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Introduction

In the autumn of 2022, as part of the preparations for the UIA World
Congress of Architects 2023 Copenhagen we invited Panel Chair and MASS
Design Group architect Christian Benimana to Copenhagen to speak to our
collegiate and students. In his introduction, he outlined the dramatic land use
change in Rwanda following the country’s population growth over the last
50 years. Pointing to the maps, he argued that we have passed a tipping
point and that our given societal infrastructures cannot simply be extended
or optimized to support this new situation. We cannot build 500 universities
or 600 hospitals, he said, instead we need systemic change to rethink what a
university is, what a hospital can be. We need to question how our institu-
tions, infrastructures, and communities can change in the way they address
those in need and what access can be, and therefore, also how architecture,
its practices, embedded knowledge, and products can be methods of insti-
gating change.

The present proceedings presents six volumes examining the knowledge
foundation for such change. As proceedings for the Science Track of the UIA
World Congress of Architects 2023 Copenhagen Sustainable Futures—Leave
No One Behind, they contain a total of 296 papers investigating, showcasing
and arguing for how change can be imagined across the built environment.
By asking how architecture can help in achieving the UN Sustainable
Development Goals (SDGs), the presented papers collect the research- and
practice-based results of a global community. Together they ask what the
future of the built environment can be and how design as action and as
knowledge can create new roles for architecture and the communities it
serves.

This preface starts with the articulation of our profound gratitude to the
Scientific Committee and the community of submitting authors and peer
reviewers that have been part of this effort. During the last two and half years,
we have worked together with the Scientific Committee’s Panel Chairs and
Special Advisors to form a vision for the Science Track. The process has
been an education. Not only in our understanding of the SDGs, the trans-
formative power of design creation or the wider societal role of the built
environment, but also in keeping our minds open to the many positions that
architecture can be thought through and its critical role in engaging—
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interfacing, informing, and developing—different knowledge cultures and
perspectives. We therefore start by thanking the 17 members of the Scientific
Committee, the contributing 656 authors of the 296 accepted papers, the
1486 authors of the more than 750 paper submissions, and the 536 peer
reviewers that have all made this project possible.

Platform

The UIA World Congress 2023 Copenhagen starts with an ambition. Pitched
in 2017, only one year after the launch of the UN Sustainable Development
Goals, the central nerve is the articulation of the profound agency of archi-
tecture and how it plays an acute role in achieving the SDGs. In the congress,
the Science Track is given a particular role. Initiated early in the planning
process, the aim has been to place the Science Track at the heart of the
congress in order to collect its underpinning knowledge foundation and shape
its criticality through a broad outreach to a global community. Sustainability,
like architecture, is a wicked problem. Its solutions are dependent on the way
we ask, the methods we use, and the contexts in which we work. To ask how
architecture can be part of the dynamic fulfilment of the UN SDGs is to ask:
who are the communities we design with and for, what is the knowledge we
draw upon, and how can its sharing change how we think about what our
built environment can be.

One of the central drivers in our preparatory work for the Science Track
has been the realizations of the blindness of the UN SDGs to the agency of
architecture. The SDGs seek to steer behaviour both through impacting
legislation and wider societal value sets. They establish priorities and gal-
vanize efforts across communities by identifying targets and providing shared
yardsticks in the form of indicators. In doing so, they inscribe a world view
of its defining actors; the governmental bodies, industries, and communities
that can be leveraged upon to instigate change. And in this world view,
architecture is strangely absent. At present, none of the UN SDGs declare
targets that directly articulate architecture as a driver for change nor are there
any indicators that evaluate its role. The built environment is only mentioned
as a driver for resilient communities but without real value setting of the role
of planning and design. This despite the extensive and complex impact
architecture holds on human and non-human well-being; the way we live our
lives, shape equity, and use our resources.

For us, this realization has led to the overarching aim of using the con-
gress to build awareness. To argue for and demonstrate how architecture has
the ability to afford change in the way we understand and construct the world
around us and therefore how it as a situated practice engaging directly with
both legislation, industry and the communities in which architecture takes
place can become a direct way of effecting change.
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Vision

The Science Track is formed around six panels of which this volume is one.
The vision of the six panels is to articulate six differentiated perspectives onto
how architecture can be part of achieving the SDGs while reinforcing their
interconnectedness. The panels are in part mapped to existing fields while at
the same time suggesting new. By bringing together otherwise fragmented
knowledge across the breadth of architecture’s research and practices, the
aim is to bring together knowledge across research, practice, and education to
provoke new perspectives, new alliances, and concrete action. In articulating
the panels, the Scientific Committee asks pertinent and provocative questions
that challenge the field and position the SDGs as active goal posts. These
questions form the chapters of each volume asking how architectural
knowledge creation can innovate the thinking, design, and making of
architecture.

— Design for Climate Adaptation
With profound urgency, global communities are acting and adapting to
the earth’s changing climate. Our built environment, the most common
habitat of humans, should interact with the earth’s ecosystems and cli-
mates in a sustainable and regenerative way. ‘Design for Climate
Adaptation’ emphasizes people, multiple forms of research, knowledges,
and action for high and low-tech solutions that make buildings, neigh-
bourhoods, landscapes, cities, and regions regenerative, resilient and
adaptive to climate change impacts.

— Design for Rethinking Resources
Design shapes our world, from the places we live in to objects we use
every day. As we grow more aware of the limits of our planet’s resources,
shifting from an exploitative to a restorative, regenerative, and circular
design ideology becomes fundamental. ‘Design for Rethinking Resour-
ces’ examines approaches to resourcefulness in architecture; how sus-
tainability challenges the foundations of our material practices, and how
they can change with it.

— Design for Resilient Communities
A resilient community anticipates, adapts to, and recovers from adversity.
Climate change, the global pandemic, and political upheavals in many
countries have revealed social, economic, and environmental inequalities
that threaten communities worldwide. These fault lines disproportionately
impact the poor, people of colour, the racially or ethnically marginalized,
and women. ‘Design for Resilient Communities’ encourages innovative
solutions and facilitates the development of knowledge and skills nec-
essary for adaptation and recovery.

— Design for Health
Architecture and health are inseparable. From the direct design of hos-
pitals and places for healing to the strategic design of infrastructures and
city planning, architecture affects physical and mental health of individ-
uals and communities. ‘Design for Health’ asks how architecture can
reconceive health as a design issue. How land rights impact healthy
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living, how legislation, planning and building impact inequality and
access to water, and how single buildings and the civic construction of
hospitals, health clinics, and community buildings can operate in unison
with local environments and ecologies to create a safe and healthy space
for all.

— Design for Inclusivity
No individual deserves to experience space in a manner that is less safe,
less comfortable, or less accessible as a result of their identity or chal-
lenges. Sustainability, in its most holistic definition, cannot be achieved
without a collective act. ‘Design for Inclusivity’ aims to critically define
the constructs and categories of who exactly we are excluding, and why,
in order to mindfully develop strategies to mitigate this exclusion.

— Design for Partnerships for Change
‘Design for Partnerships’ is about recognizing the asymmetrical rela-
tionships between states, public spaces, civil societies, and private
domains to find new balances for the existing power structures. By
challenging the ontology of universalism, it examines how architecture
and the built environment can play an essential role in creating a ground
for care through local governance, space making practices, imaginaries,
and scenarios of plural(istic) political, socially and ecologically sustain-
able futures.

Critical Positions

The two and half years of preparation has been an inspiring experience
through which we have witnessed the power of architectural thinking in
action—its interweaving of the critical and the creative ideation as well as its
inherent inventiveness orientation towards the future. As part of the curation
of this work, we have defined a series of critical positions by which to
understand the correlation between architectural thinking and the UN SDGs.
A first position has been to challenge the inherent anthropocentrism and
perceived lack of hierarchy between the goals; the Tabula Rasa effect as
Johan Rockstrom names it (Rockstrom 2016). The SDGs have been criticized
for failing to recognize that planetary, people, and prosperity concerns are
interconnected (Kotzé 2022). In forming the six panels of the Science Track,
we seek to position a rupture to the modernist axiom that the environment is
situated outside of us. Instead, we understand the SDGs as a balancing
between planetary and human needs which needs to be holistically addressed.

A second position is the critical appreciation that the SDGs retain an
adherence to an underlying model of growth. The Science Track asks what
the future practices of architecture can be, what the ethical roles of archi-
tectural design are, and how architecture knowledge can create change in
how architecture is produced both within and without of models of growth. It
seeks to identify who the partners of architecture practice can be both through
grassroot community action and through industry-based models.

A third position is the challenge of the embedded universalism within the
SDGs. The SDGs maintain a universalism that is common to the UN system
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and underlies much of UN’s work. However, this fundamentally modernist
position of understanding sustainability as ‘a problem to be solved’ and
placing agency with legislation leaves questions of agency, voice, and power
unchallenged. The Science Track seeks to incorporate this criticism through
the panel calls and their associated sub-questions by provoking reflection on
the perceived neutrality of architecture’s own humanist traditions and insist
on the query of how architecture is produced, by people and for people.

The challenge to universalism has also led to a review of the scientific
practice of knowledge dissemination. The call for papers deliberately
encourages exchanges and learnings across different knowledge and practice
silos. This is effected through differentiated publication formats that include
scientific knowledge production as well as design-based knowledge pro-
duction, narrative formats such as oral history, visual essays, as well as
dialogue-based exchanges and argumentative essays. The aim of these for-
mats is to expand the possibility of transdisciplinary knowledge exchange
and include voices that are not commonly part of academic and professional
discourse.

The fourth and final position is to understand the SDGs as part of a
changing world. The SDGs set out a 14-year-long project. Any project of that
length needs to build in methods of reviewing its own fundamental value sets
and core conceptual foundation. The intensifying and accumulating effects of
climate change, the aftermath of the COVID-19 pandemic, the continued
stress on the world’s resources, and the increasingly multi-partisan war in
Ukraine have deep and unequal repercussions on global communities. To
engage with the SDGs is to correlate the goals to a changeable understanding
of both needs and means. It is to commit to a continual address of both the
contexts and instruments of change-making. In the Science Track, our focus
on the concrete and the actionable through presentations of cutting-edge
research, real-world case studies and near future focussed arguments, argue
for a situated understanding of the SDGs. This emphasis contextualizes the
SDGs within the multiple and diverse practices of architecture as well as the
disparate places in which architecture takes place. The perspectives, methods,
and means are purposefully broad. They seek to represent the breadth of the
solution space needed for the systemic change needed. They also purpose-
fully include different voices and different styles to make present the different
actors, different knowledge streams, and different institutions that create this
change.

Perspective

The result is a six-volume proceedings tracking a wide and multifarious
interpretation on how architecture can be part of achieving the SDGs. Across
their individual chapters, we see a breadth of enquiries asking who the
communities are, who the actors are, and what the means of architectural
production are. They ask how we can shape the methods of architectural
thinking as well as their associated technologies, how they can be distributed,
and what is the consequence of their sharing.
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The proceedings instantiates a moment in time. As research strands, they
are part of larger trajectories of knowledge creation. Where our aim for the
World Congress is to facilitate new discussions and exchange enabling
synergy across silos and geographies, it is clear that the full potential of this
conversation is only just beginning. The World Congress coincides with the
half-way mark of the SDGs. Launched in 2016 and with a projected com-
pletion date of 2030, we need to transition from a place of planning and
speculating to one of action. The work of the Science Track is therefore
marked by a sense of urgency. The desire is to define the effort of this work
not in terms of their individual results, but more as a launchpad for future
exchange and collaboration. We hope that what is created here is a com-
munity of dedicated actors all with a shared stake in the well-being of future
generations. Our hope is that the legacy of this project will be that we can
retain this commitment and grow its stakeholders to mature these proposi-
tions into actionable change.

We profoundly thank the Scientific Committee for their immense effort and
profound engagement in shaping the Science Track. Thank you to: Billie
Faircloth, Maibritt Pedersen Zari, Carlo Ratti, Anna Rubbo, Juan Du, Arif
Hasan, Christian Benimana, Magda Mostafa, Ruth Baumeister, Sandi Hilal,
Merve Bedir, Katherine Richardson, Chris Luebkeman, Thomas Bo Jensen,
and Camilla Ryhl.

Copenhagen, Denmark Mette Ramsgaard Thomsen, General Reporter
Martin Tamke, Alternate General Reporter
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Design for Health

Architecture and health are inseparable and the UIA World Congress of
Architects Copenhagen 2023 comes as an opportunity to discuss broadly the
future of the profession of architecture and how it is impacting health. It is
also a good time to question the knowledge and competencies acquired by
architecture and design professionals, how they acquire them, and their
relevance to the global issues affecting the world today and tomorrow.

In the aftermath of the COVID-19 pandemic, it became clear that we
should start questioning the nature of the spaces we occupy as this pandemic
has highlighted the vulnerabilities of the systems we rely on in our daily
lives. From the design of healthcare facilities, places for healing, and the
strategic design of infrastructures and the planning of the cities that we live
in, architecture affects the physical and mental health of individuals and
communities.

For a very long time, architecture has been blamed for the social failures
that societies are experiencing like poor access to basic services and climatic
change conditions. Although architecture has been concerned with the
physical world, it is also a reflection of society; its culture, behaviours, and
other notions about life.

In societies where there is inequity and major social differences, there is
usually a very strong anti-poor bias in planning. As a result, few healthcare
institutions are built in the poorest settlements, who then have to travel long
distances to access health care. Also, insufficient funds are provided for the
maintenance and management of these healthcare units, considerably
lowering their efficiency and outreach.

The majority of the global population lives in poor, unserviced or
semi-serviced settlements which, as a result, have poor quality and quantity
of water, absence of sewage disposal and draining causing epidemics, and
resulting in high child mortality and morbidity rates.

To cope with these challenges, many solutions are being proposed.
However, a very important question related to land rights is not being
answered. There is a huge gap between housing supply and demand, as a
result of which poor populations are forced to squat on land which is not
theirs and, hence, they have no tenure security. This absence of security
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restricts their upward mobility, and the constant fear of eviction creates a
mentally disturbed society. In addition, low-income settlements in the Global
South have no parks, open spaces, wide enough roads for vehicular
movement, and high densities. Given these realities, the WHO Standard
Operating Procedures (SOPs) for COVID-19 could not be followed in these
settlements. In planning for the future, these aspects will have to be taken into
consideration. Legislation making housing rights a fundamental right for all
will have to be enacted and implemented.

The Design for Health panel seeks to question not only what fell short or
what went wrong in the response to COVID-19, or how to build resilience in
the current setting, but also serves as a time to dig deeper and question
whether the foundations of the practice are not fundamentally flawed so
much so that seeking efficiency of existing solutions is insufficient to achieve
the desired outcomes. One of the most important things in determining the
efficiency, the location of health facilities, their design parameters, and scale
is the involvement of the communities in the neighbourhood. These issues
cannot be left simply to planners and bureaucrats, but also in the management
of these facilities, there should be community participation.

Formal developments of those on highways and major roads affect land
values as a result of which the land of many informal settlements increases
and the private commercial sector pressurizes the residents of these
settlements to leave, thus creating increased homelessness, poverty, and
disease.

As a result, the Design for Health panel asks how architecture can
reconceive health as a design issue, how land rights impact healthy living,
how legislation, planning, and building impact inequality and access to
water, and finally how the single building and the civic construction of
hospitals, health clinics, and community buildings can operate in unison with
local environments and ecologies to create a safe and healthy space for all.

In the design of individual buildings, the pandemic has created new
requirements. These are for additional space to cater to a larger number of
patients, housing for paramedics during the pandemic, and training spaces for
community workers. Similarly, community centres now have to be designed
in a manner that they can be converted into COVID-19 wards.

Also, health buildings should be colourful instead of white and the
furniture should be designed for the ease of patients and not simply for the
ease of medical staff. Cross-ventilation and direct sunlight should be an
essential part of the design, along with insulation against heat and cold so as
to make the buildings livable.

For residential architecture (and for other architecture as well), factors
influenced by climate change have to be taken into consideration—and
through research and an agenda, materials and methods of construction that
reduce the carbon footprint of buildings need to be evolved.

The most important part of change has to be in the training of
professionals and technicians. So far, most training in the world is around
curative methods. The preventive health sector, such as the public health
engineering departments, needs to be developed, both in government
agencies and in academia. It is also a point of concern that physical
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infrastructure budgets of international financial institutions and governments
are much higher than those for research and extension of preventive
medicine.

