropolized space comes from Bernard Kayser (1969), for 
whom “The metropolized space is characterized as a space that is closely and concretely linked to the big 
city through the flow of people, goods, capital; flows that are quite intense and permanent and that in 
fact coincide with the major axes of urbanization” [25].
8 In general, these establishments are privately managed, and there are several of them along the BR-174 
highway. In general, they offer a short stay package (one-day long), which includes restaurants, tours and 
bathing in waterfalls. The use of the English language on billboards is common, characterizing a type of 
international tourism.
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classes, and the metropolitan peripheralization, it is possible to find similarities 
between at least one aspect of the intra-urban structure of Manaus and what 
occurred in Belem: the port activities, and in this case, it is necessary to pay atten-
tion to the fact that Manaus was favored by its location, since the city was condi-
tioned to perform the port function, concentrating the flow of the hydrographic 
system of the western Amazon. This urban function became the main force of the 
city’s development, initially driven by the rubber cycle and later by the model of 
implantation of the Free Trade Zone and the Industrial Pole.

Such characteristics of the metropolitan expansion in Manaus, articulated by 
urban and regional infrastructures, make it possible to expand the scope of the 
metropolization toward the state of Roraima, an expanded periphery crossed by 
the internationalism of the Brazilian northern border, although this increase  
in regional connectivity provided by the geographical fixed points produces  
few benefits in terms of quality of life in regions of extensive and peripheral 
urbanization [26].

We can say, therefore, that the metropolitan structure of Manaus is intrinsically 
associated with the development policies that produced the Industrial Pole and the 
Free Trade Zone as pillars of its urban expansion and economic growth.

More recently, over the 2000s and 2010s, this process has been intensified by 
state-sponsored green entrepreneurship initiatives, which deepen the trend toward 
metropolization in an uneven geographic development pattern [27].

When we consider these characteristics of the metropolitan space of Manaus and 
associate it with its main zones and its growth trends and expansion vectors, we have 
a table that reveals what the metropolitan structure of Manaus is like (Table 9).

The main housing areas of the middle- and upper-classes are in the metropolitan 
core, particularly in the southern part of the city. There is a concentration of urban 
services, goods, and equipment in these areas. However, the core is not exclusively 
occupied by these higher-income classes. There are also medium-income sectors 
bordering its central-south zone, and even low-income populations, especially 
around the streams. It is in these areas that the main urban intervention programs 
take places, such as Prosamim, oriented toward interventions aimed at changing the 
occupation profile, whether in the aspect of the standard type of housing or in the 
relationship between the city and the river.

The residential areas of the upper-income groups are also located close to 
downtown, reflecting a scenario of intra-urban segregation, mimicking a particular 
type of corporate metropolis. So far, there has been no suburbanization of the high-
income classes.

The transition and consolidated occupation areas are identified from two 
occupation profiles. In the central-west zone, residential districts of the middle 
and upper classes stand out, following the BR-174 expansion vector. In the east 
zone, industrial areas reserved for the Industrial Pole, as well as recent sectors 
of housing of low-income nature, predominate. Given the mononucleated char-
acteristic of the metropolis, the low-income residential areas are located within 
the municipality of Manaus, but in areas relatively distant from downtown, 
characterized by a low supply of equipment, infrastructure, and urban services, 
especially in the northern zone.

The mononuclear metropolis characteristic remains fundamental to under-
stand the metropolitan structure of Manaus, although recently there has been 
an expansion toward neighboring municipalities, such as Iranduba and, to a 
lesser extent, Manacapuru, particularly oriented by the duplication of AM-070 
highway and stimulated by the construction of the bridge over the Negro River, 
as well as by real estate production and the flows of goods, services, and goods 
along with it.
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4. Conclusions

The general picture of metropolitan structures in Belem and Manaus offers an 
understanding of these agglomerates from a regional characterization. It is possible 
to identify, within the scope of the particularities presented, aspects of differentia-
tion in the configuration of the two metropolises. Elements such as the production 
of industrial, logistics, and port areas; the segregation profile of low-income classes, 
and the self-segregation of middle and upper classes lead us to conclusions about 
the pattern of metropolitan agglomerates in the Amazon.

First, metropolization is intensified from regional integration processes via 
economic ventures. The urban structure of agglomerates is influenced by regional 
dynamics that interact with capitals internal to cities, which makes it possible to 
state that in the Amazon case, regional dynamics directly influence the organization 
of metropolitan spaces. The movement of integration of the region in a frontier 
dynamic guided by the Brazilian State does not simply cause the structures to pres-
ent a common pattern. On the contrary, the particularities of the agglomerates take 

Sectors Subdivisions Main characterization Cities

Metropolitan core South zone (core) Old neighborhoods with 
commercial, port, service, and 
residential functions

Manaus

South zone Pericentral 
neighborhoods

Old and recent neighborhoods, 
predominantly middle- and 
upper-class ones

Manaus

Poor areas (near 
streams)

Recent low-income residential 
neighborhoods with poor 
infrastructure

Manaus

Central-south zone
Pericentral 
neighborhoods

Middle-class residential 
neighborhoods

Manaus

Transition and 
consolidated 
occupation areas

Central-West Zone
Pericentral 
neighborhoods and 
BR-174 expansion 
vector

Middle- and upper-class 
residential neighborhoods

Manaus

East zone
Industrial areas 
(Manaus Industrial 
Pole)

Industrial and institutional 
sectors, such as new housing 
sectors, predominantly low-
income ones

Manaus

Expansion areas West Zone
Vector (AM-070)

Recent middle-, upper-
(Alphaville) and low-income 
class residential neighborhoods

Manaus
Iranduba
Manacapuru

Expansion areas North zone Recent low-income and 
low-middle class residential 
neighborhoods (large housing 
settlements)

Manaus

Metropolized spaces Vector (AM-010 and 
BR-174 roads)

Municipalities with intense 
trade flows and tourist activities

Presidente 
Figueiredo
Rio Preto da Eva

Organization: [28].

Table 9. 
Manaus: Metropolitan structure.
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shape when we consider the different ways in which each of the references had the 
process of induced metropolization.

In Belem, the execution of major development projects in the countryside of the 
central Amazon indirectly mobilized urban restructuring and the consequent space 
metropolization. The role of urban reference in the region, combined with the migra-
tion movements of the workforce, conditioned its dispersed metropolitan structure.

In Manaus, metropolization was induced due to the implementation of a Free 
Trade Zone combined with an Industrial Pole, elements that boosted urbanization 
in the western Amazon, which had been hitherto stabilized in the post-rubber 
economy period. The industrial core and commercial activities led to the establish-
ment of a concentrated metropolitan structure.

These regional conditions act along with other conditions for structuring the 
metropolitan space but can be seen through the profile of human settlements, 
the industrial occupation, the circulation logic promoted by these cities and that 
articulate not only the intra-urban space of the metropolis, but also connect all the 
regional environment to which they are related, therefore being product, condition, 
and means of these regional realities.

Both agglomerates have a socio-spatial segregation profile, although it cannot be 
affirmed in any way that this is an Amazonian peculiarity. Again, the peripheraliza-
tion appears as a defining element of the metropolitan structure of the two refer-
ences analyzed, but in different ways.

In Belem, peripheralization is a more dispersed network due to the trend of 
occupation of more distant areas by low-income populations. In Manaus, the 
peripheralization is basically inside the city, but even so, located in the distant 
periphery (northern sector) of the metropolis.

Finally, they are mononucleated agglomerates. Here, a pattern of similarity is iden-
tified, because when considering the profiles of the metropolises, it is assumed that 
they follow an expansion pattern from downtown, which reveals the type of occupa-
tion of their elites around the areas with most urban equipment and services. This 
tendency to maintain the metropolitan centrality has even caused the urban soil to be 
increasingly densified in the central and pericentral areas, through verticalization.
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Chapter 7

Devolution of Decision-Making:  
Tools and Technologies 
towards Equitable Place-Based 
Participation in Planning
Donagh Horgan

Abstract

Neoliberal development has increased spatial inequalities for communities in 
both urban and peri-urban settlements across in the global north and south alike. 
The financialisation of property has increased urban development in favour of 
opaque private and semi-public actors, making it harder for community stakehold-
ers to influence decision-making. Social innovation in which diverse stakeholders 
collaborate towards sustainability and resilience in the built environment, offers 
pathways towards place-based policy-making and more inclusive growth, but 
needs political support and tools to facilitate participation. Using findings from a 
set of international cases, this chapter considers the effectiveness of participatory 
approaches to decision-making, and digital tools that facilitate public consultation. 
Cases consider the effectiveness of mechanisms available to communities in the cit-
ies of Moscow, Belgrade and Edinburgh to influence urban development. Literature 
review and new knowledge is brought together to shine light on whether informa-
tion and communications technologies are used to provide a veneer of engagement 
with communities, and whether more bottom-up or insurgent tactics can give 
citizens a voice to influence more equitable future cities.

Keywords: urban development, neoliberal planning, community participation, 
platform urbanism, living labs

1. Introduction

In a study looking at a set of cases from both the Global North and South, 
Horgan and Dimitrijević [1] found that increasing inequality is manifest in the 
built environment, as trends towards populist governance decreases the ability of 
communities to influence spatial decision-making. The authors use examples from 
around the world to illustrate how political ideologies influenced by global capital-
ism dominate urban planning systems. Even in cases where overarching policy 
objectives pursue sustainability and resilience, the underlying political system 
often prioritises economic growth at the expense of more holistic investment. Their 
research demonstrates that competitive or capitalist values promoted by neoliberal 
governments are often in conflict with social and ecological priorities, resulting 
in development strategies that continue to favour the market in practice. This is 
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most evident in the increasing monetisation of property and commodification of 
home—which has exacerbated acute housing crises in a number of cities and ter-
ritories [2]. Horgan and Dimitrijević’s [1] findings follow warnings from Lefebvre 
[3] and Harvey [4] on the exclusionary power of a pro-growth politics that produces 
capitalist forms of spatial development. Lamentably, the research would seem to 
suggest that decision-makers favour models that align to short term political priori-
ties—that ignore and even inhibit social innovation in communities—in order to 
reduce risk for those funding development.

In a challenge to financialised development models, Horgan and Dimitrijević [1] 
identified networked approaches within communities seeking to take control over 
local development, and how community networks are making steps towards auton-
omy, self-reliance and resilience. Common across the phases of social innovation 
observed with those communities was the need for strong supportive governance 
systems to ensure participation at the grass-roots influences spatial strategy at higher 
levels of organisation. Tokenistic forms of engagement will only serve to further 
alienate communities suffering spatial inequality, and encourage citizens to chal-
lenge opaque urban governance. The authors conclude that the COVID-19 pandemic 
has brought new attention to the politics that buttresses spatial inequality, and the 
precarity of unsuitable and undignified living conditions in cities and peri-urban 
settlements all over the planet. Similar findings in scholarship which support that 
capitalist modes of production produce spatial inequalities—through the configura-
tion and allocation of space—inform the context of this research. Semi-structured 
interviews with key informants provide insights into the nature of participation in 
decision-making related to the built environment in three urban communities, and 
provide a lens for further analysis. Case studies from Belgrade, Serbia; Moscow in 
the Russian Federation and Edinburgh, Scotland are examined—looking particular 
at opportunities for citizen participation to influence spatial development.

The three cases reveal commonalities in how city governments approach entre-
preneurial models of development, albeit within vastly different political regimes. 
The study confirms a relationship between politics and planning that influences the 
type of community engagement that accompanies spatial transformation in each 
case. The chapter provides insights into how communities approach issues related 
to spatial development within different political contexts, and the mechanisms 
available to them to influence urban policy in each. Included are relevant themes 
from literature review that background the political and cultural context of spatial 
inequality in the chosen cases—with reference for example to previous socio-
political systems such as those relying on forms of self-management, as is the case in 
the former Yugoslavia. The research strengthens findings from previous research on 
how aspects of ownership and participation in planning are aligned to the nature of 
the surrounding political ecology. It reveals how different forms of participation—
including networked opposition and organisation—can open up decision-making in 
the medium to long term—and contribute to a sustainable lasting social investment 
from urban development.

2. Situating hard and soft power in planning and placemaking

The global pandemic has demonstrated the need for resilient social infrastruc-
tures, and the highlighted importance of co-creating social value through place-
based approaches. Such values are in immediate conflict with pro-growth models 
of development that prioritise global flows of capital, and the commodification of 
property and urban assets [1]. At the city scale, pro-growth and competitive modes 
of urban governance can result in ill-defined forms of collusion between state and 
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market actors—necessitating the need for transparent participation mechanisms 
for public oversight of planning. Top-down governance—from authoritarian to 
laissez faire—inhibit nuanced conceptions of public value that promote alternative 
measures of social capital [5]. In what Swyngedouw [6] calls the post-democratic 
city, one-way or tokenistic forms of participation in planning spread further 
disillusionment and disengagement—and eventually post-politicisation of the 
built environment. In a challenge to increasingly technocratic global governance, 
agile and insurgent approaches to defend spatial rights are emerging borne out of 
networking at the grassroots [1, 7].

Within a development context dominated by smart city narratives, and top-
down platform approaches to urbanism that rely on big-data, interest has grown 
around policy-making that engages with the financialisation of the built environ-
ment [8]. Funded by the European Union’s Horizon 2020 research and innova-
tion programme, the Urban Maestro action involved UN-Habitat and academic 
partners in order, “to understand and encourage innovation in the field of urban 
design governance through a better understanding of alternative non-regulatory (‘soft 
power’) approaches and their contribution to the quality of the built environment” 
[9]. Collecting best practice from a host of cross-sectoral activities the project was 
built around a premise that soft coordination mechanisms create a common vision 
to promote alignment of a large number of stakeholders towards the same objec-
tives. The project looked at the relationship between financial mechanisms and 
informal tools of urban design governance—looking at how synergies between such 
tools have the potential to make both approaches more effective in attaining their 
desired outcomes. A survey conducted for the project among European countries 
revealed under-exploited potential to use financial tools in urban design governance 
to reward good behaviour, and discourage poor behaviour. Bento and Carmona 
[10] found that while the role of the state should be to incentivise high quality 
development over development for development’s sake, many administrations 
across Europe are “attempting to do this with one hand tied behind their back”. The 
authors concluded their report with a reminder that “the public sector nevertheless 
has a special responsibility for creating the conditions within which a high quality built 
environment can flourish” pointing at a host of tools already available to governments 
[10]. These ranged from tools for evidence gathering, knowledge dissemination and 
proactive promotion, to structured evaluation and direct assistance tools that seek 
to develop community capacities for placemaking.

It is within this research context that the three cases below are considered—
seeking to understand how decision-making is facilitated (or not) within a set 
of different political environments. Findings reveal persistent concerns around 
citizen engagement platforms in Russia, while in Serbia an engagement vacuum has 
activated networked approaches to achieving combined social and spatial rights. 
Despite a pro-market planning agenda in Edinburgh, an enlightened policy context 
in Scotland has allowed for sophisticated co-production in the planning process 
that is more compatible with strategies for an inclusive growth. This chapter offers 
insights into how cities can look to enhance practices of urban design governance 
within Europe and beyond, for the ultimate benefit of all citizens delivering better-
designed places. It demonstrates how spatial equality can provide a lens for wider 
democratic deficits, and that while technology allows for participation, it may also 
give voice to propaganda that mask unsustainable unequal spatial reorganisation.

2.1 Active citizenship in Moscow?

Horgan and Dimitrijević [11] identified that for citizens seeking to participate 
in spatial decision-making technology can be both a force for good—connecting 



Sustainable Development Dimensions and Urban Agglomeration

124

communities of practice united in the struggle for spatial rights—yet can also be 
tools to advance neoliberal policies and planning orthodoxies. Their study looked 
at technology-enabled approaches to engagement, alongside tools to facilitate 
spatial decision-making in the community setting, such as Scotland’s Place Standard 
[11]. This research follows warnings from a number of scholars that caution how 
technology is not a panacea to enable participation, and how seemingly ‘smart’ 
approaches to urban governance are driven by neoliberal ideals in conflict with the 
citizens’ desired social outcomes [12–14]. That study, which focused on a case study 
from Moscow in the Russian Federation, revealed a technology-enabled approach 
that embraces tokenistic participation in planning, allowing city governments to 
shape dialogue around urban development to suit their own speculative strategic 
ends. These findings are supported by Wijermars [15], who found that alongside 
an increase in the number of internet users, the country saw a drastic increase in 
regulation over Information and Communication Technologies (ICT) which gradu-
ally decreased its salience as an object of participatory socio-political construction. 
Recent years have seen the development of the Internet as a critical form of modern 
communication infrastructure that supports citizen’s lives, as well as being used by 
governments as a tool of political influence. In their pre-pandemic study, Horgan 
and Dimitrijević [11] found that through a joint venture, the city of Moscow devel-
oped an online engagement platform—Active Citizen (Активный гражданин)—to 
support urban development decisions and others as part of its smart cities strategy. 
Through interviews with a number of citizens in the city, the authors found wide-
spread suspicion around the platform, and concerns at how it was being used to 
demonstrate support for large-scale demolition and urban renewal on valuable sites 
in Moscow. The article noted that alongside questions around how such platforms 
are used for explicit political means, major concerns exist around aspects of owner-
ship, governance and participation on the platform itself. When decision-making 
is required on highly impactful issues such as large-scale urban renovation or 
displacement, there is no substitute for offline face-to-face engagement through 
incremental and iterative engagement [11].

In an article by the Russian newspaper Novaya Gazeta, data analysts found 
that voters on the Moscow platform had done so in several neighbourhoods at the 
same time, suggesting some people participated in polls about things without any 
informed knowledge [16]. The investigation found that rewards for users in cast-
ing votes and posting to social media often skewed the voting process, and that in 
some cases users could claim rewards for simply liking an improvement. The article 
referred to a number of voting anomalies identified by several sources, includ-
ing too-regular voting behaviours and seemingly fictitious users. The newspaper 
cynically suggested that the platform had undergone a tremendous evolution 
towards emulating the free expression or the will of living people, since earlier 
well-publicised failures in the system’s credibility. Emerging from the success 
of Active Citizen, a version of the portal is being developed for all cities accord-
ing to the requirements of the Ministry of Construction of Russia. In fact, cities 
should procure a platform to comply with the roll out of the Ministry’s Smart City 
programme across the federation. A white-label version of the portal sold by LLC 
“Internet business systems” provides cities with technology to facilitate citizen polls 
as part of urban renewal projects and policymaking, towards a comfortable urban 
environment. Already online in cities as diverse as Ulan-Ude and Chelyabinsk, the 
platform allows citizens the chance to vote on minor aspects of urban development, 
at a point where any significant influence on urban strategy is impossible.

For example, a scan of posts on a regional platform offered citizens the chance 
to decide the phasing of a development rather than provide feedback on anything 
of strategic importance, without revealing anything related to procurement or the 



125

Devolution of Decision-Making: Tools and Technologies towards Equitable Place-Based…
DOI: http://dx.doi.org/10.5772/intechopen.102555

tender process. The veneer of transparency around urban development given over 
by these technologies obscures the relationships between local government and 
development actors, offsetting public scrutiny. An academic looking at critical area 
studies, and an expert on Russian blagostroitsva (improvement)—initiatives that 
promote amelioration of the public realm—confirmed that these platforms were 
an integral part of a strategy to foreground top down decision-making in planning 
with vague policy rhetoric around the smart city. In a semi-structured interview, 
the informant explained how the platforms are meant to sit alongside strategies 
for urban renewal in Russia’s regions, and are tied to policies towards promot-
ing a perception of decentralisation of power and constitutional reform to the 
population. This process, which began under President Medvedev, was piloted by 
Moscow mayor Sobyanin, and is continued through the work of Russia’s Ministry of 
Construction in other cities.

It has the effect of keeping dissatisfaction with governance at bay within the 
general populace through the spectacle of improvement, mirroring neoliberal pro-
growth approaches to development in other areas of the economy. Undeterred by 
supply chain disruption during the pandemic, Moscow—and cities across Russia’s 
regions—are still carrying out large scale urban reorganisation at an unprecedented 
scale, as part of a strictly authoritarian modernisation agenda. The academic 
informant emphasised how that in Russia, the Active Citizen portals follow a model 
where economic actors conspire to present a speculative development project as a 
bottom-up intuitive—using participative technology to sanction interventions on 
public land. Such a model is important following the success of consortia in cit-
ies such as New York to convey speculative development in the public as a public 
good—such as the High Line—while local developers and funders make massive 
returns on investment on adjacent lots. This approach takes advantage of loosely 
defined ownership status in Russian law, and is emblematic of how broader priva-
tisation disinherits the community of what was social property under the Soviet 
system. What is hidden by simulated engagement in the form of what has been 
described by Asmolov [17] as ‘vertical crowdsourcing’ platforms, is the incremental 
transfer of state assets—once part of a socialist commons—to new forms of organ-
isations, and attributed to spatial redevelopment in the public good. While motiva-
tions for participation in online polls can be driven by a host of reasons—from 
incentives to active citizenship—a lack of transparency around the initiators of 
development proposals, means that users are often willingly championing neolib-
eral development with little other option. While those can afford to shape how the 
city is remade, without levers to exercise democratic control, everyday citizens are 
often passive participants in decision-making that govern place.

Evidently the pandemic has increased tendencies in governments worldwide to 
substitute online platforms for direct democracy opportunities in real life, the need 
for greater transparency over online platforms also increases. The likelihood of spa-
tial policies informed by the logic of crisis urbanism means that citizens are likely 
to become further disenfranchised from decision-making, as city governments use 
paradigms of austerity and recovery to sanction the absence of public oversight 
and participation. Writing on urban policy making after the global financial crisis, 
Theodore [18] found that the financial crisis saw a “redefinition of the state’s role in 
fostering a globally competitive environment through marketisation, deregulation, and 
fiscal conservatism”. In the article, the author shows how the resort to austerity has 
been highly regressive, socially as well as politically all over the world—aggravat-
ing spatial inequalities. For Theodore [18], austerity-led development represents, 
“the consolidation of neoliberal urbanism, driven by its underlying logics and deepening 
its effects on governance arrangements and everyday life”. This follows authors such 
as Peck [19], who noted that following a brief period of economic introspection, 
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“commitments to the antisocial credo of market fundamentalism were soon […] renewed 
and reinvigorated” around the world. There is a growing scholarship documenting 
insurgent tactics being used by communities to challenge neoliberal orthodoxies in 
planning, and safeguard the right to the city for citizens [6, 20–22].

2.2 The right to a new Belgrade?

The shock of regime change has often provided an excellent foil for sweeping 
changes to urban governance, policy and development structures, in particular in 
relation to the provision of housing [23]. Prior to the collapse of its uniquely itera-
tive economic system of market-socialism, housing was confirmed as a social right 
in Yugoslavia. In building a national state at the confluence of imperial powers, 
its early federal government saw housing for all as a significant policy objective in 
bringing about a prosperous and aspirational egalitarian society [24]. As a mecha-
nism for equal distribution and management of society, a right to housing was 
introduced as part of the socialisation of property after the establishment of the 
socialist state [25]. In fact, the concept of Yugoslavia itself became an inspirational 
platform for social innovation in architecture—translated into the production of 
socialised housing informed by an expert evidence base and knowledge culture—
supported by high-quality research, technical prototyping and testing on smaller 
scales [26]. Yugoslav urban planning was a spatial application of a set of ideas for 
community, providing for genuinely heterogeneous neighbourhoods, the outcome 
of a distinct economic system of self-management. Within this polycentric gov-
ernance system, a unique ideological framework for society was constantly being 
negotiated [27].

Self-management allowed for successive economic reforms and policy experi-
mentation that set Yugoslavia apart [28]. While it did not solve the housing crisis 
in the federation, it made possible large-scale residential developments with a 
capacity to house 5000–10,000 inhabitants, managed by locally-elected units [29]. 
While the virtue of participation emphasised in self-management doctrine did not 
translate into a genuine participation of citizens in urban or regional planning, the 
participation of state enterprises encouraged a culture of open innovation [30]. 
During the 60s and 70s, New Belgrade continued to be one of the largest building 
sites in Europe, whose housing typologies and designs were as much influenced by 
socialist thinking in neighbouring countries as the architecture of the welfare states 
of Northern Europe [31]. Despite its limitations, the system allowed workers to 
participate in decision-making related to their enterprise that led to improvements 
in their general quality of life, including housing [28]. Ultimately the Yugoslav 
system unravelled as unscrupulous actors exploited inconsistencies in its nuanced 
understanding of Marxism, which was unable to withstand mounting individual-
ism at all levels of society. The nationalist parties that emerged to lead the newly 
independent states introduced a neoliberal capitalist economic system that allowed 
foreign capital to cheaply purchase production resources in former Yugoslavia, 
previously owned by the workers [28].

Belgrade is still reeling from the upheavals of the late twentieth century, which 
saw the stock and production of public housing reach record low levels [32, 33]. An 
estimated 53% of housing stock in Belgrade was socially-owned apartments in 1991 
[34], dropping to less than 1% today [35]. While the politician vacuum and popula-
tion movements in the period during and after the war saw a significant demand 
on housing and space in the city, and overall lack of strategy for is one of the most 
significant outcomes for the built environment since the introduction of free-mar-
ket capitalism in Yugoslavia [36]. Hirt and Petrović [32] (2011) note that globalism 
and the collapse of the old system are to blame for the spread of gated housing in 
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Belgrade—evidence of ever decreasing social and spatial solidarity. Projects such 
as Belgrade Waterfront are emblematic of a speculative approach to planning in the 
city which prioritises high-wealth individuals in access to public space and spatial 
decision-makers [37]. In the absence of a coherent strategy put to public consulta-
tion, large scale public assets such as the city’s main train station are relocated in 
favour of projects concerned with the exchange value of property rather than social 
value, and the actual needs of society.

Indeed, movements for spatial rights in Serbia have grown, perhaps in parallel 
to an ever-growing discontent with urban governance and a litany of unpopular 
planning decisions and actions across the country. In a study on frameworks for 
social innovation. Horgan and Dimitrijević [1] identified organisations in the city 
working to achieve combined social and spatial rights, and address a democratic 
deficit in decision-making. Spatial activism and organisations such as Ne Davimo 
Beograd (NDB, Do not strangle Belgrade) and Ministarstvo Prostora (MP, Ministry of 
Space) present parallel political movements offer hope for Belgrade as development 
can be impeded by a lack of strategy and perceived kleptocratic governance [38]. 
These organisations employ shared methodologies, management and governance 
to offer ownership to citizens. An interview with the organisers of NDB in a year 
since the outbreak of the global pandemic, suggests that the top-down spatial 
development approach in the city is increasingly trending towards monumentalism, 
following Northern Macedonia’s model for statecraft through urbanism in Skopje. 
While interventions are presented as strategic, NDB cannot figure out the pattern 
in Belgrade’s spatial development, which they consider to be harsh and inconsis-
tent, ignorant of the needs of citizens. The group sees no clear divisions between 
branches of government in Serbia, no independent institutions or transparency 
over city authority. Since the introduction of a market economy in the 2000s, a 
privatised state has emerged, producing a stark deterioration of the public sphere, 
visible in housing issues and everyday life struggles. A perception that political 
and economic actors are basically one has been behind widespread criticism of 
monumental projects such as Belgrade Waterfront, which since 2015 has advanced 
sweeping changes to the city’s urban fabric [37].

For spatial activists, the urban development approach combines symbols of raw 
capital and raw power, that mask a captured state with weak social institutions. 
Since the coronavirus pandemic the market in Serbia has been stagnant, making 
it easier to identify opaque relationships in small scale residential developments 
on key strategic sites in the old city. Often these sites are on formerly state-owned 
industrial assets which have lain vacant after years of unsuccessful privatisation. It 
is within this context that NDB and their partner organisations have been successful 
in making an incremental impact towards spatial equality. Their approach has been 
a mix of hyper-local and regional campaigns that engage citizens on environmental 
issues such as air pollution and the lack of adequate sewage systems common across 
peri-urban areas of the former Yugoslavia. Campaigns have focused on topics as 
wide as forests in the city’s development plan to the upgrading of former bomb 
shelters and other shared public amenities, and included solidarity actions around 
the pandemic. Tactics have sought to bring about policy change through greater 
awareness, bringing undisclosed issues into the public domain and mainstreaming 
dialogue around urban planning—in a country with a polarised and limited media. 
This is not a linear approach, and its agility comes from an ability to connect public 
and expert spheres, social and environmental movements within a community of 
practice.

This networked approach to social innovation is important in driving a rise in 
new civil society actors in Serbia, and grow participation in spatial decision-making. 
Without giving these networks the tools to influence development frameworks, 
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and co-produce imaginative social architectures, prevailing political ideology will 
always stand in the way of change [1]. Belgrade’s city government has attempted 
to develop ownership to citizens through its attempts at participatory budgeting, 
however the lack of a feedback loop in the process brought attention to the state of 
the city’s badly neglected public services, ultimately derailing the project. For those 
at the helm of NDB the biggest challenges related to a lack of human resources, 
made worse by an ever-present brain drain from Serbia. This presents challenges for 
those seeking to grow collective rights, and reinstate some of the innovative forms 
of ownership of the former socialist federation. Also difficult is the promotion of 
shared or holistic narratives for spatial development within a system where priva-
tised development is seen to deliver functioning security for those who can afford it.

2.3 Enlightened engagement in Edinburgh?

In a study of the enlightenment in Edinburgh, Scottish author Murray Pittock 
[39] uses the methodology of urban innovation to describe the civic networks and 
cultural change at the heart of what made Edinburgh a smart city in 1700. This 
analysis reveals that civic development produced the innovation and dynamism that 
made social transformation in the Scottish capital possible and the political power 
of the gentry and patronage [39]. The current neoliberal turn in the city’s mode of 
governance has been lamented by many, and is visible across a whole host of spatial 
strategies, from planning for festivals and tourism to economic development. 
Tracking contested development proposals in the city, Ballard Tooley [40, 41] found 
that the political and economic logic of urban development in Edinburgh privileges 
economic growth within a system of interurban competition, by prioritising the 
needs of business over citizens. The studies explore tensions between the values 
of community and efficiency in urban development, and reveal how community 
engagement itself unearthed conflict between political visions of a pro-growth 
urban renewal agenda with neoliberal realities for local residents. Edinburgh’s 
growth to become the second largest financial centre in the United Kingdom after 
the City of London has rested on the service sector, is a major contributor to the 
local economy with culture, consumption and knowledge exchange vital pillars for 
economic development. Sutherland [42] found that the complexity of devolution 
in Scotland means that policy priorities, notably inclusive growth and approaches 
to reducing economic and social spatial disparities differ greatly from that of the 
Westminster government. For Sutherland [42], evidence of neoliberalism can be 
found in urban developments, in place-marketing to multinational corporations, 
and in the competition to attract city investment—efforts which are often at the 
expense of engagement with citizens, and public service innovation. It is apparent 
in Edinburgh’s ambitions to become the ‘Data Capital of Europe’, an entrepreneurial 
framing of the smart city concept, yet difficult to disaggregate in practice. This 
ambition is anchored by Edinburgh’s City Deal—part of a UK government frame-
work to reduce spatial imbalances between London and other parts of the country—
a combined investment from the United Kingdom and Scottish governments and 
match funded through capital investment from universities and other sources [42]. 
Sutherland [42] notes that Edinburgh’s growth faces significant bottlenecks, in the 
availability of skills and housing, and is almost certainly destined to draw activities 
and people away from other places, whether in the UK or further afield—necessitat-
ing massive spatial reorganisation.

In a study looking at the establishment of a Commission on climate change in 
the city, Creasy et al. [43] noted a persistently technocratic model of governance 
in Edinburgh, where a “fast-tracked conceptualisation of place, instigated from the 
top-down”, legitimises a focus on policy-making through ‘expert’ knowledge. The 
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authors found such an approach to be in direct conflict with Massey’s [44] relational 
interpretation of place, which seeks to engage with citizen’s place-based knowledge 
on the ground. Creasy et al.’s [43] study indicated that in the process of establishing 
the commission, the city was moving towards more experimental approaches to 
urban governance, seeking opportunities to unlock new resources and possibilities 
with new partners, as opposed to “feeding the zero-sum game of carving out resources 
from existing local allocations”. The project has helped to amplify the place-based 
agency of the city at the grass roots, helping to “to balance the vital networking and 
learning opportunities they facilitate with resisting a one-dimensional and static inter-
pretation of the ‘places’ that they seek to network together” [43]. In Scotland however, 
place-based principles are an integral part of a National Planning Framework that 
mandate levels of community participation in the planning process—in both spatial 
and community planning—which has encouraged the development of a host of 
tools and methods that support collective decision making [11]. This means that 
while economic agendas may drive urban strategy to an extent in Edinburgh, nega-
tive impacts and social exclusion may be mitigated against through focused and 
targeted engagement with specific cohorts. Even as development strategies focused 
on growth prevail at the policy level, socially innovative place-based approaches to 
decision-making at the community level—generating ownership over changes in 
the built environment.

