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Part 1

The Challenges Currently Facing

the Brazilian Amazon and the Importance
of the Debate on Rondonia



Chapter 1 )
Introduction Check or

Veronica Garcia Donoso and Christa Reicher

Abstract The Amazon biome is a crucial element of the world’s ecosystem. Its
land characteristics encompass a complex system of rivers, streams and wetlands
along with a diverse array of vegetation and forest types. This complex ecosystem
which is characterized by rich biodiversity, is currently facing challenges related to
land use changes. The objective of this chapter is to enhance awareness of the
Amazon biome by presenting information about the land characteristics of the
Amazon Basin and an analysis of the most significant challenges of the region, spe-
cifically addressing the state of Rondonia, in the Brazilian Amazon. It was devel-
oped using a multi-method approach, combining bibliographic research and
mapping. The results indicate that the most significant drivers of deforestation are
the expansion of cattle ranching and agricultural development. Moreover, the con-
struction of infrastructure and the arrival of settlers through colonization projects
have been linked to deforestation in the state of Ronddnia. The conclusions present
reflections on the potential strategies for a more sustainable future.

Keywords Amazon Rainforest - Land Characteristics - Deforestation
Agribusiness

The Amazon rainforest has drawn considerable global attention and political pres-
sure to combat deforestation in recent years, given its significant environmental
impact on both local and global climates. The concern is genuine, as the Amazon

Supplementary Information The online version contains supplementary material available at
https://doi.org/10.1007/978-3-032-01817-5_1.
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biome has lost 75 million hectares of natural vegetation from 1985 to 2021, com-
prising 96% of forests. This translates to an area that is a little more than twice the
size of Germany.

Most deforestation took place in the Brazilian Amazon, which has lost 60.3 mil-
lion hectares of forest. Urgent action is required to implement sustainable changes.

The purpose of this book is to examine the deforestation process and propose
sustainable changes in specific Amazonian cities within the state of Rondénia. This
state, located in the southwestern region of the Brazilian Amazon, presents a valu-
able case for implementing sustainable urban development due to its recent history
of urbanisation and direct connection with deforestation.

The expansion of cattle ranching led to a significant decrease in natural vegeta-
tion in Rondonia. From 1985 to 2021, the area covered by natural forest vegetation
decreased from 87.10% to 57.58%. In contrast, the proportion of pastureland
increased from 8.21% to 36.34% during the same period.

The cities in Ronddnia are relatively young, with some being less than 60 years
old. Despite being situated in a biodiverse environment, their planning does not fol-
low sustainable practises. Common issues in these cities include insufficient green
areas within the urban environment, lack of sewage treatment, dense urban mor-
phology, and inadequate infrastructure of streets and highways.

Additionally, deforestation through slash-and-burn methods presents a problem
that has a negative impact on air quality. Another concern is social inequality, which
is further compounded by ethnic clashes.

Rondodnia has been the subject of research by Prof. Dr. Verdnica Garcia Donoso
as an Alexander von Humboldt Fellow, with a Georg Forster “Experienced
Researcher”! grant from October 2022 to May 2024. The research was conducted at
RWTH Aachen University in Germany under the supervision of Prof. Dr. Christa
Reicher. This research project sought to examine the distinctive characteristics of
urban growth and the loss of natural vegetation in the Amazon region. The project
focused on the State of Rondonia and employed analytical approaches at two dis-
tinct spatial scales. The first approach employed satellite imagery to elucidate the
nature and extent of changes in land use at the regional scale. In order to facilitate
the contribution to the future local planning process, the second approach involved
the implementation of local co-planning workshops. This book presents a compre-
hensive overview of the research results.

Ronddnia was also topic of discussion within the international academic network
“Transforming City Regions”, which aims to promote sustainable design and devel-
opment of regions, cities, and neighbourhoods. As part of this programme, the Chair
and Institute of Urban Design at the Faculty of Architecture at RWTH Aachen
University offers a Master of Science degree in Transforming City Regions (TCR).

'The Georg Forster Research Fellowship awards above-average qualified researchers from all dis-
ciplines from developing and emerging countries in cooperation with a German research institu-
tion. The research must address questions that are relevant to the further development of the
researcher’s country of origin.
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This master’s programme is unique in Germany, as it is taught entirely in English
and attracts students from diverse international and multidisciplinary backgrounds.
The curriculum emphasises project-based and design-oriented learning and incor-
porates numerous disciplines to address territorial challenges on a global scale.

During the summer semester of 2023, a research module was presented to stu-
dents by Prof. Donoso, with Prof. Reicher supervision, which discussed various
cities in the state of Rondo6nia. The objective of this module was to deliberate the
significance of vegetation areas in the Amazon region as indispensable ecosystem
services that face intense human pressures. Our research question was: if a city in
the Amazon region could be redesigned according to ethno-ecological principles,
what would it look like?

The course utilised GIS software for data modelling, and analysed various bib-
liographic sources to create maps and graphics of Rondonia state’s Amazonian cit-
ies, with the aim of promoting sustainable development. The course also provided
students with an overview of the Amazon region, emphasising its natural environ-
ment and ecological global significance, whilst supporting conscious urban plan-
ning of the area. Some outcomes of this semester’s project were compiled into book
chapters and presented in this publication.

This book is divided into three parts. The first part explores the current chal-
lenges faced by the Brazilian Amazon and highlights the significance of the debate
on Rondonia. It comprises four chapters. The second chapter, titled “Land charac-
teristics of the Amazon region and its current challenges”, is authored by Donoso. It
provides an overview of the Amazon Biome land characteristics and an analysis of
the most significant challenges, particularly regarding land use Changes, with a
focus on deforestation process in Rondonia. The third chapter, “Land Use Change
in the Amazon region: What is driving deforestation?”, also authored by Donoso,
analyses land use and land use change in both the international and Brazilian
Amazon, examining and discussing the main drivers of the deforestation. The fourth
chapter, “Layers of the Anthropocene: Occupation History of Rondénia”, authored
by Donoso and Hirye, delves into the region’s history, exploring various layers
related to indigenous groups, quilombolas,” migrants, and settlers.

The second part of this book presents the findings of a research module offered
in the Master Programme “Transforming City Regions” at RWTH Aachen
University, Germany. This section includes four chapters, each with four case stud-
ies. Chapter 5, “Water Sensitive Urban Design in Porto Velho”, discusses Porto
Velho, the capital of the state, and seeks to develop solutions for flood adaptation
through green and blue infrastructure. The authors, Singla from India and Aktiirk
from Turkey, focus on strategies to improve urban design and create flood-resilient
drainage solutions. Chapter 6, titled “Rethinking Amazon cities from Rondoénia
State: The case of Ji-Parand”, explores sustainable development and conservation
efforts in the municipality of Ji-Paran4, the second most populous city in Rondénia.

2Quilombolas are individuals residing in, or with a connection to, quilombos. Quilombos is the
name given to the communities that were formed by black slaves who resisted the process of
enslavement and escaped by forming secluded enclaves.
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The authors, Saeed and Tahir Ali from Pakistan and Giil from Turkey, present prac-
tical measures to support these efforts in the urban area. Chapter 7, “Ariquemes, the
15-Minute City: a conceptual proposal to strengthen social inclusion and sustain-
able greening through a 15-min urban planning system”, authored by Thakuria
from India and Ozdemir from Turkey, suggest implementing a planning system that
promotes green living and societal inclusion. Chapter 8, “Research on Cacoal
Renewal Strategy in the context of Rondénia Rainforest”, authored by Ziaee from
Iran, and Song and Bai from China, examines the development of Cacoal and pro-
poses the sponge city concept as a solution, focusing on water absorption capacity.

This book concludes with third part, which includes two chapters. Chapter 9,
“The importance of local participatory processes in achieving sustainable changes:
the experience of two ecological planning workshops in Ariquemes, Rondonia”,
authored by Donoso, Covaleski and Rocha, provides insights from two participatory
and multidisciplinary workshops held in Ariquemes during 2023 and 2024. These
workshops were instrumental in developing local actions, projects, and strategies
for sustainable development. This chapter also outlines subsequent research actions
carried out following the workshops. Chapter 10, titled “A rethink of urban planning
towards and ecological planning perspective”, authored by Donoso and Reicher,
offers concluding thoughts from the book’s experiences.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

Chapter 2 ®
Land Characteristics of the Amazon G
Region and Its Current Challenges

Veronica Garcia Donoso

Abstract The Amazon biome is a crucial element of the world’s ecosystem. Its
land characteristics encompass a complex system of rivers, streams, and wetlands
along with a diverse array of vegetation and forest types. This complex ecosystem,
which is characterized by rich biodiversity, is currently facing challenges related to
land use changes. The objective of this chapter is to enhance awareness of the
Amazon biome by presenting information about the land characteristics of the
Amazon Basin and an analysis of the most significant challenges of the region, spe-
cifically addressing the state of Rondonia, in the Brazilian Amazon. It was devel-
oped using a multi-method approach, combining bibliographic research and
mapping. The results indicate that the most significant drivers of deforestation are
the expansion of cattle ranching and agricultural development. Moreover, the con-
struction of infrastructure and the arrival of settlers through colonization projects
have been linked to deforestation in the state of Ronddnia. The conclusions present
reflections on the potential strategies for a more sustainable future.

Keywords Amazon Rainforest - Land Characteristics - Deforestation
Agribusiness

2.1 Introduction

The Amazon is the world's largest tropical forest, boasting exceptional biodiversity.
It is a crucial ecosystem globally, influencing the global carbon cycle and therefore
climate change as well as the global hydrological systems that support the climate
and rainfall for the South American continent. The Amazon region faces the chal-
lenges of an unplanned expansion of agriculture and cattle ranching and of illegal
activities related to the exploitation and extraction of natural resources, such as

V. G. Donoso (<)
Federal University of Santa Maria (UFSM), Cachoeira do Sul, Rio Grande do Sul, Brazil
e-mail: veronica.donoso@ufsm.br
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mining, timber and its products. As human activity pressure on the biome increases,
a tipping point is becoming increasingly likely. This means that a situation could
trigger a large-scale system change (Bottino et al., 2024; Wunderling et al., 2024;
Lovejoy & Nobre, 2018).

The global magnitude of forest degradation and deforestation has a high cost for
biodiversity, and its restoration is complex. Much research has been carried out on
biodiversity and ecological restoration to mitigate the effects of deforestation in the
Amazon region, much of it related to protected forest areas outside urban areas
(Cavalcante et al., 2022; Leite-Filho et al., 2021; de Solar et al., 2016; Falcéo et al.,
2015; Nargila et al., 2013). With regard to urban areas, much research was pub-
lished recognizing that urban green spaces serve as habitat for wildlife and provide
support for ecosystem services (Macedo et al., 2018a; LaPoint et al., 2015; Williams
et al., 2015; Vergnes et al., 2013; Sushinsky et al., 2013).

Despite the acknowledged importance of forests and urban green areas, numer-
ous questions remain regarding the optimal relationship between nature and human
interference as well as the ecological planning strategies necessary to ensure high-
quality living conditions for all species. This is particularly challenging in regions
with complex natural ecosystems, such as the Amazon.

The objective of this chapter is to increase awareness of the Amazon biome,
which has been through an extended period of time of deforestation and land degra-
dation due to human activities such as logging, fires and agricultural practices.