All the above concerns and recommendations can be applied to new
planning and, with limited retrofitting, to existing cities. However, the
existing city in most cases is far larger than the new areas that will crop
up. A major challenge is, what can one do with the old city, where in most
cases, only very limited resources are available? It calls for reblocking of
certain areas to create parks and sports facilities, health and community
buildings, and transport facilities. A new world of relevant building bye laws
and zoning regulations will have to be created with community-friendly
procedures.

This volume contains 34 chapters, spread out over five parts, which deal
with the issues that have been summarized above. Each part contains a
maximum of eight chapters that, broadly speaking, investigate the challenges
posed to public health by architecture and propose strategies to aid healthy
living through architectural practices. The purpose of this publication is to
encourage practitioners of architecture—and those of other disciplines whose
work intersects with architecture—to innovate new methods of doing things
and produce new knowledge about the linkages between land, water, spatial
and socioeconomic accessibility, planning, education, the economy, archi-
tecture, and health.

The submitted chapters range from a wide variety of disciplines and
practices including architecture, social work, civil engineering, geography,
ecological restoration, geosciences and spatial planning, and what is bringing
them together is their commitment to understand how architecture and the
built environment are intertwined with health and what is fundamentally
wrong that needs change.

The five parts are named as follows:

Part 1. Land, Water, Economy and Health

Part II. Health as Consequence of Design

Part III. COVID-19

Part IV. Planning for Healthy Environments

Part V. Healing through Design and Academic Research.

Part I: Land, Water, Economy and Health

Land is a health issue, and its availability, location, and quality directly affect
the life of the population. As stated by the UN HABITAT (2008), access to
land is a fundamental basis for human shelter, food production, and other
economic activity. By 2050, 68% of the world population will be living in
urban areas with 90% of this rise occurring in Asian and African cities
(United Nations 2018). What does this mean? As cities are expanding, the
population number is increasing, and access to land is becoming more
expensive. This inaccessibility of land pushes the urban poor to build on
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unstable lands that are prone to climatic change catastrophes, or they choose
to live in unplanned settlements that are faced with many problems. These
populations are vulnerable because they do not have access to land tenure.
In addition to land, access to clean water has a considerable impact on the
population. Poor access to water and poor sanitation are directly linked to the
spread of diseases such as cholera, diarrhoea and other diseases. In many
parts of the world, access to safe water still remains a challenge and climate
change will continue to make it harder and harder if no measures are taken.
This part will look at the intersections of resources like land and water
with health and their interaction with the economy as part of a complex
ecosystem. It will discuss the one paper we have on land use and identify
why land use is important and how it links with a range of other subjects
related to health and architecture. The following four chapters will talk about
issues related to water and health. This includes how inadequate water,
sewage, and surface drainage are a major detriment to social well-being and
the cause of the spread of disease. The absence of sewage and drainage also
makes streets and public spaces unusable; children and women are most
affected by this. The next chapter will add another intersection of the
ecosystem into the equation by analysing a variable like age distribution and
its impact on accessing land for a healthy living. Finally, the last chapter will
consolidate the discussion by focussing on health, economy, and ecology.

Part II: Health as Consequence of Design

All over the world, mostly in low-income informal settlements in the Global
South, there is rampant disease. The absence of open spaces and high
densities make it difficult for people to access unpolluted air, exercise, and
heat extremes in the absence of insulation. High densities overflow into the
hospitals, dispensaries, and schools. Bad and expensive transport and long
distances to health facilities make the curative side of health care almost
non-accessible. This part will talk about the implications of poor planning on
health outcomes and vice versa and will also include thermal design in the
discussion.

Part Ill: COVID-19

In the aftermath of the COVID-19 pandemic, it became clear that we should
start questioning spaces that we occupy and their impact on our health. The
built environment has always been affected by infectious diseases long ago,
and the design of cities has been dictated by the outbreak of pandemics
(Frumkin 2021).

In the time of industrialization, the health of the population was affected
by infectious diseases including cholera, plague, yellow fever, and tubercu-
losis, and this has led to the reform of urban planning policies (W. C. Perdue
et al. 2011). From the design of sanitary sewerage systems, the improvement
in building designs including factors of fresh air and natural light, housing
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zones, and the creation of green urban spaces, the built environment has been
changing to suit the healthy living conditions of the population (W. C. Perdue
et al. 2011).

For long, the population has relied on the established systems until the
break of COVID-19, where everything became questionable. Cities were the
easy target of COVID-19, and people living in poor urban settlements
became the victims (Frumkin 2021). Unplanned urban settlements which are
characterized by a high density with inadequate access to running water and
sanitation with limited healthcare facilities, it became apparent that measures
put in place to stop the spread of COVID-19 were impossible; the health
of the population was at stake.

As a result of COVID-19, a number of new requirements for urban
planning and housing have emerged. For one, the SOPs developed by WHO
cannot be practised in low-income settlements which house over 50% of the
world’s population. This is because of high densities and the absence of open
spaces. Poor students cannot study online because their families cannot afford
to buy smartphones or computers and also because their areas do not have
Wi-Fi arrangements. Surveys reveal that as a result, a large section of poor
households has not been able to educate their children during COVID-19.
Apart from density, there are issues of adding to the number of patients
during a pandemic, and for this, extra space requirements become necessary.
Space for the training of mid-level medical staff and the storage of special
equipment such as ventilators and oxygen tanks also becomes crucial. This
part will seek to address these issues through its five chapters along with
bringing to light the problems that an unprecedented health crisis like
COVID-19 has created for architects. It will also give examples of how
resilient communities are in tackling issues related to COVID-19 in the
clinics in their neighbourhoods and the role of industrial workers in
regenerating old community ties which had been disrupted by the pandemic.

Part IV: Planning for Healthy Environments

Planning for healthy environments is a multidimensional exercise. It includes
planning for city layouts with an environmentally friendly land use, effective
public health engineering inputs, accommodating socioeconomic conditions
of the lowest income groups, designing schools, and community spaces
through which health can be promoted, locating health facilities in easily
accessible locations, providing the possibility of using non-mechanized
transport such as bicycles, and developing an environment which is
pro-pedestrian, pro-street, pro-mixed land use, and pro-dissolved space.
Thus, planning for healthy environments is, to a great extent, determined by
appropriate building by laws and zoning regulations—which, in many
countries of the Global South, belong to the colonial era and are
inappropriate not only for the cities of the south but also for cities all over
the world.

This part will look at the various strategies through which planning can be
undertaken to nurture healthy environments, not just from a physical health
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perspective but also of mental and social health and well-being. The last
chapter of this part will provide a smooth transition to the panel’s final part.

Part V: Healing through Design and Academic Research

Architecture plays an important role in the process of healing—both in
curative and preventive medicine. Combining academic research and design
elements to heal communities through architecture is, thus, a subject of
immense significance to this panel and the UIA World Congress of
Architects CPH 2023 at large and will consolidate the problems and solutions
identified in the parts before this.

While a lot of academic work has been done on the relationship between
health, living conditions, and their socioeconomic implications, much of this
work remains in the libraries of universities and research organizations and is
seldom discussed in the public domain. It also does not feed into policy and
has little or no influence on the culture of planning. There are those who
believe that the fault also lies with the research agenda, which looks for ideal
solutions rather than developing an understanding of the existing environ-
ment. Issues related to revenue generation, management, maintenance, and
operation are generally not given sufficient importance and nor do the
opinions of the community form the basis of much of the evaluations. To
remedy this, it is important to look at how academic research can play a
positive part in healing—which is what the first three chapters of this part
will discuss.

The final four chapters will dive into designing for healing. The planning
of a settlement or a city has health implications related to orientation, air
pollution, transport-appropriateness, safety, energy, and the design of homes
in a manner that they receive light and air and are insulated against the
extremes of climate. Peaceful spaces, soothing colours and textures,
patient-friendly furniture and fixtures, the visibility of green spaces, easy
access to health facilities, and the coordination of the built environment with
public health engineering are salient features of the process through which
healing can be centred in architectural designs.
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Abstract

This paper aims to reflect about urban green
spaces role as an important regeneration
element to restore urban landscapes in a
decline process. The urban landscape is
understood here as an interactive system
between natural processes and human
impacts. The study object is an area located
in Guarulhos city, belonging to Sao Paulo
metropolitan area and surrounded by impor-
tant infrastructures, as Guarulhos international
airport and Dutra regional highway. The area
also contains established precarious settle-
ments on protected floodplains; unqualified
green spaces and riverbanks in process of
illegal settlements; and a lack of basic sani-
tation services and silted streams that con-
tribute to the floods occurrence in a local and
metropolitan dimension. The study attempts
to mitigate the conflict between infrastructure,
environment and social dimension, which are
so precariously articulated in this urban land-
scape, through a system of strategically
planned green spaces, in order to achieve
urban and metropolitan sustainability goals.
Based on theoretical support, cartography and
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empirical observations, it aims to understand
the logic of this territorial occupation and also
recognize, recover and integrate urban green
areas in order to set an urban plan proposal.
Finally, the paper tries to achieve population
better quality of life, reduction a local and
regional environmental impacts and political
awareness to set public policies able to
regenerate this territory in a process of urban
and environmental decline.

Keywords

Urban and metropolitan regeneration *
Landscape - Green spaces system

1.1 Introduction
In the twentieth century, the relation between
man and nature resulted in socio-environmental
impacts from the Industrial Revolution that
encouraged technological advances and eco-
nomic growth instead of sustainable develop-
ment. This advanced process throughout the last
century led us to a serious situation of urban and
environmental decline, which requires new
practices and approaches that allow urban
regeneration of contemporary metropolis.

The issues discussed here, urban and
metropolitan regeneration, green spaces, land-
scape degeneration, infrastructure and precarious
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housing, emerged from the Industrial Revolution
context and were discussed by many authors a
century ago. Although in another context, these
conflicts are still current and have been affected
mainly developing countries as Brazil. As con-
sequence of congested cities with precarious
public health condition the green spaces initially
used for beautifully and health started to be
inserted to recovery the quality of life and for
structure the cities (Benevolo 2019). While the
new urbanism was concerned with the chaos of
the tenement town of the nineteenth century, the
city has sprawled and became less concentrated.
From the nineteenth to twentieth century the new
transport technologies allowed a huge process of
suburbanization mainly in London and New
York, where the production forces were more
aggressive (Hall 2009). A new urban dimension
with conflicts between nature, infrastructure and
housing emerged from a result of capitalist
production system. Production, exchange and
consumption relations define capitalist space.
Technological advancements and transport
infrastructures are strategically planned to sup-
port and expand these capitalist relations and
structure this space (Reis 2006). In addition to
urban reconfiguration and expansion, infrastruc-
ture produces new locations, real estate appreci-
ation and environmental impacts. This process
also produces an unequal land use and unsuitable
living conditions. According to Reis (2006),
every time there is an intervention in an urban
area, must be understood that it is structured by
an economic development related to a specific
infrastructure, and the area is changed, over-
lapped and, therefore, is in a constant process of
transformation. It could be urban progress or
urban decline. The study area is on this context
of urban decline and needs to be regenerated. It
means to establish integrated actions in order to
improve its social, physical and environmental
aspects to ensure its sustainable recovery. One of
these actions could be to requalify urban green
spaces through an urban plan and participatory
urban projects. Urban green spaces refer to all
urban land covered by vegetation of any kind,
gardens, squares, parks, forests, farmland, tree-
line streets, riverbanks and floodplains. It
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contains a variety of benefits including physical
health benefits, psychological health benefits,
socioeconomic benefits and environmental
benefits.

The study area is located in Pimentas district,
Guarulhos city, Sdo Paulo metropolitan area,
between Presidente Dutra and Ayrton Senna
highways, adjacent to Guarulhos International
Airport. It is also inserted in the Baquirivu-
Guacu watershed, an area of great urban precar-
iousness, vulnerability and importance for Mas-
ter Plan of Macro Drainage of Upper Tieté
(PDMAT), which covers the entire metropolitan
area of Sao Paulo. Guarulhos city has 1.4 million
inhabitants and it is considered the most popu-
lous municipality in Sdo Paulo metropolitan area,
which has approximately 22 million inhabitants.
Sdo Paulo capital has 12.3 million inhabitants
(Ibge 2022).

Although Guarulhos is characterized by a
strong economy with an expressive industrial
production, with the second largest GDP of the
state (second only to the capital), it displays low
social development standards. A large part of
Guarulhos population lives in informal settle-
ments whose presence is directly associated as
unequal process of occupation. The implemen-
tation of transport infrastructures allowed new
connections and a rapid suburbanization process
in fragile and low-cost lands. The study area has
approximately five million square meters and
consists of many precarious settlements with
high density and located in insecure tenure
without a proper sanitation services and with
higher risk of flood events. In the face of these
urban landscape conflicts and considering the
existence of natural and tropical green areas with
potential to be qualify and integrate, this paper
presents a green spaces plan, in order to try to
mitigate these conflicts and regenerate this area.
The urban regeneration idea here is to recovery
urban landscape in a process of decline.

Through theoretical support, cartography and
empirical observations, the paper is structured in
introduction plus five issues. The first one
describes some authors, ideas and projects that
influenced the thinking about urban green areas,
in Brazil and in the world. The second focus on
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the Guarulhos city growth always related to the
SP metropolitan area and their infrastructures.
The third and fourth items focus on the Guarul-
hos environmental and housing problems. And
the last one proposes a green space system plan
based on empirical surveys and theoretical sup-
port (Figs. 1.1 and 1.2).

1.2 Green Spaces System

The function and arrangement of green areas are
transformed according to the political and eco-
nomic context of each time. In the industrial and
liberal city green spaces were isolated islands in a
compact urban fabric, while in the modern city
they shaped a unique space, where all other
elements are freely distributed: the city becomes
a park where the various functions of urban life
are established. This process shows the transition

from the private appropriation of the territory, to
the recuperation of public control over the city
space (Benevolo 2019). The chaos arising from
the industrial revolution and the increase popu-
lation in cities with precarious conditions, mainly
for the working classes, led to social and envi-
ronmental impacts and the reduction of green
spaces in large industrialized cities (Benevolo
2019). In this context the green areas, initially
conceived with an esthetic function, begin to
have a sanitary function in order to reduce the
health problems of the industrial city and guar-
antee a better quality of life for the population
(Hall 2009). In the mid-nineteenth century,
romantic and naturalist ideals, disseminated from
Europe, led North Americans to the development
of the Park Movement. This important landscape
movement was against the low quality of life in
American cities. However, this Movement,
which intended to think about the city plan from
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a system of open spaces, did not manage to
control the city as an urban and architectural
complex (Schenk 2008). From this movement, at
the turn of the nineteenth to the twentieth century
the landscape architect Frederick law Olmstead
(1822-1905) was a pioneer in considering the
relation between landscape and territorial plan-
ning for a balanced urban development. He
established the basis of Landscape Architecture,
and his ideas have influenced many urban plan-
ners and trends. Green spaces started to have a
function of structuring the urban growth, linking
technical advances to esthetic values, and in this
way creating spaces of sociability (Schenk 2008).

In 1857, Olmsted became Superintendent of the
Central Park in New York. Between 1865 and
1874 he produced his most important projects as
Prospect Park in Brooklyn; the Boston Park
System (Emerald Necklace); and Riverside in
Chicago. Observing the tenements towns at the
time, he argued that parks were necessary to
civilize urban life and that they would only make
sense if they became public, open to the entire
population, with pedagogical functions and
strategies to guarantee quality use of spaces. His
goal was to educate through the place. Frederick
Law Olmsted saw the landscape from the sen-
sations it provided. For him the relationship
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between man and nature would be vital for
human health (Schenk 2008). In 1870, Olmsted
wrote “Public Parks and the Enlargement of
Towns”. He presents the idea of the plan artic-
ulating free spaces, large and small parks and the
streets and avenues system (parkways). The
quality design of these elements would promote a
pleasant displacement shaded and could form
part of a system of parks. He defended the parks
importance as a symbol of a new community life
and the landscape to improve the fast pace of
urban life (Schenk 2008). Emerald Necklace in
Boston was an implementation of a connected
system of green areas for Boston city in USA.
Designed between 1878 and 1895, Olmstead did
not make large concrete reservoirs, but an
underground system of intercommunicating lakes
that directed waste water to the sea, connected
parks instead of large reservoirs. This space was
forested, transforming people’s lives. This his-
torical and lasting plan of integrating open areas
has become a reference when we discuss land-
scape design (Schenk 2008). This intervention
plan was a precursor to contemporary practices
such as the connection of parks and green areas,
the requalification of waterways, the creation of
green corridors within the urban areas, recre-
ation, environmental conservation and especially
sanitation service and flood control solutions
through urban infrastructures that were designed
as landscapes. In other words, the integration of
landscape with hydraulic and sanitary engineer-
ing through the installation of vegetated strips
along streams; the connection of the city center
to the countryside through parkways; the creation
of green belts around the city; the water regime
as a basis for the design of lakes and waterways;
and finally the restoration of mangroves and river
courses are old and valid practices that should be
further explored nowadays. This is a project that
displays the advantage that large infrastructure
obtains when its esthetic dimension is not over-
looked and when regional urban planning and
landscape designs are integrated.