Such an approach is visible in the work of Edinburgh’s Living Lab (ELL, part 
of the University of Edinburgh), whose work takes a holistic perspective that 
integrates data innovation and place-based practices that put people and sustain-
able futures at the heart of decision-making. Through community engagement, 
applied researchers at the ELL help to define these options for the City of Edinburgh 
Council—providing them with information that allows for a better understand-
ing of multiple perspectives, usage patterns, and aspects of neighbourhood and 
place—to enable evidence-based decisions. Working with the City of Edinburgh 
Council, the Living lab produced a report on Data and Design for Property and 
Planning based around a collaborative placemaking project with a community in 
the Gracemount area of the city [45]. Through their service design programme the 
local authority worked with the lab to test an embedded data-and-design methodol-
ogy to make better decisions about significant changes to the council estate. Project 
objectives included an audit and analysis of local authority data to address key 
questions about building use; a process to identify key community values to support 
the management of assets and service delivery in the area; the definition of future 
options for the future of buildings; and a set of guidelines for replicating a similar 
approach in other areas of the city.

The developed placemaking methodology evident in the work of the Edinburgh 
Living Lab, works to offset impacts of neoliberal economic planning by allowing 
citizens to participate in decision-making at the neighbourhood scale—building 
out capacities that may contribute to better urban governance at higher levels of 
organisation. Their work in Gracemount, Southhouse and Burdiehouse neigh-
bourhoods made better use of data held in the Council to open up the planning 
process—to explore and validate community perceptions and priorities alongside 
those of the council, ultimately arriving at a shared vision for social transformation. 
The planning report found that collaboration between different service, building, 
and community stakeholders helped build relationships and strengthen project 
outcomes [45]. Specifically, the process helped the property directorate join up 
their decision-making with other departments to deliver better services with less 
resources, making cost savings and optimising the Council estate. Since the project, 
the report found the narrative had changed from council to community, meaning 
that communities are more engaged in decision-making, participate in making 
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difficult decisions, understand and are therefore more likely to accept outcomes. An 
active engagement methodology facilitates ongoing engagement with communities, 
while spatial data from multiple sources provides more of a holistic insight into 
access to and exclusion at an appropriate scale.

The methods developed by the ELL in Gracemount have informed another 
project in Edinburgh which combines citizen engagement and co-design with urban 
data and research to help support the high street to become a more successful and 
liveable place as communities emerge from the global pandemic. Scaling tactics 
developed with other communities the ‘Future of the High Street’ project led by 
the Edinburgh Futures Institute (in collaboration with Edinburgh Living Lab) will 
develop a toolkit of 6 possible ideas to tackle common high street challenges through 
digital co-design workshops with local businesses and other stakeholders in Gorgie-
Dalry high street and Dalkeith town centre—with two ideas selected to be rapidly 
prototyped. Limited by social distancing requirements, wider digital engagement 
with residents, young people, local organisations and other stakeholders is designed 
to focus more holistically on the high street as a ‘place’—helping to understand how 
the high street may be adapted or accommodate new and innovative uses. This helps 
to address common challenges experienced by local independent businesses and 
residents that would make the high street more liveable and successful—leaving an 
actionable legacy.

The Future of the High Street project incorporates use of urban data through 
baseline assessments of land use, character and business data alongside existing 
reports and reviews of previous consultation—to respect both this prior work and 
citizen time and input that had already gone before, in former community engage-
ment. Important here is to emphasise a feedback loop—and two-way relationship 
between community, the project team and council—and to put forward a nuanced 
understanding of challenges and opportunities that can inform a robust evaluation 
of pilots, across a set of common indicators. As ELL continue to refine the method-
ology use in the Gorgie-Dalry pilot, legacy impacts are already visible in changes to 
the built environment and public realm at the neighbourhood scale—which involve 
the prototyping public realm improvements, and artistic installations—based on 
learning form the pilots. It is hoped that these tactics will influence historically 
top-down planning with respect to the public realm—and wider infrastructure—in 
Edinburgh. For many communities on the periphery of Edinburgh’s growth, their 
participation offers a safeguard against social exclusion and spatial inequalities 
that accompany top-down planning approaches. For communities on the edge of 
more speculative developments closer to the centre of Edinburgh’s financial core, it 
remains to be seen if the council will offer them the same opportunities to influ-
ence development decisions. This raises important questions regarding the political 
ideologies that govern offers of participation, and whether ownership over such 
processes is ever truly devolved to citizens.

3. Conclusions: towards a collective urban governance?

As recovery from the great slowdown necessitates capacities for more sustain-
able social, economic and environmental resilience, urban governance must seek 
to achieve a balance in the organisation of settlements to support equitable work, 
housing and economy. Concluding in early 2021, the Urban Maestro project found 
that while “European cities have developed sophisticated laws and regulations (‘hard 
power’) to secure diverse public interest objectives through the governance of urban 
design, the quality of the resulting urban places can be disappointing […] often out-
comes are not aligned with commonly shared objectives such as creating environmental 
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sustainability, human scale, land use mix, conviviality, inclusivity, or supporting 
cultural meaning” [9]. Thus, decision-making related to the built environment 
must become much more developed to citizens, allowing communities to generate 
their own set of indicators, and base decision on informed empirical evidence—
presented in a way they can use effectively. Towards a useful typology of tools for 
urban design governance, means recognising that the urban environment is shaped 
by various interventions and policy decisions over time and reflects the collective 
work of multiple stakeholders. Urban Maestro’s recommendations promote exten-
sive discussions, whatever the local circumstances, and identify 6 fundamental 
factors for improving the quality of the built environment to be based on: culture; 
capacity; coordination; collaboration; commitment and continuity. These factors 
are important considerations for cities seeking to open up decision-making to the 
public, private and community actors who co-produce the city. Importantly, the 
project assembled a wealth of best practice that supports how soft power—and 
social innovation—can influence levers of hard power present in cities by focusing 
on the process of carrying out an urban project rather than the end product itself.

The findings in this chapter suggest that for the methodologies promoted by 
Urban Maestro to have impact, city governments must divorce the planning process 
from politics, and allow for feedback loops in the system through honest engage-
ment processes. Short term political or economic advantage is often at the expense 
of longer-term sustainability, blocking processes that encourage the development 
of capacities for resilience in communities. We should not underestimate the role of 
visions, narratives and cultivated propaganda in the governance of urban design—
and the need to challenge established political ideologies that inhibit social innova-
tion in the built environment [1]. Launching the European Union’s New European 
Bauhaus initiative, Commission president Ursula Von der Leyen announced it 
was not just an environmental or economic project, but a new cultural project for 
Europe. The policy calls for, “a collective effort to imagine and build a future that 
is sustainable, inclusive and beautiful for our minds and for our souls” and “sustain-
able solutions that create a dialogue between our built environment and the planet’s 
ecosystems” [46]. In working towards these objectives, cities in Europe and around 
the world need to provide meaningful opportunities for participation in decision-
making that allow stakeholders at all levels to influence urban development, while 
keeping the barrier for entry low. This means a more concerted effort to design and 
deliver opportunities for co-production that devolve new capacities to the commu-
nities who participate—without further perpetuating processes of social and spatial 
exclusion [47, 48].
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on City Spatial Structure  
(In Case of Isfahan)
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Abstract

Public spaces can be considered as important elements to improve the quality 
of the environment and increase the sense of citizenship. On the other hand, the 
cohesive network of urban spaces shows the integrated structure of a city’s spatial 
organization, in which not only the connection of form and function is consid-
ered, but also meaning finds its place in a complex urban system. Since the spatial 
structure of the traditional Iranian cities is ingrained in geographical factors and 
culture of the settlements, the evolution of this structure in Isfahan as one of the 
most famous historical cities in Iran is examined. The aim of this study is to answer 
this question: How do urban open spaces impact city spatial structure? The research 
method is descriptive-analytical, which has been concluded in a process of content 
analysis. The development of Isfahan’s structure over time and role of urban spaces 
in its formation has been studied. Entrances, key points, roads, and water edges as 
main urban spaces impact on city structure direction. The structure has changed 
from linear-nuclei to central-radial and finally, an integrated network to the Safavid 
era, but cohesive nature of the structure has changed from the Pahlavi period with 
multiple sections of streets.

Keywords: city structure, spatial structure, urban open spaces, urban context, 
Isfahan

1. Introduction

Looking at city structures, both open and closed parts are considered to form the 
shape of a city. Therefore, cities are not just about masses and not mere open lands 
but the combination of these two make the city structure, which differs in different 
regions based on so many factors.

The structure of traditional Iranian cities has a special physical-spatial cohesion 
and order that is guaranteed by their richness and physical quality. One of the most 
important features is the continuity of the city and neighborhoods through the 
centers, main passages, and the bazaar, which has led to the formation of a clear 
and legible structure in the city and the continuity of components and elements of 
the city. The composition and construction of the city in the past of Iran have been 
such that the main passages and the bazaar have been responsible for the connection 
between the important elements of the city.
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However, since the first years of the present century, when the street has 
emerged as the dominant and decisive element in the city, urban cohesion has 
undergone serious changes. The street runs through the city, presenting itself as the 
powerful lips within the city, and from the integrated structure of traditional cities, 
only residential contexts remain, such as islands cut off from the arteries of urban 
life. At the same time, the spaces and elements of the communication network must 
establish an organized and regular relationship with the components and structures 
of the city and the current activities in it. Because the formation of urban spaces 
and elements along the roads is influenced by the behavioral patterns, culture of the 
people, and the economy of the society [1].

In contrast to the modern Iranian series, which are simply copies of the con-
temporary diffused European and American cities, the traditional Iranian city is 
concentrated and how much genius in its buildings combining diverse land uses in a 
tight relationship with each other. In this way, three main factors affecting the early 
compact Iranian cities may have been the physical environment of the Iranian pla-
teau, trade and historical events, and the socio-political structure of the country [2].

One of the important but forgotten elements affecting traditional cities is 
urban open spaces formed among the compact masses of buildings. Therefore, 
this research is an attempt to investigate influential factors on city structures and 
identify the role of open spaces on spatial city organization. In traditional Iranian 
cities, the urban structure was based on the geographic characteristic of the sur-
rounded environment. Since a vast area of this country is covered with desert and 
hot and arid climate, cities were shaped in a very compact and dense form. Besides 
the central courtyard of individual buildings, urban open spaces emerged as a joint 
element among the masses. On the basis of the carried out research, the paper 
analyses the historical development of Isfahan as one of the historical cities of Iran 
with a very compact context affected by geographical conditions, while urban open 
spaces still emerged as key elements in a very unique form.

2. City structure

The Latin root of the word structure “struere” means to build, grow, and 
evolve. Hence, the structure means “working together continuously to evolve.” For 
example, living features grow and evolve in a continuous, purposeful, and highly 
organized movement. In this way, each structure has its own function and shape, 
which plays an important role in facilitating the function of the structure [3].

The structure is a complete set of relationships in which the elements may 
change but remain dependent on the whole and retain their meaning. The whole is 
independent of its relations with the elements. The relationships between the ele-
ments are more important than the elements themselves. Elements are interchange-
able, but relationships are not [4].

Against the views of those who believe that structures are formed based on func-
tions and goals, there is also the opinion that structure is determined by its elements 
and their combined features, regardless of the specific function and purpose [5]. 
The structure is a set of interdependent processes and interrelationships of elements 
or a network of relationships between elements’ positions that are plotted within 
the external appearance of the object, the shape [6].

Some believe that the structure is made by the human mind and then projected 
onto the shape of the city. Researchers seek to discover the subconscious mind 
structures that are common to all societies. The latter group aims to find the rela-
tions and rules that have been effective in the formation of these structures to use 
them in the emergence of subsequent structures [7].
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From all these definitions, it can be concluded that structure is a set of inter-
dependent elements, in which the necessary and simultaneous mutual relations 
or partnerships between components take place abstractly and objectively and 
depending on the purpose, within a certain range.

The spatial structure of the city shows the order and the relationship between the 
physical elements and the uses in the city [8]. In other words, the spatial structure 
refers to a set of communications resulting from the urban form and the gathering 
of people, the transportation and flow of goods and information [9]. Alain Bertaud 
combines the spatial structure of a city into two components, namely the spatial 
distribution of population and the pattern of people’s travel from where they live to 
the various destinations and places, where an important social activity or interaction 
takes place, such as the workplace, and knows the location of social gatherings [10].

Therefore, city structure includes various elements coming together creating a 
city with its own characteristic. These elements not only work individually but also 
generate unity resulting in a homogenous city structure. It does not matter if it is 
open or close space, but it is important to form in a way that integrates the whole 
structure. However, urban open spaces are dominant features reflecting the story of 
the city and residents’ culture and lifestyle.

3. Urban open spaces

Open space, on the one hand, refers to a space that is relatively open, less closed, 
and has more limited space, and on the other hand, refers to a space opened by the 
masses to the majority of people. This refers not only to landscapes, such as parks 
and green spaces but also to streets, squares, alleys, and courtyards [11].

“If we want to clarify the concept of urban space without imposing aesthetic 
criteria, we have to consider the spaces between buildings in cities and other places 
as urban space,” says Rob Carrier. This space is geometrically surrounded by various 
symbols. Only the clarity of its geometric features and esthetic qualities allows us 
to consciously consider the outdoor space as an urban space. Outdoor open space is 
defined for outdoor mobility and is divided into public, semi-public, and private [12].

Zucker considers urban space to be an organized, neat, and orderly structure 
physically for human activities and based on specific and clear rules; These rules 
are: the relationship between the shape and the body of the buildings enclosing the 
same shape and uniformity, with their diversity, the absolute dimensions of the 
bodies to the width and length of the space between them, and the angle of passages 
or streets to the square, and finally the location of historical monuments, fountains, 
and slabs or other three-dimensional elements that can be emphasized [13].

Bruno Zevi considers space to be the essence of architecture, and follows the 
same definition of urban space, stating that streets, squares, parks, playgrounds, 
and gardens are all empty spaces that are limited or defined as space [14].

Urban space in a general sense is a kind of interrelation between relationships 
and behaviors, while the place is adjacent to individual identities, in urban life, it is 
the most important factor of authentication and affects human behaviors. In addi-
tion, urban space, as a public area, is the place of emergence and revitalization of 
individual and social thoughts and desires, which is why it has a very important role 
in the development of societies.

Since the emergence of cities and the beginning of urban planning and urbaniza-
tion is closely related to the need for interaction and the sociality of human beings, 
undoubtedly, these relationships need their own spaces. Cities are known as places 
of the emergence of human social relations throughout history, and even the type 
and quality of urban spaces have been quite effective in the manifestation of these 
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relations. Therefore, one of the most important elements of the urban context is the 
city structure formed and evolved based on human lifestyle in different periods [15].

The changes experienced in modern cities are reflected in the urban space, 
and this leads to the gradual extinction of public spaces in the urban structure. 
Increased urbanization and migration are leading to a loss of integration of public 
open space in city centers.

4. Urban open spaces in iranian city structure

The physical morphology of the traditional city of Iran is to a large extent a 
cultural-historical response to the natural environment, especially, the climatic 
conditions of the Iranian plateau. Its extreme climatic conditions are characterized 
by a shortage of water, high evaporation than precipitation, intense solar radiation, 
high seasonal temperature ranges, and damaging dust and sand storms [2].

The structure of traditional Iranian cities has a special physical-spatial cohesion 
and order that is guaranteed by their richness and physical quality. One of the most 
important features is the continuity of the city and neighborhoods through the 
centers, main passages, and the bazaar, which has led to the formation of a clear and 
legible structure in the city and the continuity of the components and elements of 
the city. The composition and construction of the city in the past of Iran have been 
such that the main passages and the bazaar have been responsible for the connection 
between the important elements of the city [16].

One of the important features of the old context of Iranian cities is its division 
into several neighborhoods because the historical city as a whole is composed of 
components in the form of a neighborhood [17]. In general, in Iran, the city was 
complex. Consisting of homogeneous and homogeneous neighborhoods that are 
integrated into a specific place based on relations, forms, and affiliations of ethnic, 
religious, professional, or territorial, and have kept their identity and originality in 
this way for years and until the new development. The city was considered as the 
main constituent units or as the cells of the city, the residence of a particular ethnic-
ity, religion or group, and more than any other urban unit, within itself solidarity, 
unity, ethnic, family, and sometimes administrative, professional and class [18].

What has always been prominent in the construction and establishment of 
neighborhoods are the aspects of social, cultural, religious, or economic common-
alities [17] and in the meantime, the separation of neighborhoods on the basis for 
differences in religious or ethnic beliefs and characteristics is more visible among 
large cities with larger and more diverse populations and in nomadic cities. For the 
emergence of each neighborhood, a limited and coherent geographical area, social 
interdependence between a specific group, and a specific city design were required 
for the spaces and houses of the neighborhood, the existence and permanence of 
the neighborhood depend on their existence [18].

The structure of ancient cities is known as the most obvious and complex part of 
the physical system that shows the social structures of the city along with its internal 
contradictions. Dynamics in the design of this structure causes logical relationships 
between urban components and systems and their function and process together.

One of the ways to organize the space in the historical cities of Iran was to con-
nect the building mass continuously. This method can be seen at the micro level, 
such as neighborhoods, and at the macro level, as the whole city. For example, the 
bazaar, as the main and central street of the country, has been an important tool for 
the continuous growth of the city [19]. Next to, or along, some of the major bazaars 
in major cities were an urban or regional square. The bazaar was the most important 
road in the city and in most cases, it was connected to an urban square.
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The main bazaar of cities are often linear and formed along the most important 
urban road. For this reason, in many historical cities of Iran, the most important 
part and the main element of the context is the main direction of its bazaar. A 
bazaar order was formed in its simplest form with shops located on either side of it. 
Many bazaars were gradually built and developed, and for this reason, the extension 
of the direction of these bazaars, following the natural shape of the passages, has 
been indirect and organic. Various guilds were stationed along the main bazaar line, 
thus placing various activity groups in different parts of the mainline. In some large 
cities, two or more main directions appeared in parallel or intersecting.

One of the main features of past spaces is their centrality and confinement. Each 
spatial area is central to its surroundings. Gradually, the construction method of the 
central building replaced the central space. The part of the building that could not be 
designed due to the connection with the adjacent building was exposed from all sides 
by being located in the middle of the space, and the necessity of designing all aspects 
of the building was raised. Each building peaked independently of adjacent buildings 
in height so that the horizontal connection gave way to the vertical connection [20].

One of the historical cities of Iran is Isfahan, located in the hot and arid area 
close to the desert while a river is passing through the city. Isfahan has a very special 
city structure based on various environmental issues. However, urban open spaces 
play an essential role in city structure.

5. Spatial structure of Isfahan based on urban open spaces

Isfahan is located in 32°38′30″ N latitude and 51°38′40″ E longitude, about 
340 km south of Tehran and the capital of Isfahan Province (Figure 1) [22]. 
The main factors of the prosperity of Isfahan during the time have been the 
Zayandehrud River and the location of the city in the center of the Iranian plateau. 
So, throughout its history, it has been either the capital or one of the most impor-
tant parts of Iran [23].

Figure 1. 
Location of Isfahan in Iran [21].
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The spatial-physical structure of each city is closely related to its history. 
Therefore, a review of historical periods can enlighten how the city is organized 
during the time. Most of the old cities of Iran had a specific structure of the main 
urban elements and functions such as palaces, bazaars, squares, mosques (After 
Islam), schools, etc. The physical characteristics of the evolution and development 
of the main structure of Iranian cities up to the contemporary era were mainly in 
harmony with the growth of the city [24].

The city of Isfahan has been continuously evolving for more than 2000 years. 
Until the early Islamic centuries (750–1258), Isfahan consisted of two districts, Jay 
and Judea (Figure 2). During the Sassanid Empire, Jay was the administrative and 
governmental center and included urban elements, such as squares and bazaars. 
In contrast, Judea and the rural agricultural areas in the north and south of the 
Zayandehrud River were inhabited [26].

After the Arab invasion of Isfahan, in the Abbasid era, Jay gradually became 
a ruin, while Judea survived. The physical form of the city in the pre-Islamic era 
included three distinct parts: the governmental area, the central city, and the outer 
city, but in the Islamic time, the past structures underwent changes, the most 
important of which was the Grand Mosque (Jame Mosque), as a characteristic 
of the urban element [27]. Rural groups connected with lines of communication 
and formed an urban body (Figure 2) [28]. The structure of Isfahan in the Seljuk 
era (1037–1194) was a combination of linear and centralized patterns. Due to the 
comprehensive development of the city, the central position of the structure was 
located around the Old Square as the main center of access. The linear part of the 
city structure has continued in the form of a bazaar to the gates, which has provided 

Figure 2. 
Isfahan in the late Sasanian and early Islamic periods (Abbasid era) [25].
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the possibility of development in the future [29]. Therefore, the most important 
urban spaces in this period have been squares, bazaars, and transportation routes 
which are created the structure of the city (Figure 3) [31].

After the selection of Isfahan as the capital of Iran in the Safavid Empire (1501–
1722), the main structure of the city was formed. During this period, Chaharbagh 
Street, Naghsh-e Jahan Square, and its connection to the Old Square by the bazaar was 
one of the most important measures in urban spaces. Naghsh-e Jahan Government-
Ceremonial Square caused the future development of the city to be drawn to this 
direction and then to Hezarjarib gardens on the other side of the river (Figure 4) [33].

During the Qajar period (1789–1925), the empty space of the Old Square began 
to fill and lost its importance as a reference point in the structure of the city [34].

Over the Pahlavi period, modernism and its developments by ignoring the con-
text, history, and structure of the city, introduced a kind of intervention in historical 
areas that led to spatial isolation and destruction of traditional structures in the city. 

Figure 4. 
Structure of Isfahan in Safavi era [32].

Figure 3. 
Structure of Seljuqid Isfahan. Modified by authors [30].
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During this time, the structure of the city was physically changed from a linear-nuclei 
model to a network structure, so that the old structure gradually faded in the minds of 
the people and lost its physical-structural value and reputation (Figure 5) [25].

The first planning measures in this period were street plans in the old contexts 
and their continuation to the outside based on the grid-system pattern and sepa-
ration of urban functions, which led to the fragmentation of the old context of 
Isfahan [35]. This kind of intervention has led to the apparent separation of the 
main old parts of the city and the destruction of its traditional structure, which led 
to the complete decline of historical centers in the 20th century. Therefore, it was 
necessary to prepare master plans. Modern major urban planning began in Iran in 
the 1950s and 1960s when the first master plans were prepared for some important 
cities like Isfahan [36]. Isfahan has three main master plans in 1960, 1971, and 1988 
(Figures 6–8). Then, detailed plans were prepared based on the regions of the city, 

Figure 6. 
First master plan of Isfahan [35].

Figure 5. 
Structure of Isfahan in Pahlavi period [25].
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but with the non-implementation of more than 70% of the comprehensive plans, 
the strategic development plans were replaced. City Development Strategy (CDS) is 
a comprehensive flexible planning framework designed to empower urban com-
munities to control and manage the consequences of rapid economic change and 
increase the growth of economic and social inequalities [37].

Figure 8. 
Third master plan of Isfahan [35].

Figure 7. 
Second master plan of Isfahan [35].
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6. How urban spaces of Isfahan impact city structure?

The first question that should be answered is: what is the city structure? The 
structure of the city is a set consisting of the main axis and an interconnected 
network of land uses and urban elements that integrates the whole city and extends 
hierarchically in all parts of the city on a proportionate scale (Figure 9). This com-
plex is the foundation of the spatial-physical organization of the city and indicates 
the general and common characteristics of the city [25].

In other words, this complex as a linking structure includes parts of the city 
that are in public use, including movement structure (main roads, public transport 
cores, and main walking routes), interaction places, gathering places, and public 
buildings. City context with its specific physical and social characteristics is formed 
and organized by the city structure. This structure breaks the experience of the city 
into pieces with spatial locations and at different scales that make the city legible 
and conceivable. It changes over time and the elements that remain unchanged cre-
ate the cultural landscape of the city. This structure can also be linked to the natural 
landscape (Figures 10 and 11) [38].

The second question is what is the urban open space? Urban space is the scene 
where the story of social life begins. It is a space that allows all people to access and 
work in it. Based on researches, there are different points of view about urban open 
space typologies (refer to [39]) but the focus of this study is based on five main catego-
ries: entrances urban nodes especially squares, paths, water edges, and urban stairs. 
The entrance is a joint for connecting two places. The entrances of the cities and the 

Figure 10. 
City structure elements (authors).

Figure 9. 
City structure: Main axis and an interconnected network of land uses and urban elements [25].
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neighborhoods entrances are public spaces that play the role of urban space. Squares 
are the most influential urban spaces in the mental image of citizens. They can be on an 
urban, local scale, or play as a ceremonial place. In people’s minds, paths are not only 
the lines that enable the connection of different parts of the city, but also the spaces that 
accommodate the most social life. They have the largest share of other urban spaces and 
are manifested in the form of urban streets, passing streets, local streets, boulevards, 
alleys, dead ends, and pedestrian ways. Water in the city can play a key role. The water’s 
edges can be the basis of different social happenings. The last one is urban stairs which 
can be a place of social events in addition to the physical role of access (Figure 12) [40].

According to the above issues, the last question is what is the role of urban open 
spaces on the structure of Isfahan? The following diagrams show the evolution of 
changes in the city structure over time and the interaction of these two main factors.

As mentioned, Isfahan initially consisted of two main cores and the dominant 
activity model of the people of the city was gardening. These gardens were mainly 
located on the banks of the Zayanderud River, and people had learned to use the 
River to irrigate their gardens, thus “Madi’s were formed. This pattern of residential 
activity may be the answer to the question of why the early settlements of Isfahan 
were formed at a distance from the Zayanderud River. Supplying water through 
wells was much easier than supplying water to gardens, in addition to the fact that 
the river was not permanent. People created branches (Madi) from the Zayanderud 
to deliver water to the gardens in a controlled manner [41].

Figure 12. 
Urban space typology.

Figure 11. 
City structure: Movement structure, interaction and gathering places, and public buildings [25].
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In the Sassanid period, Zayanderud, Madies, two main cores (Jay and Yahudiyyah), 
and scattered points of residences created the basis of Isfahan’s structure in the 
multiple nuclei model. The river and Madies, as the first urban open spaces, played a 
significant role in locating the centers. In addition, the settlements around Yahudiyyah 
were organized by the Madies in a linear-nuclei connection (Figure 13).

In early Islam, the Isfahan spatial organization remained in linear-nuclei type, 
but the residential areas around Yahudiyyah joined together and organically formed 
in central organizing. This area is the foundation of the development of settlement 
as a city in the next years. The oldest neighborhood of Isfahan is in this part of the 
city and at the same time, functions such as bazaar and mosque were formed next 
to the palace. Zayanderud and Madies played their role as previous years in the 
structure of the city (Figure 14).

Figure 14. 
Isfahan’s structure in early Islam. The structure is linear-nuclei. Edited by authors [26].

Figure 13. 
Isfahan structure in late Sassanid. The structure is linear-nuclei. Edited by authors [42].
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During the Seljuk period, the foundations of the Iranian-Islamic city emerged 
and the first square of the city was formed at the linkage of Joybareh, Dardasht, 
and Karan neighborhoods and next to the bazaar. The square and the bazaar, as 
the main urban spaces, formed the core structure of the Seljuk city along with the 
paths leading to the city gates. The city gates, as key points of crossing the city wall, 
strengthen the structure. In this period, the structure of the city core is central-
radial with a predominant orientation northeast-southwest and on a larger scale 
with the Madies and the river is as a linear-nuclei (Figure 15).

During the Safavid period, with a rapid increase in population, four gardens 
in the middle of the city became residential areas, and the government decided to 
create new gardens instead of ones that had changed their use, and so the gardens 
appeared around Chaharbagh Street [41]. Thus, the structure of the city was 
drawn to the south under the influence of the street route. New Square (Naghsh-e 
Jahan) was built in linkage to the bazaar between Faden and FarshadiMadies, and 
following the connection of Khajoo Bridge to Naghsh-e Jahan Square, another 
part of the city structure was directed to the southeast (Figure 16). The crossing 
of Chaharbagh over the river towards HezarJerib gardens and the axis of Khajoo 
towards the Takht-e-Foolad Cemetery brought the river to the heart of the city 
structure. These intersections designed the structure of the city as an intercon-
nected network (Figure 17).

It is worth noting that before the Safavid era the growth of the city was organi-
cally based on Madies and the river but at this time, the city was developed accord-
ing to the designed plan (Figure 18).

During the Pahlavi era with the aim of renovating the worn-out contexts left 
from the Qajar period, street construction continued based on the previous struc-
ture (Figure 19).

Figure 15. 
Isfahan structure in Seljuk era. The structure is central-radial in central of city and linear-nuclei on a larger 
scale. Modified by authors [26].
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Figure 16. 
Naghsh-e Jahan Square [43].

Figure 17. 
Unban open space along the Zayandehrudriver [44].
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During this time, the new structure expanded its network by passing through 
the old texture, regardless of the size and orientation of the context pattern. From 
this period onwards, the streets are the main public open spaces that shape the 
structure of the city (Figure 20).

Figure 18. 
Isfahan’s structure in Safavid era. The structure is an integrated network. Modified by authors [26].

Figure 19. 
Isfahan’s structure in Pahlavi era (1956) [45]. The structure is networked.
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Figure 20. 
Isfahan structure in 1970’s and 1986 [46]. The structure is networked.

Figure 21. 
Old Square [47].
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With the regeneration of the Old Square in the contemporary era, it returned 
to the structure of Isfahan and along with the bazaar and Naghsh-e Jahan Square, 
physically organized the historical core of Isfahan (Figure 21).

So as a result, the evolution of the structure of Isfahan over time is as follows 
(Table 1):

7. Conclusion

Today, the viewpoint of natural and indigenous conservation refers to the fact 
that by maintaining and strengthening the indigenous structure, the social capaci-
ties of the place can be formed [48]. Urban open spaces are the main components 
and the most basic elements in the physical structure of a city. By identifying them, 
as well as determining their role in space and connecting their functions, we can 
take action to revitalize the ossification of traditional cities. This strategy is rein-
forced by defining a multifaceted role for them and a new skeleton is expected to 
be formed in the city. With such an approach to changing the structure of the city 
and strengthening the urban joints that connect the past and history to the pres-
ent and the future and diverse activities to each other and citizens to civic life, the 
quality of urban places and spaces is improved and sense of richness and belonging 
strengthen.

Time Structure type Open spaces affecting the structure

Late 
Sassanid

Linear-nuclei Nodes (Residential areas)

Water edges (Zayanderud and Madies)

Early 
Islam

Linear-nuclei Nodes

Water edges (Zayanderud and Madies)

Seljuk 
Era

Central-radial in central of city 
linear-nuclei in larger scale

Entrances (Gates)

Paths

Nodes (Old Square)

Water Edges (Zayanderud and Madies)

Safavid Integrated network Entrances (Gates)

Paths (Chaharbagh/Bridges)

Nodes (Old Square and Naghsh-e Jahan square/HejarJerib 
Garden/Takht-e-Foolad)

Water edges (Zayanderud and Madies)

Pahlavi Network Paths (Chaharbagh/Bridges)

Nodes (Naghsh-e Jahan Sauer/JolfaSquare/
Takht-e-Foolad)

Water edges (Zayanderud and Madies)

NOW Network Paths (Chaharbagh/Bridges/Main streets)

Nodes (Naghsh-e Jahan square/Sofe Mountain/
Takht-e-Foolad)

Water edges (Zayanderud and Madies)

Table 1. 
Development of Isfahan structure and the main urban spaces affected over time.
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Urban open spaces as vital factors play an important role in connecting the 
constituent elements of the city. The old context of cities, due to the preservation 
of their original structure, has appropriate models for recognizing and analyzing 
life-giving open spaces. These open spaces generate hierarchical space organization; 
breathing spaces among solid parts and city livability. Regarding the modernization 
process of cities, these valuable spaces were faded while mass spaces are mostly con-
sidered. It has resulted in very massive urban contexts affecting social interaction, 
legibility, city image, etc. Isfahan as one of the historical cities of Iran is well-known 
because of its urban open spaces which create specific city structure.

As mentioned, entrances, key points (nodes), roads, and water edges are the 
main urban spaces that in each period in the form of city gates, squares, and Madies 
routes and the river have strengthened the structure of the city. During the Safavid 
period, these elements in an integrated connection cause the expansion of the city 
to the south. With the passage of Chaharbagh through the Zayanderud River, the 
river finds a central role in the structure of the city, and these two artificial and 
natural axes form the foundation of the city’s later expansions. During the Qajar 
period and after that, the Old Square and the Madies lost their role in the structure 
of the city. With the construction of several streets during the Qajar, Pahlavi, and 
contemporary eras, the structure of the city expands in the form of a network and 
the roads are the main elements of the city.

Today, with the revitalization of the valuable historical structure of the city, such 
as regeneration of the Old Square and also rehabilitation of Madies green network, 
their role in the structure of the city has regained its importance.