It is divided into four sections. The first provides an introduction to the characteris-
tics of the Amazon biome. The objective of this first section is to provide readers from
diverse geographical and cultural backgrounds an overview of the Amazon Basin
(AB) natural characteristics. Readers who are more familiar with the Amazon region
may also find this overview useful. The second section will present an analysis of the
most significant challenges currently facing the Amazon region. The third section will
present the specific challenges facing Rondonia state, in the Brazilian Amazon. The
concluding section of the chapter discusses sustainable paths for the future.

2.2 Methodology

In this chapter, an integrated multi-method approach is employed, combining par-
ticularly bibliographic research and mapping.

The Brazilian Amazon Basin maps were created using data from rivers and
streams gathered by the Brazilian National Water and Basic Sanitation Agency
(ANA, 2022). The topographical map analysis drew on data from the “Brazil em
Relevo” initiative, which is a project of the Brazilian Agricultural Research
Corporation (Embrapa). This project employs images from the Shuttle Radar
Topography Mission (SRTM), collected by the National Imagery and Mapping
Agency (NIMA) and the National Aeronautics and Space Administration (NASA)
in 2000, to generate digital elevation models through the use of the SAR (interfer-
ometry) method. The data is accessible in raster format on the Brazilian project
website (de Miranda, 2005).
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To map the land use and land cover (LULC) from Rondo6nia state, database from
the MapBiomas (2021), Collection 6.0, were used, combined with data from the
Brazilian Institute of Geography and Statistics (2019, 2022).

2.3 Land Characteristics of the Amazon Region

The Amazon Rainforest covers an area of 944 million hectares, representing 47% of
South America. It is shared by nine countries, with Brazil being the largest holder,
accounting for 61.9% of the total area (521.9 million hectares). The Amazon
Rainforest is Brazil’s largest biome, covering 49.3% of the country’s territory
(Fig. 2.1).

The Brazilian Amazon biome is present in nine states: Acre, Amapd, Amazonas,
Maranhdo, Mato Grosso, Pard, Rondonia, Roraima, and Tocantins. Amazonas has
the largest share of the biome, while other states also contain other biomes in their
territories, such as the Cerrado and the Pantanal in Mato Grosso. Rondodnia is nota-
ble for its extensive coverage of the Amazon biome, with 99% of its territory encom-
passed by this biome. In comparison, Mato Grosso has 54% of its territory covered
by the Amazon biome, while Maranhd@o has 34% and Tocantins has 9%, as can be
seen at Fig. 2.2 (IBGE, 2004).

In terms of natural characteristics, the Amazon Basin (AB) encompasses a wide
variety of different soil types, reflecting the rich geologic diversity of origins and
geomorphological processes (Quesada et al., 2011). The basin's relief is predomi-
nantly flat, with higher altitudes observed in the northern Amazonian mountains and
the eastern slope of the Andes in the international Amazon region. In the Brazilian
part of the Amazon region, the highest altitudes can be observed at Roraima state
(Figure 2.3). The basin is characterized by a complex system of rivers, streams, and
wetlands, which are irrigated by a high annual precipitation. This precipitation is
distributed unevenly throughout the year, resulting in two distinct weather seasons:
a rainy season and a dry season.' This variation in precipitation patterns has a sig-
nificant impact on the hydrology, water, and soil fertility of the basin.

The AB is home to four of the world’s largest river systems in terms of water
discharge and drainage. Wittmann and Junk (2016) provide a comprehensive

'In the Brazilian Amazon, the dry season, which is defined as the period between June and
November, is characterized by a monthly rainfall range of 42—-162 mm. The period of rainfall is
from December to May, with a monthly rainfall of 211-300 mm. The rainy season accounts for
approximately 75% of the annual rainfall. A pioneering study of the two Amazonian weather sea-
sons was conducted in 1984 (Ribeiro & Adis, 1984). In 2009, a study on the spatiotemporal varia-
tion of rainfall in the international Amazon was conducted by researchers from various institutions
and published in a climatology journal. The study gathered data on precipitation from 1964 to
2003. Despite the limitations imposed by the uneven distribution of weather stations, the study
contributes to the existing knowledge on rainfall in the Amazon basin, providing additional
insights. These include the observation of a decline in rainfall associated with changes in the ocean
and atmosphere, as well as a potential correlation with deforestation (Espinoza Villar et al., 2009).
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Fig. 2.2 Brazilian Amazon Biome—percentage in each state. (Source: Elaborated by Donoso,
using data from Mapbiomas, 2021; IBGE, 2004)

account of the Amazon wetlands, incorporating an analysis of biodiversity. The
authors describe the various types of wetlands that occur in accordance with the
natural conditions, including seasonal floodplains along river systems, interfluvial
wetlands of episodically flooded riparian areas along streams, permanent flooded
swamps, and hydromorphic savannas. Coastal wetlands encompass mangroves and
tidal floodplains. Wolfgang Junk, together with Maria Piedade, also published a
book chapter about the ecology of the South American Wetland Forests, detailing
the distribution of species in the Amazon (Junk & Piedade, 2010).
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1,000 km

Fig. 2.3 Brazilian Amazon Basin: River system and Topography. (Source: Elaborated by Donoso,
using data from ANA (2022) and de Miranda (2005))

This diversity of landscape scenarios is also present in the vegetation, and several
forest types can be found in the apparently homogenous rainforest. The variations
of forest types are related with the water cycle and soil, with the presence of ferra
firme forest, in non-floodable areas, and the floodable habitats or alluvial forests,
known in Brazil also as igapds, igarapés and vdrzeas (Gongalves et al., 2022).

Terra firme is the forest type with the highest tree alpha-diversity. In contrast,
forests on igapd, white sand, vdrzeas, and other floodable habitats have a lower tree
alpha-diversity, which is related to the poor nutrient status of the soil and the flood-
ing periods (ter Steege et al., 2023). Additionally, other research has demonstrated
the correlation between these inundation patterns and the assemblages of fauna and
flora (Laranjeiras, Naka and Cohn-Haft, 2019; Barnett & Juca, 2018; Montero et al.,
2014; Parolin et al., 2013).

The biodiversity and connectivity of freshwater and terrestrial ecosystems are
experiencing a significant decline due to the expansion of anthropogenic activities,
including deforestation, pollution, and the construction of dams and waterways.
Although the Amazon Basin is the subject of considerable scientific attention, there
is still a need to extend the protection of this important ecosystem. Furthermore, it
is important to recognize the importance of the freshwater ecosystem, which is a
vital component of the basin (Donoso & Reicher, 2024; Castello et al., 2013).

The variation of fauna in the Amazon region is still not easy to measure by sci-
ence. It is home for many endemic species, some endangered, but also many still
unknown. Some identified species indicate potential to generate global human ben-
efits, such as the case of the Fer de Lance venom, a tropical viper that help people
around the world control hypertension (Lovejoy, 2019).
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The Amazon Basin is a region of great cultural and social diversity, the result of
a complex historical development. Upon the arrival of Europeans in the Amazon in
the sixteenth century, they encountered a forest populated by numerous indigenous
tribes exhibiting a rich cultural diversity. The Brazilian archaeologist Eduardo
Neves (2022) asserts that the earliest known records of human habitation in the
Amazon region date back approximately 14,000 years. He also estimates that
approximately 5 million indigenous people inhabited the Amazon region prior to
the European invasion.

The social diversity of the AB can be better understood when divided into two
main categories: the forest people and traditional communities, and the urban popu-
lation. This classification allows for a more nuanced understanding of the social
groups that inhabit the forest. Among the first category are indigenous peoples,
quilombolas, riparian communities and fisherfolk. In addition to the forest people,
numerous cities and urban nuclei can be found in the Amazon Basin. This diverse
social reality is the result of various historical moments, including missionary work,
rubber extraction activities, mining, the promotion of settlement occupations mostly
by the federal government, the creation and expansion of road infrastructures and
communication infrastructure, the exploitation of water systems for energy produc-
tion, the emergence of illegal activities such as logging, fires and mining, and so
forth. This resulted in the social and economic development of the region, which in
turn led to profound alterations in the ecosystems.

Figure 2.4 shows the topography of the Brazilian AB region, including urban
areas. The map illustrates a more pronounced degree of urbanization in the coastal
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Fig. 2.4 Brazilian Amazon Basin: Topography and urban areas. (Source: Elaborated by Donoso,
using data from ANA (2022), de Miranda (2005) and IBGE (2020))
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Fig. 2.5 Urban expansion of Pard and Maranh@o coastal area. (Source: Elaborated by Donoso,
using data from ANA (2022), de Miranda (2005) and IBGE (2020))

regions of Maranh@o and Para. This urban expansion is not a single urban agglom-
eration, but rather a collection of small urban nuclei dispersed across sprawled ter-
ritories. This is illustrated in Figure 2.5.

2.4 The Amazon Region Current Challenges

Over the last 40 years, the Amazon has been heavily deforested and continues to
deforest rapidly. From 1985 to 2020, the Amazon lost 74.6 Mha of native veg-
etation, with Brazil accounting for almost 60% of the deforestation
(Mapbiomas, 2021).
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Deforestation is one of the greatest challenges facing the Amazon rainforest, and
Researchers have pointed out that deforestation is putting the Amazon in danger of
reaching an irreversible tipping point. The ongoing expansion of deforestation is
also affecting the local climate, intensifying drought regimes across the region
(Donoso & Reicher, 2024; Anderson et al., 2018).

As a pivotal element of the Earth’s climate system, the Amazon climate is intri-
cately linked on a global scale through ocean and atmospheric circulation, as well
as other interconnected systems. The interconnections between subsystems are
referred to as teleconnections. For many years, researchers have been focusing on
these teleconnection events, noting that the future global climate will depend on a
more effective interaction between human activity and the natural environment
(Wunderling et al., 2024; Kravtosov et al., 2018).

The teleconnection hypothesis offers a means of understanding how climate-
related events affect other regions. For example, a significant change in sea surface
elevation will result in interactions and atmospheric processes in other regions
around the globe. This implies that it is not only important to protect the Amazon
biome for the world’s climate, but the planet must also be cared for in order to pro-
tect the Amazon. In other words, deforestation in the Amazon affects global events,
and global events affect the Amazon region. This implies that the current challenges
of the Amazon regions are not limited to the Amazon itself, but also related with our
actions and human impacts around the globe. As an example, the potential for more
frequent EI Nifio Southern Oscillation (ENSO) event could influence precipitation
patterns in the Amazon region, leading to the emergence of extreme weather condi-
tions such as droughts in certain regions of South America (Duque-Villegas
et al., 2019).

Considering the local impacts of land use change in the Amazon region, the main
drivers of deforestation are the expansion of agriculture and cattle ranching, illegal
logging, fires and illegal and unregulated mining. This is a well-known problem, but
it is also a political issue, with a lack of law enforcement to curb illegal activities, a
lack of governance and poor decision making in the management of natural
resources.

The 'Amazonia Under Pressure' atlas highlights some of the greatest challenges
facing the Amazon. Published by RAISG in 2020, it points out the important role of
cattle ranching in the destruction of the forest. It also focuses on the crucial role of
infrastructure in driving deforestation, as the loss of vegetation is directly linked to
the various access roads that cut into the forest.