In London of 1880 e 1890 the urban planner
Ebenezer Howard (1850-1928), influenced by
the landscaper Frederick Law Olmsted, wanted
to link the benefits of the countryside with the

city benefits through a garden cities proposal and
an urban planning on a regional dimension (Hall
2009). Howard conceives his garden city ideals,
linking the economic and social opportunities of
the city with the pleasures and environmental
quality of the countryside, but not only. Actually,
he aimed rebuild capitalist society progressively
within an infinity of cooperative communities
(Hall 2009). Howard was more concerned to
social processes than to the physical form of
cities. His goal was to ensure the better quality of
life of the workers and that they became owners
of their lands. Although his thinking has been
considered utopic, he broke with the current city
model and influenced on later urban movements
(Hall 2009). Almost a century later, McHarg
(1920-2001) also defended the importance of
human development in harmony with nature,
indicating that urban planning should pay atten-
tion to landscape natural processes (McHarg
2000). He reinforced the relevance of human
development in harmony with nature and the
need for urban planning to consider the natural
processes of the landscape, in particular the
relationship between man and open spaces not
built and with natural spaces.

The fields of Architecture and Urbanism,
Landscaping and Ecology, through their respec-
tive approaches, define and analyze the physical
structure and the socio-cultural relations estab-
lished between the territory and the people who
live there. In this way, urbanization must observe
the place function, aiming to protect natural
processes and the population urban life (McHarg
2000). These ideas have still influenced the cur-
rent works.

In Brazil, landscape integrated into urban
planning occurred from an esthetic point of view,
then technical considerations and, finally, under
an environmental-ecological orientation. Through
the twentieth century, Sdo Paulo city began to
disregard their rivers and floodplains. Sdo Paulo
watercourses have always played an important
role in the development of the city, providing
food, circulation and recreation. Also they had
the function of taking away garbage and sewage,
which became a problem with the city growth.
With the floods increase, the floodplains areas



admired for their nature and landscape become
focus of diseases. The riverbanks have lost their
charm, and the rivers have become urban barri-
ers. From this moment, the main rivers that
structure the city begin to have their course
aligned in order to allow drained water as quickly
as possible (Golveia 2016). The solution for the
problems related to water epidemics, floods and
pollution would be solved by engineering works
that consisted of draining wetlands, channeling
and plugging rivers, building galleries and pools
for rainwater. However, these interventions
caused changes in the natural landscape. The idea
of gray engineering, pipes, galleries and plugs
has remained for a long time and has been the
basis of technical urban drainage projects in most
Brazilian cities.

In 1930, the architect and mayor Prestes Maia
(1896-1965) proposed his main project to Sao
Paulo city. The Avenue Plan was based on the
opening of fast avenues in order to develop and
structure the city. However, to channeling and
plugging rivers of valley bottom to open big
avenues in their banks increased the problems of
flooding and have reduced the chances of Sdo
Paulo becoming a green and fluvial metropolis.
At the same time the sanitary engineer Saturnino
Brito (1864-1929) carried out many studies of
sanitation and urbanism in the country. He was
against the occupation and defended the preser-
vation of Tieté river floodplain that crosses Sdo
Paulo capital. He designed the rectification of the
river and his plan included a park that would be
the largest river park in the world and would
avoid floods during the great rains. It was not
implemented, and today there are more than six
fast lanes in each side of the river, even more if
we consider the local lanes. This practice was
encouraged by politic interests in the real estate
and in the automobile industry (Golveia 2016).

From the 1970s, better and more sustainable
urban drainage practices focused on river renat-
uralization and on restoring the natural hydro-
logical cycle became trends in the world
(McHarg 2000). Currently new approaches were
introduced in public policies debate to deal with
the relationship between rivers, floodplains and
urban areas in Sdo Paulo city. The results have
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changed the way of understanding the urbaniza-
tion and the water system from the municipal and
state levels. However, the interventions are not
integrated yet, resulting in actions that are often
incomplete and not responding the needs.
Finally, the first great Brazilian character in the
history of the landscape in a different way was
Roberto Burle Marx (1909-1994). By the hands
of Burle Marx nature never was designed only as
scenery, and it was completely integrated in
Brazilian modern architecture. However, his
scientific and technical knowledge came from a
botanical and not from the urban field, and his
greatest contribution refers to esthetic and envi-
ronmental issues, what makes him different from
Olmsted. His Landscape was not a structuring
element of urban interventions. Quantitative,
practical and functional urbanism stands out in
American territory. The Landscape idea based on
issues of humanistic and natural orders revealed
fragile in face of modern development (Schenk
2008).

The authors above show how it is important to
reinforce the importance of Landscape Planning
or Landscape Architecture. To look not only at
the urban but at the territory and landscape,
considering planning and designing of open
spaces such as streets, sidewalks, avenues,
squares and parks. Several studies, such as those
by Schenk (2008), conclude that green areas and
open spaces can produce positive effects on
urban quality and on population living condi-
tions. They are important elements of climate
adaptation in cities. Urban open spaces make up
a complex system connected to other systems.
Among their multiple functions are leisure, cir-
culation, flood mitigation, environmental con-
servation and social interaction. Among its
numerous benefits, the following stand out:
the reduction of rainwater runoff; temperature
reduction; improved air quality; greater diversity
of flora and fauna, increased biodiversity corri-
dors; improved landscape; provision of recre-
ational spaces; encouragement of educational
activities; increased social interaction; improved
psychological health of the population; and
appreciation of the cultural heritage. Some
strategic actions are: Trying to keep the soil
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permeable, green areas free, keeping small farms
producing food, not interrupting the water cycle,
not occupying floodplains (especially in tropical
countries whose rivers produce many floods),
mitigating the negative impacts that infrastruc-
ture causes when they change nature cycles. For
these spaces to be set as a system, they must be
qualified, integrated and connected, even if they
were not planned or implemented as such.
Through the requalification and integration of the
green areas perhaps we can mitigate the conflict
between infrastructure, social dimension and
environment impacts.

Recovering authors and their ideals could help
to educate, raise awareness and strengthen a
culture that gives importance to green public
spaces and finally, to reinforce the cities potential
when they are planned based on green systems.

1.3 Urban Evolution
and Infrastructures

Different economic cycles are supported by the
strategic and technical progress of transport
infrastructures which allow enlarge social rela-
tions and a continuous advancement in the
urbanization process (Reis 2006). According to
Hall (2009) the city of 1900 de-concentrated due
to new transport technologies, the electric tram,
the electric train, the subway, the bus, allowed
new connections and a process of suburbaniza-
tion to take place, new homes and factories were
built on its periphery.

Inaugurated in 1950 Dutra Highway notably
boosted the industrial and suburban develop-
ment in Guarulhos territory. New development
opportunities in Guarulhos city due to a better
connection enabled its integration into the
metropolitan area of Sdo Paulo, modifying his
urban landscape. During the 1950s and 1970s
Guarulhos had an industrial economic growth
that exceeded the capital and the industrial sub-
urbs of the capital. The industries began to
dominate not only the highway axis, but also to
attract sprawl settlements away from the highway
axis (Langenbuch 1971). Because of its prox-
imity to the capital, it became a commuter town

for industrial workers, with implemented settle-
ments without urban and environmental quality.
The city had a fast urban, industrial and
population growth. The construction of Dutra
highway, later extended, was justified by the
need of developing the country’s industrializa-
tion and to promote more efficient road connec-
tion between the two largest Brazilian cities—
Sdo Paulo and Rio de Janeiro. The highway
construction, the city industrialization and the
role that Guarulhos played in the metropolitan
area of Sdo Paulo were decisive to a population
explosion in the following three decades.
Between the 1980s and 1990s, other major pro-
jects have affected the arrangement of Guarulhos
urban territory, the construction of Guarulhos/
Sao Paulo International Airport and the Ayrton
Senna Highway. The airport construction was
implemented in order to expand the country’s
economic development because Congonhas Air-
port in Sdo Paulo has already exceeded its
operational capacity to transport passengers and
goods. Inaugurated in 1985, Guarulhos airport
has intensified the process of urban settlement in
its surroundings areas due to the greater offer of
jobs and income opportunities, such as Pimentas
neighborhood, the study area location. The
Baquirivu river floodplains, on which the airport
was built, were environmentally fragile with
precarious sanitary service and with low land
value. Furthermore, the lack of control of urban
legislation attracted the low-income population
to this area. In the same period besides the
international airport and to complement Dutra
highway was inaugurated Ayrton Senna High-
way to improve the access to the international
airport and the traffic on Dutra Highway. These
infrastructures result from investments to
increase better connections and to insert
Guarulhos in an important strategic area, unfor-
tunately without worrying about the urban and
environmental impacts of it.

From 1990, with the productive restructuring
and the highways modernization, have begun an
attraction process of large supply centers and
logistic condominiums along Dutra Highway.
According to Eigenheer (2018), the intensifica-
tion of the urban sprawl dynamics in the
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twenty-first century, now related to the tertiary
sector, has caused the merging of sprawl urban
areas, and it has established a new and complex
metropolitan dimension that demands attention.
As pointed out Guarulhos territory is crossed by
important connecting roads and has an interna-
tional airport in the center of its territory—in-
frastructures of regional and national importance,
which fragment this territory and also allows
regional dynamics, as Dutra Highway used as a
daily connection between Guarulhos city and its
surroundings. These transport infrastructures
were not implemented by the Guarulhos munic-
ipality. The decisions, investments and con-
struction came from the state and federal
government. Some of these infrastructures in
addition of a great impact in the territory have no
relation with the city’s urban dynamics, as
Guarulhos Airport. Besides reconfiguring and
urban sprawl, these infrastructures change the
natural cycles of nature and cause strong envi-
ronmental effects. In addition, they have a strong
esthetic influence on the landscape, so their
projects could be part of a process that integrates
regional urban planning and landscape.

1.4 Environmental Fragility

Patrick Geddes (1854-1932) points out the
complex issue of the urban planning limits and
defends the planning of the region that surrounds
the city, covering a natural region, a watershed or
a geographic unit with the same regional culture
(Hall 2009).

Baquirivu-Guacu basin is located northeast of
Upper Tieté Basin (BAT), a large part of which is
inserted in Guarulhos city. The study area
includes two tributaries of Baquirivu river:
Cocho Velho stream and Moinho Velho stream.
Large industries, different configurations of
housing developments, educational institutions,
services and illegal settlements are occupying the
floodplains of these streams silted up with waste.

According to Campos and Oliveira (2014), in
Cocho Velho stream floods occur every two
years and sometimes reach and block Dutra
highway. In 1999, floods blocked the airport

D. M. Eigenheer

because the waters of the Cocho Velho stream,
which also cross the airport site, reached the
runways.

During the urbanization process of this area,
its rivers and streams received informal settle-
ments in their floodplain areas, which even today
contribute to the process of degradation of water
bodies and of flood occurrence. Until today, the
municipality of Guarulhos has a precarious san-
itation service. The main function of the streams
in the study area is to receive waste disposal and
illegal constructions or avenues to solve con-
nection problems. Unfortunately, there seems to
be no interest in their landscape treatment or their
incorporation to the city through implementation
of parks and urban furniture. According to
Campos and Oliveira (2014), the construction of
airport in the 1980s on the left bank of Baquirivu
river, led to a more recent urbanization process in
its floodplain, changing the fluvial geomorphol-
ogy and the flood regime; however, the existence
of natural vegetation and floodplains suggests
strategies to protect these residual areas in order
to control flood occurrence. Considered as one of
the most vulnerable areas of the metropolitan
area, Baquirivu river basin is importance for
Macrodrainage Master Plan of the Upper Tieté
Basin (PDMAT). Storm water contention should
be carried out in the territory of all basins and not
only in floodable areas to ensure the maximum
flow capacity of the main rivers.

In the 1970s, drainage and sanitation service
systems were planned from the regional scale by
Sdo Paulo Metropolitan Planning Company
(Emplasa), with environmental conservation
strategies and considering the watershed as the
planning unit. For politics decision, Emplasa
company does not exist anymore, and the current
urban plans hardly consider watersheds as
structuring elements for territorial urban plan-
ning. Floods are one of the main natural disasters
that impact cities. These phenomena often occur
because of rapid and heavy rains, intensified by
soil sealing, straightening of watercourses and
reduction of runoff from channels due to silting.
Because of their urban complexity, metropolitan
areas are more impacted by floods and require
greater attention to mitigating risks due to
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climate change. Therefore, public policies of
intervention in valley bottoms, such as the cre-
ation of open areas, linear green parks, and san-
itation service and drainage systems integrated
into the landscape, are strategies to retain and
control water, to prevent flooding, to address
unequal land use and, finally, to strengthen the
production of healthy environments.

1.5 Housing Precariousness

From the nineteenth to twentieth century English
urban planners already defended the importance
of avoiding the total separation of different social
classes in city and land planning, as well as the
guarantee of land ownership to citizens (Hall
2009). Brazil has an extensive legislation favor-
able to the provision of social housing and the
land tenure regularization and however still lacks
political efforts and interest. Due to the large
housing deficit and many informal settlements in
the country, the most recent legislation has
become more flexible in order to provide the
incorporation of these settlements into the urban
territory and the titling of their occupants. Cur-
rently, the city is allowed to promote land tenure
regularization in preservation areas (APPs), as
long as there are no settlements in the risk areas
and there are improvements of urban environ-
mental sustainability conditions in relation to the
previous situation.

In Brazil there is a critical situation of Envi-
ronmental and Social Fragility. The country has
the largest social and territorial inequality, which
means deficit and precarious housing, at the same
time, an exclusive territory, where the opportu-
nities are unequal and the social classes occupy
segregated spaces. This situation makes envi-
ronmental disasters frequent, because many low-
income population lives in the risk areas due to
the lack of public housing policies. Besides, the
climate change will occur with increasing fre-
quency and periodicity, as well as the tempera-
ture increase and the intense rainfall.

Regarding the Housing Deficit, Guarulhos
had in 2000 a deficit amounting to 6.8% of the
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total of Sao Paulo metropolitan area. The city
has many families in precarious situation,
amounting to 16.54% of the total number of
families in the city. The housing demand in the
city is directly related to precarious land occu-
pation (PMG 2011). In the metropolitan con-
text, Guarulhos has a proportionally higher
percentage than S@o Paulo metropolitan area
(13.42%) and Sao Paulo city capital (12.55%).
According to PMG (2011), Quantitative Hous-
ing Deficit in Guarulhos is 48.043 new homes.
The precarious settlements or Qualitative
Housing Deficit is 48.464 units that need legal
regularization; 9433 units that need simple
urbanization; 32,953 units that need complex
urbanization; and 24,804 units to be removed
for being in risk areas or preservation areas.
“Simple urbanization” is understood as those in
which one of the infrastructure items is missing
and where 5-10% of removal is possible with
small contention works and “complex urban-
ization” as those with a high rate of removal due
to risk and with a lack of infrastructure, more
than one item.

According to municipal information, the first
reference to precarious settlements in the
municipality of Guarulhos dates back to 1970.
From that time on, the illegal settlements have
become an option for low-income families. Most
of these settlements are in floodable areas, in
areas of high slopes or in public areas. In the
1980s, the popular movement for housing started
in Guarulhos as a way to pressure the commu-
nities to take part in the governmental decisions
in the housing sector; however, unfortunately the
public housing policies are still unable to face the
precarious urban situation in Guarulhos. In 2015,
the United Member States defined seventeen
Sustainable Development Goals (SDGs) in order
to end extreme poverty, reduce inequality and
protect the planet by 2030. The eleventh goal
focuses in make cities and human settlements
inclusive, safe, resilient and sustainable. In
addition to the objectives defined here, this paper
aims to contribute and to be aligned with the
world’s  sustainable development agenda
(Fig. 1.3).
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Fig. 1.3 Settlements at Cocho Velho stream. Source Made from Google maps view

1.6 Methods

According Geddes, the planning should begin
with the survey of the resources of a natural
region. The data collection precedes the plan
(Hall 2009). Three important actions were
established to propose a system of green spaces
in Guarulhos city, as well as, to foresee its future
development and monitoring: Recognition,
Requalification and Integration.