© 2022 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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Abstract

Most cities in the global south have evolved overtime with significant organic 
changes in their wake. One of the noticeable changes is the emergence of pockets 
of city-based agricultural activities, a previously rural-based activity. There are 
varying interpretations behind this new trend. With increased agglomeration 
arising from rural-urban migration, residents resort to farming as a panacea to 
urban challenges. Even employed urban residents resort to agriculture for supple-
mentary income. This emerging scenario has generated debates, dialectics, and 
polemics among stakeholders as to the propriety or otherwise of this development. 
This chapter, therefore, takes a panoramic view to all the sides of the issue through 
review scoping of desktop research method. Specifically, it examines the scope of 
increase in urban agriculture (UA), the types and nature of UA; urban planners’ 
attitude towards UA, and then propose the management strategies such as promot-
ing agriculture-friendly urban plans for access to agricultural land and practices. 
The findings revealed that UA takes place on residential land, undeveloped private/
public lands, and riverbanks. The prominent UA activities are animal husbandry, 
aquaculture, cultivation of food and cash crops, etc. The urban-planning measures 
for integrating UA into the urban environment include inculcating UA-responsive 
policies in broad plans.

Keywords: urban agriculture, agglomeration, urban planning, urban management, 
global south

1. Introduction

The increased urbanization of the world cities has thrown up varying oppor-
tunities and challenges in its wake. A combination of factors such as population 
increase, a rapid climate change situation and higher incidences of extreme weather 
conditions, energy limitations, water scarcities and food security concerns, have 
bequeathed some air of uncertainty on the evolution of global cities ([1] c.f [2]). 
Due to the current unparalleled city growth, urban areas now offer living space for 
more than half of the world population that needs to be fed [3] and it is projected 
that by 2050, 70% of the world population will reside in cities ([4] c.f [2]).
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Adedeji and Ademiluyi [5] suggest that population increase adversely impacts 
food security from both ends. It increases food demand on the front end and also 
indirectly decreases its supply through environmental deterioration, construction 
of buildings and marginalization of food production at the back end. The implica-
tion is that of the marked increase of agricultural activities in areas hitherto that 
was not known for such. Available statistics show that the need to feed a rapidly 
growing urban population has driven above 800 million people on a global scale to 
practice urban agriculture (UA) [6]. UA is a pervasive phenomenon that is found in 
both advanced and developing countries ([7] and Mlozi [8] c.f [5]). Further chal-
lenges associated with food security in an urban setting are the continuous increase 
in rural–urban migration, environmental implications of large-acre commercial 
agriculture and overall access to safe and nutritious food [2].

Urban and peri-UA is the ‘growing, processing and supply of food’ and related 
products through the cultivation of plants and occasionally raising of livestock 
in and about cities to feed the local populace ([9] c.f [6]). UA comprises small to 
large areas in and about cities, like community gardens, vacant plots, balconies, 
farms or gardens on the rooftop, indoor farms and greenhouses [6]. In developing 
countries, UA is a progressively vital livelihood activity, which adds considerably to 
both family livelihood arrangements and the urban informal economy [10]. Studies 
of urban and sub-urban agricultural systems in West Africa are few [5]. However, 
Game and Primus [6] noted that more than 20 million people in West Africa engage 
in UA. A broad range of production ventures is found in the agricultural sphere 
spanning family subsistence to extensive commercial farming. Korir, Rotich and 
Mining, [10] suggest that the supply and distribution cost from rural foods or the 
cost to import food for the urban area has been on the increase and it was estimated 
that urban food insecurity would rise if nothing is done to reverse the trend. Thus, 
in some parts of Lagos city, unauthorized farms are mostly found along wetland 
areas used for the cultivation of perishable goods particularly vegetables (carrot, 
lettuce, spinach, cabbage, etc. while in parts of Ikoyi and Lekki, home-plots are 
used by the people to cultivate vegetables, do poultry farming for chickens, ducks 
and turkeys) [5]. Urban farming in most developing nations is embarked on by two 
groups, recent migrants and traditional farmers, who have been immersed in urban 
development [10]. The practice of UA in different countries revolves about four 
broadly distinct farming systems: animal husbandry, aquaculture, agro-forestry 
and horticulture [10]. Meanwhile, the various parts of the city where agriculture 
is practiced have been researched by scholars. UA commonly occurs around or 
in-home spaces, a large expanse of undeveloped private or public land [11], private 
residential land, roadside borders, river banks and other public lands [10].

UA is harnessing the gap left by rural agriculture (RA) which is the primary 
producer of urban food as it failed to attain urban food security [6]. UA comple-
ments RA in relation to self-provision, marketing and supply flow of food [6]. 
Furthermore, there is a rising fear that rural agriculture will constrain access to 
land for accommodation purposes in the rural areas (through land grabbing) 
and provoke migration to cities thus decreasing rural populations ([12] c.f [6]). 
Nevertheless, UA is doubtful to make any urban area or most of its households 
entirely self-sufficient in their food requirement ([13] c.f [6]).

Presently, the absolute and relative increase in food insecurity and urban poverty 
is becoming a challenge due to the rising urbanization facing many parts of the world. 
However, UA is gaining prominence as a mitigating approach to challenges of many 
cities of the world [10]. Urban farms are mostly on former vacant or underused spaces 
in the city and are then converted into attractive, safe and useable areas [14]. According 
to United Nations Development Programme (UNDP) ([15] c.f [16]), the international 
policy area of UA, which addresses poverty, was emphasized at the HABITAT agenda 



163

Dialectics of Mainstreaming Agriculture in Urban Planning and Management of Cities…
DOI: http://dx.doi.org/10.5772/intechopen.104269

1996 in Istanbul. In the same vein, the UNDP published an influential volume on UA, 
which highlights the activity’s importance for the creation of a job, eeding urban dwell-
ers and creation of an environmentally sustainable urbanization. United Nations Habitat 
affirmed that UA in many cities plays a significant role in sustaining environmental 
integrity and adding meaningfully to the achievement of self-reliance in relation to 
food. This is achieved through the enhancement of livelihoods of the urban poor, and by 
growing of varied range of crops and breeding of livestock with considerable yields [10]. 
The physical environment where people play, work and live, has significant impacts 
on their health. Areas with clean and safe outdoor spaces for recreation, meetings and 
exercises, impact positively on the health of the dwellers [14]. Hagey, Rice and Flournoy 
[14] show that the gains accruable to communities due to the presence of urban farms 
include: offering beautiful, safe, and welcoming areas for neighbors to come together 
and play; increasing a sense of communal living and making safer environs.

Korir, Rotich and Mining, [10] revealed that urban households can enhance both 
food consumption (better access to a low-cost source of protein) and food quality (as 
poor households in cities who participate in farming consume more fresh vegetables 
than other households in similar class). Households who take part in community 
gardening are capable of offsetting usually 30%-40% of their yield needs by consum-
ing food cultivated in their own gardens (Seattle Department of Neighborhoods in 
Hagey, Rice and Flournoy, [17]). The import of UA to nutrition and food security is 
likely its most vital advantage [10]. UA is promoted as it is widely seen as contributing 
to food security, the dispensation of providing creative income opportunities and as an 
approach mainly geared towards supporting the poorest of the poor in the urban popu-
lation [16]. Korir, Rotich and Mining, [10] revealed that many claims have shown that 
the principal motive people engage in UA in cities is in reaction to unreliable, insuf-
ficient and irregular access to food supplies and the absence of purchasing capacity. 
Urban farming offers many gains to struggling societies: neighborhood revitalization, 
better access to healthy food, workers’ training and occupational development [14].

The foregoing has riveted the attention of scholars towards assessing the broad 
implications of UA. This chapter joins the growing number of works to consider the 
many sides of the debates on this subject. The authors adopted a more explorative 
than prescriptive approach to the discourse. The desktop research method through 
scoping review proposed by Arksey and O’Malle [18] as cited in De Beer et al. [19], 
was employed in the exploration; and online resources were extensively utilized in 
the discourse.

2. Methodology

The study employed the desktop research method. For a comprehensive 
study, a scoping review of the literature was applied to explore the nature and 
dynamics of UA and the planning panaceas for mainstreaming the same into the 
urban environment. The methodological structure employed was modified by 
Levac, Colquhoun and O’Brien [20] as cited in De Beer, Gaskin, Robbertse and 
Bardien, [19], from its initial exposure by Arksey and O’Malle [18] as cited in De 
Beer et al. [19]. The scoping appraisal for this chapter trailed the first five phases 
of this methodological structure.

2.1 First step: defining the objectives of the review

The review objectives include to:

1. Examine through available literature the scope of increase in UA in the world
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2. Examine the nature and types of UA as published in journals

3. Examine urban planners’ attitude towards UA

4. Identify the means of mainstreaming UA in the city

2.2 Second step: identifying appropriate search strategy for the study

Studies relevant to the study were identified by examining electronic catalogs 
through the use of various search engines, especially google.com. This opened up 
electronic databases such as MEDLINE, Schimago, EBSCOhost Web of Science, 
Scopus, Google Scholar, etc. related to the study objectives. The search word or 
terms include: UA or farming in cities, urban planning and UA, types of UA, etc.

2.2.1 Eligibility criteria

Articles published from 1995 to 2020, were sought. This was to cover the dura-
tion of time perceived to be when UA began to gain scholarly attention. Another 
reason for choosing from 1995 to 2020, was to avoid selecting materials that are 
obsolete and do not reflect the present technological and societal changes already in 
place and further evolving. All pertinent peer-reviewed educational materials and 
those written in the English language were selected.

2.3 Third step: selection of material for the study

The screening of the title was done by the three researchers using the eligibil-
ity criteria. Where it seemed that articles were suitable for the theme, one of 
the researchers screened the abstracts in relation to the inclusion criteria. The 
articles were retained if they met the inclusion or exclusion criteria, that is, they 
answered the research question(s) or tendered towards meeting the objective of 
the study.

2.4 Fourth step: extracting and charting the data

This study followed Arksey and O’Malley’s [18] suggestions concerning a stan-
dard data extraction procedure. The procedure employed for this review comprised 
details of author, study location, methodology, publication year, language and 
communication requirements and other relevant discoveries.

2.5 Fifth step: collating, summarizing and reporting results

The relevant articles were collated and relevant information on the study objec-
tives was retrieved and reported. A total of 12 articles were considered relevant and 
retrieved, from which 16 other scholarly information was retrieved. This makes a 
total of 28 referenced materials for this review study. Those utilized in this study, 
were articles related to African countries like Nigeria, Kenya, Zimbabwe and a little 
of other articles centred in developed countries like America.

3. Results and further discussions

With the growing interest in sustainability as an essential concept in urban 
planning, localized systems of food production ought to be encouraged and 
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assisted [21]. Regardless of the divergent opinions about the import of UA, it 
continues to rise worldwide ([22] c.f [2]) and is positively impacting the course 
of survival and poverty alleviation ([23] c.f [2]) of over 800 million persons 
with 200 million out of them being urban farmers [2]. The World Commission 
on Environment and Development (WCED [24]: 254 c.f [16]) report advised all 
governments in the developing world to “consider supporting urban agriculture”.

In contrast to the valued importance of UA, its negative impacts are also pro-
jected such as its situation in close proximity to populated regions and livestock 
farming contributing 30% of greenhouse gas emissions [6]. Moreover, Korir, Rotich 
and Mining, [10] opine that UA must, thus, be viewed as a permanent and dynamic 
aspect of the urban ecological and socioeconomic system, utilizing normal city 
resources, contending for water and land with other urban activities, affected by 
urban plans and policies, and supporting urban economic and social advancement. 
Furthermore, Rogerson, [16] shows that UA is not a safety net for ‘the poorest of the 
urban poor’ since the proportion of families in the ultra-poor partaking in agricul-
ture was significantly lesser than higher-income groups.

There is presently a universal recognition of the significance of UA in most 
nations of the world and particular in the African continent. Existing literature 
reveals that over the past ten (10) years, fast growth in concern and activity in 
UA has risen greatly ([25] c.f [10]). The renewed interest in UA in the late 1980s 
and early 1990s demonstrates its importance for creating more sustainable rapid 
urbanization globally [2]. A study in Kenya indicates that about 64% of house-
holds in the city engage in some form of UA ([26] c.f [10]). An appraisal done in 
Cape Town of an urban food gardens initiative showed that UA provides gardeners 
prospect to get involved in a development scheme that holds great potential and 
can grow into a commercial venture if enough attention is paid to agricultural 
development, policy issues, land restructuring and livelihood creation [16]. It is 
expected that 200 million city dwellers provide 15%-20% of the world’s food [10]. 
Broadly speaking, there is a propensity towards more system of intensive produc-
tion that better meets the rising urban food demand [5].

UA still gets the least importance in several countries, especially in the aspect of 
development planning. A critical step in the development of UA is the integration of 
the same into the urban land use structure and the formation of an enabling policy 
environment [10]. Decision-makers and urban planners are confronted with the 
problems of acknowledging the significance of UA production to city sustainability 
and adjoining areas and several planners believe that urban planning and agriculture 
are relatively unrelated [5]. For this reason, UA is frequently informal and tends to be 
segregated to the cities’ peripheral, far away from infrastructure and markets without 
evaluating the environmental, economic and links with other facets of the city [5]. 
In Kenya, policies on UA have not been considered in the past by the government as a 
worthwhile livelihood alternative. In Nairobi, regardless of the high level of practice, 
UA is not an accepted urban land use and it is not classified in land use zoning [27].

In the present situation, introducing UA would be a feasible means of attain-
ing sustainability that tackles structural variations engendered by globalization 
to groups, their food systems and the value of life for urban dwellers. That is the 
reason for the attempt to reimage ‘the city as a farm’ by some urban designers. The 
American Planning Association also recognizes the significance of integrating UA 
into the planning of various land-uses in cities ([28] c.f [2]). The neglect of UA, in 
city planning, has created several problems in most cities of developing countries. 
Some of these problems include physical chaos and its associated challenges of 
unsustainable city growth and environmental insufficiencies which are a clear 
demonstration of inadequate and inappropriate land use planning that acknowl-
edges and integrates certain facets of the city into the process of land-use allocation, 
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and mark-out specific tools of administering them. It consequently necessitates 
that contemporary urban planning approaches should recognize the current urban 
realities and needs and accept urban livelihood approaches such as urban farming as 
part of the basis for urban planning and management [5].

Interest in urban and sub-urban agricultural production is largely low amid policy, 
hence, a consistent approach to UA is hardly available ([29] c.f [5]). Thus, the manage-
ment strategies to UA demand the following points as observed from literature:

• Increase financial allocation for programs that educate urban farmers and 
provide technical support [14].

• Authorize resolutions, schemes, and laws promoting UA [14].

• Offer safe and accessible land that has access to solar energy and irrigation 
source [21].

• Improve urban networks and transportation systems to efficiently convey 
produce to consumers [21].

• Make provisions for the collection and transportation of organic wastes from 
landfills to urban farms [21].

• Change some open spaces and vacant lands within residential areas to commu-
nity farms, gardens and other features that permit socializing [21].

• Build networks to connect farmers, with labourers, and markets to help main-
tain and advance new ventures [21].

• Inculcate UA-responsive policies in broad plans and implement UA-friendly 
zoning programs [14] to combat heat islands and other unfavorable climatic 
conditions [21].

There is a pressing need to appraise zoning decisions and land-use planning and 
embracing more flexible guidelines to assist the urban poor advance UA instead 
of eliminating it [5]. Furthermore, urban planners should make effort to uphold 
multifunctional land use, and bigger public participation in the administration of 
urban open spaces as a means, incorporating UA as a vital model in programs of 
urban development. And likewise enable negotiation between diverse stakeholders 
for consensus building on UA [5]. Thus, UA must be incorporated into the urban 
master plan and a comprehensive modification of the urban regulation needs to 
be undertaken to add UA as a formal part of urban land use. The “New Urbanism” 
paradigm aims at correcting the trend of “Urban Sprawl” by utilizing insight gained 
from traditional urban development methods and thus preserving green areas for 
active recreation, natural habitat and useful agriculture [5].

4. Conclusion

This chapter discusses the growing phenomenon of UA, which emergence is 
more out of necessity than careful systematic planning. The growing urbanizing 
of global cities generally and especially global south cities in particular, largely 
due to migration and population increase has exacerbated food insufficiency and 
security. Consequently, UA evolved to fill the gap created by the food demand and 
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supply conundrum from the rural setting. The findings revealed that UA takes place 
around or in-home spaces, a large expanse of undeveloped private or public land, 
residential land, roadside borders, river banks and other public lands. The promi-
nent UA activities are animal husbandry, aquaculture, agro-forestry, horticulture, 
cultivation of perishable crops carrot, lettuce, spinach, cabbage, etc. Traditional 
urban planning as usual is foot-dragging to acknowledge the organic emergence 
of UA and integrate it into its planning. Instead, it prefers to view it as an abuse of 
urban space and dwells more on the nuisance it poses to the environment and con-
straints it gives to land availability for residential and other formal purposes [30]. 
This chapter posits that there should be a holistic examination of the pro and cons 
of UA. It submits that, since, UA has come to stay, it offers employment and food 
lifeline to a teeming population of urban residents, and it may be mainstreamed in 
urban planning to maximize the benefit while minimizing the negative side effects. 
Some of the suggested measures that can enhance the achievement include promot-
ing agriculture-friendly urban plans for access to agricultural land, irrigations, 
manure and transportation network for distribution of produce, offering safe and 
accessible land, changing some open spaces and vacant lands to agricultural use, 
inculcate UA-responsive policies in broad plans.

© 2022 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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Reusable Cities: A Circular Design 
Approach to Urban Regeneration 
through Materials Reuse
Serena Baiani and Paola Altamura

Abstract

The “circular city” reduces its environmental impacts from many points of 
view: from construction-related CO2 emissions to energy production. The key areas 
for the implementation of an “urban policy for transition” are mainly oriented 
toward the reuse and recycling of materials from the building processes and urban 
value chains (urban mining), also through reuse practices of the existing building 
stock. The results of the research activities, reported in the present contribution, 
demonstrate the possibility of integrating studies on the environmental benefits 
of recycling in the building sector, with investigations on the potential of reuse to 
increase the overall eco-effectiveness of building interventions, interpreting the 
urban built environment in the perspective of a “reusable city.” The hypothesis for a 
real reduction of raw material consumption in the construction sector is to combine 
the use of secondary materials with the reuse of building components, resulting 
from partial or total deconstruction and of materials from other waste streams, not 
belonging to the construction sector. Therefore, the research sought to understand 
to what extent the reuse of architectural components and waste materials from 
other industries can contribute to increasing resource efficiency at the local scale, 
reducing the consumption of materials, land, and energy.

Keywords: circular cities, urban mining, reuse, building materials, Harvest Map

1. Introduction

1.1 Circularity and climate neutrality: the role of cities

“Rapid urbanization and increased consumption have led to economic growth 
in many parts of the world, but have also created unprecedented amounts of waste” 
[1]. The linear economy paradigm, the so called “buy-use-dispose” model, as 
adopted globally in particular in cities, is no longer sustainable, especially because 
of the growing production of waste, which is becoming unmanageable in many 
contexts. The UN Agenda 2030 [2], in fact, within Goal 12 of the Sustainable 
Development Goals, “Ensuring sustainable consumption and growth patterns,” 
calls for significant waste prevention, reduction, recycling, and reuse by 2030. 
As the demand for natural resources is constantly increasing along with waste 
production, circular economy and material resource efficiency represent the only 
approaches that can help to face the challenge of decoupling growth from resource 
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consumption, tackling the “dual issue of increasing waste and decreasing resources 
by incentivizing actors throughout the value chain to extract maximum use from 
both existing products and the elements within them” [1].

Implementing the circular approach means reconfiguring all material flows 
within the city (building materials, water, solid waste, electronic waste, and 
even heat and energy), in order to avoid waste. Urban areas, in this perspective, 
represent an ideal environment to implement circular economy, starting from the 
resources embodied in the built environment and in particular in the existing build-
ing stock. Cities around the world are already moving in this direction, experiment-
ing actions and interventions to promote interactions among different value chains 
and stakeholders, which can effectively foster circularity, urban mining, and shar-
ing economy. This the case for Montevideo, for instance, where less than 2% of the 
solid urban waste goes to landfill via the waste collection system and, thanks to the 
support of ARUP, circular economy is being implemented as a strategic approach to 
enhance the city’s resilience [3].

Indeed, cities play a central role in the transition toward sustainability and 
circular economy: urban agglomerations contribute significantly to climate change 
and the overexploitation of resources, with impacts including land use, soil con-
sumption, pollutants due to mobility, water and energy consumption, air quality, 
waste. Nevertheless, with their high concentration of resources, people, capital, 
data, cities offer excellent chances for cross-collaboration between all key actors 
(individuals, companies, government, civil society, research, etc.) that to take 
action and “lead to a more sustainable and livable future for the next generation of 
urban dwellers” [1].

In fact, as stated in 2020 by the European Commission in the updated Circular 
Economy Action Plan [4], circularity is a prerequisite for climate neutrality, having 
an important impact on climate change mitigation and adaptation and on green-
house gas emission reduction, through carbon removal. Actions can be nature-
based, including through restoration of ecosystems, forest protection, afforestation, 
sustainable forest management, and carbon farming sequestration, or based on 
increased circularity, for instance, through long-term storage in wood construc-
tion, reuse, and storage of carbon in products such as mineralization in building 
materials.

1.2 A vision of a circular city

Transitioning to circular cities entails defining a vision. According to the Ellen 
MacArthur Foundation [5], a circular city embeds the principles of a circular econ-
omy across all of its functions, establishing an urban system that is regenerative and 
restorative by design. In such a city, the idea of waste is eliminated, with assets kept 
at their highest levels of utility at all times and the use of digital technologies a vital 
process enabler. A circular city aims to generate prosperity and economic resilience 
for itself and its citizens, while decoupling value creation from the consumption 
of finite resources [6]. Amsterdam, one of the leader cities in the application of 
circular economy concepts to city governance, follows seven principles in its transi-
tion toward a circular economy, as elaborated in a report commissioned by the city 
government [7]:

• Closed loop: all materials enter into an infinite cycle (technical or biological).

• Reduced emissions: all energy comes from renewable sources.

• Value generation: resources are used to generate (financial or other) value.
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• Modular and flexible design of products and production chains increases 
adaptability of systems.

• Innovative business models: new business models for production, distribu-
tion, and consumption enable the shift from possession of goods to (use of) 
services.

• Region-oriented reverse logistics: logistics systems shift to a more region-
oriented service with reverse logistics capabilities.

• Natural systems upgradation: human activities positively contribute to ecosys-
tems, ecosystem services, and the reconstruction of “natural capital.”

The abovementioned principles can be extended to define a vision and an action 
roadmap for circularity in cities.

The “circular city” reduces its environmental impacts from many points of view: 
from construction-related CO2 emissions to energy production. In the construction 
sector, a circular city would allow a 10-fold reduction in CO2 emissions and a 75% 
reduction in soil consumption, with a 30–50% saving in construction costs. Circular 
construction allows the saving of natural resources, considering that the building 
and infrastructure sector consumes 1/3 of the world’s raw materials, releases 11% 
of global emissions, and produces 40% of municipal solid waste within demolition 
processes. It is to be considered that the use of recycled building materials would 
reduce CO2 emissions by 40–70% [8].

At the global level, the building sector is in fact a crucial one for the implemen-
tation of circular strategies, as demonstrated by the survey on the status of the 
circular economy in 34 cities and regions documented in the Report “The Circular 
Economy in Cities and Regions” by the OECD [9], where 61% of involved cities 
and regions declared to have a circular economy initiative including buildings 
(Figure 1).

Planning and design of urban areas and buildings should draw inspiration 
from the circular processes that occur in nature, by promoting a closed-loop use 
of resources, and therefore defining flexible, multipurpose spaces, using reused/
recycled and recyclable materials, designing for deconstruction, so as to prevent 
the production of waste. In fact, in order to successfully deal with the problematic 
disposal of residues, the very concept of waste must be erased from our design and 
technological point of view [10], a new circular approach to the design, production, 
and procurement of materials has to be defined, with the involvement of all the 
stakeholders, including industry and waste operators.

By resorting to these processes, reproduced in an industrial key, and exploit-
ing the synergy between urban and periurban areas (preferably industrial, to be 
redeveloped), it is possible to reduce the energy and environmental impact of these 
areas, rebalancing the impacts of cities.

From the point of view of territorial and urban policies, cities and regions are 
putting into practice a multiplicity of experimentations of systems and technologies 
for saving, reusing, and recycling. However, these are largely sectoral practices, 
still far from the adoption of integrated management and programming models 
for functions. This integration will increasingly have to bring the various phases 
of production and management of material and energy flows into coherence and 
coordinate the activities of the various territorial actors: public administrators, 
territorial management bodies, producers of goods and services, distributors of 
goods and distributors of services, users, and workers. The process of adopting 
integrated models of development and circular management therefore can and must 
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be increased and made more effective through coordinated and decisive support by 
public governance at the level of all sectors of the national production chains, but 
above all through the organization and the efficient management of the territory as 
a generator of economy and consumption in a circular sense [8].

Cities and regions are implementing territorial and urban policies oriented 
toward a multiplicity of experiments with technologies for reduction, reuse, and 
recycling, but these practices today tend to be sectoral, far from the adoption of 
integrated management and programming models for functions. Such integration 
could, in fact, make the various phases of production and management of mate-
rial and energy flows coherent, by coordinating the activities of the various actors 
(public administrators, land management bodies, producers of goods and services, 
distributors of goods and services, users, and workers). The process of adopting 
integrated models of circular development and management can be increased and 
made more effective through a coordinated and decisive support of public gov-
ernance at the level of all sectors of the national production chains, but above all 
through the efficient organization and management of the territory, as a generator 
of economy and consumption in a circular sense [8].

Figure 1. 
Fifteen out of 34 cities and regions have a circular economy initiative, where buildings are included in 61% of 
cases. Source: OECD [9].
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What is needed, therefore, is a decisive acceleration in the change of perspective 
toward circularity: it is necessary to overcome the sectoral, vertical, and fragmented 
nature that characterizes the circular interventions at the urban scale in the current 
panorama. Instead, circularity should be considered as central to the eco-systemic 
and economic functioning of cities and also in their interaction with peripheries, 
which should be systematically reorganized by putting circularity at the basis of 
all processes and exchanges of resources that take place at the urban level (food 
production and consumption, buildings and infrastructure construction, energy 
production and use, water use and recovery, etc.).

2. The importance of materials reuse in the construction value chain

The key areas for the implementation of an “urban policy for transition” are 
mainly oriented toward the reuse and recycling of materials from the building 
processes and urban value chains (urban mining), through the creation of materials 
management and recovery hubs and the adoption of reuse practices for the existing 
building stock [8].

At the EU level, the impacts related to construction activities are even higher 
than those cited at the global level: the building and infrastructure sector uses 
nearly 50% of the materials in EU by weight; buildings consume 40% of the EU 
energy and are responsible for 35% of EU GHG emissions [11]. Indeed, the level of 
material resource efficiency in the European building sector needs to be improved, 
in order to increase the contribution of the built environment to decarboniza-
tion and circularity, tackling climate change and resource scarcity. Through the 
Roadmap to a Resource Efficient Europe, already in 2016, the EU emphasized the 
severe impact of the consumption of raw materials in the construction industry, 
which represents 50% of excavated materials each year. In addition, the total 
amount of Construction and Demolition (C&D) waste produced annually in the EU 
represents almost half of total waste, with a recovery rate that is quite high for many 
member states, but much uncertain for many others. The necessity to significantly 
boost the closing of production cycles in the building sector was stated by the EU 
Dir. 98/2008 on Waste, which called for the increase of reuse, recycling, and mate-
rial recovery of C&D waste to a minimum of 70% by weight by 2020. This target, 
which has been achieved by many Member States, among which are Germany, 
Netherlands, and the United Kingdom, for some countries it is particularly ambi-
tious. The Italian situation, apparently in line with the EU threshold for C&D waste 
recovery (78.1% in 2019, not considering small quantities of C&D waste that do are 
not counted and the fly tipped waste) [12], is hindered by the lack of complete and 
reliable data—due to a partial traceability system—on which to develop an efficient 
C&D waste policy, by planning appropriate strategies and infrastructures.

However, even the virtuous countries must face a new challenge, highlighted by 
the abovementioned EU Directive, which places reuse above recycling in the waste 
hierarchy. In fact, in order to close building materials cycles reducing both energy 
and material consumption, it is necessary to integrate the two strategies, promot-
ing reuse over recycling whenever possible [13]. At present, while high-quality 
recycling of C&D waste begins to spread, prevention and reuse, notwithstand-
ing their great environmental and energy potential, are still rare. Both reuse and 
recycling are valid strategies, but their environmental benefits must be considered 
on a case-by-case basis. While in the future we ought to use only recyclable or 
biodegradable materials in buildings, so that they can be infinitely regenerated in 
a closed-loop model [10], as far as existing buildings are concerned, reuse is often 
the best option in environmental terms [14]. This is particularly true for clay bricks, 
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stone slabs and blocks, steel elements, and other components with high embodied 
energy and a low performance decay. The Olympic Park in London represents a best 
practice in this sense [15]. Reuse, despite being well spread in the past, was almost 
completely abandoned by the construction industry. It only endures in restoration 
interventions, particularly in countries such as Italy, which often resort to reuse in 
the preservation of historical buildings. Nevertheless, in the contemporary circular 
cities’ visions, the closed-loop construction value chain—as envisaged, for instance, 
in the Amsterdam case (Figure 2)—a crucial role is played by all the processes that 
are needed to allow reuse: deconstruction, selective demolition, separation and 
stocking of reusable components, eventual remanufacturing, repurposing within 
other construction sites. This model interprets the urban built environment in the 
perspective of a “reusable city,” with buildings meant as “material banks,” a concept 
deeply investigated in the recent H2020 Research Project BAMB (Buildings As 
Material Banks) [16].

Moreover, in order to favor a sustainable management of building materials and a 
higher resource efficiency, there are three crucial factors. Firstly, an accurate quanti-
fication of the potential supply and demand of secondary materials on an appropriate 
area (regional/local scale) is needed. This can help in promoting secondary sources 
of building materials within the urban planning and in forecasting the withdrawal of 
resources (such as sand, rocks, and aggregates) from the environment. Secondly, a 
wide range of tools supporting the operators of the building sector can factually help to 
implement the eco-effective management of waste materials, such as pre-demolition 
audits or software for the monitoring of waste production on large construction sites. 
A third factor, which will pay off in a longer term, is the mapping of secondary sources 
of materials not coming from building sites but rather from the industry, not necessar-
ily from value chains directly linked to the building sector.

The quantification of supply and demand of inert waste and recycled aggregates 
at the regional level, experimented in a few studies in literature in the last decade 

Figure 2. 
The vision of a circular construction value chain at the urban/regional scale. Source: Circle Economy, TNO and 
Fabric [7], redesigned in World Economic Forum [6].
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[17, 18], suggested the possibility to investigate, with a similar approach, the resource 
conservation potential deriving from the reuse of building components and waste 
materials coming from other industry sectors. This research approach will be 
described in Paragraphs 3 and 4, while the next sections describe in detail the three 
above mentioned factors through state-of-the-art experiences.

2.1  The estimation of the stock of materials in the existing buildings on an urban 
scale: Top-down and bottom-up approaches

Quantification, at a neighborhood/urban district scale, of the sources for the 
potential procurement of secondary building materials is a challenging task, to 
which European countries are starting to approach, in different ways. A good 
example is Germany, where different valid methodologies are applied, in order 
to correctly plan the economic and infrastructural development of the recycling 
industry. Data can derive from statistical analysis on building stock (top-down 
approach), such as Material Flow Analysis applied to regional level [17]. Data 
collection can also be carried out by surveying the materials constituting individual 
buildings (bottom-up approach) and aggregating the data for homogeneous por-
tions of the building stock [18].

Further research experiences on the topic were illustrated within the SBE19 
Brussels BAMB-CIRCPATH International Conference, conclusive of the cited 
H2020 Project BAMB (Buildings As Material Banks) (2019). The most interesting 
three are illustrated below.

The REBUILD (REgenerative BUILDings and products for a circular economy) 
Project, coordinated by Exeter University (UK) [19], addressed the possibility of 
creating value from the remanufacturing of components from buildings that have 
reached the end of service life (EoSL), creating new construction products destined 
to buildings to be realized according to the design for deconstruction approach, 
allowing in the future the potential new reuse of the same components. A key step 
in this research, in this sense, is the quantification of the stocks of bricks, steel, and 
concrete in the existing building stock at the district level, as well as the analysis of 
the related barriers for recovery and reuse. The project focused in particular on the 
analysis of bricks, with the development of a new technique for the deconstruction 
of the masonry with the reclamation of the single integral brick in a mechanized 
way, complemented by a study of the possible transformations of the element itself 
and of its use in new building components.