Deforestation in the international Amazon is predominantly caused by anthropo-
genic activities, specifically pasture and agriculture, which account for 99% of the
deforestation. Other anthropogenic causes, such as urbanization, only account for
1% of deforestation. Despite this, urban areas have expanded by 0.6 million hect-
ares during the period from 1985 to 2021, representing a 152% increase. In contrast,
mining activities have caused an expansion greater than 0.5%, with a 1000%
increase over the same period (MapBiomas Amazonia, 2022).

About 12% of the Brazilian forest area (44 Mha) disappeared from 1985 to 2021,
and most of the deforestation can be linked to cattle ranching, followed by small



2 Land Characteristics of the Amazon Region and Its Current Challenges 15

percentages of deforestation due to illegal mining and urban expansion. Among the
Brazilian Amazon states, Pard and Rondonia stand out in the conversion of forest to
agriculture or pasture (Donoso et al., 2024; Aguiar et al., 2012; Mapbiomas, 2022;
Recanati et al., 2015). This book's focus on Rond6nia is motivated by the necessity
to discuss sustainable urban growth strategies for the region.

2.5 Rondonia Current Challenges

The state of Rondonia is positioned in the southwestern part of the Brazilian Amazon
and was originally almost entirely rainforest. In 2021, compared to 1985, the natural
forest vegetation area in the state reduced 66%. As shown in Figure 2.6, the natural
forest vegetation was 87.10% of the state's area in 1985. In 2021, the natural forest
vegetation was 57.58%. On the other hand, the pasture area, which in 1985 occupied
8.21%, increased to 36.34% in 2021 (Mapbiomas, 2021).

Rondo6nia state origin was the result of an international agreement between
Brazil and Bolivia (Tratado de Petrépolis, Nov. 17, 1903) that allowed the construc-
tion of the Madeira Mamoré Railroad, at the beginning of the 20th century. That
railroad aimed to connect Bolivia to the Atlantic Ocean to transport rubber produc-
tion. This infrastructure enabled the creation of some cities, such as the capital Porto
Velho in 1908 (Morelato & Cardoso, 2020).

Over the past several decades, the Brazilian State of Rondonia has been the des-
tination of many rural migrants drawn from Brazil’s middle southern regions by
massive government colonization projects. Factors such as explosive population

Land Use Changes - Rondoénia State
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Fig. 2.6 Land use changes in Rondonia state. (Source: elaborated by Donoso. Data sources:
Mapbiomas (2021), IBGE (2019, 2022))
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growth, logging, mining, small scale farming, and ranching have synergistically
fuelled deforestation in the state (Franco, 2019; da Cunha & Moser, 2010; de
Oliveira, 2010). This state is an example of an almost irreversible tipping point of
deforestation of the Amazon rainforest (Figure 2.6).

Rondo6nia is still undergoing a period of major agricultural expansion, currently
with the growth of soy plantations.” Considering the urban areas, in 1985, these
occupied only 0.08% of the area of Ronddnia state, increasing to 0.21% in 2021.

2.6 Conclusions

It is of great importance to develop long-term, sustainable ways in which humans
live and relate to nature. It thus follows that investment must be made into the devel-
opment of sustainable bio-economies and the production and consumption of sus-
tainable foods, in order to feed the increasing global population. Furthermore, it is
essential to implement sustainable solutions to improve the way in which we live
and plan our cities. Moreover, it is vital to enhance protection and awareness of the
world’s most significant biomes.

A number of environmentally friendly measures are needed. These include the
establishment and management of protected areas, the creation of sustainable devel-
opment plans, efficient public policies, and better planning of urban and infrastruc-
ture expansion as well as the strengthening of control and monitoring of forest
areas. In fact, researchers have shown that a 1% increase in fines imposed by Brazil's
Institute of the Environment and Renewable Natural Resources (IBAMA) reduced
deforestation by 0.5% (Amaral, 2023b).

The importance of action at the local level cannot be underestimated. In the case
of Brazil, there is a problem in controlling deforestation because permits for the
suppression of native vegetation can be issued by state environmental agencies,
which makes it difficult to take national and global action to control deforestation.
One solution would be for states to focus on using already deforested areas to the
detriment of further expansion (Gabriel, 2023).

It is important for the population to be made aware that the economic benefits of
the forest outweigh those of exploiting it. In addition to agricultural productivity,
regenerative agriculture and urban productivity in the Amazon can slow deforesta-
tion and stimulate regional and national development. This information is contained
in the economic memorandum "A Balancing Act for Brazil’s Amazonian States,"
published by the World Bank (Hanusch, 2023). The document also highlights that
the standing forest is worth seven times more than it is exploited: the “standing”
forest is estimated to be worth more than US$317 billion per year. This is the gen-
eral regional and global public value for environmental protection. These values

2The agricultural production increased on the state with the soybean plantations from the 1990s
onwards, reaching 1.34% of the state’s area in 2021.
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have been calculated on the basis of the ecosystem services provided by the forest,
such as the generation of rainfall necessary for agriculture, soil protection against
erosion and fires, carbon storage, and biodiversity conservation. On the other hand,
the value of using forests for timber, mining, and agriculture generates between
US$43 billion and US$98 billion annually (Amaral, 2023a).

Brazil faces the impact of colonialism and imposed policies on its development
trajectories, which have resulted in marked ethno-socio-economic imbalances and
marginalization (Donoso & Queiroga, 2023). In places with such mixed challenges,
urban and landscape design is neither climate-resilient nor appropriate to the sur-
rounding biodiversity (Caputo et al., 2019).

In an approach to sustainable urban development, green spaces are a key ele-
ment. In combination with biodiversity, it is a step toward an ecological approach.
This means recognizing that urban green spaces can contribute to the conservation
of biodiversity and the principles of landscape ecology. Among other things, land-
scape ecology theory defines the pathway-corridor-matrix spatial pattern as a land-
scape component (Forman & Gordon, 1986). Together with a systemic view of the
importance of open spaces (Macedo et al., 2018a, 2018b), it can support the conser-
vation and restoration of biodiversity in urban areas.

Urban green spaces provide habitats for a wide range of wildlife. However, the
size of urban areas, but also urban morphology and the availability of open spaces
and green areas in cities can affect biodiversity. There are still many questions to be
answered about how cities can be planned to provide good conditions for people
while protecting biodiversity.

In fact, there is evidence that an increase in urban green spaces, including back-
yards, and functional links between them is important to avoid or mitigate the nega-
tive effects of urbanization on wildlife (Lopucki et al., 2020; Sushinsky et al., 2013;
Vergnes etal.,2013; Williams etal., 2015; LaPoint et al., 2015; Matthies et al., 2017).

The importance of nature-based solutions (NbS) in contributing to sustainable
development and mitigating climate change is also highlighted (Kinol et al., 2023;
Sisay et al., 2023; Roggema & Tillie, 2022). Some researchers have already found
that to ensure the biodiversity of native wildlife in cities, action should be taken in
the early stages of urban development. They also highlight the fact that the theories
of sustainable design for small cities are still inadequate (Lopucki et al., 2020).

This may not sound new or innovative to some critics, but in areas like Rondoénia
State, basic actions and knowledge still need to be implemented to protect the future
of the Amazon region. In fact, this pathway approach could be interesting for many
Global South contexts. It is important to emphasize that applications of NbS carried
out in the context of the Global North provide many valuable concepts and method-
ologies, but they should not be readily transferred to contexts characterized by
unplanned and unregulated decisions and actions, and also to contexts of extreme
inequality, such as the Amazon region.Many cities in the state of Rondonia have
been planned with high-density blocks and few or no urban trees. In addition, many
cities have urbanized streams, known as igarapés, or have polluted them. Urban
design, planning, and legal measures to increase green spaces and their connectivity
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in the urban fabric could support biodiversity in Amazonian cities, if combined with
social and political support and environmental education.

Nevertheless, ecological planning still faces difficulties in becoming a real stra-
tegic priority in territorial planning, despite the urgency of the topic. In light of these
conceptual gateways, promoting cities where there is balance between natural and
human processes is every day more urgent.
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Chapter 3 ®
Land Use Change in the Amazon Region: <o
What Is Driving Deforestation?

Veronica Garcia Donoso

Abstract This chapter offers insight into the Amazon region. It presents an analy-
sis of the primary drivers of deforestation, employing land use and land cover
(LULC) data and map analysis. The Mapbiomas methodology and georeferential
data were used to produce LULC annual maps. The principal findings of satellite
imagery analysis indicate that the conversion of natural vegetation areas to pasture
and agricultural land is the primary driver of deforestation. This chapter also indi-
cates that deforestation in the Amazon is the result of a multitude of human-related
actions. It concludes by emphasizing the necessity of enhancing protection for the
Amazon biome and fostering collaboration at the local level to implement sustain-
able planning practices.

Keywords Amazon Rainforest - Land Use and Land Cover - Deforestation -
Agribusiness

3.1 Introduction

The identification of the drivers of deforestation in the world’s forests has been a
topic of research for decades (Pfaff, 1999; IPCC, 2021; Santos et al., 2021). In the
Amazon region, deforestation has been attributed to various causes, both natural
and human-related. These include forest fires, logging, and the clearing of land for
agriculture and cattle farming. Other factors include the presence of infrastructure,
such as roads, and governmental policy involving development projects (Donoso
et al., 2024; da Silva et al., 2023; Probst et al., 2020; de Oliveira et al., 2020).
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The combination and variation of these causes of deforestation complicate efforts
to address the issue and protect the biome. The deforestation of the Amazon rainfor-
est is a matter of global concern due to the complex and interconnected nature of
this ecosystem. It is estimated that the Amazon rainforest is home to over 10% of
Earth’s terrestrial biodiversity. In addition, evapotranspiration in the region has a
cooling effect, which contributes to stabilizing Earth’s climate and influencing
regional rainfall patterns (Flores et al., 2024; Armstrong McKay et al., 2022; Staal
et al., 2018; Barnett & Jucd, 2018; Castello et al., 2013).

The analysis of deforestation rates in the Amazon region has changed over time
due to differences in methodology, data resolution, and the availability of satellite
imagery. Michael Williams (2002) conducted a study of global deforestation from
prehistoric times to the mid-1990s and identified factors driving deforestation
throughout world history. According to his analysis, the development of agriculture
beginning in the Middle Ages and the domestication and control of fire were part of
the first major assault on the world’s forests. Williams’ theory suggests that defor-
estation is not a recent phenomenon, but rather, the slash-and-burn method of forest
clearance is older than previously assumed, with humans having influenced forests
for thousands of years.

However, Williams’ data also indicates that deforestation has accelerated in the
past century. Since the 1950s, land exploitation and deforestation have taken on a
different scale and character, and especially since the 1980s, deforestation has
drawn international attention. Initially, concerns were primarily focused on the
reduction of biodiversity and vegetation loss. The accumulation of “greenhouse
gases” in the atmosphere and the potential for future global warming gradually
became additional concerns. Despite the international alarm, the rate of deforesta-
tion in the Global South, including the Amazon, reached its highest point in the
1980s and early 1990s (Williams, 2002).

A study conducted by Davis et al. (2020) identified a connection between tropi-
cal forest loss in the Global South and large-scale land acquisitions. The research
team conducted their analysis in 15 countries across Latin America, sub-Saharan
Africa, and Southeast Asia. They found that between the years 2000 and 2018,
deforestation in those regions was linked to the expansion of oil palm, wood fiber,
and tree plantations into native forest areas.

While methods of studying deforestation have varied over time, it is evident that
the 1980s played a significant role in global deforestation, particularly in the
Amazon. Until today, the rate of deforestation remains high.