The first action was to recognize an urban
landscape with socio-environmental conflict with
urban and metropolitan impact. Next step was
identified in the landscape, strategic green spaces
with the potential to recover it, as gardens,
squares, parks, floodplain areas, riverbanks, tree-
lined avenues, urban voids, public spaces and
void private space subject to expropriation or
exchange to other locations. The second action
proposes the requalification of the identified
green spaces through participatory urban projects

that identify the wurban and environmental
potential of each green space. It is necessary to
be clear about the demand of users and the role
that each space will play. Each green space must
be analyzed in order to propose a consistent
function with its physical and environmental
structure. The third action proposes to consider
the integration of the green spaces recovered in
the urban project. To consider the existing terri-
torial occupation is important to avoid expropri-
ations. Bike lane, pedestrian path, linear parks,
tree-line streets, sidewalks and public transports
may be strategically connected to establish green
corridors.

These connections aim to establish a well-
articulated system capable of providing mobility,
social interaction and a strong identification of
the landscape, preventing its disqualifications
and future deterioration. Green spaces do not
assume value and little qualify the territory when
isolated, but when they are somehow integrated
with other free spaces, they assume an important
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environmental function and could regenerate the
territory. Regarding the first action, green spaces
were revealed through the empirical and carto-
graphic analysis of the area then a system of
green spaces was established from the empirical
and morphological analysis of Guarulhos terri-
tory. In a second step, the goal will be connect
the green spaces system to other large green areas
that structure the city area, as Baquirivu River
Linear Park, Cantareira Mountains and Tieté
Ecological Park (see Fig. 1.2). Maps of envi-
ronmental vulnerabilities were analyzed to
implement the Green Spaces System. An urban
growth in areas with great socio-environmental
complexity was observed. Sectors in where there
are low-income urban settlements on fragile soils
and floodplain areas, which require removal, as
Jardim Ansalco case (Fig. 1.4). As pointed out
above risk areas are along the banks of Baquirivu

river tributaries, mainly Cocho Velho stream that
has a medium risk of flooding (Figs. 1.5 and 1.6).

The spatial analysis made possible to define
the main conflicts, pointing out the critical
landscapes and the places where it is important to
concentrate efforts. Regarding flood areas,
medium risk areas were pointed out. A few
stretches of canalized and rectified streams were
observed, all with open section. However, most
stretches of streams that cross the study area are
in natural state, with undermining and siltation,
at the same time, they still present natural vege-
tation. The characteristics of Guarulhos urban
drainage, the under-dimensioning and precari-
ousness of the micro- and macrodrainage sys-
tems added to the silting up of the rivers, indicate
fragility for floods events. This process is trig-
gered by historically high-intensity rainfall. The
morphological analysis of the area was carried

Fig. 1.4 Risk area mapping. Source Made from CPRM Servico Geoldgico do Brasil in 2014
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Fig. 1.6 Jardim Ansalca in a floodplain area. Source Made from Google Earth base
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out based on the empirical and satellite obser-
vations. The physical elements pointed out were
essential for approaching and complemented the
landscape and the green spaces revealed. These
elements were divided into two groups. The first
one consists of transportation infrastructure,
environment (urban parks, squares, floodplain
areas, private land) and hydrography, here called
continuous elements. The second group consists
of urban settlements (housing, industry, produc-
tive facilities, commerce, urban and social
equipment), which are distributed discontinu-
ously throughout the territory, and are called
discontinuous elements. These elements, envi-
ronment, transportation, hydrography and urban
settlements, together with the theoretical analy-
sis, help to establish the challenges to be miti-
gated. A plan was proposed based on the
mapping carried out.

According Vigano (2010), to set a territorial
plan, at the same time, conceptual, where

Ares aoue: 4,000.000.00 2 | Seale 112,500

Fig. 1.7 Urban plan proposal. Source Made by the author

proximity relations are set and conflicts are
inserted contribute to structure strategies for a
large scale of urban planning, capable of regen-
erating metropolitan territories, starting from the
local scale but also affecting regional scale. The
urban plan proposes a natural and qualitative
evolution of this area based on the challenges
found. Next step now is to move from plan scale
to a participatory urban project scale. Just an
integrated plan of green spaces is not capable of
solving the complex urban problems of housing,
poverty and environmental degradation. Com-
plementary actions, political and economic, are
essentials. The real state sector should be con-
nected with these conflicts and should be more
controlled by wurban legislation. However,
through a plan could be possible to identify,
mitigate and avoid the proliferation of new con-
flicts, especially when it has an urban landscape
multi-scalar vision that goes from the plan to the
project scale (Fig. 1.7).
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1.7 Final Comments

Currently, in addition to the esthetic, sanitary,
integrative and structuring function, green spaces
may assume an important function as regenerat-
ing element of the urban landscape, with the
ability to mitigate socio-environmental conflicts
when they are well qualified. Besides a green
space system another actions would be essentials
to regenerate this area: to link infrastructure with
the landscape natural process, to plan in a local
and metropolitan dimension and finally to set
housing and land tenure public policies to
achieve the great demand of the low-income
population. In this way it would be avoided that
green spaces without proper use in countries with
a large housing deficit, such as Brazil, become
attraction elements for informal and precarious
settlements instead of elements of urban and
metropolitan regeneration.
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Abstract

Water shortage is a major problem in many
megacities, especially those in developing
countries; its impact is largely felt in the
residential sector, particularly social housing.
This study introduces a framework for assess-
ing water efficiency in social housing projects
to measure the effectiveness of using water
conservation strategies. This study also
addresses the relation between the water
efficiency in such projects and the urban water
situation in their countries. The research
methodology involves a comparative study
of two megacities, Cairo and Sao Paulo,
which are facing increasing water challenges.
The comparison focuses on one social housing
project in each city to study the opportunities
for improving water efficiency and the chal-
lenges affecting water efficiency in each
project. Water use reduction calculators are
used to provide indications about water con-
sumption. The assessments show that the
average water consumption/person in the case
study of Cairo is 67% higher than the average
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water consumption/person in the case study of
Sdo Paulo due to the differences in the
adopted water strategies and the water use
behaviors. Results also show that reducing
costs while developing social housing projects
isn’t the optimal solution, as water conserva-
tion could be of greater value in the long-term.
Thus, water conservation must be considered
from the early stages of planning and design
of social housing projects.

Keywords

Water use + Social housing - Sustainable
architecture

2.1 Introduction

The water crisis has many effects on the future
sustainability, especially sustainable urbanism.
Water scarcity affects four out of ten people
around the world, and it's projected that by 2050
about 3.9 billion of the world’s population will
live in water-stressed river basins (Guppy and
Anderson 2017). For each degree of global
warming, approximately7% of the global popu-
lation will be exposed to a decrease of renewable
water resources of at least 20% (Dol et al. 2015).
Furthermore; urbanization is increasing in many
megacities and leads to huge water demand
which is increasingly difficult to supply, this is
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exemplified by the recently avoided Day Zero
event in Cape Town (2018) and the water crisis
in Chennai, India. Despite that; water infras-
tructure systems are deteriorated in many coun-
tries, for example, 30% of the global water
abstraction is lost through leakage and about
80% of wastewater flows back into the ecosys-
tem without being treated (Guppy and Anderson
2017). Worldwide, domestic sector consumes
about 10% of the total water consumption,
although households are the smallest consumer
of water, but it has an enormous potential impact
and water use in this sector is expected to go
upward by 80% over the next 25 years
(Danielsson 2019). Water shortage in many
world countries is considered to be one of the
most challenging constraints of achieving sus-
tainability in social housing projects. This is even
more acute in developing countries, especially
megacities where there is a mismatch between
population and housing supply (Nasr et al. 2017).

As a way of codifying sustainability in
buildings, certain measures are incorporated in
the form of green building rating systems. Green
certified buildings saved an average of 37.6%
compared with the baseline water usage rate for
all buildings (Cheng and Peng 2016). Leadership
in Energy and Environmental Design (LEED)
rating system; developed by the United States
Green Building Council; is the most common
rating system around the world. LEED rating
system consists of six main categories: sustain-
able site planning, energy efficiency, indoor
environmental quality, materials and water effi-
ciency (USGBC 2014). The water efficiency
credits in LEED v4 focus on reducing indoor and
outdoor water consumption in buildings, requir-
ing prerequisite baseline achievement for each.
The main indoor water use reduction method is
to upgrade baseline appliances to more water
efficient products. Outdoor water reduction
methods include limiting the amount of irrigated
landscape, switching to water efficient plant
species, using alternative water resources, and
completely eliminating an irrigation system
(Greer et al. 2019).

To make buildings water efficient, the Reduce,
Replace and Reuse approaches should be adopted.

E. Elazab and A. Eltawil

Under the Reduce approach, buildings should
have a monitoring system, employ water efficient
products and design a leak-free system; in addi-
tion, there should be Replacement for the use of
potable water with seawater or rainwater for non-
potable uses. Finally, there should be a Reuse
mechanism like the implementation of a graywater
system (Marinoski et al. 2018). To solve the water
problem, it is necessary to consider the water
supply services. Furthermore, the design of the
built environment, the open spaces and the water
infrastructures, integrating between gray and
green infrastructures is important to achieve sus-
tainable development (Tahvonena and Airaksi-
nenb 2018).

The research aim is to study the water effi-
ciency in social housing projects and to measure
the efficiency of using the available water con-
servation strategies; taking into consideration the
special circumstances of each project. The gap in
currently existing literature is represented in
rarely considering the assessment of water effi-
ciency in social housing projects; in addition to
not addressing the combination between all the
available water efficient strategies and how they
could be integrated.

2.2 Methodology

The paper is adopting an analytical comparison
study between two social housing projects in
Cairo and Sdo-Paulo; as two megacities facing
water challenges; the comparison is considering
the water efficient requirement in sustainable
housing projects. The two case studies were
selected in two countries with convergence in the
economic and social situations; in addition to
the variations in the experiences of each country.
The first case study in Cairo is New-Cairo social
housing project, which is located in New-Cairo
district, which is considered as an urban extension
for Cairo city; the project is selected as it repre-
sents a typical example for most of the social
housing projects in Egypt. The second case study
in Sdo-Paulo is Paraisopolis social housing
complex, which is located in Paraisdpolis slum;
the project is selected as it represents a sample of
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social housing projects in Brazil and it followed
some water efficiency regulations. The two pro-
jects have some variances in the locations, urban
context and design; and this will help in providing
more detailed observations on water efficiency
related to the different aspects of each project.
The research followed some steps to evaluate the
water situation in the two projects; first is study-
ing the water problems affecting the sustainability
of water resources in each country in order to
analyze the predicted future challenges. Second is
the water efficiency assessment for the two case
studies through the field studies, surveys and
questionnaires. Third is studying the available
opportunities for improving water efficiency; to
show how some water efficient strategies could be
integrated in the design in order to improve water
efficiency and achieve sustainability. Finally,
comparing the results of the two projects to show
how environmental, social and economic condi-
tions aspects affected the water consumption and
efficiency in each project.

2.3 Case Study 1—New-Cairo Social
Housing Project in Cairo, Egypt

Egyptis 96% dependent on Nile River as the major
source of water supply. This water is bounded by
international treaties and so the quota of Egypt,
which represents 55.5 billion m’/year; may be
affected by many variables such as the Ethiopian
Renaissance dam, which may cause the Nile’s
fresh water flow to Egypt to be cut down by 25%.
Egyptislocated in arid climate, the annual average
of rainfall is 12 mm and ranges from 0 mm/year
in the desert to 200 mm/year in the north
coastal region. In Cairo the average rainfall is
25 mm/year. In Egypt today, 104 billion m® of
water are required to cover the country water
needs. Renewable water, coming from the Nile
River, rain and underground water, only reached
62 billion m®. Egypt currently covers its shortage
of water through reuse of agricultural drainage
water which reached 20 billion m>. Meanwhile,
Egypt suffers from a shortage of 42 billion m”.
Egyptnow is under the poverty water line with 600
m?/capita/year and is predicted to be 350 m*/capita

by 2050, while the water poverty line is 1000 m*/
capita/year. The overall country average/capita
usage of drinking water is about 300 L/day. The
amount of drinking water produced in the year
2017 was about 9.3 billion m® and the loss rate of it
reached 29.7% due to the leakage. The case study
is located in New-Cairo district, which is east of
Cairo. The average annual temperature is 20.8 °C
in New-Cairo and about 28 mm of precipitation
falls annually. The stormwater system and infras-
tructure in New-Cairo isn't qualified to hold
extreme rain events as flash floods and inundations
occur in many areas each year during specific
storms (Gado and El-gha 2019).

2.3.1 Water Efficiency Assessment
of New-Cairo Social

Housing Project

The project was carried out through two phases,
the research focuses on the second phase shown
in Fig. 2.1 which is more recent, and began
operation in 2016; Table 2.1 shows some data
about it.

From the field survey and questionnaire to
residents some problems are found to be affecting
the water efficiency of the project. For example;
wide asphalt roads and impervious areas increase
the heat island effect in addition to increasing the
stormwater runoff. Another example is that green
areas are deteriorated due to the lack of irrigation.
Furthermore, the main pipelines for water supply
are suffering from repeated leakage problems and
this causes higher maintenance cost and more
excavation works to detect the problems in the
pipelines; not only this, but also leakage affects
the water supply efficiency in the residential units
and the quality of the open spaces as leakage
merges them, as shown in Fig. 2.2. There are also
leakages in the indoor pipelines which is obvious
in the deteriorated finishing materials of the
buildings’ facades, as shown in Fig. 2.3. The
rainwater infrastructure also isn’t sufficient and
after an event of rain; stormwater floods the
spaces as shown in Fig. 2.4. Water sub-metering
isn't used for all the residential units and the
average water consumption for each unit is
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Fig. 2.1 New-Cairo social
housing layout, second phase
highlighted (Google Earth
2019)

Table 2.1 Data about Total area
Phase 2 of New-Cairo

141,640 m?

social housing project

Number of buildings

Number of residential units/building
Area of residential unit

Area of one building

Number of floors/building

Total area of the buildings/total area
Impervious spaces/total area

Pervious areas/total area

71 Buildings
24 Units

90 m’

360 m*

6 floors
20%

66%

14%

Fig. 2.2 Leakage merging spaces (Author 2019)

estimated to be 30 m*/month, approximately 250
L/person/day; all residential units must pay for
30m*/month although there is no water sub-
metering. From questionnaires it was found that
most units didn’t have meters yet, and this makes
residents don't give interest to the amount of
water they consume because whether the con-
sumption is high or low; the same amount of
money must be paid.

According to the survey and field measure-
ments it's found that the devices used for each
unit are 1 bathroom tap 8.3 L/min, 1 kitchen tap
8.3 L/min, 1 shower 9.4 L/min, 1 single flush
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Fig. 2.3 Deteriorated facade (Author 2019)

Fig. 2.4 Rainwater flooding spaces (Author 2019)

toilet 6 L/flush and 1 toilet tap 3 L/min. By using
LEED indoor water use reduction calculator and
assuming four persons in each residential unit
and using the default time of use and number of
uses, it was found that the baseline water con-
sumption is about 188 L/day/person. From
questionnaire to residents it was found that the
water use is more than that amount, and is almost
the same as the data approved by the water
company. It was found that the average of the
actual water number of uses and time of uses for

the faucets was higher than the defaults of the
LEED indoor water use reduction calculator and
by entering those data to the calculator, it was
found that the average water consumption/person
is 238 L/day and for each residential unit is about
952 L/day; as shown in Table 2.2.

The green areas in the project are deteriorated
but it has an area of about 54,000 m>. By using
LEED V4 outdoor water calculator and entering
the monthly precipitation rates in Cairo, which
ranges from 7 mm in January to 0 mm in
August, in addition to areas of 12,000 m? trees,
15,000 m* shrubs and 27,000 m” turf grass and
fixed-spray for irrigation, it's found that 348,923
L is the water requirement/month; and the per-
centage of reduction from baseline is — 157%,
according to the LEED V4 calculator; as shown
in Table 2.3 and this explains the reason behind
its deterioration.

2.3.2 Opportunities for Improving
Water Efficiency
in New-Cairo Social
Housing Project

There are some strategies that could be imple-
mented in this project to improve water effi-
ciency. In the case of using bathroom tap
aerators 3.8 L/min and shower aerator 6 L/min
and dual flush 3 and 6 L/day; the total water
use/unit will be 630 L/day/unit, which is a 34%
saving from the actual water use, as calculated
by LEED v4 indoor water use reduction calcu-
lator as shown in Table 2.4. From the accounting
of the LEED indoor water reduction calculator;
the actual water consumption for lavatory tap
and shower tap is 636 L/day/unit; so this amount
of water could be considered graywater and
could be replaced with the potable water used for
flushing which is120 liters/day/unit; and for
irrigation.