Another research, conducted at the Technical University of Munich [20, 21], 
has instead developed a dynamic GIS/BIM model to evaluate the stocks of materials 
in urban areas and the relative flows of materials activated by the construction of 
residential buildings. The research addressed both the classification of materials 
stocks (land registry of raw materials incorporated in residential buildings) and 
the identification of future flows of demolition waste, in order to predict potential 
sources of secondary raw materials, establish recovery strategies and more suit-
able control mechanisms. The potential supply of reusable/recyclable materials 
was therefore compared with the demand, in order to identify the degree of 
self-sufficiency achievable in a given territorial area, reducing the use of primary 
raw materials and transport. The developed assessment model was validated by 
applying it to the Munich-Freiham district, one of the main urban developments 
in Germany, demonstrating that a self-sufficient supply of steel (from 2036) and 
recycled aggregates for the production of concrete (from 2031) can be achieved for 
the construction of residential buildings.

Finally, another interesting research, developed in Belgium by the Hasselt 
University with the real estate company Essencia [22], experimented the use of 
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existing databases as a tool to explore the potential of the building stock as a bank 
of materials. The research reports an estimate of the quantities of materials present 
in the residential building stock in the Flanders region, based on the combination 
of two existing databases: one relating to the energy performance certificates of 
buildings, belonging to the Flemish Energy Agency (VEA), with the general charac-
teristics of the buildings, such as volume, type, surface, and information on the 
envelope of over 1 million assets in the Flemish region; the other one, developed by 
Essencia Marketing, containing general characteristics, geometric data, and materi-
als on nearly 6000 new residential buildings distributed throughout Belgium. The 
research examined both databases and defined methods for combining data and for 
assessing the (future) potential of the existing building stock as a bank of materials.

2.2 Tools for the quantification of waste materials at the building site level

The tools supporting designers and operators (construction and demolition 
companies) in the estimation, monitoring, and exchange of waste materials in the 
design and construction phases play a crucial role in optimizing the level of material 
resource efficiency and circularity in the construction sector.

In the United Kingdom, for example, the share of C&D waste diverted from 
landfill has significantly grown thanks to, among many regulatory instruments, 
the mandatory introduction of Site Waste Management Plans in 2008. These Plans, 
containing an estimate of the waste that will be produced, as well as the accounting 
of waste actually produced, provide an accurate data collection in real construction/
demolition projects, which can effectively integrate statistical surveys. In England, 
the collection of data is facilitated by the SMARTWaste program by the BRE [23], 
an online tool supporting operators in the preparation of waste management plans 
and in the monitoring of waste on site. The SMARTWaste database enables opera-
tors to verify and increase their resource efficiency over time, while simultaneously 
providing valuable information to public authorities for the optimization of this 
sector. Such instruments could help those countries, such as Italy, still uncertain on 
the real quantity of C&D produced/recovered.

Another interesting initiative, with a view to the digitalization of the man-
agement of building materials’ recovery processes—aimed at optimizing their 
environmental and economic sustainability—was the publication in Italy of the 
Reference Practice UNI/PdR 75: 2020 “Selective deconstruction—Methodology for 
selective deconstruction and waste recovery from a circular economy perspective” 
(February 2020) [24]. This technical pre-standard aims to define a macroprocess for 
deconstruction that favors the recovery of C&D waste and is oriented toward the 
compatibility with the digital management of the process itself and of the material-
related information. The envisaged process takes into consideration both existing 
buildings to be refurbished or demolished and new constructions: for the former, 
through a pre-demolition audit, a database of materials intended for recycling 
and reuse is built and used during the intervention; for the latter, it is necessary to 
compile the database of the materials foreseen by the design project. The decon-
struction process is divided into three phases: planning, operational, updating the 
database/final list of the materials used in the building. The aim of this procedure 
set by the UNI/PdR is to overcome the difficulties of the current construction 
waste tracking and management system, which in Italy appears to be a barrier for 
a concrete practicability of circular strategies. Within the UNI working group, the 
GEOWEB company offered its contribution on the subject of digital support tools 
for operators, creating a mock-up that collects instruments and functions cover-
ing the following phases: survey; modeling of the three-dimensional geometry of 
the building; design, planning, and execution of the deconstruction intervention. 
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The SaaS (Software as a Service) platform supports an end-to-end workflow in 
which all waste management technical and administrative phases are acquired, 
processed, planned, validated, and certified. Furthermore, the platform integrates 
an operational network of services (transport, waste treatment, storage, sale of 
products from secondary materials) offered by local companies, thus providing 
information and interoperability tools enabling stakeholders to monitor the process 
on the territory, to enforce policies, to define capacity planning processes, and 
finally, to promote incentives for the implementation of circular practices.

Another example of a tool to support the actors of the construction process for 
enhancing the use of secondary materials is the DECORUM platform, developed in 
Italy by ENEA [25]. The Platform, in support of all the actors of the supply chain 
in the decision-making phases, aims at ensuring the compliance of construction/
renovation works with regulatory and environmental requirements, in particular 
with the mandatory national Green Public Procurement Minimum Environmental 
Criteria (GPP MEC) for Buildings (Ministerial Decree 11/10/2017) defining mini-
mum thresholds of recycled content for the different building materials/products. 
Moreover, the marketplace section of the Platform gives space to the availability and 
reliability of recycled materials, promoting their wider diffusion in public works 
contracts.

Finally, the recent French initiative, which saw the development of the Démoclès 
platform, should also be mentioned: Démoclès is a traceability model for construc-
tion waste, whose methodology is being tested in France to be then disseminated 
abroad. In fact, the feasibility study [26] of the platform established a European 
benchmark to identify best practices in terms of traceability for—but not only—
construction waste, demonstrating that there are two types of possible tracking 
systems: those similar to certifications and those that physically track streams 
accompanied by documents and a “third party guarantor.” Furthermore, the study 
identified the building industry’s needs in traceability and allowed the definition 
of specifications for a specific system, revealing that only a physical traceability of 
streams would be able meet stakeholders’ requirements and enabling the construc-
tion of the system and of the Démoclès platform.

2.3 Harvest Maps at the urban district and city level

As mentioned, the most innovative research experiences concerning the design 
of buildings with a low consumption of raw materials today focus on the reuse of 
materials and components, not necessarily from the building sector, following 
an urban mining approach. In particular, some research studies have proposed 
and experimented the mapping of local sources of reclaimed materials, suitable 
for architecture but coming from other waste streams, before the designing of 
the building itself [27], those promoting the valorization of residues through the 
design solution. Indeed, reuse provides not just cultural and esthetic benefits, but 
concrete environmental and economic advantages, whose potential deserves to be 
thoroughly investigated.

The process set out by Superuse Studios (NL, formerly 2012 Architecten) is 
a fundamental reference for the circular project, because it involves sourcing all 
types of waste materials locally and enhancing their potential through a new design 
and construction process: the demolition of an existing building can represent 
the first source of materials; then, sources of other types of waste are sought in the 
proximity of the project area, opening up to the flows of discarded materials at the 
urban district and the city level. The project experience shows how it is possible to 
identify different mines of materials, each one characterized by its own dynam-
ics, referring to different types of residues: End of life cycle products/materials 
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(waste), Construction and demolition (waste), Dead stock (new), Production 
waste (new), Fast-life (short use). All of these potential sources are geo-referenced 
creating a graphic map with an overview of the residual materials reused/reusable 
in the project and their original locations. The map is called “Harvest Map” and its 
use, within the design process, allows many benefits [28].

The scouting process of waste materials [27] suitable for use in architecture (by-
products, defective products, dead stock, leftovers processing waste, C&D waste, 
etc.) and available in the area adjacent to the intervention site, within a limited 
distance—on average a radius of 25 km—allows the enhancement of local waste by 
design, with actions of “superuse” rather than simple reuse, where materials acquire 
a more relevant technical and esthetic value through the design process. Moreover, 
this process allows to reduce the energy and carbon embodied in the materials 
used for the intervention, to avoid consumption and emission for the production 
and transportation of “new” materials, as well as at to activate small-scale circular 
economy processes. The research experiences described in the next paragraphs 
investigate the implications of this early mapping of the materials available on the 
site of the project, both in terms of optimization of resources use and of material 
characterization of architecture and the potential for transposing this strategy into 
a highly repeatable technical option [29].

3. Hypothesis and research objectives

The present contribution reports the results of research activities whose aim 
is to supplement ongoing studies on environmental benefits of recycling in the 
building sector, by investigating the potential of reuse to increase the overall 
eco-effectiveness of construction interventions. The hypothesis to be tested is that 
for a real reduction of primary materials consumption in the building sector, we 
need to place side by side the use of secondary materials with two other modali-
ties of supply: the reuse of building components resulting from the partial or total 
deconstruction of buildings, and the reuse of materials from other waste streams 
not belonging to the construction sector. Therefore, the reported research activities 
have tried to understand to what extent the reuse of architectural components and 
waste materials from other industries can help to increase the resource efficiency 
at the local scale, reducing the consumption of materials, land, and energy. Final 
aim of the research is to decline the “circular city” in a specific perspective that of 
the “reusable city,” where the built environment represents a resource to be reused 
in closed loops of material flows. In order to understand to what extent reuse might 
integrate C&D waste recycling (in particular that of inert waste, representing the 
main fraction) and to define the potential for resource conservation related to reuse 
itself, it is necessary to analyze real contexts to understand the actual availability 
of discarded materials and components suitable for architecture. In this sense, the 
points at issue are: the frequency of partial and complete demolitions in town; the 
instruments that a designer or a contractor can adopt to search for reusable materi-
als; the tools that can be used to signal the availability of materials; the possibilities 
of activating new and different flows. Given the variety of types of materials from 
other sectors, which might be adopted in construction, it is necessary to focus on 
stable flows, constant in time and space, which in some cases can be even more 
regular than those coming from demolition activities, typically not constant in time 
and not completely predictable. Specific industrial activities might instead repre-
sent a constant source of by-products for the building industry.

The specific research goal is to investigate how reuse can contribute, at the scale 
of an urban district—and then scaled up at the city level—to reduce raw materials 
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consumption, waste production, energy, and emission in the production and 
transportation of building materials and components. The scale of investigation 
has been chosen in order to minimize the impacts of the transport of building 
materials. Therefore, the research studies have focused on case studies of urban 
regeneration at the district level, testing the potential impacts of reuse on the life 
cycle first of a single building, then of a small group of buildings, and identifying, 
in the end, the factors that make it possible to scale up the results to the urban level. 
The chosen building has undergone a complete technological breakdown in order 
to understand, within the deep retrofit scenario, which technical elements are more 
suitable to be renovated with reused materials. Using a life cycle thinking approach, 
the average length of the service life of various technical elements, the average 
frequency of replacement of components, and the duration of the service life of 
the building as a whole have been taken into consideration. Then the materials 
requirements haven been considered in order to identify potential secondary/reus-
able materials available at the local level, taking into account the embodied carbon 
indicator in order to identify the best option in environmental terms, by quantify-
ing the reduction of CO2 emission due to the avoided extraction, production, and 
transportation. This is useful also in order to compare multiple scenarios: the use 
of primary raw materials, of reclaimed components and recycled materials, of only 
recycled materials. After evaluating the benefits on the single building, it is neces-
sary to assess the possibility of extending reuse to the building stock at the urban 
scale, in order to maximize its environmental potential.

Final aim of the research is to develop a procedure (and related verification 
indicators) supporting the design phase. Thus, the scope in the long term is to 
facilitate the adoption of reuse as a strategic technical option. These objectives 
require an interdisciplinary and multiscalar approach, combining different scales 
of investigation (from the city to the building to the component level) and multiple 
methods, in order to respond to a new and broader approach to resource efficiency 
in the building sector.

4. Research methodology

The research methodology is divided into three main phases carried out with 
specific methods. In order to test the hypotheses defined above and to reach 
the mentioned objectives, it is necessary to start the analysis at the urban level. The 
adopted model works on the multiscalar dimension of urban districts, with the 
aim of redefining the environmental, energy, and social performance of existing 
quartiers to be turned—through urban regeneration—into circular districts, charac-
terized by high resource efficiency and closed-loop flows of material and immate-
rial resources, in line with the objectives of decarbonization and climate neutrality. 
In this approach, the renovation interventions aim at a high level of material 
resource efficiency in the optimization of the environmental performance of the 
existing settlements, in order to limit the consumption of raw materials, favoring 
the supply of “zero km” and/or locally sourced building materials and products and 
at the same time minimizing the volume of C&D waste through circular strategies, 
thus reducing the level of embodied carbon in the materials used (Figure 3). The 
renovation of existing buildings themselves is a strategic action in order to reduce 
the need for materials and limit environmental impacts, both in the short and long 
terms adopting the Design for Deconstruction strategy.

The first phase of assessment of the adopted methodology involves the iden-
tification of the building components and materials that make up the building, 
the estimation of their volume and weight, and the calculation of the carbon 
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embodied in the single materials, starting from a relevant reference database. At 
the same time as defining the design solutions for the rehabilitation of existing 
buildings, the volume and weight of the materials destined to be removed from 
the various technical elements and the relative estimate of the embodied carbon 
are also quantified.

Figure 3. 
Circular design process implemented in the design of the linear buildings and the outdoor spaces in the 
Torrevecchia District, Rome (IT). Source: Research Studies, S. Baiani, P. Altamura with M. Battiata,  
G. Schiavon, A. Sofi (2021).
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From a methodological point of view, the evaluation of the level of material 
resource efficiency achieved is identified through consistent quantitative indica-
tors that allow the measurement of the effectiveness of the choices. In particular, 
it is possible to measure the recycled content of the materials chosen for the 
intervention (one of the criteria of the GPP Minimum Environmental Criteria for 
Construction, compulsory at national level since 2016 for the entire public built 
heritage); the rate of landfill diversion of materials removed from the existing 
building; the amount of material recovered on-site; the amount of embodied CO2 
preserved by avoiding the demolition of existing buildings and that preserved 
through the recovery of materials intended for disposal, in particular on-site reuse 
or recycling that avoids energy consumption and emission due to transport.

For individual components and materials, potential circular technical options 
to avoid landfilling are assessed, with reuse as the preferred scenario over recy-
cling and on-site reuse as the optimal solution. The different technical options 
are compared considering environmental, technological, and economic costs and 
benefits (Figure 4).

The process outlined leads to the integration of three different ways of supplying 
the materials needed for the deep retrofit intervention: the identification of com-
ponents that can be recovered from the renovated buildings, during the selective 
demolition phase (e.g., external and internal fixtures), and that can be subject to 
remanufacturing and reuse or to recycling and reuse in situ; the identification of 
sources of waste materials/components/products from buildings or industries in the 
surrounding area; the selection, to cover the remaining needs, of new renewable 
and certified materials, which support the objective of reducing environmental 
impacts and intervention costs, while also ensuring the future reusability and 
recyclability of materials: “Changing the way products and materials are selected, 
manufactured and used in the built environment can lower environmental impacts 
as well as costs. Biological nutrients and sustainable, renewable materials can 
replace materials that are heavily processed, and hard to reuse and recycle” [30].

It is possible to define the mapping of the sources of waste materials coming 
from other supply chains (Harvest Map, Figure 5), built through an online survey 
and direct contact with companies, through the provision of questionnaires and 
inspections aimed at viewing the stocks of materials (surplus, waste, defective 
products, processing residues, etc.) potentially recoverable in the redevelopment 
intervention [31].

As part of the experimentation in the urban district of Torrevecchia, in Rome 
(Italy), online surveys were, as a priority, conducted to identify potential local 
mines, which were subsequently investigated directly, in collaboration with the 
respective operators, in order to identify potentially reusable materials. The 
research led to the definition of a GIS-based map, which identifies potential sources 
with their inventory of materials, their performance characteristics, and potential 
uses in relation to the technical elements identified by the project.

The experimentation has identified different typological systems characterizing 
public housing (ERP) assets (towers and linear buildings) on which the mass flow 
balance has been developed, considering all the inputs and outputs of materials 
expected to occur in rehabilitation and maintenance interventions during the whole 
life cycle.

Through a technological breakdown, with direct surveys and archive research, 
the technical elements that, on the basis of the project, can be replaced/integrated 
with recovered components being identified. The evaluation was supported by 
comparison with projects and experiments that have adopted, with a similar 
approach, mixed systems containing recovered materials. Through the comparison 
with case studies, the elements for which the application of reusable components 
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is technically, economically, and environmentally more feasible were selected and 
analyzed in terms of technical requirements and potential performance (Figure 6).

An important step in the experimentation is the possible identification of 
resources on an urban and local scale, starting from demolition materials, reasoning 
on other types of waste, working on the production of energy at a local level and the 
reduction of transport emissions, due to the limited size of the district.

Figure 4. 
Torrevecchia District in Rome: Circular building process and its quantitative verification. Research Studies,  
S. Baiani, P. Altamura, with N.D. Belforte and C. Fabrizio (2021).
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The innovative character of the project lies in the way it verifies the feasibility 
of reuse in an urban area—and not on an experimental architectural project—to 
build a dataset that can be used by designers and can be increased by individual 
users, through shared tools such as the open-source Harvest Map platform. An 
initial mapping, available to operators in the building industry for the sector, could 

Figure 5. 
Harvest Map around the Torrevecchia District, Rome: Map of the companies identified as sources of waste 
materials around the regeneration site of the Torrevecchia District, within a radius of 6 km. In red, the 
companies whose waste materials have been chosen for the project. Source: Research Studies, S. Baiani,  
P. Altamura with M. Rossi and S. Urbinati (2019).



Sustainable Development Dimensions and Urban Agglomeration

186

in the future make it possible to direct the methods of intervention, representing a 
picture—continuously updated—of the material resources available, with signifi-
cant spin-offs in terms of innovation, involving all the operators in the process.

The experimentation phase, carried out on real cases, examined the potential 
sources of reusable materials in the city, starting from large construction, demoli-
tion, or redevelopment sites. The screening was carried out in an area with a radius 
of 10–20 km around the project sites, extending the research to more distant areas 
only in case of specific project characteristics. In the area of the former industrial site 
Papareschi in Rome (MI.REUSE Project, 2018) [31], for example, the project—aimed 
at the recovery of the former Miralanza factory with the use of waste materials 
sourced on site—applied a process that from the scouting phase led to the creation 
of a Harvest Map, to the redefinition of functions and spaces and the technological 
design of reversible building components with reused materials [29].

The results achieved in the different contexts, in terms of circular management 
of building materials in the intervention phase, denote a potentially very high level 
of circularity achievable through the management of building materials, deriving 
from partial demolitions and supplied for rehabilitation interventions. Interesting 
data, derived from experimentation on an public housing urban district in which 
for each building about 50% of the existing materials are conserved and the remain-
ing half are destined for selective demolition, demonstrate the possibility, through 
the integrated action of several technical options for the end of life of materials, to 
reach a recovery quota of materials destined for demolition of about 90% by weight 
(higher than the 70% threshold of the EU Dir. 98/2008, which GPP MEC have 
adopted as a criteria) that guarantees to preserve about 80% of the embodied car-
bon of the materials intended for demolition, which replace new materials for the 
sub-bases of the external paving, whose environmental impacts are avoided [32].

The investigation involved gathering knowledge about the site in terms of the 
changes and transformations that led to its current state. Evaluating the building’s 
evolving use has highlighted a series of transformations, which have affected the 
existing structure at different points in its life cycle. These changes are mainly 
related to past needs to expand overall living space. A building’s life cycle can be 
analyzed by reading and understanding its construction system. This also makes 

Figure 6. 
Technical systems and subsystems of one of the renovated linear buildings in Torrevecchia, Rome: Disassembly 
of the elements built with reused and recycled materials. Source: Research Studies, S. Baiani, P. Altamura, with 
N.D. Belforte and C. Fabrizio (2021).
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it possible to understand its peculiarities and limits. In the Torrevecchia District 
in Rome, in terms of the architectural and construction aspects of the building 
system, it was made using a heavy and prefabricated system in reinforced concrete 
(Figure 7). This was completed with panels made off-site, limited interior insulat-
ing materials and plaster finishes.

Figure 7. 
“Ante operam” state of a renovated building in Torrevecchia, Rome, with the quantification of demolished materials 
in weight, volume and embodied carbon and the identification of circular design strategies and estimate of the 
recovery rate. Source: Research Studies, S. Baiani, P. Altamura with F. Ianiri, G. Massaroni, N. Taddei (2020).
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Figure 8. 
Design solution for a renovated building in Torrevecchia, Rome, with the quantification of the intervention’s 
materials in weight, volume, and embodied carbon and the calculation of the recovery rate of demolition 
materials and of the embodied carbon preserved through reuse. Source: Research Studies, S. Baiani,  
P. Altamura with F. Ianiri, G. Massaroni, N. Taddei (2020).

A comparative assessment was also subsequently conducted to consider the 
potential effects of resulting demolition waste (in terms of volume/weight). The 
overall material requirements were also considered under more or less “invasive” 
intervention scenarios in terms of expanding demolitions/additions. Under these 
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scenarios, various operational choices led to different comparable options based 
on redefining the housing, introducing/increasing common spaces or living 
services and identifying components to eliminate or integrate. However, each 
scenario commonly reflected the guiding technical requirements that interven-
tions be totally reversible, low cost (in terms of environmental, energy, and 
economic impacts), and material minimizing (in terms of weight and types of 
materials used).

Estimates were done on materials to be removed from the building in terms of 
weight and volume, and associated embodied carbon was included in these mea-
surements as well. Estimates were also made in terms of the volume of materials 
needed to execute each different scenario (these materials were selected based on a 
set of performance criteria that included maximum decarbonization). This made it 
possible to come up with a matrix of technical systems, components, and materials, 
which permitted considering “materials to look for” versus “materials to let go.” 
The Harvest Map was consulted to this end to identify supply “mines.” Defining 
technical systems for each of the options identified (addition, integration, grafting, 
replacement) has made it also possible to evaluate which existing elements could be 
recovered and reintroduced over the building life cycle. It also affords systematizing 
processes of disassembly, micro-demolition, and material or component replace-
ment and recovery. It additionally permits calculating the material/component 
shares (in terms of percentage by weight and volume), which may come from on or 
off-site sources. This all made it possible to develop technological solutions while 
applying a “circular” and “reversible” view of the various elements involved. In 
doing this, particular attention was paid to the building envelope and the “passive” 
bioclimatic control devices to be introduced. To this end, verification of energy 
effectiveness took place as well, alongside with the assessment of the embodied 
carbon indicator (Figure 8).

5. Results discussion and conclusions

By assessing the technical feasibility and environmental potential of adaptive 
reuse in an urban context, based on the available sources of secondary materials, 
the experimentation demonstrates the transferability of this strategy in different 
contexts. This is achieved by proving its significant effectiveness and relevant 
potential contribution to decarbonization and resources conservation targets. It 
is possible to identify some specific contributions of the research work, at differ-
ent levels.

First, the identification of the instrumentation to support the development of 
a circular design methodology that focuses on the action of recovery and reuse 
(buildings, components, materials) in order to evaluate how reuse can contribute, 
at the scale of an urban district—and then scaled up at the city level—to reduce raw 
materials consumption, waste production, energy, and emission in the production 
and transportation of building materials and components. In particular, the tools 
supporting designers and operators (construction and demolition companies) in 
the estimation, monitoring, and exchange of waste materials in the design and 
building phases play a crucial role in optimizing the level of material resource 
efficiency and circularity in the construction sector. Among these: the Site Waste 
Management Plans (UK) containing an estimate of the waste that will be produced, 
as well as the accounting of waste actually produced, providing an accurate data 
collection in real construction/demolition projects, which can effectively integrate 
statistical surveys; the Reference Practice UNI/PdR 75: 2020 “Selective deconstruc-
tion—Methodology for selective deconstruction and waste recovery from a circular 
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economy perspective” (IT) with a view to the digitalization of the management of 
demolition waste recovery processes, aimed at optimizing their environmental and 
economic sustainability; the DECORUM platform (IT) supporting the actors of the 
construction process for enhancing the use of secondary materials; the Démoclès 
platform (FR), a traceability model for construction waste. Among the tools 
assessed in the research activities, the Harvest Map was identified as a fundamental 
reference for the circular project, because it involves sourcing all types of waste 
materials locally (mines) and enhancing their potential through a new design and 
construction process.

Second contribution of the research work was the development of a meth-
odological and operational structure, also based on the transfer of international 
experiences, appropriate to the Italian context, with an experimental approach for 
the verification of the phases and the evaluation of the results achieved.

Thirdly, through the systematic identification, for each building typology, of 
elements and technical systems suitable for the realization with reclaimed compo-
nents, the research validated the compliance of reclaimed elements and materials 
with specific requirements, with a performance verification procedure.

One potential research perspective opens up, in the definition of an appropriate 
methodology for the identification and “promotion” of reclaimed components in 
the urban environment, with a focus on the characterization of virtual and physical 
spaces (hubs) where materials can be collected and shared with potential users. 
These local hubs, developed on the basis of the potential demand, which is difficult 
to correlate with the supply, could constitute an advanced system that could also 
favor the on-site production of technical components, reducing the considerable 
impacts caused by transport. The possibility to foresee the potential impact of a 
greater use of reused materials and components in the building industry favors the 
reduction of the demand for new materials and opens up new design opportunities 
in regeneration interventions.

This defines a design vision that focuses on “circularity” in its broadest sense, 
capable of characterizing the multiple phases of the life cycle of an urban district, 
through the circular use of materials from regeneration and construction interven-
tions and integrated management of ecological and energy systems, in the broader 
vision of “reusable cities.”

© 2022 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 11

The Street Edge:  
Micro-Morphological Analysis 
of the Street Characteristics of 
Baghdad, Iraq
Haider Jasim Essa Al-Saaidy

Abstract

In Arabic cities, diversity can be seen in the development of the same underlying 
order. This assists to manage to qualify well-defined relationships with various levels 
of movement in the urban setting. The micro-morphological examination is used to 
emphasise further the spatial pattern at a micro-level within a macro-scale scope. 
Hence, micro-level studies are essential in evaluating the built environment with 
regard to private and public domain. Terminologically, the notion of the symbiosis 
of how the private and public domains interact with each other is needed. Also, there 
is a need for people to know their rights when using the street edge and the extent 
to which they (the owner/user) have the authority to modify the public space. The 
transition of the urban pattern from the traditional order (spontaneous pattern) 
to the modern model (pre-planned system) not only changes the spatial morpho-
logical structure entities but also transformed the association of the private and 
 public domain.

Keywords: street pattern, private control, public control, traditional (spontaneous) 
order, modern (pre-planned) system, urban symbiotic relationship

1. Introduction

The pattern (Edge–Edge interface) is controlled by morphological parameters 
that manage the street network regarding the binary element: plots and blocks. 
The level of superposition between the two domains is evaluated by various indica-
tors based on the specifications of the street pattern. According to Al-Saaidy [1] 
‘the assets of Baghdad today belong to this historical period of the city with its 
significant monuments and organic street pattern. Otherwise, the urban areas that 
settled outside the historical zone were designed according to a modern scheme 
and a modernist ideology’ ([1], p. 6). Moreover, Marshall [2] confirms that ‘land 
use zones and roads, in a modernist urban structure, [are] represented separately 
as nodes and links, but in a traditional urban street network, the streets themselves 
are significant spatial entities’ ([2], p. 112). The mechanism in operating the street 
edge differs when it comes to comparison between two patterns: traditional and 
the modern network. The convergence between the individuals and their adjacent 
edges, which mostly relates to the street life and social interactions. The pattern 
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(Edge–Edge interface) is also responsible for defining the boundary between two 
realms, private and public. The degree of overlap between the two territories is 
measured by different indices based on the characteristics of the street edge, such as 
porosity, transparency and permeability (Figure 1).

Using a fine-scale analysis by examining the street pattern seems to be a more 
effective means of understanding the urban characteristics of streets over large-
scale classifications. There is a definite pattern of activity about the order process 
of compound parameters, which increases in an area or within set spatial dimen-
sions. Conversely, large-scale order is influenced by minimum or single settings, 
and this due to the comprehensive analysis system of streets, which are expected 
to be unrelated in formulating distinguishing urban characteristics for the city 
[1, 3–5]. Morphologically, the leading characteristics of Baghdad Street pattern 
combine variety and difference between the pristine and new model. Both patterns, 
historical and modern, are managed by two distinct generative orders: spontaneous 
(bottom-up approach) and pre-planned (top-down procedure) [1].

Recently, the debate is not only between conventional and modern concepts in 
urban studies but also what can be understood between two domains: private and 
public in formulating street edge [6]. Micro-level explanations are essential in eval-
uating the adjacent edges of a street. The notion of a symbiotic relationship between 
private and public spaces, with the effectiveness of street life, plays an essential role 
in advancing the quality of social interaction. In this article, knowing the affiliation 
of the spatial attributes at a micro and macro scale needs an interpretation of how 
spatial ingredients in an urban environment are placed. There could be a range of 
expectations when the community uses the private and public realms. These two 
domains express individual action and group behaviour. The shared beliefs, norms, 
values, economics, politics and the natural and built environment, these consider-
ations are the predominant aspects of living in a particular community [7, 8].

Figure 1. 
The fictive image illustrates the interface between two opposite street edges. Source: Drawn by the author.
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2. Responding to the urban edge

The manner in which a community, particularly in Iraq, manages public spaces 
could lead to a spectrum of opportunities that inform individual action and collective 
behaviour alike. Primarily, human behaviour tends to conform to the predominant 
dimensions of living in a particular community, for example, by embracing the com-
mon beliefs, norms, values, economics, politics and the natural/built environment. 
In this regard, Bianca [9] states that the physical environment represents, ‘… 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 tra-
dition and daily practices which correspond to certain spiritual principles’ ([9], p. 22). 
These factors embed the interrelationship between space, time and culture. Moreover, 
the tripartite connections among these three social parameters (sociocultural, socio-
physical and socioeconomic) are rooted in and formulate both the ecological pattern 
and different responses to the surrounding environment (Figure 2).

Even though there are different urban patterns, people who perceived the public 
spaces shared the same cultural patterns but not the same behavioural actions. The 
observation is based on the ethnographic method and quantifies the responses of 
people who use the street. This technique facilitated the documentation of people’s 
responses and interactions without any interference or effect on the subjects’ 
actions. In this regard, to a large extent, the historical and traditional area in 
Baghdad grants an opportunity for persons to share the public space and involve in 
such activities as walking, staying, sitting, standing, watching and chatting where 
the street edge works to interconnect the accommodation of such activities [10, 11].

In the contemporary neighbourhoods, the lost knowledge of public and semi-
public or semi-private spaces can be experienced in various ways. Moreover, in 
modern areas, the human scale, enclosure and definition, and the authority of 
its public space are missing (Figure 3). As the public space can be distinguished 
according to the activity pattern of the adjacent context, it is possible to recognise 
different types of more common street edges, such as residential, commercial and 
mixed (Figure 4).

Figure 2. 
The tripartite connection among three social parameters (sociocultural, sociophysical and socioeconomic), 
which are governed by spaceandtime. Source: Drawn by the author.
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Figure 4. 
Residential edges: Multi-storey residential areasversus traditional low-rise neighbourhoods. Source: 
Photographed by the author’s team, 12/December/2016.

These edges are entirely responsible for shaping people’s responses, particularly 
within residential areas where people react spontaneously to the private, semi-
private and even semi-public realms (Figure 4). Inhabitants in these areas tend to 
change the characteristics of the semi-public and sometimes public spaces. These 
changes manifest differently, such as through soft treatments or hard borders when 
a resident illegally occupies the adjacent realm (Figure 5). However, the residential 
edges are likely to be used by their inhabitants even if these edges face the public 
space or link directly to the street. Moreover, some proprietors cut off the adjacent 
part of the street in order to change the primary land use from residential to com-
mercial. Unfortunately, this transformation of purpose, and any misunderstanding 
of the rights to do so, leads to uncharted changes in land use. Hence, the residential 
edge is then be used for walking through rather than as a place to stop. According to 
Alexander [12] and Hillier et al. [13], a street is generally designed for staying in, or 
movement-to rather than movement-through.

On the commercial and mixed edges, lively interactions between the people and 
street spaces are experienced. Although these edges, particularly in the historical 
area, are still lacking in maintenance, they represent an attractive spine for the 
neighbourhood (Figure 6). People who benefit from this type of edge show differ-
ent responses based on the particular activity of each unit along with the adjacent 
edge. Those who use public space can be classified according to their two primary 
activities: walkers and stayers. The aims of these two classes are varied in terms 

Figure 3. 
In the modern pattern, some public spacesare not within the authority of residents, where there is no explicit 
declaration about the claim overthis type of territory. Source: Photographed by the author’s team, 12/
December/2016.
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of their exchange purpose and/or movement-to/movement-through [6, 14]. The 
expression of public space and its investments differ considerably between the 
traditional area and the more modern design. Whether in the traditional or modern 
area, the quantity of the public spaces is generally required, except in the areas 
offered by the adjoining edges.