In the Amazon, satellite observations indicate a decline in forest resilience, espe-
cially since the early 2000s (IPCC, 2021). Some readers may be inclined to attribute
this phenomenon to population growth and urban sprawl. However, the data indi-
cates that the primary driver of deforestation is not where or how we live, but rather
the food we consume and the methods employed in its production. This suggests
that, on a global scale, most forest loss is associated with the expansion of
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agribusiness. In the Amazon, this is particularly true for beef and soy, which are
produced/raised in the Amazon and consumed in many parts of the world (Donoso
et al., 2024).

This chapter explores land use and land cover data from the Amazon. The con-
version of native vegetation for other purposes will be referred to as deforestation.
This chapter will examine driving forces behind deforestation, focusing on the
international Amazon and the Brazilian Amazon biome. It provides an essential
overview for understanding deforestation in the state of Rondonia, which is the
primary focus of this book.

3.2 Methods

The deforestation analysis presented here employs a mixed-method approach, com-
bining bibliographic research, mapping, and analysis. For the mapping, the
MapBiomas land use and land cover (LULC) annual maps were used. This data is
freely accessible on the project’s platform (Mapbiomas, 2021), and new collections
are released annually by a multidisciplinary and collaborative network of research-
ers. This chapter draws on various collections, including 4.0, 6.0, and 8.0, which
include data from 1985 to 2023. The Amazon biome international LULC data was
sourced from Mapbiomas Amazonia International, with data from 2021 and 2022
contingent upon the country database.

The classification scheme for the annual maps of LULC involves four levels of
classes, each with numerous categories. As an illustration of the classification
scheme, the database includes examples of forest, non-forest formation, non-
vegetated areas, savanna, floodable forest, wetlands, pasture, agriculture, and more.
However, not all elements can be visualized at the macro scale. In this sense, the
classes presented in this chapter’s figures have been simplified to highlight the most
prominent visible elements at each scale.

Mapbiomas employs various techniques to ensure the accuracy of its data. The
Collection 8.0, which includes data from 1985 to 2023, has a global accuracy rate
for legends of 84 to 90%.!

In addition, other data were gathered for this chapter’s maps and analysis. The
data from the Indigenous Territories is accessible at the National Foundation of
Indigenous People’s geospatial data server (FUNAI, n.d.). Additionally, data from
the conservation units is accessible at the Brazilian Ministry of the Environment
(MMA, n.d.).

'"More information about the MapBiomas method and accuracy can be found at: https:/brasil.
mapbiomas.org/en/estatistica-de-acuracia/colecao-8/ (accessed 1 November 2023).
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3.3 Land Use Change and Exploitation
of the Amazon Region

3.3.1 International Amazon

The international Amazon is the area of South America originally covered by the
Amazon biome. It is shared by nine countries: Brazil, Peru, Bolivia, Colombia,
Venezuela, Guyana, Suriname, Ecuador, and French Guiana.

Satellite imagery analysis (Fig. 3.1) indicates that the primary drivers of defores-
tation in the International Amazon are related to the expansion of cattle farming and
agriculture. This phenomenon is also related to international markets and the
demand for food crops, meat, and timber. Furthermore, the same drivers are associ-
ated with the use of controlled and uncontrolled fires to remove natural vegetation
cover. This process typically occurs after trees of commercial value have been
removed, with the objective of quicky clearing land for the establishment of crops
or pastures on large properties. This practice is not new: many researchers and jour-
nalists have reported it (Mapbiomas, 2023b; Gibbens, 2019). It is not only extremely
dangerous for the local fauna and flora but it also contributes to greenhouse gas
emissions, climate change, and a deterioration of the air quality in local
communities.

From 1985 to 2020, the Amazon lost 74.6 million hectares of native vegetation.
Of this total, almost 60 per cent occurred in Brazilian territory (Mapbiomas, 2021).
Most deforestation in the Amazon region is the consequence of anthropogenic activ-
ities, particularly cattle ranching and agriculture, as mentioned (Fig. 3.1). These
activities represent 99% of the causes of deforestation, exerting considerable pres-
sure on the remaining forests and their watersheds. This is in accord with findings

Guiana
1985 Venezuela
Suriname
French Guiana

Colombia

Brazil

Bolivia

[} 300km.

Land Use and Land Cover (LULC)

M Urban areas B Forest Pasture I Water (river, lakes) W Another area without vegetation
W savannah W Agriculture I Natural (non-forest) floodable vegetation formation

Fig. 3.1 Land Use and Land Cover in the International Amazon in 1985 and 2022. (Source:
Elaborated by Donoso, using data from Mapbiomas (2022))
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presented by Mapbiomas (2022), de Figueiredo et al. (2020), and Junior and
Dziedzic (2021).

3.3.2 Brazilian Amazon

Researchers concur that deforestation in the Brazilian Amazon has increased since
the mid-1960s, spurred by government-driven decisions made by federal govern-
ment to promote occupation of the region (Hargrave & Kis-Katos, 2013; Pfaff, 1999).

To facilitate occupation, federal and state government infrastructure projects
were undertaken, including the establishment of communication networks, rail-
ways, roads, and dams. The primary objective was the economic development of the
region. These projects were accompanied by colonization and titling initiatives
spearheaded by the military government in power from the 1960s to the 1980s.
Highways and roads were constructed as part of the government’s colonization proj-
ects, which were managed by the Institute of Colonization and Agrarian Reform
(INCRA). The Amazon region received a steady influx of migrants, who were
attracted by a government land donation program and INCRA’s strategy of land
distribution, while Indigenous people who had long lived in the forest were largely
ignored or threatened during the process (Franco, 2019; Dall’igna, 1996; Coy, 1988).

When considering deforestation in the Brazilian Amazon biome, the states of
Rondbdnia, Mato Grosso, and Para stand out (Fig. 3.2). Ronddnia has lost more than
34.3% of its native vegetation area, while Mato Grosso has lost 29.4%. This reflects
the expansion of agribusiness, as evidenced by the case of Rondé6nia, which is a
significant state for meat production (Wenzel et al., 2021; Wenzel & Isensee e S4,
2018). The growth of cattle ranching operations in the Brazilian Amazon was like-
wise the subject of an investigation published in 2024 (Donoso et al., 2024), and the
conversion of forest to pasture areas can be seen in Fig. 3.2.

1985

Roraima

Amazonas

Rondénia

Mato Grosso ¥

o o

Land Use and Land Cover (LULC)
B Urban areas M Forest Pasture Il Water (river, lakes) B Another area without vegetation
B Savannah M Agriculture I Natural (non-forest) floodable vegetation formation

Fig.3.2 Land Use and Land Cover in the Brazilian Amazon in 1985 and 2021. (Source: Elaborated
by Donoso, using data from Mapbiomas (2022))
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Mining has also been identified as a significant driver of deforestation, particu-
larly in the Brazilian Amazon. The pathway to mining-induced deforestation is
through mining companies, which may engage in leasing or off-lease activities that
stimulate nearby town expansion, population growth, railway infrastructure expan-
sion, and the conversion of permanent cropland, as evidenced by the Carajas and
Trombetas mining operations in the state of Pard (Sonter et al., 2017).

Figure 3.3 shows the LULC transition diagram from 1985 to 2022 related to the
Brazilian Amazon biome. In this figure, it is possible to visualize the conversion of
52 Mha of forest to agriculture during the analyzed period.

Figure 3.4 shows the total area of forest cleared prior to 2007. Additionally, it
displays the Indigenous Territories (‘“Territérios Indigenas,” TI) and the Conservation
Units (“Unidades de Conservagdo,” UC). They are territorial designations legally
established by public authorities and include federal, state, district, and municipal
protected areas. The Brazilian legal system of protected areas is based on a dual
legal framework for the National Environmental Policy. This includes two federal
laws: the Federal Forest Code (12.651/12) and the National System of Nature
Conservation Units (9.985/00). UC and TI are both included in the latter (Donoso &
Reicher, 2024). As illustrated in Fig. 3.4, these areas play a pivotal role in combat-
ing deforestation. It can be observed that while deforestation does occur in
Conservation Units and Indigenous Territories, it is less prevalent than in unpro-
tected areas. Figure 3.5 presents some of the key findings from the study.

1985 2022

1. Forest

1. Forest

2. Non Forest Natural Formation

3. Farming

3. Farming 11,593,448.31 ha

5. Water

5. Water

Area in hectares (ha)
Source: Mapbiomas Brazil - Collection 8.0

Fig. 3.3 Land Use and Land Cover transition from 1985 to 2022 at the Brazilian Amazon Biome.
(Source: Elaborated by Donoso, using data from Mapbiomas, 2023a)
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Fig. 3.4 Accumulated deforestation prior to 2007 and the important role of Indigenous Territories
and Conservation Units in conserving native vegetation areas. (Source: Elaborated by Donoso,
using data from Mapbiomas (2021), FUNAI, ANA (2022), de Miranda (2005), and IBGE (2020))

Deforestation Facks Deforestation Facts
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About About

Net loss of native vegetation Net loss of native vegetation
from 1985 to 2022. from 1985 to 2021.

Fig. 3.5 International and Brazilian Amazon biome deforestation facts. (Source: Elaborated by
Donoso, using data from Mapbiomas (2021 and 2023a))

3.4 Land Use Change and Exploitation in the States of Para,
Mato Grosso, Rondonia, and Acre

As illustrated in Figs. 3.1, 3.2, 3.3 and 3.4, the majority of land use change in the
Brazilian Amazon has occurred in the states of Pard, Mato Grosso, Rondonia, and
Acre. This change is primarily attributable to the expansion of agriculture and live-
stock production. The following Figs. 3.6, 3.7, 3.8 and 3.9, depict select examples
of land use cover transition in those states.
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3.5 Discussion

The satellite imagery timeframe analysis allows us to identify key periods of defor-
estation, and it reveals a significant degree of deforestation in the southern, south-
eastern, and southwestern areas of the Amazon in Brazil. This region is known as
the arc of deforestation, and it is related to the expansion of agriculture and cattle
ranching from the states of Pard, Mato Grosso, Rondonia, and Acre. The result is a
landscape comprising a mosaic of forest fragments, with some larger areas of forest
remaining due to the legal framework of protected areas, particularly Conservation
Units and Indigenous Territories. This fragmentation of the forest also contributes
to a less obvious process, forest degradation, which is more visible when visiting
the territory than with remote sensing methods.

Many deforestation factors can be noticed in the arc of deforestation, specially related
with colonization projects, the development of infrastructure and agribusiness. The
states of Rondonia and Par4, for example, saw the development of infrastructure such as
national highways through the forest, along with a settlement policy and federal govern-
ment credit programs that subsidized agricultural loans and land redistribution carried
out by INCRA, all intended to encourage greater occupation of the Amazon region.

Para also saw a significant influx of migrants and the implementation of infra-
structure projects. The establishment of a free trade zone in Manaus was also a
government strategy to promote the occupation of the Amazon and the beginning of
a significant deforestation trend in the rainforest. Governmental land distribution in
the region was accompanied by illegal land distribution and occupation. Some
migrants came not in search of land, but hoping to benefit from rubber exploitation
or by finding cassiterite, gold, or trees with commercial values, such as mahogany.