Although the precipitation in Cairo is con-
sidered rare but it couldn’t be neglected as it
causes serious problems and loads on the
infrastructure, the precipitation is 28 mm/year
which is 28 L/m”. Assuming using a rainwater
harvesting system with efficiency of 75% and as
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Table 2.2 Actual water consumption/residential unit in New-Cairo social housing

Fixture type Actual (s) Baseline flow
rate (L/min)

Lavatory faucet 120 8.30

Toilet faucet 30 8.3

Showerhead 480 9.50

Kitchen faucet 60 8.30

Toilets 6(L/flush)

Actual water consumption/unit (4 persons) = 952 L/day

Design flow Actual daily Default water
rate (L/min) uses use (L/day)
8.30 20 332

3 20 30
9.50 4 304
8.30 20 166
6(L/flush) 20 flushes 120

Table 2.3 Outdoor water consumption for the total landscape area for New-Cairo social housing

Landscape area (m”)  Plant-type | Water requirement
12,000 Trees Medium
15,000 Shrubs Medium
27,000 Turf grass Medium

Landscape water requirement based on the site’s peak watering month (I/month)

Landscape water baseline

% reduction from the baseline

Irrigation- Distribution ~ Water requirement
type uniformity (L/month)
Fixed-spray 65% 64,615
Fixed-spray 65% 80,769
Fixed-spray 65% 203,538

348,923

135,800

- 157%

Table 2.4 Water consumption when using aerators and dual flush for New-Cairo social housing

Fixture type Actual-(s) Baseline flow
rate (L/min)

Lavatory faucet 120 8.30

Toilet faucet 30 8.3

Showerhead 480 9.50

Kitchen faucet 60 8.30

Toilets 6(L/flush)

Design flow Actual Default water
rate (L/min) daily uses use (L/day)
3.8 20 152

3 20 30

6 4 192

3.8 20 76

6 and 3 (L/flush) 20 flushes 90

Total water consumption/unit(4 persons) when using aerators and dual flush = 540L/day

each building roof has an area of 360m2; so the
amount of rainwater harvested from the build-
ing’s roof is about 7560 L/year/building; theo-
retically this represents 21.6 L/day/building and
0.9 L/day/unit. The impervious areas in the
project represent 42% of the total area which is
about 59,488 m? by assuming using a
stormwater harvesting system with an efficiency
of 75%; so theoretically 1,249,248 L/year could
be available for non-potable water use annually.

When adopting efficient landscaping; LEED
V4 outdoor water use reduction calculator
showed that in the case of using only drip irri-
gation the amount of water needed for irrigation
will be 252,000 L/month. While in the case of
using drip irrigation and replacing turf grass with
ground cover and using native plants which had a
low water demand, the water demand will be
168,000 L/month and percentage reduction from
the baseline is — 24%; as shown in Table 2.5.
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Table 2.5 Water consumption for irrigation in the case of adopting efficient landscaping for New-Cairo social housing

Landscape Plant-type Water requirement
area (mz)

12,000 Trees Low

15,000 Shrubs Low

27,000 groundcover Low

Landscape water requirement based on the site’s peak watering month (liters/m)

Landscape water baseline

% reduction from the baseline

2.4 Case Study 2—Paraisopolis
Social Housing Project
in Sao-Paulo, Brazil

Brazil holds 12% of the world’s freshwater
resources and has a water availability of 41,603
m?/capita/year. Freshwater resources distribution
is unequal; 70% of the available freshwater
resources are located in the Amazon basin, where
less than 7% of the population live, while more
than half of the Brazilian population lives in the
catchments of the Atlantic coast and faces water
scarcity problems (Milano and Reynard 2018). In
the state of Sao-Paulo the water balance is critical
due to high demographic density, insufficient
infrastructure, poor water quality and the effects
of climate change. Sao-Paulo, where more than
20 million people live, was affected by an
unpredictable drought during 2014 and resulted
in urban water supply shortages in 2015. In 2014,
the state of Sdo-Paulo recorded the driest and
warmest year since 1961; the precipitation was
830 mm compared with 1681 mm on average
over the 1981-2010 and a mean maximum
temperature of 31.4 °C in comparison with
28.7 °C on average during the period from 1961
to 2015. Combined with high evaporation rates
as reservoirs aren't covered, this resulted in low
water levels, fluctuating around 5-15% of their
full capacity. In addition to that; polluted water
from domestic and industrial effluents are flow-
ing into water bodies. According to some studies
the water/capita usage in Sao-Paulo in 2011 was
about 180 L/day, and in 2016 was about 120
L/capita/day. S@o-Paulo loses over 20% of its

Irrigation-type Distribution Water requirement
uniformity (L/month)
Drip irrigation 90% 46,667
Drip irrigation 90% 58,333
Drip irrigation 90% 105,000
168,000
135,800
- 24%

treated water due to the leakage from pipes
before it reaches the taps of the residents (Biswas
and Tortajada 2016).

The case study is located in the Paraisopolis
neighborhood in the south of Sdo-Paulo city. The
climate in Sdo-Paulo is subtropical. The average
annual temperature is 19.3 °C; the annual pre-
cipitation is 1454.8 mm. Due to climatic chan-
ges; wet season has shortened and less rain falls
each year. During the wet season, floods occur
throughout the city, but in the dry season the
entire city suffers from drought. Paraisdpolis
neighborhood is informal and so most of the
infrastructure isn't regulated as it's in the rest of
the city. Most houses are connected to the water
grid, but not all connections are legal and safe,
and not all houses are connected to the sewerage
(Velden 2016).

2.4.1 Water Efficiency Assessment
of Paraisopolis Social

Housing Project

The Paraisopolis social housing complex was
developed as a part of the inventory project
carried out by Sdo -Paulo city hall as a part of the
urban development plan. The project consists of
seven condominiums, the first five A, B, C, D
and F were delivered between 2009 and 2011
and condominiums E and G were delivered in
2013 and 2012, shown in Fig. 2.5.

The design of the condominiums is formed by
linear blocks divided into connected modules and
having varying heights, depend on the relation of
the building with the land slope, all buildings
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Fig. 2.5 Paraisopolis social
housing layout,
condominiums E and G
highlighted (Google Earth
2019)

have at least four floors above the ground floor
and one to four floors below the stepped ground
floor. Condominiums E and G are gold certified
by “Selo Casa Azul” and the study will focus on
those two condominiums; Table 2.6 gives some
data about it. The project followed some criteria
for water management; some are mandatory for
the certification; like water sub-metering, dual
flush toilets and permeable areas; while some are
optional like rainwater retention system, water
flow regulator and tap aerators (Carvalho 2018).

The design of condominiums E and G aimed
at decreasing the area of the impervious surfaces
and not providing spaces for car parking or car
access inside the condominiums while limiting
the impervious areas to the main road between
the condominiums and small areas of concrete
pedestrian paths, as shown in Fig. 2.6. This was
done to not only achieve water management, but
also to encourage using public transport and
reduce pollution. There is a rainwater and
stormwater retention system as shown in
Fig. 2.7; but unfortunately the water harvested
isn’t reused as this system is limited to retain the
water in order to prevent flooding. Water sub-
metering is used for each residential unit; in
addition to separated meters for the irrigation.
From the field surveys it was found that appar-
ently there are no problems with water efficiency

and from questionnaire to residents it was also
found that there are no leakage problems or
problems related to rainwater or stormwater
management.

From field measurements for condominiums E
and G, it's found that the water devices used in
each residential unit are 1 lavatory faucet with
aerator 3.8 L/min, 1 kitchen faucet with aerator
3.8 L/min, 1 low flow showerhead 6 L/minute
and dual flush toilet. By using LEED indoor
water use reduction calculator and assuming 4
persons for each residential unit and using the
default time of use and the number of uses of the
calculator, it was found that the average of the
default water consumption/person is about 108.5
L/day. From questionnaire to residents and water
bills; it was found that the actual water con-
sumption is lower than the default water con-
sumption; and by using LEED V4 indoor water
use reduction calculator, it was found that the
average water consumption/person is about 77.2
L/day as given in Table 2.7.

The green area is about 3000 m* for condo-
minium E and G, when considering having 600
m? trees, 1000 shrubs and 1200 m? turf grass and
fixed-spray for irrigation. By using LEED V4
outdoor water calculator and entering the
monthly precipitation rates in Sdo-Paulo which
ranges from 293 mm in January to 39 mm in
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Table 2.6 Data about condominiums E and G in
Paraisopolis social housing project

Total area 4440 m?
Number of buildings in 7
condominiums E and G

Area of each building 240 m?
Number of floors/building From 6 to 9
Number of residential Average 24
units/building units

Area of residential unit 50m>

Area of the buildings/total area 38%
Impervious spaces/total area 20%
Pervious areas/total area 42%

Fig. 2.6 Green areas and narrow pedestrian walks
(Author 2019)

August; it was found that the water requirement
for irrigation is about 96,923 L/month and the
percentage reduction from baseline is 94%, as
given in Table 2.8.

2.4.2 Opportunities for Improving
Water Efficiency
in Paraisopolis Social
Housing Project

Water efficiency is considered in the project,
stormwater is well managed and indoor water use
is regulated, despite that there are some strategies
which could increase the water efficiency.
According to Table 2.7, the graywater available
from showers and lavatory taps in each residen-
tial unit is about 158 L/day/unit; this amount of
water could be used for flushing which are
90L/day/unit or for irrigation. When using a
rainwater harvesting system for the roofs with an
efficiency of 75% and where the area of the roofs
is about 200m? and the annual precipitation is
1454.8 mm, so the amount of water collected for
each building is 283,686 L/year which is 11,626
L/unit/year; and this water could be used for
flushing or irrigation. In the case of using drip
irrigation, there will be a saving of about 28%,
according to the results of LEED V4 outdoor
water use reduction calculator; as the landscape
water requirement will be 70,000 L/month; as
given in Table 2.9.

2.5 Results

In New-Cairo case study, it was found that some
strategies could be integrated to reduce indoor
water use. The most effective strategy in reducing
indoor water use was using efficient devices as
this will reduce the actual water use by 34%,
second was the graywater reuse for flushing by a

Fig. 2.7 Stormwater collection (Author, 2019)
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Table 2.7 Actual water consumption/residential unit in condominiums E and G

Fixture type Default-(s) Baseline flow

rate (L/m)
Lavatory faucet 30 8.30
Showerhead 300 9.50
Kitchen faucet 60 8.30
Washing-faucet 60 8.30

Toilets 6&3 (1/flush)

Total water consumption/unit (4 persons) = 308.8 L/day

Design flow Default Default water
rate (L/m) daily uses use (I/day)
3.8 20 38

6 4 120

3.8 12 45.6

3.8 4 15.2

6&3 (I/fush) 20 flushes 90

Table 2.8 Outdoor water consumption for the total landscape area for condominiums E and G

Landscape Plant-type Water requirement
area (mz)

600 Trees Medium

1000 Shrubs Medium

1400 Groundcover Medium

Landscape water requirement based on the site’s peak watering month [liters/month]

Landscape water baseline

% Reduction from the baseline

Irrigation-type Distribution Water requirement
uniformity (L/month)

Fixed-spray 65% 19,385
Fixed-spray 65% 32,308
Fixed-spray 65% 45,231

96,923

1,552,000

94%

Table 2.9 Water needed for irrigation when using drip irrigation in condominiums E and G

Landscape Plant-type Water requirement
area (mz)

600 Trees Medium

1000 Shrubs Medium

1400 Groundcover Medium

Landscape water requirement based on the site’s peak watering month (liters/month)

Landscape water baseline

% reduction from the baseline

12.6% reduction in actual water use and third was
rainwater harvesting for flushing by a 0.01%
reduction in actual water use. And in the case of
combining between using efficient device and
graywater reuse for flushing; the savings will be
raised up to 47%. For the outdoor water use, it
was found that graywater could cover all the
irrigation needs. When using plants with low
water demand, replacing turf grass with ground-
cover and using drip irrigation water savings will
reach 48%. Rainwater harvesting from roofs
could save about 5% and stormwater harvesting
could save 30% of the water needed for irrigation.

Irrigation-type Distribution Water requirement
uniformity (L/month)
Drip irrigation 90% 14,000
Drip irrigation 90% 23,333
Drip irrigation 90% 32,667
70,000
1,552,000
95%

In Paraisopolis case study, when comparing
condominiums, A, B, C, D and F with condo-
miniums E and G; it was found that there is about
40% reduction in indoor water use in addition to
efficient management of stormwater in condo-
miniums E and G. From the previous assessment
it was found that graywater could cover 100% of
the water needed for flushing and could achieve a
30% reduction from the total indoor water use.
While rainwater could cover one third of the
water needed for flushing and 10% from the total
indoor water use. Furthermore; using efficient
devices resulted in a 31% reduction from the
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total water consumption in condominiums E and
G compared with the other condominiums. Using
rainwater harvesting was found to be more effi-
cient when used for irrigation as it could cover
100% of the water needed for irrigation, while
graywater could cover 86% of it.

When comparing the results of the two case
studies; it was found that the water consumption
is affected by many variables like the water
strategies used, social behaviors, country policies
and regulations regarding water and climate. The
actual water consumption/person in New-Cairo is
67% higher compared with the actual water
consumption/person in Paraisopolis social hous-
ing. When comparing the efficiency of each
water conservation strategy in reducing water use
in the two projects it was found that there are
some variances.

2.6 Discussion

Social housing projects deal with very limited
resources and it's important to consider water
conservation when developing such projects. But
when resources conservation isn’t considered and
in an attempt to reduce the upfront costs in social
housing, the selection of strategies doesn’t always
go hand-in-hand with achieving water efficiency
or with minimizing environmental impacts. When
analyzing the comparison between the two pro-
jects an important point must be considered;
which is the global domestic production (GDP) to
the average of water consumption/capita in each
country as it reflects how critical the water situ-
ation is in each country. The GDP of Brazil is four
times higher in Brazil than in Egypt while the
average water consumption/capita is 2.5 times
higher in Egypt compared with Brazil.

The results show that water efficiency isn't
only affected by the technical aspects; but also by
environmental, social and economic aspects, it's
influenced by social behaviors, by climate, by
technical ways used in the operation, by urban
context, site selection and by the overall sus-
tainability of the project. Urban choices and
selecting the site of the project in a location with
sufficient infrastructure to handle the load of the

project is important to ensure a good water
management in social housing projects. In the
case study of New-Cairo; selecting the site in a
location with some problems in the wastewater
and stormwater systems resulted in water leakage
and stormwater management problems in the
project. In Paraisépolis case study, no problems
regarding the water infrastructure appeared, this
could be due to selecting the location in a pre-
developed area with sufficient infrastructure.
Furthermore, the urban design and the design of
buildings affects the water consumption as pro-
viding shade for the fagade and outdoor spaces
helps in achieving thermal comfort and in
reducing heat gain, and consequently reduces the
need for using more water in hot days. In addi-
tion, reducing the impervious areas and increas-
ing the green areas is effective in handling
stormwater.

Although the areas of the residential units are
different in the two case studies; but both resi-
dential units have an average of four people liv-
ing in it, in addition to one kitchen and one
bathroom. Using water pressure regulators, tap
aerators and dual flushing helped in reducing the
direct water use; in addition to using water
meters which made the residents care more about
the amount of water they use; contrary to what
happens in New-Cairo social housing. Those
measures adopted in the case study of Para-
isopolis combined with the country’s regulations
made the residents more aware of the water sit-
uation. Differences in the climatic conditions
between New-Cairo and Paraisopolis might also
lead to this variability in the water consumption.
For example, in New-Cairo the weather is hotter
and more arid, which indeed leads to more water
use, combined with some social practices like
using excessive amounts of water for cleaning
and some design aspects like not considering
shading for the open spaces and treatments of
facades to reduce heat gain.

For indoors; rainwater harvesting was more
effective for indoor water reduction in Para-
isopolis than in New-Cairo due to the climatic
conditions and the rainfall patterns in each city.
While graywater recycling had the same ability
in the two case studies to cover all the water
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needed for flushing with larger impact in Para-
isopolis social housing, as the water used for
flushing represents 29% of the total indoor water
use in Paraisopolis and represents 12.6% in New-
Cairo social housing. Water efficient devices had
the highest rate of water savings in the two case
studies due to the average of water consumption
in each project and the residents’ awareness; but
the savings were higher in Paraisdpolis social
housing.