Therefore, there is a need to not only examine the traditional part of a city as an 
isolated pattern but also to understand the comparison with other, new neighbour-
hoods in terms of the different perspectives afforded, particularly via the urban 
form and urban life. The traditional urban fabric arose in response to indigenous 
cultures and traditions; thus, Remali [15] explains that the ‘traditional urban form 
is the result of [the] “selectionism” of an evolutionary process, whereby a built 
environment gradually become[s] congruent with activity systems, lifestyles, 
meaning and values by applying rules, which are often unwritten, as in most 
cultural landscapes’ ([15], p. 57). Moreover, there is also a need for individuals to 
understand their rights when using the street space and the extent to which they 
(the owner/user) have the authority to alter the public space. Commonly, individu-
als tend to extend their territoriality, even in temporary activities. This includes 
peddlers and the owners of adjacent units (shops) who tend to extend the com-
mercial edge by elongating the boundary of their activities. These expansions differ 
entirely from one individual to another, and from one street to another. One of the 
main reasons for such territorial extensions is to attract customers by making the 
adjacent spaces particularly enticing; nevertheless, a critical issue remains concern-
ing the authority for these expansions.

Figure 5. 
Inhabitants have dealt with the public edge by turn it intoa private space. Source: Photographed by author’s 
team, 08–13/December/2016.

Figure 6. 
The commercial and mixed edgesin samples a (left) and D (right). Source: Photographed by author’s team, 
12–21/December/2016.
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Figure 7. 
Transforming outdoor space activities into indoor space activities from ancient to urban settlement. Source: 
Nooraddin [18].

3. Edge: Edge Interface

3.1 Interfacing between street and private-public edges

The main question is ‘to what extent individualistic lifestyles can interfere with 
street life and vice versa’ ([16], p. 2). The relationship between private and public 
would exist within a micro-spatial configuration. Van Nes and López [16] state that 
the main street network in the urban context is a factor that influences the microscale 
spatial variables. Spaces that mediate between buildings and streets create social 
interactions, which help to form human behaviour. These spaces could be part of a 
buildings’ interior that causally link with the public space, such as courtyards and 
balconies or through spaces in front of buildings, such as sidewalks. They encourage 
a social encounter and promote street life at different levels, whether in terms of cul-
ture, norms and religion or the physical conditions of the built environment [17, 18] 
(Figure 7). According to Jacobs ([19], p. 59), a relationship between the private and 
public realms requires ‘a good city street neighbourhood [that] achieves a marvel of 
balance between its people’s determination to have essential privacy and their simul-
taneous wishes for differing degree of contact, enjoyment or help from the people 
around’. According to Marshall [20], the relationship between private and public is 
neither only determined through physical expression, nor a volumetric enclosure that 
regulates the public-private border, but rather functions as a social filter.

Marshall ([2], p. 13) states that ‘the movement space constituted by streets 
forms the essential connective tissue of urban public space – from the micro scale 
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of circulation within building to the macro scale of whole cities’. Therefore, ‘street 
space forms the basic core of all urban public space – and by extension, all public 
space – forming a continuous network or continuum by which everything is linked 
to everything else. This continuum is punctured by plots of private land. The plots 
of private land surrounded by public streets are like an archipelago of islands set in 
a sea of public space’ ([2], p. 13). Thwaites et al. [21] address different aspects of 
urban spaces as a betweenness milieu, which mediates between private and public. 
Also, they sought to highlight the role of the community in making the urban deci-
sions in order to draw at least the local scale or micro scale of their neighbourhoods. 
This contribution has been defined as the Transitional Edge.

According to Thwaites et al. ([21], p. 85), ‘a public to private gradient that works 
in a continuum from private to public and vice versa… [it is] a smooth and complex 
gradient of subtle changes where a greater range of spaces allows greater diversity 
of intimacy and social interaction’. Jacobs identifies three main qualities required 
to successfully encourage people into the street: (1) the situation requires visible 
demarcation between private and public areas; (2) a particular level of surveillance 
regarding eyes upon the street and (3) users who exploit the street reasonably, 
continuously and as effective eyes, in turn, induce others in adjacent buildings into 
the street to watch not the sidewalk but the pedestrians [19].

Marshall [20] states that there are several subtle complications when under-
standing privacy; it is not only a single modest linear movement between public 
and private. Private (exclusive space) means operating the action, giving control of 
space to reserve a specific area for specific individuals or even a group, contributes 
to raising the overall supervision and shapes the pattern of difference between 
public and private. The public (inclusive space) infers to an area where people are 
able to move, meet, mix and interact [20] (Figure 8).

3.1.1 Street edge characteristics

The street is the artery of a city regardless of its classification; for example, the 
street form (straight, irregular or zigzag), street function (residential, commercial, 
mixed-use), street dimensions (its length and width), street class (main, second-
ary, connected street) and street type (open-ended, cul-de-sacs). One of the main 
aims of the street network is to enable people to access and move to/through the 
street network towards their destinations. The street is much more than an urban 
spatial element; it has a crucial space that is to manage the entire movement and 
people influx. Besides, the street can be ‘regarded as a fundamental building- block 
of urban structure, where, the public street system forms the principal part of the 
urban transport system’ ([2] a, p. 14–15). Hillier [22] states that good spaces are 
utilised spaces; in this respect, an urban area is utilised by the movement to and/or 
the through movement. Furthermore, the street proffers routes from everywhere 
to everywhere else, and its influence on movement is a fundamental source of the 
multifunctionality that promotes vitality in the city.

Marshall ([2], p. 15) states that ‘the challenge is to address the street as an urban 
place as well as a movement channel, and how to make this connection of the street 
work – not just as an isolated architectural set piece, but as a contribution to wider 
urban structure – otherwise, streets are for people’. Thwaites et al. [21] refer to ten 
themes that characterise the street edge and provide valuable insight into the socio-spa-
tial properties relevant to transitional edges. The ten themes are: ‘social activity, social 
interaction, public-private gradient, hide and reveal, spatial expansion, enclosure, per-
meability, transparency, territoriality and looseness’ ([21], p. 78–79). Hillier et al. [13] 
denote that the integration of core maps covers the main streets and shopping areas.

Shopping streets tend to become viable when they have a high level of 
retail that is integrated with the global network and local pedestrian movement. 
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Less integration tends to occur in monofunctional areas, such as residential areas  
[13, 23]. The proportional place of the street and its integration within the entire 
network system play a crucial role in shaping the street edge characteristics. The 
configurational properties of the urban fabric are the primary influence on shaping 
two types of movement; through-movement and to-movement [13] (Figure 9). 
Movement and multiplier effects are significant prerequisites to promote the quality 
of street life. The multiplier effect attracts new development, new buildings and 
uses [22, 24].

Transitional edge is defined by Thwaites et al. [21] as the street edge and its mul-
tiple functions. It combines three dimensions: social, participatory and structural 
components. The Transitional edge encourages and diversifies the territorial experi-
ence to keep the community sustainably for those who use urban space efficiently. 
Therefore, this can be regarded as a spatial and sociological line. Transitional 
edges ‘are coherent socio-spatial domains and not simply boundaries between the 
architecture and the external public realm …. offer the potential to achieve a more 
socially optimal balance of form, place and understanding [therefore] transitional 

Figure 8. 
Street syntax: (a) all strategic roads connect to form a single network; (b) all private spaces connect to the 
single public space; (c) all buildings have an interface with the single outside space; (d) all buildings connect to 
the single ground surface. Source: Marshall [20].
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edges as key components in the socio-spatial order of the urban habitat’ ([21], p. 23, 
53, 71). Furthermore, Thwaites et al. [21] refer to another idiom of the street edge: 
the broken and unbroken edge that governs the degree of social interaction. It also 
conveys an impression of the extent to which people can interact with whatever 
broken or/and unbroken edges (Figure 10).

According to Jacobs ([19], p. 380) Visual Street Interruption (VSI) is when, ‘a good 
many city streets (not all) need visual interruptions, cutting off the indefinite distant 
view and at the same time, visually heightening and celebrating intense street use by 
giving it a hint of enclosure and entity’. VSI encompasses a set of considerations when 
‘there is no visual tale of street intensity and detail to tell … and should be in functional 
terms, not dead ends but corners’ therefore, ‘visual street interruption is a natural 
eye-catcher, and its own character has much to do with the impressions made by the 
entire scene’ ([19], p. 382–383). The street edge should be characterised by catching 
the eye and giving the space a rooted sense of place Buchanan [25]. According to Segall 

Figure 9. 
Two patterns depend on the spatial arrangement: Through-movement and to-movement. The first occurs with 
the layout as a system of possible paths; however, when the layout can be considered as a system of origins and 
destinations, then movement is a to-movement. Source: Drawn by the author based on Hillier’s concepts.

Figure 10. 
Unbroken, an abrupt edge between architecture and the public realm with little hope of encouraging life (left). 
Abrupt edges are broken by doors and windows which begin to act as catalysts for social activity (right). Source: 
Thwaites et al. [21].
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Figure 12. 
As the activities grow around the space, it becomes more lively. Source: Alexander [12].

([26], p. 51, 73), ‘the visual experiences most generally available in a particular environ-
ment predispose one to identify most readily material similar to the content of those 
experiences … the pattern of visual experiences in the lifetime of a person can modify 
his perceptions of objects in space’ (Figure 11). Understanding the concept of Visual 
Street Interruption and its role in Baghdad could be a critical issue. Meaning that there is 
a delicate line between Visual Street Interruption and urban chaos in reading the street 
edge, the second phenomenon one could recognise in some urban areas of Baghdad city.

3.1.2 Private edge characteristics

Alexander [12] offers 253 patterns that are divided into 36 categories. One of 
these patterns is path shape, which is a crucial component in the built environ-
ment and contributes to other patterns in drawing the whole context of a city. 
Alexander([12], p. 590) advocates that the ‘street should be for staying in, and not 
just for moving through, the way they are today’. Alexander ([12], p. 593) opposes 
the concept of setbacks, stating that ‘buildings’ setbacks from the street, originally 
invented to protect the public welfare by giving every building light and air, have 
actually helped to destroy the street as a social space … the setbacks do nothing valu-
able and almost always destroy the value of the open areas between the buildings’ 
(Figures 12 and 13).

Marshall ([20], p. 105-112) states that the ‘… private plots and buildings… 
[where]… buildings and cities are different kinds of social container, reflecting their 

Figure 11. 
The criteria of the street edge integration based on Carmona et al. [27]. Source: Drawn by the author.
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differences in social structure. A city is not a big building, but is articulated into 
different buildings, mediated by a social fabric of public streets’. Additionally, one 
side of the street edge is subjected to private demands where the plots and buildings 
are located; this means that the facades are designed for private benefits [27, 28]. 
The expression of privacy ranges from soft control, like colour, texture and level, 
to hard control, such as fence and/or wall.

Furthermore, moveable and invariable can also classify the nature of privacy. 
Kostof [29] refers to the authority of using private space within the space of the 
street. He states that the buildings’ edges need not be completely subjected to 
owners’ desires, as there are public authority regulations that organise the street 
edge in such a way to increase the variety of building façades from block to block. 
The diversity works to impart the beauty of the block and street edge to the city; it 
incites attraction and surprise in people, whether inhabitants or visitors.

The Filter Edge is defined by Marshall [20] as a social filter when he states that the 
city is heterogeneous and involves different kinds of people who move through the 
social filter system. The systematic circulation of people ranges from loose filters, like 
streets, to reach fine filters, such as building edges. Therefore, he states that ‘a building 
is an environmental container and filter; the building-plot-street system is both a social 
container and a social filter…. the importance of public streets as being not void, but as 
integral to the notion of a city, a kind of mortar binding between social units. Without 
this system of public spaces, a city would not be a city’ ([20], p. 105, 112). Canter 
([30], p. 9) 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’.

3.1.3 Public edge characteristics

The sense of public space is one of the main concerns and dialogue in generating 
social interaction and improvements in street life. The public edge embeds a broad 

Figure 13. 
Four different intensities in four segments. Source: Thwaites et al. [21].
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Figure 14. 
Demonstrating the ability of different types of urban space to shape three street edges. Source: Drawn by 
the author.

spectrum of events, activities and social assemblage. It is a place where people 
should feel free to express their aspirations and desires. It ‘host[s] structured or 
communal activities—festivals, riots, celebrations, public executions—and because 
of that, such places will bear the designed evidence of our shared record of accom-
plishment and our ritual behavior’ ([29], p. 124). Accordingly, ‘the main public 
places of a city are its most vital organs [thereby] if a city’s streets look interesting, 
the city looks interesting; if they look dull, the city looks dull’ ([19], p. 29). Banerjee 
([31], p. 14) suggests that ‘the sense of loss associated with the perceived decline of 
public space assumes that effective public life is linked to a viable public realm. This 
is because the concept of public life is inseparable from the idea of a public sphere’.

The public edge forms the third domain for social interaction, and investment in the 
function of the street edge encourages people to collect. The variety in the function of 
the public edge promotes street life and maximises social interaction [32]. It is necessary 
for the humanisation of public urban space such that the activities taking place contrib-
ute to the continuous surveillance of the space [33]. Oldenburg [34] adopts ‘Third Place’ 
as an expression of other places, apart from settled places and workplaces. The third 
place should conjoin people in a free and mixed way by presenting exceptional comfort 
which is important to public life. The third place is a sorting edge that filters interests, 
and that people admire or ‘un-admire’ when using such places.

The highest value of the third place lies in its potential to encourage the meeting 
of people from diverse classes, age groups and with varied interests. It is important 
for the third place to be accessible, easy to reach and comfortable both for regular 
frequenters and newcomers. Furthermore, unplanned, unscheduled, unorganised and 
unstructured are four characteristics of the third place, which define it as essential, 
universal and pivotal to informal participation and social interaction [34].

Hall [35] refers to two types of spaces; Sociofugal is a space that keeps people 
apart, and Sociopetal is a space that brings people together. Engwicht [14] states 
that ‘a vibrant spontaneous public realm, therefore, allows greater flexibility in 
our private relationship’ ([14], p. 27). However, motorised regulations and their 
requirements exploit the public realm and drive away from the realm of the sponta-
neous encounter, which forces people into what Sennett [36] called the ‘polarization 
of intimacy’. Jacobs [19] states that the spatial social theme within the public space 
should be employed to capture what she called self-appointed public characters.
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A public character is a person who frequently maintains contact with those who 
also use the same edge. Prosperous public places, according to Carmona et al. [27], 
are characterised by the frequent attendance of people in self-reinforcing ways. 
The public space is an optional and available environment, that people can choose 
whether to visit. Hillier [22] states that the street as a space for movement shapes 
the primary activity for those who prefer to stay or go.

Self-control can characterise public edge even though space is designed for public 
benefit. At the same time, it characterises private control by those who regularly 
use it. Zukin [37]suggests that there is not only social diversity but also the diversity 
of buildings and that helps to give a city its ‘soul’. He mentions that, “the paradox 
of public space is that private control can make it more attractive, most of time, 
to a broader public, but state control can make it more repressive, more narrowly 
ideological, and not representative at all”([37], p. 158). Moreover, Jacobs [19] 
defined the ‘eyes upon the street’ where these eyes belong to people who contribute 
to shaping the property of the street [38–43] (Figures 14 and 15).

4. Three edges’ characteristics in referring to Baghdad City

According to Hillier [22], in Arabic cities, diversity can be found in the develop-
ment of the same underlying law. This tends to enable well-defined relationships 
between different levels of movement in the urban context. The old urban fabric 
seems quite complex in its street network, particularly within traditional Arabic cities; 
however, three domains play a crucial role in formulating the character of the street 
edge in such cities, namely street, private and public. Islamic cities are associated 
with what is called pre-Islamic regions, which inevitably have their own entities and 
identity regarding urban patterns, building typologies and construction techniques, 
besides, the natural and physical environment [44]. The ancient Mesopotamian model 
of clustered courtyard buildings, which date back to the 2500 B.C., provide evidence 
of the traditional settlement areas in other surrounding regions. Ur city is an ancient 

Figure 15. 
Illustrating the main characteristics of the street edge and the edge of its private and public domains (based on 
a considerable number of authors and scholars). Source: Drawn by the author.
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town situated to the south of Mesopotamia where its construction pattern matches the 
Islamic traditional cities that emerged later (Figure 16) [44, 46].

Urf is a systematic generative process (relating to the concept of habit or custom 
in English). It is a hidden order grounded in the consciousness of a community 
without the need to be listed, where every single member of the society is aware of 
what Urf is. Its principles and influences formed a pattern within traditional Arab 
and Islamic cities over time. Urf is initially based on human behaviours and the 
acceptance and satisfaction of these among a community, which generates these 
behaviours; these are compatible and match with Islamic rules. Otherwise, such indi-
viduals are rejected by society. Repeating the action means it becomes a habit, ‘for 
every act there must be an impetus or reason… therefore every Urf is a habit, but not 
every habit is Urf” ([47], p. 110). Urf has become a source of legislation: it is flexible, 
changeable and dynamic in simulating the reality of life and its conditions. Recently, 
the term Urf could be pretty limited in serving and formulating public and private 
space use criteria. Unfortunately, this phenomenon is quite evident in a significant 
number of neighbourhoods of Baghdad. This paper tends to highlight the idea of 
Urf, apart from going deeply in explaining this concept in terms of implication.

Three factors, identified by Hakim [44], affected the nature of Islamic tradi-
tional settlements regarding their building patterns and planning. These are: (1) 
Pre-Islamic urban models and their people, culture and civilisations in territories 
that converted to Islam, where the norms and customs have continued their influ-
ences on the Islamic culture hitherto. (2) A transport pattern was made by the 
two-primitive means (camel and horse), which affected the street network patterns 
and the urban fabric of traditional cities between the fourth and sixth centuries 
A.D. (3) The surrounding natural environment embraced most Islamic regions 
located between latitudes 10 and 40. Thus, the microclimate was shared with the 
same analogical conditions.

The emergence of the Arabic/Islamic city was based on three processes. Firstly, 
it renewed an existing city founded in old colonial areas to meet the prerequisite 
for a social life among those people at that time. Secondly, they were pre-planned 
or planned cities, which were designed and pre-planned in accordance with Islamic 
rules and authorities. Historical resources and archaeologists confirm that the first 
primary planned city in the Islamic era was the round city of Baghdad, which was 

Figure 16. 
Plan of a portion of the ancient Sumerian city of URas it was about 1900 B.C. (left). Plan of the city of 
Babylon at the height of its power, about 600 B.C. the religious features were dominant (right). Source: 
Lynch [45].
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situated to the east of the Islamic region [48, 49] (Figure 17). Thirdly, as a sponta-
neous model, it can be identified as ‘the most enduring and pervasive, and today 
most of the older areas of capitals and major towns in Muslim world evolved out of 
this model’ ([44], p. 88).

However, Hakim ([50], p. 84) states that ‘an important observation is that when 
colonialism ended, it left a gap between past and present and also left technology 
which did not evolve out of the past and has affected architecture considerably and 
in many ways, colonialism turned into cultural and technological dependency’. 
Consequently, serious negligence occurred with the introduction of new regulations 
for city planning. These new demands considerably affected the whole system of 
the old urban fabric; it was designed on a human scale and their needs aside from 
the large-scale urban spaces.

4.1 Street Edge’s characteristics

The three street space components (street, private and public) integrate with the 
other components to provide one entity. The essential urban components that con-
stitute the main character of the old urban fabric are the clustered courtyard build-
ings, street networks and the hanging elements. Two predominant types of street 
networks are embedded within the old urban fabric. The first is the open-ended 
street, through which pedestrians publicly flow, and the second one the cul-de-sac, 
which is governed by inhabitants, is a private zone, and thus not normally permis-
sible for other people to enter or to use this type of street [40, 50, 51] (Figure 18).

The old part of Baghdad is characterised by a maze of narrow streets continued, 
designed to meet the needs of pedestrians (Figure 19). The traditional pattern 
forms a more preferable sense of community, which appears serene and shadowed 
for the most significant part of Zugag during the day. Adjacent houses, Zugag, 
are varied in width; in some cases, these are no more than 3 m. While at the top, 
because of the Shanashil (prominent windows as a hanging or high-level protru-
sion) the street was almost covered over. The main Zugags in the residential quarters 
of the old part of Baghdad are usually found on mosques and bazaars. This feature 
can also be observed in Arab cities [51–53] (Figure 19).

The hanging element is a ‘high-level protrusion’ that can easily be seen during 
peregrination throughout the old urban fabric; the component was constructed above 
the street. This element has a unique name in the traditional area of Baghdad city 
‘Shanshul (the plural is Shanashil)’ is an oriel window. It is an upper-floor projection of 
a courtyard house, varied in size and shape in terms of ornamentation and decoration, 
and juxtaposed against the mass and shadow of the adjacent street [53, 54]. Bridging the 

Figure 17. 
Baghdad-Iraq, the geometric 8thCentury ground plan, organised around the Caliph’s palace, was a casualty of 
the city’s success. By the 9thCentury the sprawling growth of a thriving community had obliterated the original 
autocratic diagram. Source: Kostof [49].
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Figure 19. 
A magnifier slice of the traditional part of Baghdad city, Al-Rusafa. It displays the traditional street pattern; 
Zugagsand surrounding neighbourhoods (Mahallahs). Source: Drawn by the author based on the georeferencing 
aerial imagery authorised by the G.I.S. Department [52] and R.S.GIS.U [51].

street denotes ‘bridging the street, and the buttressing arches spanning between walls 
on either side of the street to provide structural strength and support’ ([44], p. 89).

In traditional Islamic cities, a street refers to the central market. The street mar-
ket on both sides is several repetitive small chambers that are opposite to each other 
and separated by about 10–20 feet. To enable pedestrian flow, the street is mostly 
covered by vaults that include skylights, which allow sunlight to pass through and 

Figure 18. 
The contemporary aerial scenery from the traditional part of Baghdad, al-Karkh. It shows the street pattern, 
cul-de-sacs and open-ended. Source: Prepared by the author based on the georeferencing aerial imagery 
authorised by R.S.GIS.U [51].
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protect the customers from undesirable climate conditions. Mostly, each street 
market is connected by the organic network of the narrow lanes or by other street 
markets. The other public facilities, such as mosques, baths, hotels or Khans are 
located close to shopping streets and thus, as an access network are maximally 
utilised ([44], p. 101, [55]). The traditional Aswaq (markets) are still alive in the old 
part of Baghdad, where each Suq is delegated for specific products and purposes, 
such as the Textile Suq, Book Suq, Copper Suq. The specialisation of functional uses 
is one of the leading characteristics in the old traditional markets, which are placed 
close to each other in a harmonic way (Figure 20).

4.2 Private edge characteristics

In Islamic cities, privacy is a central factor in determining the use of space; 
this includes direct visuals, particularly in residential areas. The cooperation 
between people and other institutions in formulating a generative system worked 

Figure 20. 
Safafeer Suq (market) is one of the oldest traditional market where copper plaques and plates are attached to 
the shops. This Suq was delegated for copper works, but has since been occupied by the textile merchants, thus 
minimising the number of artisans who work withthe copper products. Source: Photographed by author’s team, 
04/December/2016.

Figure 21. 
Two Iraqi traditional courtyard house that illustrates the dogleg (broken) entrance that links the courtyard of 
the house and the street as a public space. Source: Reuther [58]. All right reserved for Al Warrak Publishing 
Ltd., London, UK.
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Figure 22. 
The traditional Baghdad Zugag where the street level tends to have a windowless and solid frontage (left). The 
main entrance of the courtyard house with the richness in decoration and detail (right). Source: Makiya [55]. 
All right reserved for Al Warrak Publishing Ltd., London, UK.

to maintain the rhythm and hierarchy between the private and public domains 
[56, 57]. Furthermore, the Muslim community tends to be more concerned with 
preserving privacy, not only from physical connections but also in terms of visual 
contact. The privacy factor significantly affects the morphology of the urban form 
in Islamic/Arabic cities and gives a distinct shape to the city. For example, the exter-
nal street edge contains the main dogleg entrance that leads to the courtyard house 
[58] (Figure 21). The dogleg technique gives a high level of privacy for inhabitants 
where there is no direct access to the private space from the public realm. Despite 
the fact that entrances are on opposite sides and directly adjacent to the street, no 
entry directly faces another.

In the residential area of the old part of Baghdad, the lower level of the external 
wall that is adjacent to the street is almost blind and as solid as a windowless wall 
to the outside. To attract lighting and ventilation in the courtyard house, all rooms 
are oriented inwards to the courtyard. Therefore, the external façade lacks aper-
tures except, occasionally, small niches beside the upper level that are designed 
with Shanashil. The Zugag exhibits simple façades with a minimum of details at the 
lower level; instead, rich detail and decoration is placed on the Shanashil and main 
entrance (Figure 22) [55].

Moreover, to avoid straight visual connections, people in traditional cities 
tend to adopt the overlooking technique in setting doors, windows, openings and 
heights, where ‘in Islamic culture, protection from visual intrusion into the private 
realm of houses was the paramount consideration. Views were appreciated when 
available, but they took second place to the blocking of visual corridors into the 
private realm’ ([59], p. 29). It allows for inhabitants to observe outdoor activities 
and pedestrian movement, but those who use the street were not able to see inside 
properties. This technique used the concept of Shanshul/Shanashil as the external 
element of the Zugag (local streets within traditional neighbourhoods) in the 
traditional area of Baghdad.
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Shanashil were made up of smaller, modular, sash-window units; they are attrac-
tive architectural elements employed to promote the external edge of the Zugag 
(street). Shanshul includes wooden sliding windows and produces extra shadow 
for pedestrians against the direct sunlight, particularly in the summer season. 
Furthermore, the Shanshul technique traditionally plays a significant role in social 
interactions and allows inhabitants to conduct conversations through opposing 
rooms on the upper floor (Figure 23) [54].

The concept of bridging the street also has been observed in the traditional area of 
Baghdad but did not spread widely, like Shanashil. Technically, this type of high-
level protrusion belongs to one owner or exploits links between two properties that 
belong to the same inhabitant (Figure 24). In the non-residential property, they 
are employed for public use and have the same characteristics. Traditional shape 
complements the street pattern and the socio-physical structure of Baghdad, for 
instance, mosques and hammams. These types of buildings are oriented entirely 
towards the internal courtyard.

A street provides a distinction between the private and public space in the 
traditional area of Baghdad; it is very controlled and restricted regarding the degree 
of permeability, transparency, accessibility and connectivity. The street is almost 

Figure 23. 
Shanashil; as a serrated row of oriel windows. Source: Makiya [47]. All rights reserved for Al Warrak 
Publishing Ltd., London, UK.
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Figure 24. 
The concept of bridging the street in the traditional area of Baghdad, but it does not spread commonly like 
Shanashil. Source: Reuther [58]. All right reserved for Al Warrak Publishing Ltd., London, UK.

solid on the ground floor and semi-closed or closed by Shanashil on the first floor. 
The house entrance and Shanashil form the only two channels to link between the 
private streets. In the modern context of Baghdad, within the residential area, the 
private edge varies from direct adjacency with the street to set backwards. The dif-
ferences in street pattern, plot layout and block size, and the location of the build-
ing within the plot area play a key role in formulating the spatial organisation and 
provide distinct characteristics for each area of Baghdad (Figure 25).

The characteristic of the private edge in the modern pattern of the street net-
work has different criteria and considerations. This leads to different interpreta-
tions of the private edge and the extent to which inhabitants have the authority to 
claim the juxtaposing space located in front of their property. It also influences the 
boundary of the street width, and to what extent it is for public use. The absence of 
a clear definition for the private, public and street edges, particularly in commercial 
streets which broke through the traditional area, has resulted in complicated situa-
tions and difficulties in how to manage this critical area of Baghdad (Figure 26).

4.3 Public edge characteristics

The public edge formulates the vitality of the street, where it enables people to 
interact either with the street edge or with other people. Tolerance depends on dif-
ferent criteria and rules, besides the norms of society (values and Urf). In the tradi-
tional area, the norms and Urf can be realised as concealed orders indoctrinated in 
the consciousness of society without the need for documentation. People realise the 
system of norms and Urf and then accordingly, shape their behaviour. The concept 
of Urf is related to the traditional area of Arabic/Islamic cities, where these types of 
areas were normally based on a set of treaties accepted by people.

The idea of Al-Fina can be addressed as one of the public edge’s characteristics 
in the old traditional part of Arabic/Islamic cities, such as Baghdad. Al-Fina is a 
spatial element that distinguishes the street edge and interior courtyard of a house. 
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It is located immediately adjacent to the peripheral exterior wall, opposite the street 
space. It serves daily and temporary uses without a need to own the space [60]. 
Moreover, the combination of zigzag and a string of narrow and wider areas along 
one street provides visible evidence of the design of a traditional city in the Islamic/
Arabic world (Figures 27 and 28).

Figure 25. 
The modern context of Baghdad within the residential area, the private edge manifests an important 
transformation which is adjacent with the street edge towards the back. The differences are apparent in street 
pattern, plot layout and block size, and the location of the building within plot area. Source: Prepared by the 
author based on the georeferencing aerial imagery authorised by R.S.GIS.U [51].

Figure 26. 
The absence of a clear definition of the private, public and street edge, particularly in commercial streets 
that go through the traditional area, have resulted in complicated situations where sellers deliberately present 
their products within the street arcades. Al-Rasheed street. Source: Photographed by author’s team, 21/
December/2016.
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Figure 28. 
A street in the traditional part of Baghdad, Al-Karkh. Note the steps of the houses on the left of the picture, 
and verandahs on the upper level; both are located within the Al-Fina domain, besides having other hanging 
features. Even the car stop is subject to the same concept, despite the limitations of public edge. Source: 
Photographed by author’s team, 05/December/2016.

Al-fina is completely changed in the modern neighbourhoods, where the built-
up area is placed with the frontage set back. However, the area adjacent to the front 
wall of their properties is still used by people for different purposes, meaning that 
the authority of Al-Fina has been adopted differently. It might be recognised as 
a type of soft territorial space, ‘if territories are relatively small (garden or house 
versus park or apartment building, for example), and if they can be modified or 
maintained with modest effort, then it is easier for individuals or small groups to 
achieve control’ ([45], p. 213) (Figure 29).

Furthermore, the concept of the ‘in-between’ space is used by Nooraddin 
[18] to denote a transitional milieu that mediates between the street and private 
space often in Arabic/Islamic traditional cities. In fact, there are no hard barriers 
between the in-between space and the street. The in-between space is generated 
by the consumer of street space, ‘In between phenomena, how it was organised 

Figure 27. 
al-Fina is one of the leading characteristics of traditional Arab/Islamic cities. It refers to different purposes 
which both private and public domains can benefit from, but it is never be owned by anyone. Source: 
Hakim [60].
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in the old Islamic cities and how it contributed to the character of their street 
environments’ ([18], p. 66). The in-between space is mainly located in the front 
of the private area where it is used as a gathering space and for different activities. 
This type of space has loose meaning that there is no specific shape to give it a final 
form. Instead, it is flexible in both investment and appearance. It enables people 

Figure 29. 
Two examples from modern neighbourhoods in Baghdad exhibits how people pretend to make territorial space 
at the front wall of their properties. Partially covered area (left). Entirely paved by the inhabitant and using 
a ramp to access to the house located outside the private edge (right). Source: Photographed by author’s team, 
12–13/December/2016.

Figure 30. 
Left, reconstruction of the in-between spaces of a commercial street in traditional Islamic Arabic cities. 
Right, reconstruction of the in-between spaces of a residential street in traditional Islamic Arabic cities 
Nooraddin [18].
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to meet their needs and desires as much as possible regarding comfortable climate, 
religion, lifestyle, community and cultural aspects. Two types of in-between space 
are defined as: (1) related to the commercial street, and (2) located on the residen-
tial street (Figures 30 and 31) [18].

According to Hall [35], the in-between space shapes the microcultural theme, 
where it attracts the people to share the same territorial area. This notion, to 
a large extent, is rooted in the old part of cities. Hall [35] distinguishes three 
types of proximate behaviours that manifest in a space – Infracultural: behaviour 
rooted in the human biological past, Precultural: the physiological level in the 
present, Microcultural: based on which most proxemic observations achieve. The 
Microcultural pattern encompasses three aspects (buildings, space and the distances 
maintained in encounters with others) which define territorial patterns, ‘… in every 
sense of the word an extension of the organism, which is marked by visual, vocal, 
and olfactory signs. Man has created material extensions of territoriality as well as 
visible and invisible territorial markers ([35], p. 103).

Can and Heath [17] use the term In-between to study social interaction and the 
morphological form of a city. They examine spatial configurations that occur in 
different street patterns: traditionally and modern. In traditional Islamic and Arabic 
cities, the In-between space reflects a social interaction between neighbours where it 
offers a niche within the street edge and in turn, improves the street life. The pock-
ets of activity play a significant role in shaping a live space; it mediates activities and 
the path as an in-between area in order to create an attractive space for people to 
pause and get involved [12].