Mato Grosso represents a distinct case: the colonization process commenced
earlier with a series of actions, commencing in 1892, when land was transferred
from the federal to the state government by the Republican Constitution. This initi-
ated a “legal” fraud that transferred public lands to the private domain. However,
this process was later regularized by colonization projects beginning in 1930 onward
(1994). Mato Grosso is also unique because it includes three biomes: the Amazon,
Cerrado (tropical savannah), and Pantanal (wetlands), as seen in Fig. 3.7. At pres-
ent, the most deforested biome in the state is in fact the Cerrado, due to the expan-
sion of cattle ranching and soya bean production, which is linked to the feeding of
livestock.

The urban development of Ronddnia began with two key infrastructure projects
in the early twentieth century. The first was the construction of the Madeira-Mamoré
railway between 1907 and 1912. The primary goal of this initiative was to improve
the transportation network by reducing the distance between production centers and
facilitating the transport of rubber. The second key development was the establish-
ment of a telegraph network, which occurred between 1907 and 1915. Subsequent
colonization projects would lead to increased migration from other parts of Brazil
and changes in land use. The next chapter provides additional information about the
history of Rondonia.
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3.6 Conclusion

This chapter has highlighted the multiple causes of deforestation in the Amazon and
shown that deforestation is primarily the result of human activities.

The deforestation of the Brazilian Amazon can be attributed to a multitude of
factors. Researchers have identified the growing search for wood, agriculture, and
meat products as the primary drivers of accelerated deforestation in the Amazon.
Other researchers have also highlighted the infrastructure development, including
road, railways, and water dams, and also land occupation programs developed by
the Brazilian government dating back to the 1960s.This establishment of urban
settlements by INCRA colonization projects also contributed to deforestation
related to infrastructure, as the necessary connectivity between the new cities
encouraged the felling of trees by illegal settlers seeking available areas and wood
to exploit.

It is crucial to note that the construction of new road axes also facilitates illicit
lodging and the transport of commercial wood. Satellite imagery makes it possible
to identify deforestation patterns following roads, a process known as “fishbone
deforestation,” due to the distinctive shape of the forest paths in relation to the main
road. All these drivers have encouraged the expansion of rural activities and urban
settlements within the Amazon region, the exploitation of the Amazon’s natural
environment, and subsequent deforestation.

The satellite imagery analysis revealed the crucial role of Conservation Units and
Indigenous Territories in the protection of the biome in the Brazilian territory. These
areas are part of the Brazilian legal system of protected areas, specifically, the
National System of Nature Conservation Units. Deforestation has primarily occurred
on unprotected land, where it is illegal to conduct extractive mining and agribusi-
ness activities. Consequently, it is imperative to expand the legal framework to
encompass other territories that are currently not legally protected. Enhancing law
enforcement is also crucial, along with robust collaboration at the local legal level
to implement sustainable practices.

This book chapter aimed to present information about and increase awareness of
deforestation in the Amazon region. It concludes by emphasizing the vital role of
remote sensing technologies in producing knowledge about land use change. In
conjunction with the active involvement of local communities, these technologies
can support the implementation of legal sanctions and facilitate knowledge sharing
and future planning.
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Chapter 4 ®
Layers of the Anthropocene: Occupation e
History of Rondonia

Mayumi Cursino de Moura Hirye and Veronica Garcia Donoso

Abstract This chapter provides an overview of how the territory of Rondonia state
in the Brazilian Amazon region was settled. The method is bibliographic research
and satellite imagery analysis. This chapter is organised into sections that divide the
historical period into three so-called Anthropocene layers: original layer, the first
layer, and the second layer. It concludes that the history of occupation of the region
has been marked by the exploitation of natural resources in different phases of the
economy, the main one being the colonisation that began in the 1960s. Finally, the
Ronddnia region has been affected by large-scale deforestation and the exploitation
of its natural resources, such as forestry, minerals, and the expansion of agriculture.
The only remaining almost unaffected areas are protected forest areas and indige-
nous lands.

Keywords Amazon Rainforest - Rondonia - History - Colonisation - Deforestation

4.1 Introduction

Ronddnia is a state in northern Brazil with a very rich history of occupation, related
to economic interests, infrastructure, and political projects for the occupation of the
Amazon region. The region’s history is related to indigenous groups, quilombolas,
migrants, and settlers, and several disputes between these groups. Surprisingly,
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these disputes are mostly from recent periods, especially from the beginning of the
XX century. The history of the occupation of this territory is also marked by the
exploitation of nature during different economic cycles, such as rubber and miner-
als, but above all by the colonisation process that brought migrants to develop the
region towards agriculture and farming practices.

The administrative recognition of Ronddnia as a state was only in 1982, and
previously the region was a National Territory, called Guaporé, named after the
Guaporé River, in the border between Brazil and Bolivia. Its history is specially
related with the arrival of migrants from the beginning of the XX Century onwards
(Celestino & Silva, 2015). At that time, Brazil and Bolivia signed the Treaty of
Petrépolis for the construction of the Madeira-Mamoré railway, a desired infrastruc-
ture to connect the region and to transport rubber production. Also at that period, an
adventurous journey to connect the Amazon region by a telegraph line was con-
ducted by a Marshal whose name inspired in the following decades the state name,
the Marshal Candido Rondon.

In this chapter, the history of the occupation of Rondonia will be treated as the
different layers of the Anthropocene. This history will be explored in three sections:
firstly, the history of indigenous occupation will be addressed; together with the
history of the quilombolas and the African heritage in the Amazon region; secondly,
the exploitation of rubber and also the mining activities, both as economic cycles
that triggered waves of migrations will be analysed; and finally, in the third section,
the arrival of migrants through the Brazilian colonisation projects from the 1960s
onwards will be discussed.

4.2 Original Layer: The History of Indigenous Occupation
and the History of the Quilombolas and the African
Heritage in the Amazon—Records from Geoglyphs
and Archaeological Sites

The first records of occupation of the Amazon territory show the presence of settle-
ments of diverse indigenous tribes approximately 14,000 years ago. The Europeans
arrived at the region only in the sixteenth century, following new periods of dispute
and occupation of the territory by diverse social and cultural groups.
Archaeological analyses show not only when humans were present in the
Amazon rainforest but also provide insight into their way of life and social struc-
ture. In this sense, archaeological studies have had different conclusions.
Archaeological exploration of the Amazon dates back to the second half of the nine-
teenth century, and in the 1950s, scholars began to conceptualise the economic,
social, and political framework of indigenous communities living in the Amazon
and other tropical forests of South America under the umbrella of tropical forest
culture. These studies suggest that the development of tropical forest cultures
involves a combination of local adaptation and external influences. The presence or
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absence of metallurgy refinements, as well as traces indicative of the cultivation of
tubers like cassava and the development of river navigation techniques, have been
analysed. These factors led to the distinction, in Amazonian archaeology, between
floodplain and dryland environments (Neves, 2000).

In contrast, archaeological research conducted in the 1960s revealed the culture
of riverside communities through ceramic remains. The so-called ceramic horizons
for the forest were identified based on the ornaments and types of seasonings found
within the ceramic remains of the forest (Neves, 2000).

Since the 1980s, recent investigations on the culture of communities originating
in the Amazon have focused on soil studies. These studies analyse the so-called
black lands, which are soils with very dark sediments that indicate fertility in
archaeological sites. Although the origin of these sediments remains unclear, they
may suggest long-term, uninterrupted occupancy. Further studies conducted in the
1990s examined the multilingual system of the indigenous communities and linked
them to the archaeological analysis of ceramics in order to identify any connections
between ethnic divisions. Despite suggestive links being discovered, the analysis
does not provide definitive conclusions (Neves, 2000).

In summary, the archaeological studies do not necessarily provide definitive con-
clusions, but suggestions about Amazonian history of its social structures. Most of
the studies provided evidence that suggest that Amazonian social formations
involved the movement of people and goods across areas of the Amazon basin, and
with reasonable linguistic, economic, and ecological diversity (Neves, 2000).

More recent estimations state that over 80,000 indigenous people resided within
the territory of Rondonia throughout the 1930s and 40 s. Anthropologist Lévi
Strauss estimated that he encountered more than 50,000 during his expedition along
the Pimenta and Machado rivers, as cited in his book Tristes Tropiques, originally
published in 1955 (Strauss, 1986).

Marshal Rondon’s expedition not only extended the telegraph line in Rondénia
but also identified and located indigenous peoples with the assistance of the Indian
Protection Service (SPI). Furthermore, the SPI offered treatments for illnesses and
skills training to indigenous people during the expedition and the establishment of
urban centres. However, this altruistic act led to the spread of diseases amongst
indigenous communities. This initial impact was followed by further conflicts due
to the arrival of explorers such as rubber tappers and miners as well as migrants
from colonisation projects in the 1960s. According to data, the number of identified
indigenous people decreased dramatically from 80,000 in 1922 to only around
2000 in 1980 (Ferreira, 2017).

Indigenous lands of the Amazon have historically experienced multiple waves of
migration at various points in the territory’s history, largely due to economic cycles
such as the rubber boom, which brought rubber tappers and slave migrants into the
forest area. The Amazon region was marked by two centuries of slavery. Enslaved
individuals who sought freedom managed to escape and sought refuge in the forest,
where they established quilombos. Some of these Amazonian quilombos were dis-
covered in the Bolivian territory of the Guaporé River Valley in approximately
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1734, resulting from the expansions of Sdo Paulo explorers seeking gold on the
Guaporé River.

The discovery of gold on the Guaporé River in 1734 led to a new front of occupa-
tion. To assure the possession of the Guaporé mines, the colonial government built
the Royal Fortress of Principe da Beira. Both for the gold extraction and for the
fortress construction, the slave labour was introduced into the Guaporé valley (Cruz,
2013). In the fight for the freedom of slaves lies the origin of quilombos, which are
settlements established by escaped slaves that can be seen in the Ronddnia state
today. The 1988 Brazilian Constitution gave quilombolas (escaped slaves or their
descendants) the right to regularise their land tenure. Today there are 8 quilombos
legally recognised in Rondénia State (Fundagdo Palmares, 2023).

Historical records suggest that the inhabitants of quilombos and the original
indigenous populations had interactions. Over time, the inhabitants of quilombola
communities settled in the forest and engaged in activities such as agriculture and
extraction (Cruz, 2013). And their rights are safeguarded by various treaties, agree-
ments, and declarations, emerging from 1948 and starting with the Universal
Declaration of Human Rights (UN, 1948), with a emphasis on the Brazilian
Constitution of 1988.

The Amazon encompasses a community of diverse ethnicities, cultures, and his-
tories. As a result of the intricate plural scenario of forest inhabitants, they are
referred to as “traditional peoples and communities” or “Forest Peoples”. The forest
inhabitants are indigenous people, quilombolas, riverside dwellers, rubber tappers,
chestnut growers, fishermen, and others. They sustain their livelihood by hunting,
fishing, traditional farming, nut harvesting, rubber tapping, and mining. The unique
circumstances of each group lead to the development of distinct cultural and territo-
rial features, including unique identities and challenges.