For the outdoor water use in New-Cairo case
study, the average water use/m” is about 6.5
L/month, and for Paraisopolis case study is about
32.3 L/month; although in the first case the
reduction from water baseline is -157% and in the
second is 94% but this depends on the rainfall
patterns and the evaporation rates in each climatic
zone. It was also found that for the case study of
New-Cairo, graywater could cover all the irriga-
tion needs, while rainwater harvesting in Para-
isopolis is more efficient than in New-Cairo and
drip irrigation could have an average savings of
30% in the two projects. The efficiency of gray-
water recycling is higher in New-Cairo social
housing, but this doesn't mean that it’s better; but
it reflects the high water consumption as the more
water you use the more graywater you will have.
Furthermore; the amount of stormwater, which
could be collected is higher in New-Cairo social
housing and could cover all the irrigation, this
also doesn’t mean higher efficacy but it reflects
the effect of the large impervious areas which lead
to more runoff.

For the case study of Paraisopolis in condo-
miniums E and G, the average water
consumption/person in indoors is considered
optimal. Rainwater and stormwater management
is achieved through green areas and a rainwater

Fig. 2.8 Water consumption
in liters/person when using
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retention system, but using graywater for flush-
ing and rainwater for irrigation will improve the
efficiency and reduces the loads on the water
infrastructure. Rainwater for irrigation will not
require much fittings as the rainwater retention
system already exists; while adopting a graywa-
ter recycling system for flushing will make the
water consumption/person/day about 55 L.

In order to improve water efficiency in the
case study of New-Cairo it's recommended to use
graywater for irrigation in addition to integrating
between using water efficient devices and reusing
graywater for flushing in indoors, this can reduce
the average water consumption to 113
L/person/day. In the case study of New-Cairo;
harvesting rainwater and stormwater would not
be very efficient due to the climatic aspects, so
it's recommended to improve the quality of the
open spaces and adopt green infrastructure
solutions to manage rainwater and stormwater
like green roofs and bioswales, which will also
improve the environmental aspects and reduce
heat gain in the open spaces. In addition to using
water efficient technical strategies, there is a need
for raising the residents’ awareness about the
importance of reducing water use. There is a
need also for implementing some environmental
solution for the building design to reduce the heat
gain through facades and get benefit of the high
solar radiance in the location by using solar
energy for heating water. Furthermore, using
water sub-metering is necessary as an incentive
way to make people use less water; even though
it doesn’t have direct impact on the water con-
sumption but it affects the people’s behaviors. In
addition to this, using leakage sensors will save
water, time and energy as it reduces the effort
needed to detect leakages (Figs. 2.8 and 2.9).

. 238

conservation strategies New-Cairo 208237.5. Actual consumption
(Author 2020) 135 .
Rainwater
I 6?9722 B Greywater
Paraisopolise E&G :
B 55 M Efficient devices
0 50 100 150 200 250
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Fig. 2.9 % Water reduction
when using conservation
strategies (Author 2020)

Rainwater harvesting for
irrigation

Greywater recycling for
irrigation

Drip irrigation

Efficient devices

Rainwater harvesting for
flushing

Greywater recycling for
flushing

2.7 Conclusion

The whole country’s policies and regulations
regarding water are reflected on the water con-
sumption of people. In Egypt and Brazil, where
water scarcity is threatening their future; adopt-
ing water efficient strategies are of main interest;
while in Brazil there are some examples of water
conservation in Egypt, the situation is still
unsatisfactory. From the assessments of the two
case studies, it was found that each project has its
own opportunities and challenges depending on
environmental, social and economic aspects.

Achieving water efficiency in social housing
projects in developing countries; requires co-
operation between people, architects and duty
bearers. Generally, integration between more than
one water efficient strategy and integrating green
infrastructure enhances the sustainability of the
project on the environmental, social and eco-
nomic levels. Environmentally, the reduction in
water use will lead to a reduction on the pollutants
held to freshwater resources; also using green
infrastructure will improve the efficiency of the
indoor and outdoor spaces. Socially, water con-
servation strategies will help in raising awareness
among people about the importance of rational-
izing consumption and its effect on the project
particularly and on water resources globally.
Economically, adopting water conservation
strategies will reduce the demand on freshwater
resources and the load on the waste water system
and consequently the load on energy; this will
also reduce the maintenance costs.
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Abstract

The capital of Ethiopia, Addis Ababa, is one of
the fastest-growing cities today, experiencing
rapid urbanization over the past few decades.
The city’s population has almost doubled from
2.7 million in 2007 to around 4 million today.
With such unprecedented growth, sustainable
development in the city has been compromised
as existing infrastructures struggle to keep up,
leaving much of the urban population with a
lack of access to basic public services. With
that, the network of rivers that run through
Addis Ababa has deteriorated as moderniza-
tion has increased pollution and the overall
degradation of river ecologies. Coupled with
the rising threat of climate change, inhabitants
who live along those rivers increasingly suffer
from flooding and other issues related to
worsening weather patterns. This paper details
the outcomes of the “Addis Ababa River City”
research project, which seeks to resolve some
of the most urgent urban issues that the city
currently faces due to rapid growth. Within it,
urban issues are analyzed, and holistic solu-
tions are proposed to create a more resilient
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city and to improve the relationship that Addis
Ababa has with its rivers. The interventions
introduced in this paper serve as examples of
what can be done to improve infrastructures
throughout the city, applying ecological engi-
neering with hybrid infrastructures that work
in tandem to enhance sociocultural programs
and reinforce the natural dynamics of the city’s
rivers.

Keywords

Climate change - Resilient urbanism - River
management - Sustainable infrastructure -
Addis Ababa

3.1 Introduction

Throughout known history, rivers have provided
civilizations around the world with the ability to
flourish and expand to new heights. Cities have
used nearby rivers to stimulate their economies
through commerce while also providing them
with a water supply for irrigation, sanitation, and
industry.! Today, the relationship between cities

' Yu Fang, et al., “Globally universal fractal pattern of
human settlements in river networks,” Earth's Future 6,
(2018): 1134- 1145. Jordan, Jan M., “The Uses of River
Water and Impacts,” in Fresh Surface Water, vol 111, ed.
James C. I. Dooge (UNESCO-EOLSS: Paris, 2009).
Adeloye, Adebayo, “Rivers and Human Development,” in
Fresh Surface Water, vol 1II, ed. James C. 1. Dooge
(UNESCO-EOLSS: Paris, 2009).
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and their rivers is changing as modernization
allows for unprecedented growth, affecting the
ecologies and dynamics of the rivers that support
them.” With climate change becoming an ever-
pressing situation, today's cities must adapt to the
increasing severity of weather patterns and nat-
ural disasters, particularly river cities where
flooding occurs more regularly.’

The capital of Ethiopia, Addis Ababa, has
expanded significantly over the past decades,
both in terms of population size and land cov-
erage. It is estimated that the city has almost
doubled its population, a range between 3.6 and
4.4 million inhabitants in this millennium.* Also,
the capital city has seen its built area increase by
more than 50 percent over the last few years.’
However, the urban’s supporting infrastructure
has been unable to keep up with the city's
explosive growth demand. As a result, residents
of Addis Ababa suffer from a series of issues
stemming from the city’s growth coupled with
the dynamics of its unique geography.

A particular feature in Addis Ababa is the
network of small rivers that weave through it.
Most of them are tributaries of the Akaki River,

2 Tewodros Tigabu, and Girma Semu, Ethiopia: Addis
Ababa Urban Profile (Nairobi, Kenya: United Nations
Human Settlements Programme 2008). Grimm, N. B,
et al., “Global Change and the Ecology of Cities.” Science
(American Association for the Advancement of Science)
319, no. 5864 (2008): 756-760.

3 Martin Richardson, and Mikhail Soloviev, “The Urban
River Syndrome: Achieving Sustainability against a
Backdrop of Accelerating Change,” International Journal
of Environmental Research and Public Health 18, no.
12 (2021): 6406.

4 Central Statistical Agency, Projected Population
of Ethiopia—2011 (Addis Ababa: Central Statistical
Agency, 2019), https://www.statsethiopia.gov.et/population-
projection/; United Nations, Department of Economic and
Social Affairs, Population Division, The World’s Cities
in 2018: Data Booklet, ST/ESA/SER.A/417 (New York:
United Nations, 2018), 10, https:/digitallibrary.un.org/record/
3799524 7n=en; Elias Yitbarek Alemayehu, Imam Mahmoud
Hassen, Yonas Alemayehu Soressa, and Laura Stark, “New
Perspectives on Urban Transformation in Addis Ababa,” in
The Transformation of Addis Ababa: A Multiform African
City, ed. Elias Yitbarek Aemayehu and Laura Stark (New-
castle upon Tyne, UK: Cambridge Scholars Publishing
2018), 2.

5 UN-Habitat, The State of Addis Ababa 2017: The Addis
Ababa We Want (Nairobi: UN-Habitat 2017), 73-74.
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which itself branches off into both the eastern
and western areas of the city. These rivers pre-
sent their own challenges to the city as Addis
Ababa continues to grow around them while
failing to address the inevitabilities of expanding
so closely to their banks.® With climate change
becoming a more pressing issue, the relationship
between the city and its rivers only continues to
deteriorate.” If conditions in Addis Ababa are not
improved, both the city and the ecology of its
environment will continue to suffer.®

This paper unfolds part of the Addis Ababa
River City research project.” The methodology
used for the project began with researching and
identifying the major problems the city currently
faces due to its explosive growth and subsequent
environmental impacts and infrastructural short-
comings. The city was then mapped out to
understand better the current conditions, including
public transportation, neighborhood characteris-
tics and programs, and existing infrastructure.
Once the dynamics of the city were analyzed,
specific areas for intervention were identified. An
iterative design process followed to create new
hybrid infrastructures (by exploring precedent
studies and analysis of the daily lives of Addis

% Ruben Garcia Rubio and Taylor J. Scott, “Resilient
Urban Ecologies: Adaptive Sustainable Infrastructures for
Addis Ababa,” The Plan Journal, vol. 5, no. 2 (December
2020): 473-94. Ruben Garcia Rubio, and Sonsoles Vela,
“Rivers for Urban Regeneration. The Case of the Kebana
River in Addis Ababa (Ethiopia),” in Global Village,
Shelter for Resilient Living, Conference Proceedings,
edited by Tatjana Mrdenovi¢ (Belgrade, Serbia: Faculty of
Architecture in Belgrade), 144.

7 Paolo Billi, Yonas Tadesse Alemu, and Rossano
Ciampalini, “Increased frequency of Flash Floods in Dire
Dawa, Ethiopia: Change in Rainfall Intensity or Human
Impact?,” Natural Hazards 76, no. 2 (March 2015):
1373-94; Bisrat Kifle Arsiso, Gizaw Mengistu Tsidu,
Gerrit Hendrik Stoffberg, and Tsegaye Tadesse, “Influ-
ence of Urbanization-Driven Land Use/Cover Change on
Climate: The Case of Addis Ababa, Ethiopia,” Physics
and Chemistry of the Earth 105 (2018): 212-23.

8 UN-Habitat, The State of Addis Ababa 2017, 73.

® The “Addis Ababa River City” is an academic,
independent, multidisciplinary, and long-term research
project lead by the Assistant Professor Dr. Ruben Garcia-
Rubio, which is part of the Saul A. Mintz Global Research
Studios, within the Tulane School of Architecture (Tulane
University—New Orleans LA, USA).
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Ababa residents) to improve the city and promote
its resiliency within the city.

The following text analyzes some of the crit-
ical urban issues that Addis Ababa is currently
confronting while also proposing theoretical
solutions for how they might be addressed. This
paper aims to establish design ideas for specific
interventions that can be applied in Addis Ababa
through comprehensive, sustainable architecture,
combating identified urban issues, and setting an
example for other developing cities experiencing
similar problems. Because of the range and
complexity of challenges the city faces, a holistic
solution is needed where conditions can be
improved for both residents and their surround-
ing environment. The intervention described in
detail later in this paper provides a solution in the
form of hybrid infrastructures which address
multiple of the UN's Sustainable Development
Goals, overcoming issues related to a lack of
mobility, flooding, pollution, and more. The
resulting design sets an example of how multiple
sustainability issues can be mediated as a whole
to create a more resilient city.

3.2 Diagnosis and Urgent Urban
Interventions for Addis Ababa

The first step in the research was a holistic
analysis of the current situation in Addis
Ababa.'® This analysis unfolds several issues,
five of which were determined to be the most
urgent and able to be addressed through urban
and architectural design.

3.2.1 Lack of Mobility

The Upper Kebena river suffers from connec-
tivity issues due to insufficient infrastructure for a
rapidly growing city.'' Along the northern

!9 Ruben Garcia Rubio, and Taylor J. Scott. “Resilient
Urban Ecologies: Adaptive Sustainable Infrastructures for
Addis Ababa,” 477-83.

" Clelie Nallet, “The Challenge of Urban Mobility: A
Case Study of Addis Ababa Light Rail, Ethiopia,” Institut
Frangais des Relations Internationals—Notes de 1’Ifri,
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regions of the river, where most residents walk as
their primary source of transportation, there is
little access to public transportation services
forcing residents to walk on roads unfit for
pedestrian travel.'> Public access to the river is
waning as the city grows. Homes are built close
to the river, creating barriers to water access for
most of the city. Walls and fences are also being
put in place along the river in addition to the
already steep slopes that exist along much of it.

Bridges exist throughout the city that allow
for access across the river. However, most exist
downtown, where vehicle travel is predominant.
Other city regions lack bridge connections,
which limits the mobility of many residents to
other communities across the region, particularly
those on foot. Due to the overall lack of con-
nection through the rivers, the Upper Kebena
river misses opportunities for better connectivity
and mobility across the city and sufficient public
access to the river.

3.2.2 Flooding

Due to rapid urbanization and the unfortunate
realities of climate change, Addis Ababa has
been increasingly suffering from flooding issues
in recent decades, which has interfered with the
city’s continued development.'® Being a city full
of small rivers and tributaries, Addis Ababa's
urbanization has negatively impacted the natural
dynamics of its waterways and the permeability
of much of the city's ground surfaces, both cru-
cial aspects of natural water management.

February 2018,  https://www.ifri.org/en/publications/
notes-de-lifri/challenge-urban-mobility-case-study-addis-
ababa-light-rail-ethiopia.

2 The World Bank,Transport Systems Improvement
Project (Washington, D.C.: World Bank Group), http://
documents.worldbank.org/curated/en/490361467992052159/
Ethiopia-Transport-Systems-Improvement-Project.

13 UN-Habitat, The State of Addis Ababa 2017: The
Addis Ababa We Want (Nairobi: UN-Habitat, 2017), 73.
Ruben Garcia Rubio, and Taylor J. Scott. “Resilient
Urban Ecologies: Adaptive Sustainable Infrastructures for
Addis Ababa,” 473-76.
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Many people in the city live in poorly con-
structed informal housing that is built close to the
bank, mainly due to a lack of space from the
rapidly growing population of the city.'"* This
housing contributes to erosion along the banks
and covers much of the necessary green space
along the river needed for ground absorption and
flood protection. Because of this, informal
neighborhoods are particularly susceptible to
fluvial flooding as the winding meanders of the
river frequently overflow in the wet season.

3.2.3 Pollution

The natural geography and rivers flowing
through Addis Ababa had historically spurred the
development of settlements that eventually
became the city we know as the capital of
Ethiopia today. Despite this, the bodies of water
responsible for the inception of civilization in the
area have been neglected, becoming open trash
dumps in many instances throughout the city.'

While the city has increased around these riv-
ers, the waste management infrastructures have
not kept pace. With an incomplete sewage net-
work, an inadequate solid waste management
system, domestic organic matter discharge,
industrial leakage wastes, agricultural and wash-
ing outflow among the city's most common waste
sources, rivers today have become unfit for nec-
essary uses like cleaning, cooking, or washing.'®

14 Raffacle De Risi, et al., “From Flood Risk Mapping
Toward Reducing Vulnerability: The Case of Addis
Ababa,” Natural Hazards 100, no.1 (December 2019):
387-415.

!5 Ruben Garcia Rubio, Ryan Green, and Sonsoles Vela,
“Nature-Based and Hybrid Infrastructures to Build
Resilient Cities through the Rivers: Two Case Studies in
Addis Ababa (Ethiopia),” in Proceedings of the ARCC-
EAAE 2022 International Conference—Resilient City:
Physical, Social, and Economic Perspectives, edited by
Chris Jarrett, and Adil Sharag-Eldin (Architectural
Research Centers Consortium), 82—-83.