Kostof [29] states that public spaces are defined by residual, interstitial spaces 
located between neighbourhoods’ cells, such as bazaars or Aswaq and Maidans 
(public squares). The contrast with Western urbanism lies in the fact that it pays 
more attention to the street system and public spaces. The urbanism process in 
traditional Arabic/Islamic cities is based on the inside to outside, and is understood 
as a bottom-up approach, or, in other words, from private tendencies to public 
propensities. In Arabic/Islamic cities, the sense of public space is defined in soft 
boundaries rather than hard borders, where the users and visitors share the same 
norms and values by investing in the public spaces. Kostof ([29], p. 127) states 
that ‘regardless of the private use of these resources, they could never be privately 
owned. Every member of society had equal claim to public places, be Muslim or 

Figure 31. 
Al-Mutanabbi as one of the more traditional vital streets in the heart of the old part of Baghdad. It is vivid 
in attracting a massive amount of people from different gender, ages and for various purposes. It is the main 
resource for books, publishing, stationery, and knowledge exchange. Source: Photographed by author’s team, 21/
December/2016–202106/January/2017.
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non-Muslim. Whoever comes earliest to a public place has the right to make use 
of it through that day’. The Suq (the Arabic plural is Aswaq), in traditional areas 
of Baghdad, derives from the organic street pattern as there is no dramatic change 
between the Suq space and other networks, but rather movement is spontaneous 
and streamlined. The transformation is not based on the morphology of the space 
and its distinct characteristics, but also on the functional pattern of the street. This, 
in turn, results in a new vista with each movement (Figure 32).

A Suq is a crucial morphological urban element that is spontaneously subjected to 
the hierarchy of location. Aswaq were organised in different ways, whilst the linear 
Suq functions as a continuum spatial route, where both its sides have opposite shops. 
As an area, the Suq denotes a series of back-to-back rows that are situated to face each 
other, whilst the units of a Suq are located against the perimeter of buildings [61, 62] 
(Figure 33). The pattern of a Suq and its spatial configuration came to exist as an 
assortment of different types of Aswaq (Arabic plural). It had various functions in 
order to serve a significantly sized community within the same scope, where Aswaq 
were located to be proximate and adjacent to each other. The proximate pattern of 

Figure 32. 
Two symmetric scale of street patterns in Baghdad (left: Case A) and (right: Case D) show the dramatic 
transformation in the concept of Suq (Aswaq), from organic theme to loop-grid where the movement is 
changed from the spontaneous streamlined to a planned change direction. Source: Drawn by the author based 
on the georeferencing aerial imagery authorised by the G.I.S. Department [52] and R.S.GIS.U [51].

Figure 33. 
Spatial configuration of Suq pattern in the traditional area of Baghdad; Al-Safafeer Suq (left) and 
Al-Mutanabbi Street (right). Source: Photographed by author’s team, 04/December/2016–21/December/2016.
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Figure 34. 
Sample of the pattern of a Suq with its spatial configuration came into existence as an assortment of 
different types of Aswaq. This aimed to provide various functions in order to serve a significant amount 
of the community within the same area. They were located near and/or next to each other. Source: Drawn 
by the author based on the georeferencing aerial imagery authorised by the G.I.S. Department [52] and 
R.S.GIS.U [51].

distribution of Aswaq provides a distinct morphological form in the traditional area of 
Baghdad. The proximity enables people to combine shopping and viewing the sights 
(Figure 34).

Functional proximity is often one of the important criteria for the closeness of 
the Aswaq, for example, Al-Mutanabbi street is designated for bookshops, publish-
ing and stationery storage; moreover, it is close to Al-Sarai Suq to provide stationery 
and books (Figure 34). Along with the value of proximity, the pattern of the street 
in this part is more complicated and based on the organic network, which devel-
oped spontaneously. The proximity governs the location of the Aswaq and the other 
social facilities, such as the Masjid (mosques), Gahwah (café), Hammam (public 
bath) and Sahaht (squares), where people are able to access different activities. 
This sense of proximity, to a large extent, is lost in some modern neighbourhoods in 
Baghdad, with their new street patterns that were established according to car-
based movements. This resulted in minimal social interaction, and it maximised the 
distance between settled units and the Aswaq, besides other facilities and services 
(Figures 32 and 34) [63, 64].

Proximity, in this regard, is based on human demands, regarding accessibility 
and connectivity. This considers ‘where’ as the settled units in which people live, 
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and ‘there’ where their needs are located. The traditional part of Baghdad, like 
other Arabic/Islamic cities, emerged initially from a bottom-up strategy, where the 
community had the authority to shape and reshape the built environment so that it 
harmonised with their needs [56, 65]. In the traditional area of Baghdad, Al-Ashab 
[53] refers to another morphological element that characterises the urban context 
of the street pattern in this area, namely, Al-Sahah (Sahaht – as plural). It emerged 
spontaneously within the urban fabric and is normally placed where two or more 
streets come together to shape the space of connection. This space has been used as 
a meeting place for neighbours. Sahah within Mahallahs (neighbourhoods) were 
full of life and attractive as social interaction spots that eventually spread through 
the traditional urban fabric [53].

Sahah space refers to several Sahaht that are varied regarding the size; it ranged 
from the more private space, such as the courtyards of traditional houses, tertiary 
Sahah, and more public areas like sub-Mahallah or secondary Sahah and the 
primary Sahah. The hierarchy of accessibility from small to the large Sahah was 
perceived both by those who lived there as well as visitors (Figure 35) [53]. In a 
new urban context, where the squares (Sahaht) develop from a planned process, 
open spaces are meaningless and void from any common function. They, however, 
enable the unnecessary physical expansion of the city, and the sense of human scale 
is lost as their geometrical dimensions are not subjected to other surrounding urban 
elements; thus, the enclosure is also missing. In the modern pattern, squares fall out 
of the authority of inhabitants, as there is no explicit declaration about the claim for 
this type of area. Moreover, there is a deficiency in determining the nature of use, 
even though they are designed for public use (Figure 35).

5. Conclusion

Defining the street edge was the primary aim of this paper in order to highlight 
the different interpretations and meanings of the three fundamental elements that 
function together to formulate the street. These elements are the street, the private 
edge and the public edge. The transformation in the urban structure from the 

Figure 35. 
Al-Sahah (Sahaht–as plural), Baghdad, al-Karkh (case B -left). It emerges spontaneously and is embedded 
in the urban fabric and customarily located where two or more streets come together to form a connective 
space. Case D (right) is a new modern pattern which exhibits fragmented squares as superfluous. Source: 
Drawn by the author based on the georeferencing aerial imagery authorised by the G.I.S. Department [52] and 
R.S.GIS.U [57].
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traditional pattern to the modern model not only changes the morphological dimen-
sion but also influenced the relationship between the private and public realm. 
The manipulation of private and public relations could be the primary condition to 
figure out the street life and how people interact with each other. Hence, different 
variables could be employed to measure the relationship between the private realm 
and the street space at a micro-level. These factors are experienced by those who use 
a street when dealing with the street scope within a specific segment. The perme-
ability, inter-visibility, connectivity and accessibility are different between the 
traditional area and the modern parts.

The notion of the private-public was examined to investigate the street’s edges. 
Each realm was addressed in detail by emphasising the basic morphological process 
based on the edge’s characteristics. The critical interrelationship between two edges: 
private and public represents the micro-level of a street segment that is used to 
evaluate the interrelationship and how could affect street life and social interactions 
along the street edge. Across the traditional pattern and modern model of the neigh-
bourhood, there was a significant disparity between the private and public edge.

People have a set of expectations when they determine their interactions with 
individual action or collective behaviour in a particular street edge. Classifying the 
street space into three edges is an essential method in order to understand human 
behaviour thoroughly and how could people respond to each other and the three 
edges: street, private and public. Fine-scale is another aspect to address the physical 
environment at the street scale; also, the micro-level could be one of the strategies to 
deal with the street parameters in terms of the ability of the different edges in man-
aging human behaviour. Indeed, there is a need to distinguish between two patterns; 
the first one is based on the bottom-up approach as a spontaneous pattern, and the 
second is the up-down method as a pre-planned model. Once understand the differ-
entiation of traditional area (spontaneous) and new neighbourhood (pre-planned), 
it would be there a thoughtful procedure to deal with the private and public edge.

There is a lack of required building legislation and maintenance monitor pro-
grams for planning and urban design, including a lack of commitment to restrict 
initiatives to assure they conform to traditional patterns. Therefore, addressing the 
central gap means verifying the most critical indicators of the street edge problem, 
both in traditional and modern patterns, which necessitates the detection of related 
studies that try to link the urban form with active-ties and human behaviour alike. 
The traditional region emerged spontaneously apart from the notion of land use 
or zoning diagram. This characteristic is a crucial point within urban development 
schemes. The street pattern and paradigm of the buildings in the area are intricate; 
accordingly, there is a need to develop particular standards and regulations to 
preserve the identity of old Baghdad and understand the contemporary objectives 
of the new pattern. In this regard, proffering more further consideration to the 
centre of Baghdad is required, meaning that the control of this traditional region 
ought to be studied and systematic to advanced quality of life and to improve urban 
sustainability.

Terminologically, urban symbiosis could be aligned with sustainability, but this 
term can cover what is related to human behaviour and street activity. The main 
aim of symbiosis is to create a high interaction productive relationship between 
creatures. The notion of symbiosis holds three kinds: Commensalism, Parasitism 
and Mutualism. To comprehend the fundamental system in the traditional pattern 
of Baghdad city, understanding the micro-level of activity and fine-scale of the 
urban fabric is required to form a symbiotic platform. Including the processing of 
the morphology and the relationship between the plot, block and street network, 
also the symbiotic relationship between the public and private domains. European 
experiences in dealing with outdoor activities and how people respond to the street 
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edge have been highlighted thoroughly by different scholars and significant studies. 
People effectively experience this urban knowledge and urban life at the micro-level 
of the street edge in participating in the fine characteristics of such edge. In this 
respect, Jan Gehl’s school could be one of the more significant experiences in deal-
ing with street life.
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Abstract

Given three-quarters of the European population living in urban areas, cities 
are expected to deliver sustainable growth if they will be able to further thrive and 
grow, while improving resource use and reducing pollution and poverty, as high-
lighted also by Sustainable Development Goal 11. In the context of vulnerable and 
marginal areas within cities, which suffer from multiple deprivations, regeneration 
processes at the building and district-scale play the most significant role in making 
cities more inclusive, sustainable and resilient. Reuse and refurbishment strategies, 
measured building replacement and stratification, redevelopment and enhance-
ment, nature-based solutions and bioclimatic technological devices, are all tools for 
an integrated regeneration process capable of stimulating the urban metabolism 
and act as a driving force for the self-regeneration of the city. A comparison of two 
different building typologies, brought about by a review of existing public housing 
case studies in the outskirts of Rome, Italy, allowed us to define efficient, sustain-
able strategies and guidelines, that can be adapted to similar contexts in terms of 
building typology, social and economic conditions and of relationship to the rest of 
the city.

Keywords: urban regeneration, distressed urban area, sustainable technologies, 
public housing, energetic retrofitting

1. Introduction

The 2030 Agenda adopted by the United Nations General Assembly in 2015 
and defined by the subscribing members as “a plan of action for people, planet and 
prosperity” has identified 17 goals in order “to take the bold and transformative steps 
which are urgently needed to shift the world onto a sustainable and resilient path” 
[1]. The goals refer to different fields of social and economic development and must 
be addressed through an integrated approach, aimed at achieving sustainable prog-
ress. The United Nations Inter Agency Expert Group on SDGs (UN-IAEG-SDGs) 
has developed 169 global targets, and 234 indicators that have to be monitored—as 
a global reference framework—in the period 2015–2030. In particular, Goal 11 deals 
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with the urban sustainability issue and emphasizes how cities play an essential role 
in achieving the Sustainable Development Goals since half of the world population 
and three-quarters of the European population live in urban areas. All over the 
world, cities are responsible for the largest share of energy consumption and carbon 
emissions, for the growing pressure on the environment and the related public health 
issues [2].1 The governance of urban space, therefore, represents a crucial develop-
ment factor capable of posing worldwide challenges and opportunities. Several 
aspects must be considered in a systemic, inclusive and integrated way to ensure 
that cities thrive in a sustainably. It is vital to ensure that the population living, 
working or passing through the city has access to mobility, quality housing and safe 
conditions, both in terms of structural stability of public and private buildings and 
infrastructures, and protection from crime, violence and harassment.

Moreover, the presence of green spaces and public spaces, the protection of the 
cultural and natural heritage, the redevelopment of run-down areas, the relation-
ship between the city and peri-urban and rural areas are as crucial as the aspects 
mentioned before. Yet, to be able to proceed in this direction it is essential to work 
according to an integrated approach that addresses the physical and structural 
aspects of the city, as well as the intangible ones. These last ones range from social 
and cultural aspects to those related to work and local economies, within broader 
processes that activate latent or already existing projects and social energies, which 
very often require policies from below. This process has already been triggered 
with the 2007 Leipzig Charter together with the related integrated urban develop-
ment strategies that at a national, regional and local level focused on the cultural 
and architectural qualities of cities, conceived as strong tools for social inclusion 
and economic development useful to positively affect economic prosperity, social 
balance and the environment, within a coordinated process between spatial, secto-
rial and temporal aspects of urban areas. This process continued with the Toledo 
Declaration of 2010, which suggested a transversal, multidimensional and holistic 
design approach to achieve multiplying, complementary and synergistic effects, 
solving conflicts and finding the right balance between temporal (short, medium, 
long term) and spatial (region, metropolitan area, city, neighborhood) needs. These 
recommendations are reiterated and strengthened in the newborn Renovation Wave 
strategy, part of the European Green Deal promoted by Brussels which places the 
redevelopment of the building stock in a relevant position as an essential measure for 
decarbonization and reduction of emissions and as a tool for boosting the economy 
and European competitiveness. The new Renovation Wave strategy aims to double 
the urban regeneration rate, currently at 1%. According to Brussels estimates, a 
significant share of 35 million renovated and regenerated buildings could be reached 
by the end of the decade [3]. This situation would lead not only to significant eco-
logical and energy benefits, but also to social ones considering that a recent report on 
sustainable recovery asserts that building renovation offers the greatest employment 
leverage: 12–18 local jobs for every million investments. This potential would create 
by 2030 as many as 160,000 new jobs in the EU construction sector [4].

More specifically, the Renovation Wave strategy will prioritize action in three 
areas: decarbonization of heating and cooling; tackling energy poverty and energy 
inefficiency; renovation of public buildings (schools, hospitals and offices). It will 
do so through several measures that make energy redevelopment operations easier 

1 There are various estimations of urban consumption of energy and related emissions. According to 
the World Energy Outlook (November 2008) http://www.worldenergyoutlook.org/index.asp, much of 
the world’s energy is consumed in cities. Cities today house around half of the world’s population but 
account for two-thirds of global energy use. Because of their larger consumption of fossil fuels, cities 
emit 76% of the world’s energy-related CO2).
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and faster.2 “The green recovery starts from home,” said Energy Commissioner 
Kadri Simson, “with this initiative we will face the numerous obstacles that today 
make the restructuring complex, expensive and slow, slowing down many neces-
sary interventions” [5].

Furthermore, the recent COVID-19 emergency sets before us a new vision 
of residential heritage, having highlighted its limits—in particular those of the 
public residential heritage. Therefore, urban regeneration offers the opportunity to 
rethink housing models. Today, more than ever, the challenges posed by epidemio-
logical and climate changes bring to light more intangible realities which are more 
oriented towards generative social action. These realities require the involvement of 
actors, not only of the construction sector but also of the local community through 
the implementation of complex and long-lasting social projects, which must be 
designed to support first of all the most vulnerable groups.

2. Italian intervention policies

In Italy, the evolution of the concept of urban regeneration can be re-read within 
the relevant legislation, that marks the transition from the concept of recovery to the 
concept of rehabilitation, within the legislation presented and approved in the period 

2 The EU must adopt an encompassing and integrated strategy involving a wide range of sectors and 
actors based on the following key principles:—‘Energy efficiency first’8 as a horizontal guiding principle 
of European climate and energy governance and beyond, as outlined in the European Green Deal9 and 
the EU strategy on Energy System Integration10, to make sure we only produce the energy we really 
need; − Affordability, making energy-performing and sustainable buildings widely available, in par-
ticular for medium and lower-income households and vulnerable people and areas; − Decarbonization 
and integration of renewables11 . Building renovation should speed up the integration of renewables in 
particular from local sources, and promote broader use of waste heat. It should integrate energy systems 
at local and regional levels helping to decarbonize transport as well as heating and cooling; − Life-cycle 
thinking and circularity. Minimizing the footprint of buildings requires resource efficiency and circular-
ity combined with turning parts of the construction sector into a carbon sink, for example, through 
the promotion of green infrastructure and the use of organic building materials that can store carbon, 
such as sustainably-sourced wood; − High health and environmental standards. Ensuring high air 
quality, good water management, disaster prevention and protection against climate-related hazards12, 
removal of and protection against harmful substances such as asbestos and radon, fire and seismic 8 See 
Article 2(18) Governance Regulation (EU) 2018/1999: “‘energy efficiency first’ means taking utmost 
account in energy planning, and in policy and investment decisions, of alternative cost-efficient energy 
efficiency measures to make energy demand and energy supply more efficient, in particular by means 
of cost-effective end-use energy savings, demand response initiatives and more efficient conversion, 
transmission and distribution of energy, whilst still achieving the objectives of those decisions”. 9 The 
European Green Deal, COM(2019) 640 final. 10 Powering a climate-neutral economy: An EU Strategy 
for Energy System Integration, COM(2020) 299 final. 11 This refers to energy from renewable sources 
produced on-site or nearby. 12 Climate resilient buildings mean that the buildings are renovated to be 
resilient against acute and chronic climate-related hazards relating to temperature, wind, water and solid 
mass, as appropriate. A complete list of such hazards is included in Table 1 of Annex I of Commission 
Implementing Regulation (EU) 2020/1208. 4 safety. Furthermore, accessibility should be ensured to 
achieve equal access for Europe’s population, including persons with disabilities and senior citizens—
Tackling the twin challenges of the green and digital transitions together. Smart buildings can enable 
efficient production and use of renewables at the house, district or city level. Combined with smart 
energy distribution systems, they will enable highly efficient and zero-emission buildings.—Respect 
for esthetics and architectural quality. 13 Renovation must respect design, craftsmanship, heritage and 
public space conservation principles.
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between the 90’s and the early 2000s. Indeed, national legislation moves from inte-
grated intervention programs to urban redevelopment programs (L. 179/1992); from 
urban recovery programs (L. 493/1993) to district contracts (D.M. n. 1071–1072, del 
1° dicembre 1994); from urban regeneration and sustainable development programs 
(D.M. dell’8 ottobre 1998) to urban rehabilitation programs (L. 166/2002).

It is precisely the building and urban rehabilitation programs (L. 166/2002) 
that introduce, alongside the concept of transformation of physical space, that of 
performance, especially linked to the concept of efficiency, taking into consider-
ation also economic and social issues, including physical deterioration. In 2015, all 
these experiences led to the Piano nazionale per la riqualificazione sociale e culturale 
delle aree urbane degradate (national plan for the social and cultural redevelopment 
of deteriorated urban areas), where the concept of rehabilitation gained, within the 
concept of redevelopment, the meaning of quality not only of the physical heritage, 
but also of the intangible one. Still, in Italy, the concept of urban regeneration has 
been introduced only in recent decades, addressed by national and local policies 
(regional legislation) as a matter of territorial governance ascribed to the concur-
rent jurisdiction of States and Regions. In these policies, a strategic vision from 
above based on urban planning and programming comes along with a bottom-up 
regeneration process of common goods which starts directly from the citizens. 
Within the 2007–2013 programming of structural funds, which conceived interven-
ing on cities as one of the priority actions, the term urban regeneration was reinter-
preted as an integrated approach to urban development, capable of overcoming the 
fragmentation and sectoral nature of interventions in this field. This approach has 
found further confirmation in the 2014–2020 fund programming. The urban regen-
eration issue can also be found related to the measures on land consumption and 
on reuse of built land, where the term is intended, above all, as the recovery of the 
existing building heritage (DDL. C.2039 “Containment of land consumption and 
reuse of land built “approved by the Chamber on May 12, 2016). In the Code of pub-
lic contracts (D.Lgs. 50 del 2016) instead, we find the concept of urban regeneration 
combined with horizontal subsidiarity interventions (art. 189) and administrative 
bartering (art. 190), where social partnership contracts are introduced based on 
projects proposed by an individual or associated citizens.

In recent years, several regional regulations in the field of urban planning and 
construction have been introduced within the framework of urban regeneration with 
a strategic vision of territorial planning, implemented through complex plans and 
programs. Many regional regulations reveal that the regulatory concept of urban 
regeneration differs more and more from that of building recovery and urban plan-
ning, and is gradually including complex actions for the urban, environmental and 
social rehabilitation of degraded urban areas. Examples are the regional law of Emilia-
Romagna (L.R. n.24, 21 dicembre 2017) on the protection and use of the territory, the 
regional law of Tuscany (L.R. n.65, 10 novembre 2014), which lays down rules for the 
government of the territory, the regional law of Lazio, (L.R. n.7, 18 luglio 2017) con-
taining regulations for urban regeneration and building recovery, just to name a few.

The law L. n. 158 dell’8 ottobre 2017—containing measures for the sup-
port and enhancement of small municipalities, as well as regulations for the 
redevelopment and recovery of their historic centers—complies with the goals 
mentioned above, where the concept of regeneration takes on a connotation of 
territorial and environmental protection and where small municipalities are 
recognized as a resource due to their role as a territory presidium, especially 
about their role in contrasting hydrogeological instability and in preserving and 
protecting common goods.

Urban regeneration, which is gaining an important space in regional legislation, 
still struggles to find a precise definition in the national one, where it is addressed 
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as an emergency measure by the D.L. 18 Aprile 2019, n. 32—“ Disposizioni urgenti 
per il rilancio del settore dei contratti pubblici, per l’accelerazione degli interventi 
infrastrutturali, di rigenerazione urbana e di ricostruzione a seguito di eventi sismici” 
(urgent regulations for the relaunch of the public contract sector, for the accel-
eration of infrastructural interventions, urban regeneration and reconstruction 
following seismic events). The decree fosters the reduction of land consumption in 
favor of regenerating the existing building heritage by encouraging the redevelop-
ment of degraded urban areas. Eventually, the unified text of the D.D.L. on urban 
regeneration, which is now under discussion, provides a state fund of 500 million 
euros per year until 2040 to co-finance regional tenders for the urban regeneration 
plans presented by the municipalities, thanks to an alliance between state, regions, 
municipalities and private individuals.3

3. Sustainable urban regeneration

In this context marked by a European policy strongly focused on energy saving 
and consumption reduction, the existing building stock and its redevelopment 
play an important role, especially the energy requalification of public housing 
(ERP) [6]. By public housing we refer to the residential real estate built, directly or 
indirectly, by the State, to be assigned, at particularly good economic conditions, 
to citizens with low incomes or who find themselves in poor economic conditions. 
The law regulating public housing identified three areas of intervention onto which 
allocate the available economic resources: subsidized housing of exclusive public 
ownership, assisted housing in property and/or with controlled rent and housing 
with agreements on surface or property rights. The fact that the European public 
housing heritage is plentiful and assorted, is a clear expression of the cultural and 
economic differences of our continent. In Europe, a significant share of the housing 
stock was built in response to the demand for housing following the Second World 
War. To date, more than 220 million buildings, representing 85% of the European 
building stock, were built before 2001. The majority of them are not energy effi-
cient, as a result of old technologies and bad insulation—and account for around 
40% of total European energy consumption and 36% of greenhouse gas emissions 
[3]. The physical (technical-functional), social and economic conditions of degra-
dation that characterize the public building heritage demand the identification of 
immediate intervention strategies. The aim of the research is to show how certain 
strategies, in particular bioclimatic, modular and low-cost ones applied to the small 
building scale, can become the main tools for rehabilitating relevant parts of the 
contemporary city. For this reason, the research work described in this essay aims to 
give back urban quality to the suburban fabric which hosts public residential build-
ings through an architectural, energetic, bioclimatic and environmental requalifica-
tion. This operation provides an attempt to read the peripheral palimpsest, through 
punctual and diversified interventions involving the description of the physical 
space, of the biophysical one and the understanding of bioclimatic phenomena, 
which cannot be separated from the understanding of the social space. Throughout 

3 Moreover, the text of the law provides also for the creation of a “database on reuse” of vacant and 
abandoned properties, for the right for Municipalities and Regions to raise taxes on unused or unfinished 
real estate units for over 5 years and for the possibility to resort to two-level design competitions. Finally, 
it provides for wide use of tax incentives (such as the superbonus, the eco-bonus or sismabonus) and 
for the establishment of a control room for urban regeneration meant to coordinate the interventions on 
different levels and to implement the national program goals, planned to be adopted within 4 months 
from the entry into force of the DDL.
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the research, the role of the architect has been reconsidered as a social role that 
requires the ability to listen, interpret and explore the peripheral space, with the 
intent of setting shared and experimental assumptions to which reference can be 
made to overcome with the method and analytical scientificity the contradictions 
and conflicts of extended urban peripheries. Every overall transformation program, 
each detailed project is declined in this sense by associating several reinterpreta-
tions of the space and considerations on the possible scenarios of transformation, to 
develop, through a critical synthesis, an innovative conception of urban peripheral 
environment. This environment is meant to dialog with the consolidated city and to 
connect the redevelopment process to the cultural, social and technological trans-
formations that affect society and urban form and that emphasize the need for new 
ideas, innovative models and relevant examples.

Overall, the analyses and evaluations of this research work start from the identi-
fication of the problems within the analytical phase and then explore the feasibility 
of intervention scenarios that can help to achieve greater urban quality. At the heart 
of the work, there are three research survey directions concerning:

1. The ability to measure oneself with the characters of the places and the 
territory;

2. An environmentally sustainable and energetically and ecologically efficient 
transformation-development;

3. The reconstruction-enhancement of the public space.

Given the first research direction, the operational strategic lines address:

1. The broadening of the analysis framework concerning the anthropic, bio-
physical and bioclimatic factors to support the development of meta-project 
scenarios;

2. The optimization the control system of environmental components in the 
development phase of the intervention program-project;

3. The maximization of instrumental skills to verify the quality and eco-efficiency 
levels of the architectural project and urban reality;

4. The development of verification steps concerning the different degrees of 
quality and environmental sustainability to be assigned to the different phases 
of the project;

5. The optimization of systems for monitoring and controlling the behavior of 
outdoor, intermediate and confined spaces.

Regarding the implementation of the second research axis, the following  
operational strategic lines have been identified:

1. to optimize the specific conditions of mobility-transport connecting the  
periphery with the consolidated city;

2. to enhance-protect the local landscape-vegetation assets;

3. to enhance the soil conditions in terms of site orography, lithology and 
 stratigraphy;
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4. to optimize local hydrogeological conditions, considering rainwater runoff;

5. to introduce morphological-typological solutions aimed at integrating residen-
tial functions and extra-residential activities;

6. to organize and manage the material, energy and information flows at the 
district level;

7. to introduce innovative building solutions aimed at energy and ecological 
 efficiency.

Finally, the third research axis aims at:

1. controlling and enhancing greenery in its role as a filter between environmental 
factors and functionality of outdoor spaces;

2. using outdoor spaces for meeting and social occasions within the general 
 reorganization of paths and mobility;

3. enhancing the relationship between mobility, vegetation, bioclimatic and 
urban furniture in the design of in-between outdoor spaces;

4. maximizing psycho-perceptive comfort conditions related to the morphology 
of the intermediate outdoor spaces;

5. maximizing energy and ecological efficiency of the public space.

4.  Sustainable technologies, hypotheses and solutions for two case 
studies in Rome, Italy

The case studies illustrated in the essay focus on the analysis and regeneration of 
two types of ERP multi-storey buildings, in linea (linear) and a torre (tower) blocks 
located in two different peripheral areas of the city of Rome.

The two-building typologies are taken into consideration using their similari-
ties from an administrative and legal point of view and of their differences on a 
typological and environmental level and about their relationship with the context 
(Figure 1). The case studies analyzed are chosen to be representative of the 
respective building typology which recur in the ERP Roman context. The choice 
to study buildings located in peripheral areas is linked to the desire of investigat-
ing distressed urban areas [7], areas where it is even more urgent and necessary to 
intervene and where regeneration processes have a reorganization potential that 
transcends the architectural level and bring along positive effects on the socio-
economic conditions of the inhabitants.

Specifically for the tower high rise building typology, an ERP condominium was 
identified—part of a plot of four twin condominiums—in the north-western suburbs 
of Rome, XIII–XIV municipality, while for the linear multi-storey building typol-
ogy an ERP condominium was identified—which is repeated 18 times with different 
orientations according to Piano di zona 02v—in the north-eastern outskirts of Rome, IV 
municipality. Both buildings were designed in the late 70s and built in the 80s in dis-
tressed urban areas of the city that differ in density (150 inhabitants/ha in Torrevecchia 
and 98 inhabitants/ha in San Basilio), in the degree of marginality compared to the 
adjacent context and the rest of the city as well as in the plano-volumetric system.
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The methodology adopted in this research allows, once the different hypotheses 
have been identified, to evaluate both the technical (energy savings that would 
result) and economic feasibility, as well as to verify the overall compliance with 
national and local regulations.

The methodological approach followed for both case studies provides for an 
analysis of the context and the current situation of the buildings starting from a 
territorial and urban framework with a specific focus on mobility, facilities and 
greenery. Subsequently, demographic, socio-economic and housing demand 
surveys were carried out. Ultimately, an environmental and micro-climatic analysis 
both of the entire context and the building under examination was carried out and 
finally, the architectural and technological components underwent a thorough 
examination. The aim is to detect critical issues at the building and housing level 
and to subsequently define the typological and functional program and the overall 
intervention strategies in line with technological and environmental require-
ments. The definition of the general morphological-functional characteristics of 
the intervention about the interaction model between microclimatic factors and 
the context led to the preliminary design. This initial design stage was developed 
according to studies and technical validations set at a meta-design level, followed 
by a functional study and the reinterpretation of housing schemes and supple-
mentary facilities, according to the social demand. At last, a summary report 
on the identified demand/performance system was drafted: clarification of the 
environmental technological requirement system and its related design choices. 
The different strategies and design solutions underwent a definitive design elabora-
tion of the building system and its subsystems and components in line with the 
environmental context and their interrelations with the transformations induced 
by the intervention.

5. Tower high rise building typology in Torrevecchia, Rome

The Torrevecchia district (Figure 2), built with funding from law L. n. 584 of 
1977, is an area of approximately 24 ha with 1074 accommodations for 3600 inhabit-
ants located in the north-west area of Rome in the Primavalle district, XIII–XIV 

Figure 1. 
Territorial framework: two ERP case studies in Rome.
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municipality. It is owned and managed by the autonomous institute of popular 
housing (IACP), a specific Italian institution to promote, build and managing 
public housing to assign to citizens on low income rented at controlled rates. The 
architects P. Barucci, L. Passarelli and M. Vittorini were in charge of its design and 
execution. Until the 1960s Torrevecchia was part of the agro romano, and during 
the 1970s the area was affected by strong urbanization. The district is defined to 
the south by via di Boccea, to the west by via di Casal del Marmo, to the east by via 
Mattia Battistini and to the north by via Trionfale.

The plano-volumetric scheme is developed around a central square defined by 
four 15-storey high tower buildings (76 apartments) on which a group of offices 
and a bar overlook. Long 4/5 storey buildings (192 apartments) branch off from 
the central square with three levels of housing and a ground floor meant for shops, 
which were never realized.

Thanks to a progressive series of shifts, these volumes tend to spread out 
towards the extremity of the area thus creating in-between them two green spaces 
large enough to host respectively a small public park and a sports field. Car parking 
spots are located on the external side of the linear storey buildings, thus remaining 
outside of the central green areas defined by the building volumes.

Overall, the architectural solutions adopted in the different buildings are rather 
simple and they all respond to the constraints set by the standards imposed by law 
and by the economic means: prefabricated concrete panels and ribbon windows 
with metal frames.

5.1 Analysis

The IACP complex is commonly known as the “Bronx” due to its architectural 
aspect (poor architectural-spatial, environmental and energy quality of the buildings) 
and the socio-economic conditions of the area. The complex is strongly marked by 
economic precariousness, by the absence of public spaces and areas for meeting and 
socializing, by the absence of life and services at ground zero, and eventually by lack 
of maintenance and building degradation.

According to 2011 ISTAT census data (the Italian National Institute of Statistics, 
which is the main producer of official statistics in Italy), one out of four residents 
appear to be unemployed and 9 out of 10 people have reached a level of education 

Figure 2. 
Aerial view of Torrevecchia district (source: Google Earth).
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Figure 3. 
Torrevecchia district: overall analysis.

below the middle school. The social hardship index, which provides a measure of 
the possible social-occupational drawbacks, is among the highest in Rome.

An analysis of mobility and facilities (Figure 3) reveals a lack of good quality 
common spaces, a poor and inefficient transport system that makes nearby facilities 
not accessible. The Battistini metro station (line A), which connects the district 
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with the city centre, is 2 km far from the complex and can be reached in approxi-
mately 25 min on foot and in 15 min by public transport. Of the 12 bus lines cover-
ing the area, only 4 connect Torrevecchia with the city centre.