4.3 First Layer: Rubber Exploitation and Mining—
Economic Cycles that Brought Waves of Migrants
to the Region

The economic occupation and settlement of population centres in Rond6nia was
motivated by the exploitation of rubber at the end of the nineteenth century. It is also
linked to the Brazilian-Bolivian border. Before the nineteenth century, on the
Bolivian side, the Spanish explorers had not managed to penetrate the forest areas,
limiting themselves to the savannah areas, known as Llanos de Mojos. Particularly
suited to the savannah environment, the raising of cattle, horses, and mules sus-
tained the settlements and remained an important economic activity in this region.
In 1842, the Bolivian government created the department of Beni, covering the
entire north-western part of the country, in order to encourage the colonisation of
the east.
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On the basis of Jesuit and colonial occupation, the exploitation of rubber began
in the following century in the extensive forest areas of the region between Bolivia
and Brazil (Block, 1994; Fifer, 1970). In the Brazilian Amazon, rubber was the
main economic activity in the nineteenth century. Commercial rubber production
began near Belém (State of Pard) between 1825 and 1850. It expanded along the
Xingu and Tapajos rivers, reaching the Madeira and Purus rivers between 1850 and
1870 (de Santos, 1980). In the 1860s, rubber tappers were already observed work-
ing along the lower Purus and Madeira Rivers (Vergara, 2013). In 1878, Jodo Gabriel
de Carvalho e Melo from the state of Ceard founded the first rubber plantation in the
Brazilian territory of Acre (de Pontes, 2014), which was still Bolivian territory at
the time. The expansion of this activity by Brazilians in Acre territory led to negotia-
tions between the governments of Brazil and Bolivia, which resulted in the Treaty
of Petropolis, signed in 1903. The Brazilian government recognised that Bolivia had
legal rights to the disputed territory and the agreement was signed with compensa-
tion to Bolivia for the definitive transfer of Acre to Brazil. Among the commitments
made by Brazil were the transfer of the Brazilian rubber tappers from the left bank
of the Madeira River to its confluence with the Abund River and the construction of
the Madeira-Mamoré railway, which would allow Bolivian products to flow to the
Atlantic ports.

At the end of the nineteenth century, other attempts to build this railway had
already failed due to the lack of specialised labour, conflicts with the indigenous
communities, lack of knowledge of the physical aspects of the region, and epidemic
diseases (Ferreira, 2005). In 1907, however, construction began on the “Madeira-
Mamoré Railway Co.”, which opened in 1912 and offered an alternative to the
Madeira River and its waterfalls for the transport of rubber. The city of Porto Velho
emerged from the housing nucleus for the company’s employees, which emerged
around the train station (IBGE, 1957). The railway also gave rise to the town of
Guajara-Mirim, at the end of the line. Other towns sprang up along the 366 km
railway. It is also important to note that when the railway was inaugurated in 1912,
its importance had greatly diminished due to the fall in the price of rubber and the
new Chilean and Argentine railways, which also transported Bolivian products
(Ferreira, 2005). Currently, the BR-425 highway overlaps a large part of the
Madeira-Mamoré railway route.

In 1907, the Commission for the Strategic Construction of Telegraph Lines from
Mato Grosso to Amazonas was set up to connect Cuiabd, in the state of Mato
Grosso, with Santo Antdénio do Madeira, in the then state of Amazonas. Santo
Antonio do Madeira was very close to the site of the village that would become
Porto Velho. The commission was headed by Marshal Candido Mariano da Silva
Rondon, and its purpose was not only to establish communications, but also to sig-
nal the intention to definitively occupy the territory, including the creation of settle-
ment centres (S4, 2009). The line was inaugurated in 1915 and, like the
Madeira-Mamoré Railway, it was little used, although for a different reason: its poor
functioning. The original objective of extending it to Manaus was abandoned, as
telegraphic technology was already becoming obsolete. However, Marshal Rondon’s
expedition led to the creation of several urban settlements, some of which still exist
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today, such as Pimenta Bueno, Ji-Parand and Ariquemes (Browder & Godfrey,
2006), in addition to serving as a basic route for the opening of the BR-364 high-
way, linking Cuiab4 to Porto Velho.

The decline in demand for rubber exports between 1930 and 1940 also encour-
aged other economic cycles, such as the collection and processing of Brazil nuts,
which finally replaced rubber exploitation in 1980. In the region between Bolivia
and Brazil, many communities were established on the banks of the region’s navi-
gable rivers for extractive activities, such as the Beni and Madre de Dios rivers. On
the other hand, the fluctuations and changes in extractive activities also stimulated
various population movements, with periods of population decline and growth.

In Rondonia, between the 1940s and 1960s, there were short economic cycles
linked to the exploitation of rubber, and later cassiterite, which led to a flow of
migration to the region, with the strengthening of the urban centres of Porto Velho
and Ariquemes. This took place and developed in the form of manual mining,
attracting a significant flow of immigrants to Ronddnia. Local production already
represented about half of the national amount in the early 1960s, after having
reached its maximum in the 1970s with 4.7 thousand tons of tin ore, about 70% of
the national amount, remaining as the main national production area until the early
1980s. Initially, exploitation was carried out in a rudimentary and individual man-
ner, controlled by rubber tappers, who did not have legal rights to exploit. From
1971, cassiterite mining also began to be carried out industrially, remaining parallel
to the mining method, in addition to mixed forms, industrial/manual. In 1987, a
large deposit of cassiterite was discovered in the municipality of Ariquemes and
soon became a major attractor of miners and those displaced from other industrial
cassiterite ventures across the state, giving rise to Garimpo Bom Futuro. The opera-
tional framework implemented in this mine, affording miners partial control over
production in conjunction with industrial exploration companies, underscores the
challenges inherent in legal and industrial mining practices in the state of Rondonia
(Dall’igna, 1996).

The mineral extraction movement developed further with the discovery of allu-
vial gold deposits in the Madeira River and in the nearest hydrographic network.
This activity, which continued until recently, mobilised a large number of ferries
and dredgers in a highly predatory and impactful activity that attracted a new wave
of migrants.

The increase in the population in Rond6nia was no longer limited to a specific
area—the population and economic activities were directly linked to the water sys-
tem, which was practically the only means of transport available, with the beginning
of the construction of a road system that became a competitor for the establishment
of new populations and productive activities. This process began in the second half
of the 1950s and was planned as part of the implementation of the Amazon Economic
Development Plan.
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4.4 Second Layer: The Arrival of Migrants Through
the Brazilian Colonisation Projects: Peaks
of Deforestation Linked to the Development
of Agricultural Activities

This third stage in the history of Rondonia took place between the 1960s and 1980s
and marks the real intensification of the occupation of the territory, with colonisa-
tion projects that settled migrants in the region, causing urban expansion, agricul-
tural, and livestock expansion and, consequently, deforestation.

The infrastructure development of highways and roads in the Amazon region was
a turning point for deforestation and urbanisation of regions, and occurred in many
states. The BR-364 highway, implemented over the axis of the telegraph line, was
inaugurated in 1960, linking Ronddnia to Mato Grosso state. Public and private
colonisation projects were opened for small farmers as result of the land grants
made by the federal government through the Institute of Colonisation and Agrarian
Reform (INCRA).

In the 1970s and along the BR-364 highway, INCRA was responsible for provid-
ing land and marking territorial units in Rondonia to settle the arriving migrants.
The incentives offered by the federal government attracted a new and large flow of
immigrants. Agricultural activities developed rapidly, especially in the State of
Rondbnia, supported by the good quality of the soil and some important infrastruc-
ture works, although logistics still represented a major bottleneck for the develop-
ment of the production structure. Decree-Law No. 1164 of 1971 placed a large part
of the territory of Rond6nia under the exclusive control of INCRA, which over-
lapped with an intense autonomous flow of small and medium producers who occu-
pied vacant land. Between 1971 and 1975, five Integrated Colonisation Projects
(PICs) and two Managed Settlement Projects (PADs) were implemented, all based
on plots of 100 ha, with the exception of PAD Barreiro, where the plots were 250 ha
(Coy, 1988).

Spatially, the settlements were concentrated along the BR-364. The area between
the BR-364 axis and the banks of the Guaporé, Mamoré and Madeira rivers was
protected from the intense deforestation process that preceded the occupation of the
settlement. This was due to the establishment of indigenous and forest areas. Only
one settlement was established on the banks of the Madeira River: Sidney Girao, in
1971, currently municipality of Nova Mamoré (Coy, 1988).

Over the course of its history, INCRA has settled just over 40,000 families in
Rondbnia. These settlements seldom formed economically significant urban cen-
tres, as they generally remained focused on mainly subsistence activities, with a
severe lack of logistical infrastructure and technical and credit support. In this way,
they survived painfully in a slow process of disintegration, later accelerated by the
expansion of cattle ranching and soya farming. Nevertheless, an important compo-
nent of family farming has remained in the economic base of the area, whose resis-
tance has been strengthened by a series of support programmes, despite the
persistence or even localisation of impulses that dismantle this type of social
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organisation of agricultural production. Despite the widespread expansion of agri-
business, the rural segment, institutionally known as family farming, in Rondonia
comprises more than 75 thousand agricultural holdings and accounts for around
81% of the total of agricultural holdings, according to the last Agricultural Census
(IBGE, 2017).

INCRA also manages distinct forms of settlements aimed at the sustainable
exploitation of natural resources. The ‘Extractive Reserve’ (RESEX) is a type of
conservation unit, recognized by state or federal law, where the areas, publicly
owned, have their use granted to traditional extractive populations. These areas are
intended to be “used by traditional extractive populations, whose livelihoods are
based on extractivism and, complementarily, on subsistence agriculture and small-
scale animal husbandry, with the basic objectives of protecting the livelihoods and
culture of these populations and ensuring the sustainable use of the natural resources”
(Law No. 9.985, of July 18, 2000). The recognition of RESEXs as a settlement
project by INCRA facilitates the access to finance and support from the Agrarian
Reform Programme. Presently, there are 25 RESEXSs in Rondonia, established since
1990, housing communities engaged in rubber extraction, chestnut harvesting, and
the limited-scale production of forest commodities such as copaiba oil.

Within the 1970s decade, the population grew at an impressive rate of 16%
per annum, with rural population growth (18% per annum) exceeding urban popula-
tion growth (14% per annum). Throughout the following decade (1980s), the growth
rate halved, still the absolute number of inhabitants augmented by 642 thousand,
following the completion of the BR-364 in 1984. In this decade, Rondonia state
witnessed a peak in migration, when it is estimated that around 2500 families arrived
in Ronddnia per month (Browder & Godfrey, 2006). In order to absorb all the
demand for land, INCRA adopted different settlement patterns from 1980 onwards,
with plots of up to 50 hectares. Thus, during this period, INCRA settled just over 44
thousand families (Coy, 1988), which is small compared to the population contin-
gent of one million people who arrived in Rondo6nia between 1970 and 1991
(Fig. 4.1).

Of the number of migrants, more than half, around 600 thousand people, settled
in cities (IBGE, 2023). In this way, the opening of the agricultural frontier also
modified the incipient urban network of Rondénia, which until then had been sup-
ported by Porto Velho and Guajard-Mirim, as a result of previous economic cycles.
Many places were created to support the new settlements, while at the same time the
places that had been telegraph stations gained dynamism. Ji-Parand, thanks to its
location on the Machado River and the support of the State at the beginning of colo-
nisation, took the position of regional centre, becoming the second most important
city in the state, after the state capital.