!¢ Tamiru Alemayehu, “The Impact of Uncontrolled
Waste Disposal on Surface Water Quality in Addis
Ababa, Ethiopia,” Ethiopian Journal of Science 24, no.
1 (2001): 93-104.
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3.2.4 Water Scarcity

Addis Ababa's existing water services are also
under stress because of the city's rapid growth.
While over 90% of the city has water coverage,
certain areas on the outskirts have only occa-
sional access to water due to the rising demand
for housing in the city.'"” Some sub-cities have
access to water for only 12 h, three days a week
or less.'® With that, wastewater management is
lacking, with about half of the residents using a
shared pit latrine, about 18.3 percent using pri-
vate pit latrines, and 26.4 percent using flush
toilets, including pour flushing.'” Much of this
waste is improperly transported and disposed of
due to a lack of proper desludging services,
leading to significant sanitation issues.

In addition to this, Addis Ababa's sewer sys-
tem is more or less obsolete, only serving about
10 percent of the population.”” Many neighbor-
hoods have no access to water taps with little to
no infrastructure in place to support the move-
ment of sanitary water. Due to the lack of pipes,
people sometimes utilize personal wells or water
towers; however, these serve as their own private
water supply and do not support surrounding
neighbors. The little infrastructure that does exist
in the city is old and in desperate need of
renovation.

3.2.5 Lack of Facilities

With the lack of infrastructure throughout the
city, there is also a general lack of public facili-
ties for residents. This includes services like
public restrooms, proper trash collection, etc. As
these necessary facilities are rarely provided, the
lack thereof contributes to other issues, such as
the pollution of rivers and health problems
because people have little means of properly

'7 International Development Association, Ethiopia—
Second Ethiopia Urban Water Supply and Sanitation
Project (Washington, D.C.: World Bank Group, 2017),
1-5.

'8 Tbid.

19 bid.

20 Tbid.
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disposing of waste. Additionally, a sizable por-
tion of Addis Ababa’s occupation is comprised
of informal trade; however, other than a few
larger markets, there are few convenient places
designated for people to sell goods and produce.
Affordable housing is also scarce in the city,
leading many to resort to building informal
housing where they can. As discussed earlier in
this paper, these informal settlements further
contribute to the degradation of the river
ecologies.

3.3 a Strategic Plan for the Upper
Kebena River and Kazanchis
Neighborhood

The research proposes a strategic plan for the
Upper Kebena river, which starts in the northern
part of Addis Ababa (Entoto Mountains),
extending from the lower-density areas north,
down southward to the higher-density areas
around Peacock Park close to the city center.”'
The general plan uses the river to address the
identified urban issues, improving the overall
relationship between the city and its bodies of
water, as it focuses on the ecology, mobility, and
connectivity opportunities that a river regenera-
tion could bring to the city. One neighborhood
along the river that was selected as an appropriate
example of how this strategic plan works is the
downtown Kazanchis neighborhood. Here, there
are opportunities to improve conditions con-
cerning the UN's Sustainability Development
Goals (SDGs). More specifically, the strategy
addresses clean water and sanitation; innovation
and infrastructure; sustainable cities and com-
munities; responsible consumption and produc-
tion; zero hunger; decent work and economic
growth, and climate action (Fig. 3.1).

The Kazanchis neighborhood lies between
Kenenisa Ave and the A2 highway and is

2! Ruben Garcia Rubio, and Taylor J. Scott, “Designing
for Sustainable and Resilient Neighborhoods: The Case of
Peacock Park in Addis Ababa (Ethiopia),” in 2020
AIA/ACSA Intersections Research Virtual Conference:
Carbon, edited by Corey T. Griffin and Erica Cochran
Hameen (Washington: ACSA Press), 82—89.
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bisected by the Kebena river. Located down-
town, this neighborhood was chosen as a site for
further investigation and intervention due to
severe flooding problems caused by the Kebena’s
natural meander in an area filled with informal
housing settlements. The poorly constructed
homes are built too close to the river and are
unable to cope with the natural flooding that
occurs in the area. They also contribute to the
erosion of the banks, which only furthers the
flooding issues over time (Fig. 3.2).

As was mentioned, due to the general lack of
infrastructure throughout the city, the river acts
as a barrier that divides the neighborhood. The
only two bridges that span the river, both over
50 m, are busy roads designed with only vehicles
in mind, making them unsafe for pedestrians. In a
city where walking is the predominant means of
travel, access across the river that caters to
pedestrians should be essential. Moreover, as the
city continues to grow, access to the river itself
decreases, with homes being built too close to the
river in addition to walls and fences being con-
structed along the banks. If people cannot use the
water from the river, what incentivizes them to
keep it clean?

3.4 Revitalizing the Meander,
a Holistic Urban and
Architectural Design

The intervention proposes the use of hybrid
infrastructures in the Kazanchis neighborhood
that span the Kebena river to create multi-
functional points of connection across, while
soft-ecological interventions such as meander
diversions, gabion walls, riparian restoration, and
more are strategically implemented to mitigate
flooding along the river's banks. The hybrid
structures are intended to serve first as-needed
bridges for pedestrians that work as an extension
to a proposed “green and blue” street typology
strategy, discussed later in detail, while also
providing additional programming where it's
needed, most importantly, housing for those
living in the flood-prone settlements on the banks
(Fig. 3.3).
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Fig. 3.1 Kazanchis neighborhood.
AARC)

Fig. 3.2 Strategic plan for Kazanchis neighborhood:
Connection, Housing, and Flooding. Connection diagram
(left): potential bridge connections across the river in red.
Housing diagram (center): plans for new hybrid bridges in

At a larger scale within the neighborhood,
multiple structures are proposed at specific points
along the river, determined to have the most
opportunities considering the surrounding street

black, with proposed housing and other amenities.
Flooding diagram (right): areas of predominate flooding
along the river meander in blue. AARC

layout and planned green street strategy. These
nodes not only connect both sides of the river but
also provide some form of amenities and/or
utilities accessible to the public within the
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Fig. 3.3 General
axonometric, the extent of all
interventions included within
a hybrid bridge structure.
AARC

structures. These include markets, public facili-
ties, waste collection, compost, urban agriculture,
and recreational green space to improve water-
ground retention. By providing these needed
programs at the connection points across the
river, more significant interaction and access to
both the connections and included programs are
reinforced. Along with a slow mobility path that
follows the river and strings them together, this
network would enhance the walkability and
usage for pedestrians who currently have limited
access across the river.

At the building scale, one of these hybrid
infrastructures was further designed as an
example. The location was chosen where a large
bend in the river creates about a five-meter dis-
parity in elevations of each bank, causing sig-
nificant flooding issues for the surrounding area.
On the higher side, a steep drop to the river
makes access to water challenging. On the lower
side, poorly constructed homes frequently flood
during the wet season due to a shallower bank
and a lack of permeable ground. The proposed
structure would become a multilevel bridge
spanning the river, creating a seamless connec-
tion between selected streets on either side
(Fig. 3.4).

The hybrid bridge is intended not only to
function as a bridge but also as a neighborhood
amenity, becoming a hub for pedestrian activity.
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On one side of the bridge, a marketplace is
proposed as an entry point continuous with the
existing street. While on the other, new housing
relocates those prone to flooding. Additional
arms extend off the bridge to further enhance
connectivity along with the proposed mobility
path, which stretches along the river. In addition,
different ecological interventions are used
throughout and around the site, including exist-
ing streets, to combat flooding in the area while
cleaning the river.

The design of the regulated structural system
allows for a variation in a form where multiple
programs can be freely housed. Because informal
trade is prevalent throughout the city, the market
was chosen as the additional program to support
the housing on the other side. According to a
study conducted by the Ethiopia Microfinance
Institution in 2002, about 50% of the active labor
force in Addis Ababa was employed in the
informal sector.”? Coupled with the agricultural
field proposed adjacent to the bridge, the mar-
ketplace creates an opportunity for those resi-
dents to sell locally grown produce, among other
goods, at a central location. Together, the market

22 Tekle Bekele Tekle, “Management of Informal Traders
in Public Spaces: A Case Study of Megenagna Square,
Addis Ababa, Ethiopia” (Research Project—Master of
Urban Management, University of Nairobi, Nairobi,
2021), 12.
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Fig. 3.4 General ground plan and flooding plan. Ground
plan (left): the floor plan of housing and marketplace
along with the river during normal conditions. Flooding

and local agriculture work to enhance responsi-
ble consumption and production, zero hunger, a
decent job, and economic growth.

The housing is intended to relocate those
living in the informal settlements near the river,
freeing up much-needed green space for water
absorption and retention along the banks. These
new homes would be more accessible to resi-
dents and of much greater construction quality,
being built into the bridge's structure. Providing
locals with proper housing that is safe from
flooding and restoring the necessary green space
for flood protection is an example of how the
sustainability of the city and community can be
reinforced throughout Addis Ababa.

The streets on either side that the bridge links
are converted into “green and blue streets” that fit
into the greater network of street typologies
established at large throughout the strategic plan
to improve clean water and sanitation and pro-
mote sustainable cities and communities. The
blue street typology is proposed for larger main
roads and focuses on wastewater management
through above-ground sewer systems. Green
streets are comprised of smaller streets that
branch off the more significant blue streets.

R. Garcia Rubio et al.

plan (right): the site plan of the hybrid bridge structure
and all included interventions shows the river during
flooded conditions. AARC

A portion of the street is allocated toward green
space that takes the form of bioswales and other
plantings, which are used for water filtration and
managing runoff. The green streets are continu-
ous over the bridge structure, providing ecolog-
ical benefits while establishing a visual
continuity across the river. The street connection
across becomes the trunk of the bridge with
secondary paths, then branching out into the
surroundings. Certain routes connect to the lower
levels of the structure where the slow mobility
path intersects before continuing up the river.
There is public access to the river on the lowest
level, where locals can use the water (Fig. 3.5).

In the center of the river bend, a field of urban
agriculture serves as the primary flood mitigation
strategy at the river meander. When the river
rises, water floods the trenches between the
plantings, both retaining and filtering the water
heading downstream while also irrigating the
crops. A diverse range of crops would need to be
used to create effective resiliency. After analyzing
more than 150 experiments worldwide, the Union
of Concerned Scientists determined that for the
most outstanding efficiency, agricultural fields
need to incorporate perennial crops in addition to
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Fig. 3.5 Aerial general view,
a perspective of the hybrid
infrastructure from the
housing. AARC

grasses and cover crops to ensure permanent land
cover.”® This increases crop water use efficiency
by reducing runoff and contributing to soil
improvements that create more water storage, in
turn enhancing resilience to flooding.

River diversions are strategically placed at
either end of the meander, bookending the agri-
cultural field in the center. These diversions help
to redirect water when the river rises to keep it
from flooding the banks. While they only redirect
the water when it reaches a certain level, the
riparian buffer is restored within the diversions to
enhance the deteriorating river ecosystem.
According to the European Environment Agen-
cy's platform Climate-ADAPT, riparian vegeta-
tion alongside bodies of water reduces
vulnerability to floods by protecting against
sediment and pollutant runoff and increasing
groundwater recharge.”* This natural vegetation
improves water quality and slows water flow
during wet seasons. Additionally, gabion walls
are employed at the meander diversions to filter

3 “Turning Soils into Sponges. How Farmers Can Fight
Floods and Droughts,” Union of Concerned Scientists,
August 7, 2017, https://www.ucsusa.org/resources/turning-
soils-sponges.

24 “Establishment and Restoration of Riparian Buffers,”
Climate ADAPT—European Environment Agency,
September 3, 2016, https://climate-adapt.eea.europa.
eu/en/metadata/adaptation-options/establishment-and-
restoration-of-riparian-buffer-s.
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the water further and prevent more significant
pollutants from collecting. These walls are ben-
eficial for erosion control and dissipating river
energy during flooding (Fig. 3.6).

Using ecological interventions as simple as
the examples above not only prevents flooding
and erosion but also goes a long way toward
promoting clean water and sanitation for resi-
dents in the city. Being a mostly “river city,”
Addis Ababa should look to its rivers not as
obstacles to be built around but as opportunities
to be integrated.

3.5 Conclusion

As urban issues are complex, multi-faceted
solutions are necessary to address the problems
emanating throughout our cities. Today, climate
change has become one of the greatest threats to
our future, impacting populations globally. Pre-
cisely, developing nations and those adjacent to
bodies of water are predicted to see the most
considerable negative impacts with weather pat-
terns becoming more severe. As climate change
worsens, further aggravating already existing
urban issues, a rapidly growing city like Addis
Ababa must become more resilient as it contin-
ues to expand. On top of that, with the unex-
pected COVID-19 pandemic that persists today,
the need for well-designed public spaces is only
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Fig. 3.6 Aerial general view,
a perspective from the
marketplace. AARC

becoming more apparent. Climate change or
COVID-19 should not be seen as hindrances in
future design but as opportunities to curb envi-
ronmental and public health issues before they
become emergencies. Efforts to create healthier
cities for both their inhabitants and their envi-
ronment should be prioritized as the new stan-
dard in design.

The objective of this paper is to outline pro-
posed design measures resulting from the
research done for the Addis Ababa River City
research project. The specific intervention
detailed in this paper for the Kazanchis neigh-
borhood serves as an example of integrated
designs that can create better-functioning, more
sustainable cities while focusing on much-needed
climate action. As existing systems fail to keep
up with the demands of a growing city, Addis
Ababa must look toward ecological infrastruc-
tures to remediate the pressures it has put on its
environment and hinder the worsening effects of
climate change. Specific measures, like the ones
detailed in this paper, can be taken to curb issues
relating to flooding, pollution, water scarcity,
mobility, etc., while enhancing the public realm
for city residents. Using hybrid-programing,
multiple infrastructural and programmatic needs
can be met where they are currently lacking and
necessary, all within an active node that extends
into its surroundings. Incorporating the rivers
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into design allows for passive strategies in
cleaning polluted water bodies and enriching
soils for farming, making them an essential part
of urban living. Having these interventions work
with the natural dynamics of Addis Ababa’s
landscape and waterways, rather than fighting
against them, improves access throughout the
city for those who need it, reduces the adverse
effects that modernization and growth have had
on the environment, and creates a more produc-
tive, resilient city for the future.

The ideas proposed in this paper are justifiable
for progress in Addis Ababa. However, such
comprehensive designs are primarily based on
theory. For actual development to occur, greater
political and economic strategies for implemen-
tation would be necessary. The residents of
Addis Ababa would be unable to execute on their
own so government involvement would be
required. As land in the city is predominantly
state-owned, a viable first step could include
government action in terms of constructing new
bridges spanning the river. Because hybrid
infrastructures are at the center of this proposal,
this would be the necessary catalyst for devel-
oping the sustainable strategies detailed in this
paper. At worst, new bridges that enhance con-
nectivity in Addis Ababa would be created,
connecting neighborhoods across the river. At
best, funding through the private sector could
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take the next step to improve these bridges,
making them genuinely hybrid and allowing
other programs that have been described above to
be included, such as housing. Because the gov-
ernment presumably lacks adequate funds to
conceive the entirety of this project, private
institutions would likely be necessary. For
example, affordable housing rent could generate
income to continue the development of hybrid
bridges and gradually include more interventions
over time, such as the marketplace, agricultural
fields, and other ecological infrastructures. Such
inclusive involvement could bring the ideas of
this project into fruition, steadily improving the
resiliency, sustainability, and overall conditions
of Addis Ababa and achieving progress toward
the UN’s Sustainability Development Goals in
the city.
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Abstract

Malaysia is one of the eleven countries in
Southeast Asia. Long-term sewerage pollution
is a source damaging 90% of coral reeves by
2050. Decades of untreated sewage pollution
also exposes children living at water
settlements to water-borne diseases. This paper
proposes a new water village planning model
for Malaysia which could empower the local
community to pay for sanitation management
through architectural provisions, hence could
generate ecotourism revenue. This study com-
bines results from three earlier studies on Lok
Urai, a water village located in East Malaysia.
From these studies, incorporation of ISTP
wastewater treatment tanks must come with
viable economic activities; the architectural
solution must include related microarchitecture
to support homestay activities; and the local

community desires to develop a homestay
program to improve their livelihood. The
architectural aim is creating opportunities for
water villagers to self-finance Lok Urai’s
sanitation provision and maintenance. This
study posits that microarchitecture for small
enterprises and combined with a well-planned
homestay program are suitable amenities to
attract tourists to stay with local families at
Lok Urai. The proposed model consists of 98
housing units planned with twelve clusters
of homestay units that will support the
community to pay for their sanitation
management and stop sewage pollution from
spreading water-borne diseases. A viable water
village model is replicable to 25,000 islands in
Southeast Asia.
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4.1 Introduction

Malaysia is one of the eleven countries in
Southeast Asia. It has a population of 31.4 M.