Data regarding facilities shows that compulsory schools are insufficient to serve 
the catchment area. Conversely, there are four technical/professional schools within 
a 2 km radius of the area under examination. The entire area suffers from a serious 
lack of facilities which is revealed by the presence of one pharmacy for every 24,500 
inhabitants, as opposed to what is required by the Italian law L.362/91 (Art. 1), 
which is one every 12,500 inhabitants.

Torrevecchia still preserves evident signs of the past rural vocation. The valley 
between the IACP complex and the Quartaccio district is the least urbanized part 
of the neighborhood. Despite several green expanses, still not affected by irregular 
urbanization, the neighborhood is in fact devoid of proper public parks. The only 
two parks, the Insugherata Nature Reserve and the Pineto Urban Regional Park, are 
more than 2 km away from the centre of Torrevecchia. Out of more than 65 ha of 
green areas, only 3% are organized in equipped areas.

Air quality is significantly and positively affected by the abundance of proximity 
greenery (parks and reserves), although uncultivated and derelict. The average con-
centration of nitrogen dioxide NO2 is about 32.13 μg/m3, far lower than the annual 
limit value for human health protection, established by D.Lgs. 155/2010 which 
provides for a maximum limit of 40 μg/m3. As for fine particles, according to what 
is reported by a PM2.5 map obtained from a dispersion model, the average annual 
concentration is 18.31 μg/m3, which is far lower than the limit value of 25 μg/m3  
(D. Lgs. 155/2010 in force since 2015).

As regards the microclimatic conditions (Figure 4), in the summer season, the 
area is affected by winds coming from south west (speed of 16 km/h) which con-
siderably contribute to cooling the south-west area that is most of the time subject 
to direct radiation during the day, given the poor vegetation and the low building 

Figure 4. 
Solar analysis: the tower building in Torrevecchia district.
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heights. The square to the north-east receives just as much radiation, but the layout 
of the surrounding buildings prevents it from adequate ventilation. In the winter sea-
son, the cold wind coming from north east (speed of 9 km/h) sharpens the percep-
tion of comfort in the north-east square, which remains cold and in the shade all day 
long taking into account average winter temperatures of about 7°C. Throughout the 
day, the south-west square catches the sunlight in its highest part since the shadows 
cast by the storey buildings are reduced compared to the width of the square.

The tower buildings, especially on the higher floors, enjoy summer ventilation 
from the south-west but suffer from winter ventilation on the north-east façades, 
which correspond exactly to the façades with a higher percentage of openings.

The tower buildings, 43.2 m high and with a floor area of   approximately 4140 
m2, house 76 accommodations (48 units of 60 m2 and 28 of 45 m2) for 248 estimated 
occupants. A comparison between current users and the availability of floor area, 
results in 16.7 m2 per person. According to the national legislation, the building should 
thus house no more than 207 inhabitants. The 60 m2 apartments feature a double expo-
sure while the 45 m2 apartments have a single-exposure. The 60 m2 apartments are 
designed to accommodate 4 people but both bedrooms (12.4 m2 and 12.8 m2 big) are 
smaller than 14 m2, thus do not meet the current minimum standards. It is estimated 
that the prevalent (50%) family unit typology in Torrevecchia is composed of 1 or 2 
members, while families with 4 members account for only 12% of all families.

5.2 Solutions and strategy

Starting from the overall critical evaluation a project concerning both adjacent 
outdoor and indoor spaces has been developed with particular emphasis on biocli-
matic solutions (Figure 5). In the first place, it is essential to redesign the building’s 
connection to the ground, its consequent relationship with the street as well as the 
intermediate in-between public spaces, to provide meeting and relational opportu-
nities. A necessary prerequisite is an involvement of the inhabitants from the very 
start, ranging from the preliminary design to the future management and care of 
common spaces. To integrate the facility system, currently rather inadequate, and 
enhancing the relationship between building and streets, an elevated square is pro-
posed. The new plaza consists of a solid volume with internal excavated patios and 
courtyards. Vocational training laboratories, also meant to work as local facilities 
are located on the ground floors of the towers and in the hypogeal areas beneath the 
elevated square. A system of ramps allows connecting the different levels on which 
the public outdoor spaces are distributed. Therefore, the square becomes an open 
space arranged on two levels on which some food services, laboratories and craft 
shops open. The internal patios enable to host in the hypogeal spaces several other 
facilities and services, providing them with adequate light and ventilation and with 
quality green outdoor space of relevance. The derelict south-west green square is 
transformed into plots of collective urban gardens managed and used by inhabitants.

When it comes to the tower building, the redesign of the ground connection 
through an excavation on the short façades (north-west and south-west) strongly 
contributes to improving thermo-hygrometric and visual comfort parameters of 
the former basement which is thus freed on two sides from direct contact with the 
damp ground. The ground floor and the basement are merged to obtain double-
height rooms suitable for hosting a kindergarten and fab-labs with an external space 
of relevance gained thanks to the excavation.

To maximize the feasibility of the project, the intention is to limit as much as 
possible the need for the inhabitants to temporarily leave their homes. Therefore, 
priority actions address the need to provide all accommodations with adequate 
living space in terms of square meters to satisfy standards imposed by national law. 
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The addition of plug-and-play modules on the north-east and south-west façades, 
diversified on a technical level according to the exposure, can solve simultaneously 
problems related to poor lighting, poor insulation and consequent thermal comfort 
and under-sizing. The buffer-space modules added to the north-east façade and 
the bioclimatic greenhouses added to the south-west façade make up new indoor or 
outdoor living spaces, diversified internally about the type of environment to which 
they are added and to the needs of the occupants. It’s a system of prefabricated 

Figure 5. 
Exploded axo: overall project and focus on bioclimatic solutions.
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units, ranging from 2 to 8 m2 big, which add a total of about 10 m2 to each dwell-
ing, which corresponds to 17% additional surface area in the case of the two-room 
apartment and 14.5% for the four-room apartment.

The bioclimatic greenhouses leaning on the south-east, south-west and south 
elevations constitute heat accumulation spaces to introduce preheated air into the 
apartments. The structure is made up of modular steel elements with transparent 
vertical closures in white solar glass, with a solar factor higher than 70% and with an 
openable glass surface of 65% out of the overall transparent closure. Sliding panels 
with adjustable slats in natural fibers and thermosetting resins work like shields. The 
modules jut out differently according to the functional and structural needs, ranging 
from 120 to 240 cm. The buffer-spaces, attached to the north-east elevation, highly 
contribute to improving the overall energy performance, through the reduction of 
heat loss and consequent thermal gains in winter and through the dissipation of heat 
in summer. The overhang is 90 cm and the structure is similar to that of the green-
houses but with low-emissivity glass and a solar factor lower than 35%.

New dwellings can be added on the roof, taking advantage of the incentive 
offered by the regional law L.R. 7/2017 on urban regeneration which allows adding 
20% of the original building volume or the original floor surface in case of energy 
efficiency interventions on residential buildings. The new volumes have a dry 
load-bearing structure in X-Lam panels and are placed on a load-bearing structure 
in IPE steel beams to detach and slightly lift the housing module from the existing 
roof and thus ensure natural ventilation. Each dwelling is equipped with photovol-
taic panels (20.50 m2) and solar collectors integrated into the roof to assure self-
sufficiency in terms of energy.

The original flat roof is replaced with an extensive green roof covered by a pitched 
canopy which, besides ensuring shading, is also designed to collect rainwater through 
the central impluvium for irrigating the green roof. The green-blue roof combines dif-
ferent technologies allowing an increase in the storing capacity and a control system 
of the water flow to release. The green roof helps to cool and humidify the surround-
ing air, positively affecting the microclimate with slight effects also for the squares 
located at the street level. In doing so, the storey just beneath the roof slab gains in 
thermal insulation, therefore less indoor overheating results in less consumption 
for air conditioning, affecting the overall energy balance. In addition, the vegetated 
surface effectively protects the waterproofing membrane from UV rays, hail, heat and 
cold, contributing in the long term to the building envelope maintenance. At the same 
time, the roof becomes a common space available for all the building users.

Where plug-and-play modules are not applied, an 8 cm sheep wool insulation is 
laid on the external current envelope to achieve a new transmittance of 0.33 W/m2 
K to ensure an overall optimization of the building energy performance.

6. Linear multi-storey building typology in San Basilio, Rome

San Basilio (Figure 6) is located in the IV municipality, in the north east of 
Rome, in the urban area 5E, and borders the Grande Raccordo Anulare, an orbital 
motorway that encircles Rome, to the east and Casal de’ Pazzi and Tor Cervara to 
the west. The municipality is delimited by the via Nomentana to the north, by the 
municipality of Guidonia Montecelio to the east, by via Tiburtina, the Aniene river, 
the A24 motorway and the Rome-Pescara railway to the south, and the Rome-
Florence railway to the west.

Between 1981 and 1988, the Piano di zona 02v—San Basilio social housing urban 
plan—part of the 1981 supplementary variant of the general urban plan, provided 
for the construction, based on a project by Antonio Salvi, of 18 linear buildings 



241

Models and Strategies for the Regeneration of Residential Buildings and Outdoor Public Spaces…
DOI: http://dx.doi.org/10.5772/intechopen.102366

of 6–7 floors over an area of 25.5 ha destined to settle 2500 inhabitants. The inter-
vention is not well integrated with the existing fabric and is characterized by an 
orthogonal system of roads that shapes and defines the various plots. The buildings 
too are arranged in an orthogonal way and form green courtyards that open up 
towards the roads and a series of inter-closed courtyards at the points where the 
building heads come close to each other. San Basilio hosts 6.5% of the ERP accom-
modations in Rome and about 36% of those in the IV Municipality, gaining first 
place in terms of ERP accommodations in the city.

6.1 Analysis

According to the 2011 ISTAT census, it is clear that about 27% of the district 
inhabitants are between 45 and 60 years old and over half of the families are 
composed of a single member, 27% of 2 members and only the remaining 20%   are 
families of 3, 4 or 5 components. One-third of the inhabitants have not more than 
a middle school diploma and only 10% have a university degree, half of the figure 
for graduates in Rome (20%). The number of unemployed is about 2% higher than 
the Roman average and about half of the population lives in rented apartments. The 
neighborhood is also known for the strong presence of petty crime and drug dealing.

Different multi-thematic analyses were carried out concerning mobility, facili-
ties and green systems (Figure 7). The mobility analysis highlights how the area 
under examination is a sort of enclave to the district that stretches to the west, as it 
is connected to the urban fabric of the old San Basilio district and the rest of the city 
only by two access roads. The closest metro station is almost 3 km away. A station 
was supposed to be built in the old San Basilio area but the project for the extension 
of the metro Line B has never been realized. As for local public transport, although 
the area is served by several bus lines, these are not sufficient to ensure a direct and 
rapid connection with the city centre.

With regard to the facilities, since there are no public or private ones within a 
radius of 250 m from the area under examination, and only a mechanic within a 
radius of 500 m, one is forced to travel almost 1 km to reach a supermarket, phar-
macy or the nearest primary school. 57% of the district facilities are ascribable to 
retail trade, while public space meant for squares does not exceed 2%.

The several parks and green spaces in the area are unequipped and poorly main-
tained. In general, the outdoor spaces lack even the most basic elements of street 

Figure 6. 
Aerial view of San Basilio district (source: Google Earth).
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furniture. This leads inhabitants to use these spaces only to go from one place to 
another and not for social purposes. Moreover, inadequate public lighting increases 
the feeling of insecurity among the inhabitants.

The microclimatic analysis (Figure 8) shows that the area under examination is 
affected by cold winter winds coming from east, north-east (about 9 km/h) and by 
hot summer winds coming mainly from south-west with a speed of approximately 
16 km/h. In the summer season, both the north-east square and the southern square 
adjacent to the building suffer significant overheating phenomena throughout the 
whole day, yet moderated by ventilation. In winter, the northern square lays most 

Figure 7. 
San Basilio district: overall analysis.
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of the time in the shade and is constantly exposed to cold winter winds due to the 
absence of adjacent buildings.

The building under consideration (6G) is a linear multistorey building typology 
of about 42 × 13 m consisting of 7 floors above ground and a basement floor. The 
building currently houses about 135 people for a total of 45 apartments of 50, 60, 80 
and 100 m2, accounting respectively for 40%, 30%, 25% and 5% of the total hous-
ing units. The structure is in reinforced concrete bearing walls that define a succes-
sion of different sized spans parallel to the short side. The façade is characterized by 
prefabricated concrete blocks with a minimum insulating layer of glass wool. The 
joints have not been carefully designed and the discontinuity of the insulating layer 
causes several thermal bridges. The building is equipped with two staircases and 
the access is via a gallery located on the ground floor at a height of +1.00 m, above 
the cellar floor, accessible from the condominium staircases. Currently, the ground 
floor houses, in the eastern part, two special housing units for people with physi-
cal disabilities and two rooms initially designed to be a condominium space and a 
laundry for common use. At the moment, the western part is occupied by storage 
spaces but it was meant to be—according to the original project—a pilotis floor 
with a walkway at a height of 0 m from which to access the gallery via the staircase. 
The upper floors house the apartments and each staircase serve from 3 to 4 units, 
two-thirds of which have single exposure. The living spaces do not face under-
sizing problems since all the indoor spaces meet the minimum surface and height 
standards for public housing and besides, aero-illuminating ratios are verified in all 
rooms. The staircases lead up to the roof level.

6.2 Solutions and strategy

The analysis of the current condition reveals the need to rethink the building in 
all its aspects (Figure 9) starting from its connection to the ground not only in terms 
of spaces and functions but also about the square in front. The special apartments 

Figure 8. 
Solar analysis on the linear building in San Basilio district.
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on the ground floor are to be relocated, in terms of living space, on the roof level 
and the currently unused common spaces are to be converted into local and building 
facilities chosen according to what emerged from the previous social analysis. In 
rethinking the relationship with the outdoor spaces, the current gallery at a height of 
+1.00 m is redesigned in terms of accessibility, use and relationship with the square, 
providing for its expansion in some points to create terraces to serve the new activi-
ties and rest areas to encourage meeting and socialization occasions. A co-working, 
refreshment and internet point could be located in the western part of the ground 

Figure 9. 
Exploded axo: overall project and focus on bioclimatic solutions.



245

Models and Strategies for the Regeneration of Residential Buildings and Outdoor Public Spaces…
DOI: http://dx.doi.org/10.5772/intechopen.102366

floor (internal height of 3.70 m) at the same level as the square and near the main 
road. These spaces are thought of as facilities for the entire local community. The 
remaining part of the same floor (with an internal height of 2.70 m) could host a 
series of flexible spaces, including a medical-assistance clinic with an adjoining small 
outpatient clinic where professionals can offer different services on shifts, multi-
purpose spaces for courses and activities and a bicycle repair workshop.

Overall, the existing envelope does not meet current national standards for 
energy performance for buildings. In this regard, a new insulation layer must replace 
the previous thin and inadequate one together with the application of a ventilated 
façade in specific parts. Old windows are replaced by new ones in recycled aluminum 
with thermal break and double glazing with argon gas inside, with a global transmit-
tance of 1.56 W/m2 K compared to the maximum 1.80 W/m2 K required by law.

The current design of the housing units of the standard storey does not make the 
most out of the living space. A new distribution of indoor spaces in favor of living 
areas located south and an implementation of new spaces to increase liveability, are 
required. In this regard, steel plug-and-play modules added to the façade, besides 
providing additional volume, can also be configured as bioclimatic devices by host-
ing greenhouses or buffer spaces depending on the orientation or, in some cases, as 
balconies or galleries. To make the housing units more compliant with the family 
units—according to socio-demographic data—one standard storey could be turned 
into a cohousing for about 40 members. This housing typology, mainly designed 
for relatively young users, single or couples, spreads over one entire floor and is 
accessible from both staircases. The sleeping area is essentially located in the east 
and west wings and the north. The south front instead hosts several shared spaces 
in sequence, such as a kitchen equipped with a dining area, a common living room, 
a mini cinema/games room and a common laundry room, all joined by a single 
glazed connection placed in adherence to the south façade. To ensure adequate 
ventilation inside the single-exposure apartments (about 60% of the total), a 
geothermal cooling/heating system operated by wind towers is inserted. In the light 
of the microclimatic analysis, the tower collection heads should be placed where 
airspeed accelerations occur both in summer and in winter. The air is trapped and 
then directed through underground ducts—where thanks to geothermal energy it 
is pre-heated/cooled depending on the season—to the apartments to be, in a second 
step, introduced into each room through a distribution system installed in the false 
ceilings positioned over the service and distribution spaces.

With regards to the roof, the availability of such a large free surface allows the 
implementation of different passive and active strategies as well as technological 
devices. Special housing units (once located on the ground floor) and common spaces 
are relocated on the roof. These new accommodations, larger and suitable for families 
of 4–5 members, have been designed for a different target audience, to encourage 
different people to approach the neighborhood and thus promote social mixitè.

Moreover, a common laundry room, a greenhouse for food production and a 
common outdoor kitchen/dining area are integrated as new volumes on the roof. 
The roof is also equipped with a system for the collection and reuse of rainwater 
and gray water. The uncovered surfaces are redesigned to better capture rainwater 
and convey it to specific collection points. From here, the water is filtered and 
purified and then used for cleaning and irrigation purposes for outdoor spaces, 
toilet drains and washing machines. With regard to gray water—before being 
stored in the collection point—it undergoes a different purification process and 
is later reinserted into the general circuit. This system can bring about significant 
clear water savings accounting for about 20%. The building is also equipped with 
a photovoltaic system for electricity production. The system is composed of poly-
crystalline modules of the size of 50 × 50 cm with a nominal power of 35-W peak 
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each. The energy produced, equal to about 17,000 kWh per year, will feed, not only 
the lighting system—replaced with LED elements—but also the heat pumps for the 
underfloor heating system and part of the domestic consumption. A small portion 
of the roof is also meant for a solar thermal system for domestic hot water produc-
tion, consisting of 18 panels of about 2 m2, for a total of 36 m2, able to cover 50% of 
the annual housing needs.

7. Results and conclusions

Currently, most of the interventions on ERP have an emergency nature: direct 
operations aimed at solving specific problems in the short term. This logic, devoid 
of investment, does not allow to respond to broader issues, without halting the 
heritage deterioration. Today it is even more necessary to outline intervention 
strategies capable of coping with the technical-functional aging of buildings. The 
ERP heritage of the city of Rome can become the key element for a qualitative 
regeneration of the city. According to socio-demographic data, it is possible to 
point out similar contexts, characterized by strong social unrest, petty crime and a 
high unemployment rate (23% in Torrevecchia and 16% in San Basilio). About the 
district population, that of San Basilio is generally younger and made up of larger 
families compared to that of Torrevecchia. Yet, in both cases, the most recurrent 
family unit is composed of 1 or 2 members. Not only the different characteristics of 
the plano-volumetric system but also those related to the socio-economic, environ-
mental and microclimatic context play their part in the choice of which strategies 
and solutions implemented.

The study carried out allowed to investigate and compare the limits and the 
potentialities deriving from the building typology and its plano-volumetric system:

• Ground floor. As a direct consequence of the building typology, the linear mul-
tistorey building undoubtedly presents a greater availability of space in terms of 
surface area. This feature allows the introduction of several different facilities 
on the ground floor, by simply replacing the existing housing units, poorly lit 
and ventilated and with serious privacy concerns. The new facilities are chosen 
according to the socio-demographic analysis output and the structural-dimen-
sional characters of the building and address different target users at different 
scales (inhabitants of the building, of the neighborhood, of the district). In 
addition, the larger perimeter of the ground floor in this building typology 
allows greater freedom in rethinking the relationship with the relevant outdoor 
spaces, enhancing the integration between facilities and pertinent outdoor 
spaces. In the tower building typology, given the limited availability of surface, 
the possibility of integrating different facilities is consequently quite limited. 
The reduced ground floor surface area requires to use of additional storeys to 
host facilities running into the limits resulting from the reduced internal heights 
of the upper floors (originally intended for housing). About the useful heights, 
in the specific case of San Basilio, two public exercises with a district-scale 
catchment area can be introduced in the area with a useful height of 3.70 m. In 
the case of Torrevecchia, to overcome these design limitations, the creation of a 
new elevated public square, in-between the tower buildings, revealed to be the 
best solution for hosting laboratories for professional training, retail shops and 
craft labs whilst guaranteeing quality outdoor space at the same time.

• Standard floor. The linear multistorey building, as opposed to the tower 
typology, tends to house a greater number of single-exposure apartments, 
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which consequently face serious problems related to indoor ventilation. This 
aspect is mainly linked to the need for a greater surface area for connection 
purposes to serve all the apartments. Unlike linear typologies, in tower build-
ings, the connective surface is reduced to the least and corresponds to the 
stair and elevator block. On the other hand, the linear typology allows greater 
freedom in redefining the standard floor plan by changing the dimensions of 
the existing housing units to adapt them to the user’s needs. About the apart-
ments, in Torrevecchia their dimensions were deemed suitable for the users 
and more than two-thirds of them have double exposure. In the case of San 
Basilio, this proportion is roughly the opposite, with % single exposure apart-
ments accounting for 60%. As mentioned above the single exposure led to the 
introduction of wind towers to improve ventilation in indoor environments. 
Some of the apartment rooms in Torrevecchia, such as the double bedrooms, 
do not meet the minimum standards required by law. Therefore, the addition of 
new plug-and-play modules on the façades allows for to increase in the limited 
current surface area and meets the standards.

• Roofing. Taking into consideration the linear typology, likewise the ground 
floor, the roof level has a greater surface. It offers, in the first place, the chance 
to implement several technological, active and ecological devices, to gain 
significant overall energy-water savings:

 ○ A photovoltaic system for electricity production: the larger roof surface 
allows to install a more powerful photovoltaic systems capable of satisfying 
a higher share of electricity consumption. In the linear typology, the cost is 
maximized, since it does not require any integrated systems on the façade, 
and since the system is more efficient thanks to the possibility of positioning 
the panels according to the best exposure.

 ○ Rainwater collection system: the larger collecting surface allows to accu-
mulate a greater quantity of water, achieving far higher water-saving 
percentages.

Furthermore, greater space availability also results in the possibility of adding 
new accommodations and several common spaces such as a laundry room, multi-
purpose rooms and a common kitchen in order to provide the inhabitants new 
spaces in which to spend time and do activities together.

Although, the building typology is quite significant in defining the different 
possible intervention strategies, these must necessarily be contextualized accord-
ing to the specific study/project area and its genius loci, in other words, the socio-
cultural, architectural, economical habits and characters of the place.
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Chapter 13

Urbogeosystemic Approach to 
Agglomeration Study within 
the Urban Remote Sensing 
Frameworks
Sergiy Kostrikov and Denis Seryogin

Abstract

The spatial arrangement of human activity within urban areas is normally 
provided by areal management, and its effective provision is a complicated problem. 
The current urban development causes a number of problems and urgent challenges, 
which can be met and resolved exclusively on the basis of innovative scientific and 
technological advances. The main research objective of this chapter is to represent 
the authors’ theoretic concept of the urban geographical system combined with 
the original Urban Remote Sensing approach based on the advanced technique 
of airborne LiDAR (Light Detection And Ranging) data processing. The authors 
attempted to prove that the presented concept could contribute to an understanding 
of the urban agglomeration as an urbanized spatial entity. The chapter explains in 
what way the urbanistic environment is a quasi-rasterized 3D model of actual city 
space, and the urbogeosystem (UGS) is a quasi-vector 3D model of the hierarchi-
cal formalized aggregate of UGS elementary functional units–buildings, both can 
efficiently simulate and visualize an urbanized area. Web-based geoinformation 
software for LiDAR data processing with the objectives of urban studies has been 
introduced together with its key functionalities. The population estimation use case 
has been examined in detail within the presented approach frameworks.

Keywords: urbanistic environment, urbogeosystem, urban remote sensing, LiDAR, 
automated feature extraction, web-based software, population estimation use case

1. Introduction

The continuing significant growth of population all over the world, but, first of 
all, in developing countries, forces scientists to seek new advances and solutions in 
Demography and Urban Studies domains. These two subject areas primarily mean 
increasing involvement of the innovative approaches and techniques related to geo-
information technology (GIS) and to the urban remote sensing (URS) field [1–3]. 
Since the continuing growth of the total world population takes place together with 
the phenomenon of urbanization, the relevant information systems intended for 
the survey of these two connected processes have to possess some bidirectional 
modeling and analyzing characteristics, which would overlap both demographic 
and urbanized issues.
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We have just mentioned the significance of remote sensing data processing and 
GIS-modeling tools to the mentioned extent. This role can hardly be overvalued, 
taking into account that many from contemporary cities and their affiliated areas 
have become to act for several recent decades as more and more complicated urban 
systems with drastic dynamic changes within the relevant geographical space and 
with systemic specific impact on involved people movement and behavior [4–7].

If an urban agglomeration can be considered as a highly developed spatial entity 
of urbanized areas [8], then the approach of the urban geographical system – urbogeo-
system (UGS) [3] should be applied for examining a number of relationships among 
the constituents of this system, which may definitely demonstrate its core feature –  
the complexity. Since the complexity is a key description of the contemporary 
urbanization process too, a whole issue of the spatial urban regularities may require 
to be evaluated by taking into account not only spatial but purely geographic issues. 
Both the mentioned rapid urbanization growth, and its attendant alterations in old, 
and in new cities do not allow to examine any other alternative to an acceptance of 
a city phenomenon as this just mentioned entity – an urbogeosystem, which operates 
within a certain extent of the geographic space.

It is also necessary to emphasize that the key characteristics of contemporary 
urban development, which has its effect in forming agglomerations, have caused a 
number of challenges that require innovative technologies in urban studies. These 
challenges and responses to them can be summarized in the following way [9]:

• With rapid development and alterations in urbanization, the studies of urban 
systems become more and more sophisticated;

• First of all - in developing countries, the number of cities has been substan-
tially increased and the urban territories have been enlarged with a rapid speed 
in several years only;

• Fast-growing regions with a huge variety of extensive urban constructions 
become more and more numerous;

• A necessity for accurate terrain models for urban planning and landscape 
architecture as well as relevant sophisticated spatial data processing becomes 
quite necessary;

• A need for an effective automated survey of buildings to determine quantity 
and quality characteristics of changes that take place over some period of time;

• Provision of precise environmental monitoring over the key cities in the 
regions with an intention to obtain extensive data of the URS category: optical 
and infrared imageries, LiDAR (Light Detection and Ranging) point clouds, 
and radar imageries.

Although the urban areas cover only 2% of the globe surface in recent years, 
they include more than half of the world population, and consume more than 
three-quarters of the total generated energy. The latter produces more than 80% of 
the greenhouse impact [10]. It is understandable then, why a problem of optimized 
growth of urban settlements has been a major problem for residents, urban devel-
opers, and city authorities for many centuries already. The category of “urbanism” 
itself appeared more than a century ago [11], while the first statement that an 
urban agglomeration might represent the core definition in the theory of urbanism 
occurred with the introduction of the “megalopolis” entity in the middle of the 
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twentieth century [12]. The author of this latest reference stated that routine urban 
areas gradually would transfer into mentioned megalopolises by joining and chang-
ing nearest semi-urban areas and rural neighborhoods. Monitoring this settlement 
growth became more and more complicated phenomenon, that was why some 
further research focused on the necessity of the urban system approach together 
with various sophisticated mapping techniques, which we have mentioned already 
at the beginning of this introduction [4, 6, 13].

Data of various remote sensing approaches, different GIS platforms, and mod-
ules provide the application of a variety of modeling techniques for resolving fun-
damental riddles related, for example, to spatial dimensions of the agglomeration 
growth. These techniques may belong to different scientific domains, e.g., fractals 
and theory of chaos [14], unsupervised classification [15], the algorithm of cellular 
automata [16], fuzzy logic [17], automated feature extraction [18], analytic hier-
archy procedures [19], urban change detection [20], and several other ones. Even 
being quite diverse, all mentioned methodical solutions can effectively contribute 
to both estimations of the urban agglomeration expansion to the neighboring rural 
environment, and to the description of a relevant urban system according to key 
features of its internal and external relationships and impact.

The main research objective of this chapter is to introduce the authors’ theo-
retic concept of the urban geographical system, and this concept is combined with 
the original URS approach to simulation of the urbanistic environment as a model of 
a real city domain. This urban remote sensing approach is based on the advanced 
technique of airborne LiDAR data processing. A use-case of population estima-
tion on the base of building geometries and topology of urban space both modeled 
within the urbogeosystemic approach is described in detail in the finalized section 
of the chapter.

2. The concept of the urban geographical system

Earlier research completed in the fifties-seventies of the past century normally 
defined an urban system as not more significant entity, than a straightforward set 
of cities (or smaller settlements combined in a united urban territory) with some 
relations among these separate units. Nonetheless, there were two seminal books 
in the second half of the seventies, which represented some regular structure in 
the systems of cities [4, 21]. Probably, these publications were that trigger, which 
initialized actual urbo-systemic research somewhat later. The authors insisted, 
that they merely summarized within an applied perspective some concepts and 
methods, that had been developed as earlier as in the fifties [21, 22]. Although, all 
these publications, from our point of view, represented only few relevant research 
samples, which could be reliably determined as some phenomena of the pure 
emergent features of either a system of the city (separate districts within one urban 
area as a systemic entity) or a system of several different cities.

Introducing once a definition of an urban geographical system [3, 9], we 
attempted to extend and develop some basic ideas of the urban system delineation 
represented by various scientists in former publications [4, 6, 23, 24].

Empty city spaces between buildings and other infrastructural objects within 
urban territories are much more complicated according to their daily dynamics than 
they were even 10 years before. It means the schedule of these spaces filling during 
a day with residents, both static, and moving objects has altered drastically. By 
choosing the appropriate GIS-modeling technique we can simulate the mentioned 
dynamics and record it in a certain formalized mode within the frameworks of the 
model of the urbanistic environment mentioned above.
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The urbanistic environment (UE) is a quasi-rasterized model of a continual nature 
of actual city space and this space key features, which can be visualized as a space limited 
by various surfaces and can be represented directly by these surfaces. Thus, it can be 
reasonable to suppose, that the UE also possesses a continuality of the object it 
represents. The UE continual nature can be contrasted with the discrete nature of an 
urbogeosystem – the hierarchical formalized aggregate of elementary functional constitu-
ents of its natural analog, which may demonstrate some emergent (systemic) proper-
ties. The UGS can be visualized by various 2D vector graphical primitives on a plain 
(points, lines, polygons), and by quasi-vector 3D primitives in the three-dimensional 
space. All emphasized 2D/3D primitives combine a particular formalized view of the 
urban space.

Taking into account modeling characteristics of UE and UGS, quasi-rasterized 
and quasi-vector ones, correspondingly, and referring to the essence of real objects 
both models represent – physical environment of a real city (modeled by UE) 
and sets of separate features in it (simulated by UGS), a research and developing 
procedural consequence Initial/derivative data = > UE= > UGS can be easily placed 
within the frameworks of raster-vector transformations. The latter is a subject of 
routine GIS functionality. Applying this functionality is the only understandable 
procedure, which can contribute to answering the question: if a given city does 
rather belong either to urban systems or to urban sprawl [25].

The first outlining of the urbogeosystem was suggested in our earlier paper 
and it laid in a completely ontological aspect. According to it, an urbogeosystem is 
“…The UGS is an urban system located within a definite extent of the geographic 
space; it is an unsustainable social-environmental system which is also a united 
entity of various architectural features and dramatically changed natural ecosys-
tems…” [3, p. 110].

Those literature sources, that introduce various descriptions of the urban system 
structure [4, 6, 21–24, 26], imply each separate systemic component in a set of cities 
as a point feature, while interconnections and relations between each pair of these 
single objects – as a linear feature. Then a certain group of cities within the boundar-
ies of a definite region, are located in a certain areal feature. Instead of “a city” as a 
separate unit, we can accept “a city ward (district)”, then obtain a set of such units 
within a particular urban territory. In this way, we can enter a completely another 
research scale, but in both larger, and smaller scales points, lines, and areal frag-
ments (regions or parcels) are key components of an urban geographical system. 
The geographical scalability can be applied then, while a single object (a city or a 
ward) is a point in one scale, but on another, larger scale it becomes an area. In a 
similar way, we can apply scalability to the lines and obtain the linear features of 
different magnitude [7, 9].

Let us assume that initially, a set of N cities indicates some N*N-matrix, in which 
“point cities” interact in different terms of human, industrial, trade, transporta-
tion, and information traffic, composing a picture of an external urbogeosystem. On 
the first step of scalability, a matrix would also define a number of linear features, 
which mirror spatial linkages in an external urbogeosystem in the mentioned terms. 
On the second scalability step, not the same, but similar matrix depicts N districts 
of one city only and all interconnection pairs among them, which exist in an 
internal urbogeosystem. In the simplest definition, it is a set of districts in one city, as 
we already mentioned.