The colonisation projects’ cycle was marked by widespread deforestation. The
first major industrial segment in the region was timber—which came to have great
local expression in terms of labour absorption and production and is currently in
decline and in search of sustainable development alternatives. As part of the process
of opening up the agricultural frontier, there was the creation of numerous sawmills
and timber industries, which established themselves in the region’s pioneering
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Fig. 4.1 Population in the State of Rond6énia—1950 to 2010. (Source: Elaborated by Hirye, using
data from IBGE, Instituto Brasileiro de Geografia e Estatistica (2023, Censo Demografico, Tabela
1288—Populacdo nos Censos Demograficos por situagdo do domicilio. Available at: https://sidra.
ibge.gov.br/tabela/1288, accessed on 20 Nov. 2023))

frontiers. Initially, only timber of high commercial value, such as mahogany and
amburana acreana, was harvested. With the opening of new roads and the advance-
ment of the agricultural frontier, lumbering became widespread, and this sector was
responsible for important exports to the Southeast, the widespread absorption of
available labour, and the creation/consolidation of numerous towns.

The national and international repercussions of the strong environmental impact
of urban and rural expansion in Ronddnia led to the conception of the Agricultural
and Forestry Plan of Rond6énia (PLANAFLORO), approved in 1992.! This plan
strengthened the approach to the management, conservation and development of
natural resources, combined with socio-economic and ecological zoning, in order to
reconcile development and environmental protection. In this context, a distinction
was made institutionally between regions from Rondonia that could be the subject
of incentives for agricultural development and those that would be the subject of
incentives for conservation, with the definition of new legally protected areas (con-
servation units and indigenous lands). As a main result, the entire eastern part of
Ronddnia was defined as an area of intensification of agricultural use, while the
western part was responsible for the allocation of large areas still preserved for their
institutionalisation as conservation areas, with practically the only counterpart

'That year, the United Nations Conference on Environment and Development (UNCED), Rio-92
or Eco-92, was held in Brazil and the United Nations Framework Convention on the Environment
was created. The main objective was to stabilise the concentration of greenhouse gases in the
atmosphere, and the main results achieved were the establishment of Agenda 21 and an agreement
called the Convention on Biological Diversity.
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being the establishment of a free trade area (SUFRAMA), complemented by tax
incentives (Rondonia, 1989).

In this context, the differentiation between the State’s regions was accentuated.
The one with the oldest occupation, corresponding to the Madeira-Guaporé mesore-
gion (the first dynamic axis of the economy of Rondonia) had as characteristics a
situation of relative isolation, subsequently observing a broad expansion of live-
stock farming, with the exception of Porto Velho, which is more dynamic. The east-
ern part of Rondo6nia has become more dynamic, with agriculture, and agroindustry
in particular, continuing to expand.

The LULC data delineates dramatic changes in Rondonia, wherein the initial
forest coverage underwent a substantial reduction to 62% as compared to the base-
line year of 1985, diminishing from 21.5 million hectares to 13.3 million hectares.
Concurrently, agricultural areas, predominantly occupied by pasture, exhibited a
nearly sixfold expansion, escalating from 1.7 million hectares to ten million hect-
ares (Fig. 4.2).

In the period 2000-2010, a greater rural-urban migration was observed as a
result of land concentration processes, in parallel with the increase in urban popula-
tion growth rates. More recently, there has been an increase in the area devoted to
crops with higher added value, in particular soya and maize, in contrast to the situ-
ation in livestock farming, as annual crops have taken over the former pastureland,
which is now in decline or stagnation in several municipalities in the southeast of
the state.

In the 2000s, with the installation of the Jirau and Santo Antdnio hydroelectric
plants, a new cycle of economic dynamism and attraction for the migrant population
began: the cycle of large hydroelectric plants (total installed capacity of 6500 MW)
implemented on the Madeira River. Santo Antdnio, located about 10 km upstream
from Porto Velho, became operational at the beginning of 2012. Jirau, 120 km
upstream from Porto Velho, began operating in September 2013, reaching full
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Fig. 4.2 Land use and land cover in the state of Ronddnia—1985 to 2022. (Source: Elaborated by
Hirye, using data from MapBiomas Project (2023) Collection 8 of the Annual Series of Land Use
and Land Cover Maps of Brazil. Available at: https://brasil. mapbiomas.org/en/estatisticas/,
accessed on 20 Nov. 2023)
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capacity in 2016. The forced resettlement of families affected by the environmental
impact of the hydroelectric plants, combined with the arrival of workers, led to an
increase in urbanised areas, with the growth of the city of Porto Velho and the cre-
ation of new urban centres. The Santo Antdnio Consortium built some urban nuclei:
Vila Nova de Teotdnio, Morrinhos, Santa Rita, Parque dos Buritis, on the right bank
of the Madeira River, and Engenho Velho, Sao Domingos and Riacho Azul, on the
left bank. In addition to these villages, several families were relocated to the INCRA
Joana D’Arc I, 11, and III settlements. The Jirau plant completely affected the dis-
trict headquarters of Mutum Parand. As a compensatory measure, Nova Mutum
Parand was created about 50 km north of the original site, on the banks of the
BR-364 and close to the plant’s construction site (ESBR, 2012).

4.5 Conclusions

Rondbdnia has a unique history of occupation shaped by diverse movements in the
Amazon region, as highlighted by significant moments described in this chapter.
These dynamics are seen in the contemporary landscape (Fig. 4.3), characterised by
a juxtaposition of protected areas, wherein the presence of indigenous communities,
quilombolas, and extractivists plays a pivotal role in preserving forest, and farming
areas, opened by migrants and occupied predominantly by pasture. Cities are situ-
ated along the communication axis, initially following the Madeira-Mamor€ rail-
road and subsequently gravitating towards the more dynamically evolving
BR-364 axis.

Overall, the history of occupation of the region has been marked by the exploita-
tion of natural resources during different economic periods. Additionally, the devel-
opment of infrastructure projects, such as railways, telegraphs, highways, and
hydroelectric plants, had various impacts on the original flora, fauna, and popula-
tion throughout history.

However, the area is mostly remembered for its colonisation process, which
prompted migrants to concentrate on agricultural and farming activities. This recent
period of occupation had an enormous impact on the Amazon rainforest, resulting
in the deforestation of forested areas, mainly due to the opening of the BR-364
highway and the arrival of settlers from colonisation projects developed by INCRA
in the 1960s.

From the 2000s, in addition to the already mentioned impacts on the forest, fur-
ther environmental and social issues arose due to the building of two hydroelectric
power stations.

Finally, the region of Rondonia is encountering significant deforestation and the
exploitation of its natural resources, including forestry, minerals, and agricultural
expansion. Only the forest regions that fall under the protection of conservation
units and indigenous lands remain untouched.
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Fig. 4.3 Layers of the Anthropocene: Ronddnia State in 2022. (Source: Elaborated by Hirye,
using data from MapBiomas Project (2023) Collection 8 of the Annual Series of Land Use and
Land Cover Maps of Brazil. Available at: https://brasil. mapbiomas.org/en/estatisticas/, accessed
on 20 Nov. 2023; IBGE, Instituto Brasileiro de Geografia e Estatistica (2019) Base cartografica
continua do Brasil ao milionésimo: BCIM. Available at: https://www.ibge.gov.br/geociencias/
cartas-e-mapas/bases-cartograficas-continuas/15759-brasil.html, accessed on 28 Nov. 2023 and
FUNAI Fundacio Nacional do Indio (2023). Terras Indigenas do Brasil: dados geoespaciais.

Available at: https://www.gov.br/funai/pt-br/atuacao/terras-indigenas/geoprocessamento-e-mapas,
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Chapter 5 ®
Water-Sensitive Urban Design in Porto e
Velho

Anshia Singla and Ozge Aktiirk

Abstract This chapter focuses on the capital of the state of Rondonia, Porto Velho,
in the Amazon region, to develop solutions for the water system. Through green and
blue infrastructure, it aims to address urban flood adaptation measures. To this end,
water-sensitive urban design solutions have been developed to meet the needs of the
different zones. Due to its proximity to the Madeira River, the city faces increasing
risk of flooding, as climate change increases. This chapter analyses different adapta-
tion strategies to reduce the impact of urban flooding. The methodological frame-
work includes literature review, mapping, and analysis through the use of remote
sensing technology and design tools. The strategies include improving urban design
and creating flood-resilient construction, early warning systems, sustainable drain-
age, and community involvement programmes. By implementing a comprehensive
flood adaptation policy, Porto Velho aims to increase its resilience, protects vulner-
able social groups, and promotes sustainable urban growth in the face of increasing
flood risks.

Keywords Porto Velho - Urban floods - Climate change - Sustainable drainage -
Floodplain management

5.1 Introduction

The Amazon River Basin is a dynamic ecosystem, and much scientific research is
being done in order to understand its water cycles (Paca et al., 2020; Tian et al.,
2021; Giffard et al., 2019).

It is quite evident that climate change and land use changes, such as deforestation
and the expansion of agriculture and cattle ranching, are affecting the ecosystem
(Figueiredo et al., 2020). The Amazon River Basin affects the hydrological cycle at
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regional and global scales, as it is considered to be the world’s largest river system,
covering ~40% of South America. The hydrological cycle of the rainforest affects
the total global terrestrial evapotranspiration as well as the global moisture air mass
fluxes (Vergopolan & Fisher, 2016; Field et al., 1998; Tian et al., 2021). Floods are
also particularly relevant in this changing scenario. Research has shown that extreme
droughts are becoming more frequent and intense. Urban areas are particularly
affected by climate hazards such as flooding and sanitation.

The Amazon River has the largest river by volume in the world, contributing
about 17% of the world’s river discharge to the major oceans (Giffard et al., 2019).
The Madeira River is the largest tributary of the Amazon River, representing 23% of
the Amazon basin watershed. It flows northward, in a total of 3352 km from Bolivia
to Brazil. It also was the largest water volume and sediment flow among its tributar-
ies, counting about 50% of the Amazon River’s sediment (Li et al., 2020).

The state of Rondonia is located in the Amazon region in the northern part of
Brazil. The region of Ronddnia was the land of several indigenous groups until the
arrival of the colonizers. This territory was first part of other states, such as the State
of Amazonas and the State of Mato Grosso. It was the result of a political agreement
between Brazil and Bolivia for the construction of the Madeira-Mamoré Railroad
(Petrépolis Agreement, 1903), which was also related to the history of its capital,
Porto Velho. It was only in 1943 that the state region was transformed into its own
territory, named Guaporé Territory. In 1956, the name was changed to Rondénia, in
honour of the marshal Candido Rondon, who explored the region (IBGE, 2023).

The capital of Ronddnia state, Porto Velho, is the major city in the Madeira
watershed. It has a population estimated at 519,531 inhabitants for the year 2019,
and in 2000 the population was 334,661 (IBGE, 2023). It has an area of 34,096 km?>—
the largest Brazilian capital in territorial size. The History of the Madeira Mamoré
Railway and the rubber production are interlinked, that is why it was chosen as the
site for the construction of the port, which was also a hub for transporting the rubber
extracted in the forest areas to be sent to international markets, such as the USA
and Europe.

The water supply in Porto Velho began with the construction of three reservoirs
to supply water to the families of the workers of the Madeira-Mamoré Railway. The
first reservoir was built in 1910, and the other two in 1912. The capacity of each
reservoir was 200,000 L, which supplied water to the capital by gravity until 1957
(STRM Data). Two recently constructed run-of-the-river dams (Santo Antonio and
Jirau), along the Madeira River in Brazil, have been controversial due to their large
unquantified impacts on (1) land use and land cover (LULC) and (2) on the area that
would be flooded (Emilio Moran, MDPI).