The country is divided into two parts: Peninsula
Malaysia and East Malaysia. Sabah and Sarawak
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are two Malaysian states located on Borneo
Island, one of 25,000 islands in Southeast Asia
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(See Fig. 4.1). Based on the World Health
Organization (WHO 2023) report, 494 million
people still defecate in the open such as in open
bodies of water. 90% of Southeast Asian coral
reeves are expected to die by 2050 if the coun-
tries did not take any actions (Becatoros 2017).
Unlike open defecation in rural villages that
are causing infestation of intestinal worms
(Lim-Leroy and Chua 2020), the same is affect-
ing spread of diarrheal diseases such as cholera
and dysentery at water villages (WHO 2023).
With water pollution, the human heart and
kidneys can be adversely affected if polluted
water is consumed regularly (Afroz et al. (2014).
In addition, raw sewage is discharged directly
into the sea are mixing with household trash and
plastic debris. The outbreak of water-borne
diseases like skin disease, diarrhea, and dysen-
tery is inevitable (Haque et al. 2010). A major
cholera outbreak among the sea gypsies
happened in Sabah in 2014 (Jikal et al. 2019) and
as recent as in 2020 (Vanar 2020).

In a satellite study by Evers (2015) on water
settlements on Borneo Island, he documented
10,000 water homes in Sabah. Nor Efenday
(2022) reported there were more than 1100

Fig. 4.1 Location map of
Malaysia within the Southeast a
Asia region. Malaysia is B
divided into Peninsular
Malaysia and East Malaysia
consisting of Sabah and
Sarawak states. Lok Urai
water village is located on the
east coast of Sabah. Source
Google Map

houses located in Lok Urai village alone. Lok
Urai has no beach frontage as seen in Fig. 4.2. It
is located in the vicinity of Tunku Abdul
Rahman National Park and the residents are
active in coastal activities including diving,
snorkeling, island hopping, and deep-sea fishing.
Their houses are traditional wooden homes built
on pillars erected on the ocean floor (See
Fig. 4.3) and the water environment is where the
children of Lok Urai play and grow up (See
Fig. 4.4).

The whole of Lok Urai was gazetted by the
Kota Kinabalu City Hall which saw the whole
village bounded into one piece of marine land.
The gazetted land made the head of village a
person of authority who decides the location of
new homes to be built within the gazetted land.
Interviews with the locals found the water homes
would be passed down from parents to children.
The traditional wooden homes are built on pillars
erected on the ocean floor. The houses seem
unorganized because their foundations followed
the topographical contours in the seabed below
the homes. It is common for immediate and
extended families to stay together in one house
resulting in more than seven people living
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Fig. 4.2 Satellite image of
informal settlement at Lok
Urai village, Sabah, Malaysia.
Source Google Map

Fig. 4.3 Homes and boat jetties are made of timber
materials. Source ACT Malaysia

Fig. 4.4 Sabah, Malaysia. Source ACT Malaysia

Google

together (Said 2011; Kraus et al. 2016; Mohd
Zaini and Ibrahim 2021). The placement of
residences with various docks in the South China
Sea promotes fishing and travel to the mainland.
The jetty and docks are the main gate to enter
each block in the Lok Urai village. The
arrangement of the jetty (called as bridge by the
locals) varies as some are located at an axis and
some are not.

Unstructured (informal) human settlements
are usually defined as dense settlements com-
prising communities housed in self-constructed
shelters under conditions of informal or
traditional land tenure (Acqua et al. 2000). If
informality is the characteristics of Lok Urai, it is
merely the results of how the head of village
would allow families to build their homes within
the Lok Urai village boundary. Another criteria
of informal settlement is higher density, but for
water settlements such as Lok Urai, that high
density is due to the number of persons per
household which could range from an average of
six to fourteen persons.

Lok Urai has water and electricity provided by
the local utility companies to legal Malaysian
residents. As families tend to live close together,
many households are sharing the utility points
with their neighbors. Unfortunately, the most
critical utility service not available at Lok Urai is



46

the sewerage treatment service (Mohd Zaini and
Rahinah 2021). All the homes at Lok Urai village
are currently disposing their feces directly into
the ocean below their homes. Despite this dire
need, majority of the water villagers cannot
afford to purchase their own sewerage treatment
system or the local authority could not provide a
standard sewerage treatment system until today.

The purpose of this study is to present a
creative architectural solution—the consequential
response to findings from selected earlier studies
conducted by the authors. The architectural aim
is creating opportunities for water villagers to
self-finance Lok Urai’s sanitation provision and
maintenance. This project supports a symbiotic
collaboration between communities and local
service providers to build a community on social
capital as mooted by Mitlin and Bartlett (2018).
This study is limited to proposing a feasible new
water village planning model that would allow
water villagers to pay for their own sanitation
maintenance from a homestay program and
home-based micro businesses.

4.2 Materials and Methods

4.2.1 Materials

Smart  Sanitation for Water  Settlements
Program: The first project is called the Smart
Sanitation for Water Settlements (SSWS)
Program (Ref. UNEP/SSFA 3036). It was a small
pilot project sponsored by the United Nations
Environment Program (UNEP) in collaboration
with a civil society organization, Action Caring
Team (Malaysia) Berhad or ACT Malaysia. The
pilot project was recognized by the United
Nations as one of the SDG Good Practice Project
(Department of Economic and Social Affairs,
United Nations 2021). Visits to study the water
settlements’ architectural typology in Sabah in
2011-2013 had led to a shocking discovery that
the homes were not connected to any kind of
sewerage treatment plants. Similarly, too, the
water village of Lok Urai has about 1100 homes
with neither centralized nor independent
sewerage treatment system. The water village
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households are too poor to purchase their own
treatment tanks. The study reported unexpected
benefits to the women and girls living at the
water village. Interviews with the women and
girls in the households revealed feeling unsafe
when using their present toilets, and more so
during their menstrual cycles.

The pilot project found no one to blame
for, especially the local authorities, for not
prioritizing sanitation for Lok Urai and other
water settlements by the state of Sabah per se. In
fact, various local governments in Sabah
have made many attempts to provide sewerage
treatment systems to water villages in their
jurisdictions. Their installations failed to
withstand the twice-daily water level changes
between 1 and 1.5 m. Flushing from the toilets
have little water to carry sewage water over long
distances causing blockages that are difficult to
detect in the long plumbing system. In addition,
the timber pillars supporting the houses have
limited capacity to structurally support a 2000 L
sanitation system. In lieu of these geographical
challenges, researchers at Universiti Putra
Malaysia (UPM) had come up with a sewerage
treatment solution that is modular, small in size,
and effective with minimal piping connections.
Most importantly, the local community could
learn how to install and maintain the system on
their own.

UPM’s innovation has two detachable
modular parts totaling 350 L working volume.
The small size and detachable features allow easy
handling when the water villagers are transporting
and maneuvering the parts among timber
columns beneath the homes. The technology
eliminates long connecting pipes to the treatment
tank. Once attached, the tank functions like a
mini sewerage treatment plant that has three
anaerobic—aerobic-anaerobic chambers and treats
the sewage for a total of 7 h before being
discharged as Standard A effluent into the ocean
below. For 6 h aeration, the effluent data measure
11.60 mg/l for BODs 51.88 mg/l for COD,
12.50 mg/1 for TSS, 2.48 mg/l for AN, and 7.03
pH (Mazandarani 2016). Figure 4.5 is the
conceptual diagram showing treatment process
for the technology, and Figure 4.6 shows how the
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Fig. 4.5 Conceptual
illustration of the IST
sewerage treatment process.
Source Rahinah Ibrahim,
Universiti Putra Malaysia

SETTLING TANK
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Fig. 4.6 One ISTP tank after installation below a toilet at
Lok Urai water village. Source ACT Malaysia

assembled ISTP tank below a toilet at a water
home.

Results from the pilot project pointed to sev-
eral urgent issues that must be addressed for the
larger goals concerning the health and well-being
of the water villagers and ocean biodiversity
preservation in general. Firstly, the local and
international standards for designing a five-
member household sanitation system did not
work at all at Lok Urai. It turned out that an
average household could range from six to
fourteen household members. Secondly, the

villagers were not used to using water for
cleansing since they could simply “drop” their
feces directly into the ocean below their toilets.
Thirdly, the water villagers were not keen on
paying anything extra for a sanitation service
from their hard-earned income. Upon cross-
checking with the local authority, the authority
realized that the Kota Kinabalu City needs a new
guideline for sanitation management specifically
for its water settlements along the coastal areas.
Lessons gleaned from the initial pilot project are
recommended to guide the development of a new
guideline for sanitation management. In order to
optimize any future guideline recommendations,
this study proposes a design and planning
feasibility study which would take into
consideration the sociocultural behavior of the
Lok Urai villagers, besides documenting the
extent of their desire to maintain the new
wastewater treatment technology in place.
Socio-economic Microarchitecture in Water
Settlement: The second study from an architec-
tural dissertation project (Nor Efenday 2022; Nor
Efenday et al. 2022) on socioeconomic microar-
chitecture had recommended development of
homestay activities for the water villagers. His
dissertation attempts to understand the needs of
water villagers and how microarchitecture could
help in supporting revenue generating activities
for them. The project proposes that “microarchi-
tecture for small enterprises are suitable amenities
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to maximize customer access hence increase
income to households at water villages.”
“Microarchitecture” refers to the way resources
are structured in connection to design and
development in a given setting such as a suburban
region (Tazilan et al. 2008). Similarly, the
presence of traditional street vendors at Lok Urai
such as ice sellers, noodle sellers, local delicacies,
and “nasi lemak” sellers could form microarchi-
tectural typoscape. With street merchants are
familiar scenes along Malaysian streets, this
microarchitecture concept at Lok Urai village
would allow family-owned small businesses to
improve their incomes for their households.
Several types of enterprises were identified by
the Lok Urai villagers in Nor Efenday et al.
(2022) study. 90% of respondents strongly agree
in developing fish and marine resources farming
at Lok Urai village to provide food and income
to their households. Another prospect is fish
drying where wider walkways and public spaces
could be used for the activities. 78% of
respondents support turning Lok Urai into a
tourist destination to boost the locals’ standard of
living. The homestay program is one of
Malaysia's newest tourist attractions that is well-
liked in many of the rural regions. Visitors can
experience the host community's way of life and
culture when they live with the adopted families
(Ramele et al. (2017). Under the Ministry of
Rural Development or the Ministry of Tourism,
Culture and Environment of Sabah, the homestay
programs can help rural communities flourish
while preserving their cultural, historical, and
environmental legacy. Being located adjacent to
the Tunku Abdul Rahman National Park is an
advantage for Lok Urai. 90% of respondents
strongly agree that participating in an entrepre-
neurial training and coaching program could
better prepare the community for participating in
the tourism economy. 100% of respondents
agreed that the women in Kampung Lok Urai
could contribute to the household income by
running a small business industry from home.
Commercial operations such as selling snacks
and soft drinks can be accessed by customers
through a small grocery store near a house's main
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entrance. From there, one can earn a living and
support the family.

Homestay  Program Community
Farticipation at Lok Urai: The third study is a
master’s thesis (Hairal 2021) which specifically
evaluated whether a homestay program is
feasible at Lok Urai and how the villagers can
work together to make it successful. The criteria
for working together as a community is critical
for a homestay program and so does the
participation of every member of the community.
The implementation of the homestay program is
expected to elevate the state's economic income
and also help in increasing the level of socio
economy for those who participate in them
(Ramele et al. 2017). Among the successful
homestay programs in Malaysia are community-
based tourism, rural tourism, cultural tourism,
sustainable tourism, and special interest tourism
(Ramele et al. 2017). All homestay programs in
Malaysia welcome tourists to stay with families
in the villages and participate in the rural com-
munity activities. In contrast with most sites, Lok
Urai village is literally built over a water body.

Janjua et al. (2021) stated many researchers
from developing countries are working on
community-based rural homestays. Despite their
efforts, their study found prior researchers lacking
in homestay entrepreneurship and homestay
development for sustainability. Another study by
Mohamad and Nasir (2019) describes motivation
competency is the main factor contributing to the
sustainable entrepreneurship in Terengganu and
Pahang while the opportunity competency
is the main factor contributing sustainable
entrepreneurship in Terengganu. Both studies
found financial sustainability is critical to sustain
the respective communities. Therefore, this
current study is recommending that future
planning of homestay program at water village
shall include the need to preserve their natural
environment against sewage pollution besides
the global awareness on plastics waste as a
motivation for water communities.

Hairal (2021) conducted a survey on 150
respondents involving the head of households
or their representatives and further in-depth

and
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interviews of fifteen informants (or village
stakeholders) to ascertain the water villagers’
commitment. Results showed 67.33% or 101
villagers agreed to participate in a homestay
program.

...1ya in shaa Allah ahli keluarga saya menyokong
ini buat homestay sebab dia mendatangkan hasil-
kan, lagipun saya sendiri memang mau ada satu ini
homestay...

...yes, if Allah wills my family supports this
homestay program because it will provide us
income, I myself really want to have one homes-
tay... (Hairal 2021)

...penduduk kampung bersedia membangunkan
program homestay di mana pembukaan homestay
tersebut akan membuka peluang pekarjaan dan
daya tarikan kampung...

““...the villagers are ready to develop this homestay
program in view that the homestay is expected to
open job opportunities and make it the village’s
attraction... (Hairal 2021)

The survey results indicated the threat of
social cohesion (Tavakoli et al. 2017) is very low
at Lok Urai, a good indicator since homestay
programs will need to strengthen the social
capital among certain groups of a host
community. Additionally, a study by Janjua et al.
(2022) highlighted the importance of sustainable
tourism marketing and brand equity in rural
community-based homestays in Malaysia. Their

study supports the authors’ observation in which,
involvement by local political authorities would
be most crucial for rural tourism promotions. In
fact, they may need to become the key players in
sustainable rural tourism transformation at Lok
Urai village. Figure 4.7 is a SWOT analysis
finding showing a higher support between
strengths and opportunities aspects provided the
water villages improve their architectural and
structural aspects for such program to take place.

4.3 Methods

This planning feasibility study follows Yin’s
(2014) case study research methodology
containing: (1) research question, (2) theoretical
proposition, (3) unit of analysis, (4) linking
theory to data, and (5) criteria for interpreting
data. The research question is “how can state
authority provide supporting architecture in
creating a resilient water village?” The study
proposes inclusion of supportive economics in
view of the water village’s indigenous
socio-cultural aspects for improving their
resilience. The study maintains Lok Urai water
village in Sabah, Malaysia as the location of the
study. The new planning was superimposed upon

Fig. 4.7 SWOT analysis of

community and built -

environment aspects at Gaya
Island. Source Hairal (2021)

* There are clean water facilities and a 24-

1. STRENGTHS
The majority of respondents agreed to
participate in homestay programmes,

hour electricity source.
Safety is under control,
High level of availability

4, THREATS

< Sodcial cohesion of community
members is lacking.

% No specific plans.

% Only boats are used as
transportation to Gaya Island.

2. WEAKNESSES

% Most of the household
members are B40.

% lack of support from
government and private
agencies,

4 The structure of water homes
need upgrading.
< Waste material needs clean up.

oo e e o

3. OPPORTUNITIES
Community members have work skills and are trained.
Bajau ethnic culture becomes a tourism product.

Gaya lsland is located in the Sabah Parks area.
Gaya Island has a private resort of international standard
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the home lots that were destroyed in the big fire
in 2020. This study posits that to ensure the new
water settlement planning would be sustainable,
its new architectural planning must maintain the
current indigenous lifestyle, include ecotourism
and microeconomic activities and integrate
sustainable features that preserve its natural
environment. The proposed new water village
plan consists of 98 housing units where an
average eight members of a family live in one
household. It incorporates 12 clusters of homes
in a homestay program with supporting small
business activities for the whole community.
Additional infrastructure support is proposed
for the sociocultural activities for the tourism
economy. In determining the criteria for
validating the theoretical proposition, the
proposed new water village planning model must
be able to incorporate all the above planning
requirements into one water village planning
prototype. This planning feasibility study is
limited to the water village planning restructuring
only and exclude any financial feasibility study.

4.4 Results

The resulting new water village planning model
looks into integrating the new sewerage treat-
ment system as well as water and power which
are critical for the population of Lok Urai village.
Herewith, this study reorganizes the water village
planning to address the challenges mentioned
above. Reducing choler