On the basic fundamentals of the UGS approach introduced above, we elaborated 
and proposed the algorithmic sequence of the UGS research with GIS tools [3]. It consists 
of several algorithmic blocks that sustainably combine a thematic geographical 
model, urban remote sensing technique, and both basic and customized GIS func-
tionalities. The key algorithmic blocks in this scheme are as follows (Figure 1):
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• Gathering with LiDAR and initial processing of the urban remote sensing data;

• Adding supplementary attribute data obtained from other than urban remote 
sensing sources;

• Choosing a thematic model for simulation of the city residents’ behavior  
(a model from Human Geography or Geography of Population domains);

• Applying the geographic scalability and further delineation of point, linear, 
and areal features as the content of both an external, and an internal UGS;

• Composing an ultimate GIS-model of an urbogeosystem, which consists of two 
components: a quasi-rasterized model of the urbanistic environment, and, in 
fact, a quasi-vector model of an urbogeosystem;

• Adding available attribute data (semantic data, as a rule) to a model of the 
urbogeosystem and generating derivative attributes for this model (geometric 
attributes and metadata, as a rule);

• Finalized results of applying UGS-approach as delineation of various emergent 
properties for a given urban territory. These results can be employed for various 
thematic use-cases in different municipal and other applications.

We have already published several papers in the urbogeosystem approach, 
examining various aspects of this concept: its basic fundamentals [3], its appli-
cability to the Smart City concept implementation [9], its possible involvement 
in the multifunctional approach to the 3D city modeling [27], some from UGS-
basics were applied to the structural analysis of agglomerations in Kharkiv region 
(Ukraine) [28]. The latest research accepted a well-known definition of agglom-
eration as a large city (as an agglomeration core) with all its nearest townships and 

Figure 1. 
The algorithmic flowchart of the UGS study with GIS tools [3, p. 111].
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the suburbs. We attempted to define that all these settlements are characterized 
by various interrelations. Thus, a new entity of aggregated functioning appears, 
which is common for this big urban territory, and for small towns and villages 
around it. This urbanized compact entity of settlements was accepted as a spatial 
systemic formation with all relevant features of the urban geographical system. 
Therefore, it can be reasonable to apply to an agglomeration study that algorith-
mic flowchart presented in the illustration above (Figure 1). Socio-geographical 
survey over the East of Ukraine, in particular – within Kharkiv region, proved that 
agglomerations as spatial patterns of different hierarchical levels can be delineated, 
not only as social geographical systems (SGS), but also as both external and inter-
nal urgogeosystems, and they are significantly present in the territorial arrange-
ment of this region. Taking into account the general concept and the surveyed 
results, we suggested the hierarchy of the delineated agglomerations with respect 
to the necessary update of the territorial division of Ukraine (Table 1 is updated 
from [28]). Thus, a regional system of settlements has been proven to be not only a 
mosaic of all five agglomeration levels, which may overlap each other in the spatial 
extent but also – the spatial hierarchy of urbogeosystems. Consequently, the local 
agglomerations are the urbogeosystems of the fifth, lowest rank. In other words, 
they are basic units, elementary ones in the common hierarchy for both urbogeo-
systems, and for agglomerations. It follows from Table 1, that various hierarchical 
levels of the settlement spatial structure can be distinguished – from microlevel to 
mega-level, and these levels correspond to a particular social geographical system, 
and to a particular urbogeosystem.

Concluding the second section of this chapter, which has introduced the UGS 
approach with this example of agglomeration research, it is necessary to address the 
following issue. This approach can be directly provided for examining agglomera-
tions according to its main features introduced in this chapter section:

• gathering, combining, and processing urban remote sensing data, in particular – 
LiDAR point clouds;

• choosing an applicable Human Geography and Demography models;

# Agglomeration 
hierarchical level

A settlement as an agglomeration 
center

Topical SGS/corresponding 
urbogeosystem

1 Mega-level A large city (nearly or over a million 
of residents)

Interregional, regional 
SGS/internal UGS of the first rank

2 Macro-level A city as a center of an oblast – a 
larger territorial administrative unit 
in Ukraine

Regional SGS/internal UGS of the 
second rank

3 Upper meso-level A town as a center of a rajon – a 
smaller territorial administrative unit 
in Ukraine

Under-regional SGS/internal UGS 
of the third rank

4 Lower meso-level A town, a township as a center of a 
united territorial community

A united territorial community as 
an SGS/internal UGS of the fourth 
rank

5 Micro-level A township, a large village Local SGS/internal UGS of the 
fifth rank

Table 1. 
The corresponding agglomerations and urbogeosystems hierarchy for the Ukrainian population settlements 
(an updated table from [28, p. 4950]).
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• refining derivative digital information and converting it into the 
GIS-primitives;

• defining geospatial aspects of all interrelated contents and conditions of 
actual urban environment, and consequently generating in three steps quasi-
rasterized model of urbanistic environment = > quasi-vector model of urbogeosys-
tem= > model of agglomeration clusters.

Further in this text, we examine some steps of this consequence more in detail, 
while taking it for granted, that a strong spatial aspect of the urban research neces-
sarily implies the GIS/URS processing procedures, tools, and operations efficient 
involvement in this research, what we attempt to outline as various issues in the 
text below.

3. Urban remote sensing with LiDAR for digital cities

3.1 Automated feature extraction

Automated reconstruction of the sets of various buildings is yet a serious chal-
lenge on the way to 3D digital city modeling. Other significant tasks can be affiliated 
with it, for example, outlining the Smart City concept implementation [9]. Exactly 
for the two latest decades, LiDAR data and its processing results have become 
real alternative data sources to optical and multispectral imageries with respect 
to generating a three-dimensional representation of urban territories [2, 29, 30]. 
Being able to collect straightforwardly dense and accurate 3D point clouds over both 
urban, and rural features, the technology of the LiDAR survey provides a reliable 
and beneficial data source to this end. Almost all LIDAR devices are either Airborne 
types (ALS, aircraft-based) or Terrestrial (Mobile, MLS) (vehicle-based), as well as 
drone-platform ones.

The key processing and simulated procedure intended for building digital 
cities, while the latter is a basic fundamental for urbogeosystem delineation, is the 
automated feature extraction (AFE) from point clouds generated by LiDAR [31]. 
Normally the automated feature extraction is based on both optical satellite images 
of high resolution, and on LiDAR datasets generated by airborne, terrestrial, and 
drone platforms on regional surveys [32]. The latter ones are usually provided by 
strips and then combined as three-dimensional point clouds [2]. AFE output is the 
key tool that makes digital urban models. Various approaches, methods, and solu-
tions that detect, extract, and generate building models with any selected alternative 
technique, all compose a highly significant research domain [33].

This latter statement can be accepted by default, because a whole approach 
mandatory means 3D automatic, but desirably - smart mapping of the multi-scalable 
urban environment, that is of the extreme complexity. Moreover, as it has been 
mentioned already if exactly LiDAR data become in recent decades an efficient 
alternative to imageries obtained by traditional satellite remote sensing, then this 
data source should become a subject for various approaches and algorithms, as 
previously traditional URS was. These approaches and algorithms should differ for 
various procedural stages, and suggest robust solutions separately for 1) building 
detection, 2) extraction and 3) building reconstruction steps [34].

The automated building/other infrastructural feature extraction procedures 
can be fulfilled by three sub-procedures, as was already stated above, i.e., building 
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detection, building extraction/segmentation, and building reconstruction [34–36]. 
All three sub-procedures mentioned may not be clearly distinguishable. To com-
plete a single stage of automated extraction of buildings may not yet be satisfac-
tory enough for practical applications due to the great complexity of actual urban 
architecture, which we always face while modeling the urbanistic environment on 
the first step of the urbogeosystem delineation. Different additional sophisticated 
algorithmic solutions should be involved, for example, those ones, which assist in 
distinguishing between building constructions and urban vegetation, while pro-
cessing an airborne point cloud [37].

Traditionally being within the frameworks of our original multifunctional 
approach to LiDAR point cloud processing [27, 31, 38, 39] we have to consider only 
those methods, which use exclusively LiDAR data, so that to utilize the building geo-
metric and topological properties only, and not any other urban landscape charac-
teristic except urban topography. In this way we have to pass through the mentioned 
above trinity of steps: building detection, segmentation, and reconstruction ones, 
while topography is generated upon the first step from these three while discriminat-
ing so-called “ground” and “non-ground” points when processing LiDAR datasets.

It is commonly accepted understanding that the model, which includes not 
only the ground as the topography, but other features – the discrete ones, is not a 
digital elevation model (DEM), but a DSM – a Digital Surface Model. According 
to existing references before the sustainable usage of LiDAR point cloud for topo-
graphic modeling, the digital surface model was normally calculated using various 
imageries, hybrids (imageries + point clouds), and feature pyramids [40]. The final 
DSM surface is refined then on the base of local adaptive regularization techniques 
provision. While the urban topography has been generated already, the building 
detection step is grounded on the fact that buildings, as a rule, should be higher 
than the neighboring topographic surface. This is normally estimated using various 
mathematical morphology techniques through the DSM [41].

In our original approach to LiDAR point cloud processing with the intention to 
separate “ground” and “non-ground” point as a mandatory premise for further non-
ground features detection, segmentation, and reconstruction, we have provided the 
following steps, which can be introduced in the following summarized way proceed-
ing from several relevant references [27, 31, 39]. The initial unique step assumes 
the delineation of both DEM and a DSM from the airborne point cloud raw data, in 
which point density should be preferably within a range of 10–80 points per square 
meter. The proposed method of DEM generation accomplishes a classification of the 
original data as “ground” points versus “non-ground” points by robust estimating 
procedure, which has been described in detail in one of our latest papers [39]. In all 
consequent algorithmic steps of modeling UE, the heavyweight models generated by 
triangulation and interpolation, and lightweight models generated by clustering and 
segmentation are used, but not the original data points. DEM is subtracted from the 
DSM. The output results of building detection and segmentation, i.e., the delinea-
tion of individual building footprints can be provided with a connected component 
analysis. A set of the selected feature candidate regions can be arranged. Then a 
planar surface segmentation can be executed, is based on the analysis of the DSM 
vector variations. The output result of this step is crucial for finding planar parcels of 
buildings. These parcels are expanded then by applying a bunch of the region grow-
ing algorithms. The neighborhood connections of these parcels are determined, and 
a simplified model resembling the roof structure in a certain building is generated. A 
Voronoi diagram can be created for extraction of neighboring joints and connections 
of numerous facets that compound roofs and walls in the heavyweight models, while 
planar segmentation and customized topological rules are used for segmenting and 
combining lightweight models of simplified buildings with gable roofs.
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A summarized AFE-pipeline relevant to LiDAR data processing, which contains 
some of the basic fundamentals presented in this subsection, is visualized on the 
following flow-chart composed by this chapter authors (Figure 2):

The flowchart presented not only depicts the main components of the auto-
mated feature extraction pipeline but also is some kind of a presentation due to the 
digital city content creation. The latter with the introduced UGS approach consists 
of two phases, as we already explained:

1. modeling the quasi-rasterized UE, and

2. simulating the quasi-vector UGS.

Both phases contain in one way, or in another all six blocks of this flowchart. 
Nonetheless, the first phase (directly affiliated with modeling the UE) does defi-
nitely include the urban data mining complex (Import, Validate, and Add Value 
blocks), while the second phase implies the implementation of pre-processing, 
processing, and simulating solutions (Split, Process, and Merge blocks) for the 
presentation of the three-dimensional geometry of each separate building and 
sustainable topology for the sets of buildings in a digital city. The output results 
of the flowchart, which is in Figure 2, may be provided in several formats, e.g.,. 
gLTF,. KLM,. DAE,. B3DM, etc. Nonetheless, a core inner format is. OBJ. Simulated 
features of a digital city are produced with the representation of their borders. A 
whole 3D urban scene can be depicted as a set of building constructions with the 
continuality of their bounding walls, vertices, edges, and supplementary outhouses, 
and this continuality can be described by certain parameters of urban geometry. In 
this way, the urbanistic environment is simulated. Due to the mentioned continual-
ity, a scene can also demonstrate the topological interdependencies of buildings 

Figure 2. 
Some key constituents of the AFE-pipeline are intended for the generation of both urban topographies, and 
building models from LiDAR point clouds.
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among themselves and with non-housing urban features and various infrastruc-
tural objects. Urban features are visualized according to the CityGML LODs (Level 
of Detail) standards [42].

Thus, a partial fragment of an internal urbogeosystem can be modeled and 
visualized in the 3D scene with spatial, geometric, and semantic characteristics, 
which can be exposed for each selected feature, or for a number of them. A number 
of LOD 1 (a simplified box-model of a building) models that correspond to the 
CityGML 2.0 concept are visualized for the Washington, D.C. urban area in the 
interface of a web-GIS software, in which elaboration participated both of this 
chapter authors. This interface sample relates to the cloud processing platform of 
this software (Figure 3).

Our models of urban objects exposed on the illustration above possess all neces-
sary characteristics of 3D digital city models. While many other three-dimensional 
objects seem to be predominantly used for display, it is reasonable to emphasize that 
these simulated features presented in a 3D Scene can be increasingly employed in 
a number of domains within a large range of tasks beyond the direct visualization. 
Such perspectives can be opened if we accept simulated sets of building models as 
the aggregations of elementary functional features of an urbogeosystem. The rea-
sonability of such an assumption has been proved by the authors in some previous 
publications [3, 9, 39].

3.2  Web-based geoinformation software for the urbogeosystem approach 
implementation

We have already mentioned that both authors of this chapter participated in 
research and development (the first author – as ahead of this R&D) of the web-
based and cloud-based versions of the geoinformation software focused on LiDAR 
data processing for urban studies, what took place in the EOS Data Analytics 
Company (https://eos.com/eos-lidar/). Common fundamentals of the Automated 
Feature Extraction determine our core algorithmic structure named as the High 
Polyhedral Modeling (HPM) and elaborated within the frameworks of the integrated 
BE (Building Extraction) /BEF (Building Extraction with Footprints) /CD (Change 

Figure 3. 
The urbanistic environment and a fragment of the UGS modeled for a district of Washington, D.C. (USA) and 
visualized in the interface of a cloud processing platform: EOS LiDAR tool – ELiT cloud.
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Detection) /DEM-G (Digital Elevation Model Generation) functional pipeline of ALS/
MLS data processing [27]. HPM produces building models with numerous facets.

According to the whole HPM workflow, two following problematic issues may 
occur with great probability: #1 – to provide more precise classification of both 
“vegetation” points, and “building” points is crucially necessary; # 2 – to elaborate 
a definite method in what we have to define the building topological and geometric 
properties in those cases when point cloud data are incomplete. All possible solu-
tions for both issues should be preliminary outlined, and we took it into account 
while developing our basic original algorithm of LiDAR data processing and 
proposing some supplementary technique that has to be accomplished in parallel 
with core algorithm operation.

Within frameworks of our conceptual R&D approach buildings are accepted as 
the key man-made features in the modeled urbanistic environment. According to 
the HPM output results it consists of numerous continuous surface segments (poly-
hedrons) that compose the trinity content of the city space: urbanized topography, 
building surfaces, and empty urban spaces between buildings that are separated by 
two previous issues.

There are two platform versions on which EOS LiDAR Tool, ELIT software, can 
operate: a cloud processing version, as ELiT Cloud, that applies to AWS instance 
service power (Figure 3), and a typical client–server, web-based application as 
ELiT Server. The urbanistic environment of Toronto-City as a model reconstructed 
by the HPM pipeline may look like follows in the ELiT Server interface (Figure 4).

Corresponding functional tools of both ELiT-software platforms, which are set 
within the HPM frameworks are BE, BEF, CD, and DEM-G tools. The BE/BEF tools 
extract original building footprints from point clouds while modeling [39, 43].

In addition to the High Polyhedral Modeling, we have developed the alternative 
AFE-technique, such as is the Low Polyhedral Modeling (LPM) approach, which is 
based on procedures of planar segmentation and clustering of LiDAR point clouds 
rather, than on their classification (in the case of HPM). The LPM technique is 
primarily intended to extract low-rise buildings of either rural areas, or city suburbs 

Figure 4. 
The UE of Toronto-City (Canada) is modeled in the ELiT server interface.
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as light-weighted models, which consist of only a few facets. The relevant functional 
tool of the LPM approach is the BERA (Building Extraction Rural Area) tool. The 
BERA instrument employs the third-party building footprints while modeling [39, 43]. 
If the HPM-technique with its heavyweight models is more preferable for simulation of 
the quasi-vectorized UE (Figure 4), then the LPM-method – for creation of the 3D 
quasi-vector lightweight models of buildings and other features as elementary func-
tional constituents of a certain urban geographical system (Figure 5).

If not taking into account such research entities as UE and UGS, but evaluating 
only building modeling itself, then it can be emphasized, as we have already men-
tioned above, that the BERA functionality is an application for detection, extrac-
tion, and modeling of low-rise housing located in city suburbs and urban areas. The 
HPM approach is recognized to be more efficient for simulating high-rise buildings 
of downtowns.

Contrary to HPM, with which the BE tool is affiliated, this alternative AFE 
technique, LPM, and the BERA tool, as it has been already underlined, are strongly 
based on planar segmentation, clustering, and reconstruction of polyhedral build-
ing models. In comparison with the HPM pipeline, both planar segmentation and 
clustering substantially decrease the number of polyhedrons as constituents of a 
building model extracted. Thus, we attempted to provide an efficient update and an 
applied realization [43] of the advanced theoretical approach known as segmenta-
tion and reconstruction of polyhedral building roofs [18].

Both software, a client–server application, and a cloud-processing platform 
can be run from a web browser installed on a user’s workstation. According to its 
architectural scheme, the ELiT software performs transmitting procedures between 
the Processing Core, that is on a server, and a Client, while providing such opera-
tional sets as Data Management (uploading, downloading, etc.), Task Management, 
and interactions between the Core and a database. Finally, a Client provides a user 
graphical interface and the building model/topographic surface visualization. A 
Java Script based library - Cesium 3D Tiles is employed for this display, https://
cesium.com/

Figure 5. 
Lightweight models of elementary functional constituents of the urbogeosystem of Lubliniec-City (Poland) in 
the ELiT cloud processing platform interface.
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4.  Population estimation and mapping on the base of elementary 
functional units of an urban geographical system

Urbanistic environment and urbogeosystem modeling on the base of automated 
building feature extraction, further mapping of extracted and reconstructed fea-
tures, and finalizing 3D digital city generation for both urban, and rural areas can 
be highly essential for many industrial applications. It would be reasonable to define 
four next key categories of the urbogeosystemic approach in its applied perspective. 
Each of these categories may directly relate to an agglomeration study: 1) common 
urban planning and design, urban environment visualization, promotion and learn-
ing of urban information, 2) specific urban planning, 3) those usages that are not 
directly related either to planning, or to visualization, for example, city population 
estimation as an operational procedure “on fly”, that can be completed on any date 
between census, 4) commercial sector and marketing, including infrastructure, 
facility services related to specific urban information visualization, and urban 
data mining.

The range of those industrial applications that are pertinent, for example, only 
to BE and BERA building extraction functionalities may be lengthy enough: urban 
and municipal planning, augmented reality for gaming industries; environmental 
planning and monitoring, insurance policy and procedures, optimization of trans-
mitter placement for telecommunication, locational based services, navigation, 
housing simulations, urban microclimate investigations, and shadow estimation. In 
all these use cases a building model is the primary object of interest, while exactly 
the sets of these models examined within the frameworks of the urbogeosystemic 
approach can, in our opinion, act as those elementary functional constituents of the 
actual city environment, which compose its adaptive renewal cycle with all four basic 
functions: exploiting, conserving, releasing, and recognizing [44]. These functions can 
be efficiently defined with the UGS approach, if we consider urban (agglomera-
tion) growth in the context of this cycle, while also applying to spatial morphology, 
as those authors to whom we have just referred to, suggested once.

The point of view introduced in the above paragraph can be accepted as a 
forcible argument for choosing exactly a set-of modeled buildings-level for an urban 
population estimation use-case as a dominant one in a perspective of that agglom-
eration research, to which the UGS approach could mostly contribute. If an urban 
agglomeration is “…the future spatial organization of cities” [8], then any proven 
method of robust estimation of the population on the base of the urban spatial 
morphology are expected to be valuable enough.

Taking into account the routine public scarcity of real population values in vari-
ous city district configurations of a real city, any more or less reliable procedures for 
evaluating numbers of residents between two censuses, which temporal gap may 
be up to ten and even more years, can hardly be overvalued [39]. Therefore, even 
an approximate estimation within a certain selected AOI may be highly necessary 
for optimizing routine municipal management. It has been evidently proved by the 
latest events in urban areas due to the modern pandemic phenomenon.

If we accept both separate buildings, and the sets of them as elementary func-
tional urbogeosystemic units within a certain geographical extent of a city, then it is 
evident that not only different linkages caused by people movement between these 
sets combined in modeled city districts should be taken into account for calculating 
a number of residents in a certain area-of-interest (AOI), but also – building geom-
etries themselves. The latter parameters can be the most precisely reconstructed 
just by LiDAR data processing, which proves the applicability of our approach to 
agglomeration research in overall extent. The UGS approach to population estima-
tion has been supplemented by some existing methods of GIS /urban remote sensing 
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application within this use case. This GIS/URS application is mainly concerned with 
the urban block- and census track-level of a number of residents calculating [45–48].

In one of our former publications, we have already presented “the step-by-step 
building space-metric method (BSMM) of population estimation” [39]. This 
method presents the series of procedures for any AOI, block, and district popula-
tion estimations based on the building geometric and city space topological param-
eters derived from airborne LiDAR data processing. As it has been stated in the 
second section of this chapter, Figure 1 summarized our whole research workflow, 
in which the BSMM was accomplished within three following consequent blocks: 
1) A Human Geography model…= > 2) A GIS-model of an UGS = > 3) Emergent 
properties of an internal UGS (interdependencies among city districts in an internal 
urbogeosystem). The blocks Urban LiDAR data and Available attribute data for a city 
were completed even before this BSMM block-trinity 1)-3), and their output was 
transferred through the first and the second summarizing nodes to A GIS-model 
of a UGS block (Figure 1). Point-, Linear-, and Areal GIS feature blocks are locked 
to the second block of the mentioned trinity. A whole introduced configuration of 
blocks is based on building a model produced by two blocks: 1) A Human Geography 
model…= > 2) A GIS-model of a UGS. This model is used for the calculation of inter-
actions due to people movement among city districts and census tracks in the inter-
nal UGS. Geoprocessing aspect of the methodology introduced in this paragraph 
consists in adding population data to the metadata of. OBJ files presenting building 
models, and then visualizing in a Cesium Scene by the gradient color method.

A study area and data sources are related to the city of Boston, Massachusetts 
state, USA, and overlapped most of this urban territory. While completing the ELiT 
Geoportal web resource [39], we applied to airborne LiDAR data of open access as 
to one of the USGS projects available from: ftp://rockyftp.cr.usgs.gov/vdelivery/
Datasets/Staged/Elevation/LPC/Projects/USGS_LPC_MA_Sndy_CMPG_2013_
LAS_2015/laz/. The relevant census data were available from the U.S. Census 
Bureau’s Web site (http://data.census.gov/), and from the Bureau of Geographic 
Information (MassGIS) site – the regional data of the 2010 U.S. Census [49]. A 
seamless, Massachusetts statewide digital map of land use has been taken from 
[50]. We assumed that it would be possible to obtain the territorial distribution 
of the population from UGS elementary functional units – the building models 
and their affiliated volumes. The BFT- parameter – Building Function Type (first of 
all – residential, non-residential) has been used as a key semantic attribute. Because 
of the lack of reliable semantic data and a certain vagueness of a particular building 
belonging to a certain land-use class, we had to apply to the original technique of 
automated definition of building type by its topology and geometry [39]. In total, 
the following stages complete the whole URS/GIS-tools pipeline of population 
estimation within the urbogeosystemic approach with BSMM:

1. The preliminary data preparation stage for population estimation on the basis of 
the UGS approach with LiDAR data processing was like follows. LiDAR point 
clouds as *.LAZ files were downloaded from a few USGS projects through the 
web reference mentioned above. Building footprints were downloaded from 
the Open Street Maps (OSM) resource https://developer.here.com/products/
data-layers?cid=. All footprints were combined in a united.SHP file by the Save 
as =>. SHP tool, which can be applied for any vector layer in the QGIS 3.10 
GIS platform. This combined file might contain information about 1) build-
ing population counts, and about 2) classes of buildings (a class of residential 
ones and a few classes of non-residential buildings – commercial, industrial, 
educational). This information can be available from the OSM footprints, but 
footprints with it overlapped not more, than 5% of their total number only. 
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Thus we have to apply to alternative information sources from [49, 50], as we 
have already mentioned above. Thus, after completing the preliminary stage of 
the population estimation use case we obtain the following:

• three polygonal layers as *.SHP files with the U.S. Census 2010 data [49] on 
the following three levels (both continuous, and random census blocks are 
used as samples): 1) census parcels; 2) sets of blocks; 3) separate blocks and 
sub-blocks; for each layer population data are stored in “POP100_RE” field;

• a statewide polygonal layer with boundaries of the land use classes [50].

2. Modeling the urbanistic environment with a number of quasi-vector models in 
it. The BERA tool has generated more than 350,000 City GML LOD1 models 
within a selected contour of the urbanized Boston territory. Thus, those sets 
of. OBJ files that can be associated with census parcels, blocks, and groups of 
blocks, have been obtained. Further, possessing already generated *.OBJ files, 
we have to add census information to them.

3. Enriching.OBJ files of UE-quasi-vector features with census information:

• A point layer with geographic coordinates of each *.OBJ has been created. It 
contains the centroids of building footprints. The BERA tool has also gener-
ated for each *.OBJ a *.JSON file of the same name (an ordeal model number or 
OSM_WAY_ID of its footprint), and this *.JSON contains various metadata for 
a model, e.g. a computed volume of a building. We have added to the metadata 
dictionary the key population and a quantitative value for it.

• Using a customized Python script, we have processed all *.JSON-files in the 
BERA output folder and stored resulted data in a *.CSV file with a header as: 
name, latitude, longitude, volume.

• Importing a.CSV file to QGIS 3.10 (menu Layer= > Add Layer= > Add delimited 
text layer), where all points presenting models have been localized, while 
names and volumes have become their attributes.

• Layers of land use and census tracks have been added to a QGIS project. Thus, 
for example, all models can be added to a 2D map so that to define spatial 
belonging to a certain class (Figure 6):

In the same way as on the visual above, a layer of building models has been 
placed on the census parcels.

• The layers of point models, land use, and census parcels have been reprojected 
into EPSG 26919 (a projection of.LAS files relevant to the territory of Boston) 
with the QGIS tool Geoalgorithms= > Vector general tools= > Reproject layer.

• The Land use class parameter has been recorded in a point layer of models 
by the tool SAGA= > Add polygon attributes to points (field LU05_DESK). 
According to the rule, Polygon contains point a point layer has accepted the 
information about a land-use class for any model as a point.

• Then a record of a population value of each census parcel or block should be 
provided as a semantic attribute for each model point, which falls into this 
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area. A procedure is completed with the SAGA= > Add polygon attributes to 
points tool. A new file in the point layer attribute table is titled in the same way 
with the attribute table of the census parcel layer - “POP100_RE”.

• A summarized volume of residential buildings for each census parcel should 
be further provided. Firstly, it has been necessary to use the tool Select features 
using an expression with a query “LU05_DESK” like ‘%Resident%’. Secondly, 
by the tool SAGA= > Points statistics for polygons total volumes of residential 
buildings have been calculated for each census parcel. Thus, a layer of census 
parcels has been obtained with a supplementary field – SUM_volume (a total 
residential buildings volume for each census parcel).

• Just as in 3.6 and 3.7 items the polygonal layer information has been recorded in 
a point layer: a total volume of residential buildings has been recorded in each 
building centroid (the field SUM_volume) that falls in this census parcel.

• The finalized correcting coefficients have been introduced for the sets of buildings 
located in various census parcels (field COEF). These parameters have attempted 
to take into account the major trends of people movements. It may actually reflect 
the population spatial distribution dynamics in an internal urbogeosystem, that 
took place after the latest census, and it was extrapolated from changes that actually 
occurred between two former censuses. Input for such evaluation can be based both 
on the information available from [49] and on some supplementary data sources.

• A new float-field has been added to a point layer table – bldng_popul. 
It has computed a ratio through all other fields of this point layer table: 

Figure 6. 
Visualized in the QGIS-interface the points of building models (footprint centroids) located through different 
classes of land use in a fragment of the urbanized territory of Boston. The complete land use legend is available 
from [50].
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bldng_popul = (volume*POP100_RE*COEF/SUM_volume, where volume – a 
building volume, POP100_RE – a population value for a given census track, 
in which this building falls in; SUM_volume – a total volume of building in a 
census parcel.

• The finalized attribute table should contain the following fields: model name 
(obtained on step 3.1.); model volume (step 3.1); LU05_DESK (land-use class 
obtained on step 3.6); POP100_RE (census parcel population – step 3.7); SUM_
volume (a total volume of residential buildings in a census parcel - step 3.8); 
COEF (correcting coefficients due to probable people movement – step 3.10); 
bldng_popul (estimated for a period between census a number of residents in 
each building – 3.12).

4. Combined visualization in Cesium 3D Scene of the ELiT software interface of 
those results obtained upon the second and third stages of the URS/GIS pipe-
line – an attribute table from 3.12 has been visualized as a 3D scene. In this way, 
the urbanistic environment and a viewed fragment of the UGS of Boston-City 
are presented with the building population distribution evaluated on the base 
of the urban architectural morphology (Figure 7).

While implementing a population estimation use case, it is reasonable to take 
into account, that some computed extreme numbers of residents can be caused by 
the errors in the input land use data. For example, a large residential building has 
been prescribed to the commercial or to any other non-residential class of land-use, 
while being actually in one census parcel with another, much smaller residential 
building, and there are only two these buildings in a given parcel. The small build-
ing, being prescribed to the residential class properly, has accepted a whole number 
of residents in a parcel, and a number of residents is drastically exaggerated then.

5. Conclusions

This chapter has introduced the original conceptual research approach con-
cerning the urban geographical system, which is based on urban remote sensing 

Figure 7. 
Resulted from the URS/GIS pipeline stages 1–4 visualization of the building population distribution in the 
urbanistic environment of Boston-City presented in a 3D scene of the ELiT cloud processing platform interface.
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with LiDAR data processing. The authors have made an attempt to prove that the 
presented methodology and techniques might contribute to the scientific under-
standing of the urban agglomeration as a highly developed spatial aggregation of 
urbanized areas. The urbanistic environment as a quasi-rasterized 3D model of 
actual city space, and the urbogeosystem as a quasi-vector 3D model of the hierar-
chical formalized aggregate of UGS elementary functional units – buildings, both 
can efficiently simulate, visualize, and represent an urban agglomeration according 
to its all representative criteria. The algorithmic flowchart of the UGS study within 
the suggested approach has been provided, and further research introduction has 
been affiliated with flowchart blocks.

The URS/GIS pipeline of making a digital city with LiDAR data processing 
has been examined mainly within an automated feature extraction perspective. 
In particular, it has been illustrated by the AFE-flowchart of some key processing 
constituents related generation of both urban topography, and building models 
from LiDAR point clouds. The possible scheme of digital city creation might consist 
of two consequent steps: 1) modeling the quasi-rasterized UE, and 2) simulating 
the quasi-vector UGS.

Web-based geoinformation software for LiDAR data processing due to the 
objectives of urban studies, in general, and agglomeration research, in particular, 
should demonstrate its optimal architectural solution as both a client–server 
application, and as a cloud-processing platform. The latter applies to AWS 
resources. HPM-technique provided by this software is preferable for the urban-
istic environment modeling, while its LPM-method – for model generation of 
elementary functional units of the UGS – buildings. Each one from the row 
of software tools – BE, BERA, CD, and DEM-G can contribute in a particular 
perspective to agglomeration research.

Mentioning several thematic applications, which can potentially be resolved 
within the frameworks of the presented approach, we selected and examined 
in detail the building population estimation use case as the most relevant one to 
agglomeration research. A number of building residents, as a rule, are not widely 
available due to security and privacy reason. Thus, the suggested technique can 
significantly assist not only in an AOI-population estimation between census but 
also, e.g., in predicting the agglomeration growth in both short-term and long-term 
perspectives.

Appendices

AFE Automated Feature Extraction
ALS Airborne Laser Scanning
AOI Area of Interest
AWS Amazon Web Services
BE Building Extraction
BEF Building Extraction with Footprints
BFT Building Function Type
BERA Building Extraction Rural Area
BSMM Building Space-Metric Method
CD Change Detection
DEM Digital Elevation Model
DEM-G Digital Elevation Model Generation
DSM Digital Surface Model
ELiT EOS LiDAR Tool
HPM High Polyhedral Modeling
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