Porto Velho rainfall regime is defined by a rainy period from November to April
and a dry period from June to September, with May and October considered as
transitional months (Bezerra et al., 2010).

Brazil in general has a very vast geography and a very irregular development
pattern, therefore urban planning has to be planned for each specific situation. The
urban issues in Rondonia cities area related to the diversified and uneven
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distribution of resources, and it also leads to unplanned growth of the city, resulting
in rapid urbanization.

In Rondo6nia, the specific reasons for the rapid urbanization were the enormous
increase in the migrant population, which led to an increase in the need for infra-
structure and employment opportunities, as well as the need to convert forest land
to agricultural land and build additional houses (Moran, 1993), which were direct
results of the Brazilian colonization programme implemented in Rondonia since
1964. This increased deforestation and forest fires, disturbing the ecological balance
in the rainforest (REUTERS, Jake Spring). Agriculture expansion in the Brazilian
Amazon has been driven not only by large-scale agriculture and cattle ranching,
both of which have put considerable pressure on remaining forests and their
watersheds.

5.2 Historical Background

Porto Velho has deep historical roots, dating back to the monumental construction
of the Madeira-Mamoré railway in the year 1907. It was this ambitious project that
set the stage for the city’s development, a transformation that would shape its iden-
tity and trajectory. Although Porto Velho was not officially recognized until 1914,
the seeds of its establishment as a major urban centre had already been sown
(Britannica, Amy Tikkan).

The pivotal year of 1934 brought about a significant change, as Porto Velho
assumed the prestigious position of being designated as the capital city of Guapor€.
This strategic transition marked a turning point in the city’s course, consolidating its
administrative importance and putting it on the regional stage. However, it was the
year 1987 that cast a long shadow over the city’s environmental equilibrium. The
initiation of large-scale deforestation activities triggered a domino effect that had
far-reaching consequences for both the city and its surrounding ecosystem. The
effects of this decision would reverberate through time, reshaping landscapes and
ecological dynamics (ESA, Lars From).

The early 1990s ushered in a new wave of change for Porto Velho—this time
driven by an influx of immigrants seeking opportunities and a better quality of life.
This population surge put Porto Velho in the spotlight as an emerging urban centre,
requiring a comprehensive reassessment of its infrastructure, services, and urban
planning strategies. The city found itself at a critical juncture—how to accommo-
date this population boom while respecting the environment and striving for sus-
tainable growth.

In essence, Porto Velho’s journey from its origins during the monumental con-
struction of the Madeira-Mamoré Railway to its current position as a recognized
urban entity is a story of adaptation, resilience, and profound transformation. The
city’s historical timeline is a testament to the complex interplay between human
ambitions and the delicate balance of the environment.
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5.3 Research Question

Our study began with an in-depth study of the urban area of Porto Velho, with a
focus on understanding the water-related issues. The analysis allowed the formula-
tion of seven research questions, each one revealing new levels of challenges to
guide possible solutions to improve the urban water problems. The research ques-
tions are:

. What are the main needs to manage urban flooding in the case of Porto Velho?

. Who are the main actors involved in the city of Porto Velho?

. How can flood adaptation measures be implemented in cities?

. What are the opportunities associated with adaptation strategies for flood
management?

5. Depending on the context, which measures dealing with urban flooding can be

considered the most effective to manage floods in Brazil?

6. What are the main advantages and limitations of these solutions?

7. How can these measures be applied in the spatial planning of concrete areas of

the city of Porto Velho? What about the recommendations to implement these

measures in Master Plans and other land policy plans?

AW N =

Flood mitigation is a crucial front in the conflict over growing climate-related
issues. Our study carefully examined the range of tactics used around the world and
analysed how they could be modified to meet the needs of places like Porto Velho.
In order to tailor adaptation strategies to the city’s specific characteristics, we
attempted to create a comprehensive roadmap that included everything from nature-
based solutions to infrastructural fortifications.

Opportunities often emerge in the midst of difficulties, so our research delved
into the realm of opportunities associated with adaptation strategy. These opportuni-
ties lie within the scope of flood management and mix with broader urban develop-
ment goals. Our study sought to uncover the hidden opportunities that emerge when
adaptation techniques serve as proactive, rather than simply reactive, growth engines
for the whole person.

Our study began as an academic quest to sort through the maze of problems
related to urban flooding in Porto Velho. Through methodical research, it was pos-
sible not only to answer these questions but also to tie them all together into a cohe-
sive story. This story acts as a compass to guide Porto Velho towards a more
flood-resilient future by highlighting the needs, stakeholders, solutions, opportuni-
ties, and constraints. More information on the methodological approach is pro-
vided below.
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5.4 Process and Methods

This study utilized a combination of quantitative and qualitative research methods
to gain an understanding of the research topic. The aim was to triangulate findings
from sources and perspectives ensuring a rounded analysis.

Both qualitative and quantitative data were thematically analysed. The tran-
scripts underwent coding using both deductive approaches. Through a process of
data immersion, categorization and constant comparison, themes, and patterns were
identified.

The methodology employed analysis and mapping tools. The former played a
role in understanding the city, its region, history, local legislation, and current chal-
lenges. Additionally bibliographic research helped uncover indicators related to
sanitation in Porto Velho as well as economic factors such as the Gross Domestic
Product (GDP) of the municipality for a specific year. With this information at hand,
the following steps were undertaken;

Analysis of how basic sanitation rankings corresponded to indicators.

Description of issues within water supply, sewerage systems, urban drainage,
and solid waste management.

Projection analysis based on required investments, for universalizing services
alongside current investment trends.

To further explore and analyse the city and its surroundings we utilized mapping
as a tool. We incorporated layers of data, including water bodies, green spaces,
topography and transportation infrastructure, such as roads and railways using
McHarg (1969) landscape analysis technique.

Spatial syntax and morphological analysis have also been applied in order to
provide a comprehensive approach to urban reality. This methodological journey
helped in concluding the solutions for the drainage problems in the city, for that
there was synergizing multiple layers of understanding into a cohesive strategy.

Thereafter, space syntax method was adopted, a method that considers the analy-
sis of the cityscape. Paths, corridors, “axial lines,” “convex spaces” are considered
in this approach. These axial lines, like arteries of movement, reveal the primary
routes that dictate the flow of the city. Meanwhile, the “convex spaces” offer a
glimpse into the central hubs and places where the convergence of axial lines cre-
ates a nexus of activity. This perceptive analysis forms the basis of our subsequent
strategies. The morphology analysis method was used for the understanding of the
city’s past and present urban form, urban structure, land use, and patterns.

Some of the analyses resulting from the research methodology are detailed below.
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5.5 General Analysis
5.5.1 Topography

Porto Velho‘s topography is predominantly flat, with gentle slopes and occasional
low hills. The topography is largely shaped by the presence of rivers, streams, and
wetlands, which contribute to the region’s rich biodiversity and ecological impor-
tance. However, the flat terrain and the city’s location in a flood-prone area also pose
challenges for urban planning and infrastructure development, particularly in miti-
gating the risks associated with annual flooding events. Inundation hazards are
caused by seasonal rainfall and river flooding. Levees, drainage systems, and urban
design are among methods used to mitigate the effects of flooding. Resilience strate-
gies are critical to safeguard the city from disasters.

5.5.2 Water and Dam

The city of Porto Velho is surrounded by the Amazon River and Madeira River.
Important Dams in Porto Velho are Jirau and Santo Antonio. These are the two
important structures which help in flood control in the city and also acts as a major
source of transport and economic activities. Furthermore, these are the two major
barriers which help in flood control. This important body of water supports a variety
of habitats in addition to facilitating transit. However, these two dams have a huge
impact on the biodiversity and the social groups, there have been also serious threats
and flooding due to the construction of these two dams, which resulted into social
and environmental problems. Furthermore, the energy produced through these dams
does not satay in the region and is being sold out, which is why the regions suffers
from energy instability. See (Fig. 5.1) for the placement of the Dams and the river
flowing through the region.

5.5.3 Urban Growth

Socio spatial formation of the city of Porto Velho, the period between 1980 and
2010 played a big role in realizing the Urban Reality of Ronddnia, Carlos Santos,
Mauricio Silva Published 29 June 2012). As we see in Fig. 5.2. Over the years
people started moving on the outskirts of the city in search of better opportunities,
which created an Urban arch where there are clusters of settlements of people. The
municipality has experienced cycles of deforestation and the construction of proj-
ects, roads and dams, which have altered social conditions and land use. Since 2000,
Porto Velho has undergone a particularly dramatic transformation due to the con-
struction of two hydroelectric power stations (HPS) along the Madeira River.


https://www.semanticscholar.org/author/Carlos-Santos/150064062
https://www.semanticscholar.org/author/Maurício-Silva/2111124284
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Fig. 5.1 Porto Velho’s Water body and dams. (Source: Elaborated by Singla and Aktiirk, based on
data from Mapbiomas (2021) and IGBE)
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Fig. 5.2 Porto Velho Urban Growth through the years. (Source: Elaborated by Singla and Aktiirk,
based on information from the local administrative site of Porto Velho municipality, Rondonia State)
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Fig. 5.3 Swot Analysis of Porto Velho. (Source: Elaborated by Singla and Aktiirk with the support
of Denis Eke)

5.5.4 SWOT and Challenges

A SWOT analysis is a strategic planning tool used to assess the area strengths,
weaknesses, opportunities, and threats of an area. The SWOT analysis of Porto
Velho showed the strength of the river, which acts as a source of important activities
for trade, commerce, transportation, and leisure. On the other hand, the weakness is
the poor urban planning and the lack of quality of streets, which leads to road con-
gestion and drainage issues. There is also a lot of vacant land for further expansion,
which is definitely an opportunity.

There are undoubtedly additional issues related to the safety of people, due to the
high crime index.! Also, the city has very precarious basic sanitation services,
aggravated by the fact that part of the water distributed to the population comes
from deep tubes wells and, to a lesser extent, from the Madeira River (IJEARS,
Kleber Borges).

Part of the population gets water from the Amazonian system as well, which col-
lects water from the shallowest part of the water table. This water is usually con-
taminated and the situation is exacerbated when floods occur, such as the one in
2014. Irregular urban occupation and difficulties in implementing public policies
make the population even more vulnerable to urban flooding (WWF Report, Kricher
1997). See Fig. 5.3 for a clearer understanding of the SWOT analysis.

'The homicide rate in Porto Velho was 27.38 for the year 2019. For comparison, S&o Paulo had a
rate of 3.71 for the same year (IPEA, 2019).
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5.6 Plan of Action

In the initial phase of our project, we conducted a morphological analysis that
included the classification of various building typologies and their surroundings.
This revealed a notable prevalence of high-rise and mixed-use buildings in the urban
landscape. This observation also highlighted the emerging pattern of clustering,
which contributes to the creation of open spaces. Unfortunately, these open spaces
have yet to reach their full potential and remain underutilized. This presents an
exciting opportunity for innovative interventions that could revitalize these spaces
and transform them into vibrant community spaces.

Our focus then shifted to a comprehensive review of the flood risk plan for the
area. This strategic approach provided valuable insights into the different flood-
prone zones in the region, allowing the formulation of strategies to improve the
resilience and preparedness of these specific zones in anticipation of potential
flood events.

The flood risk analysis revealed a number of challenges and vulnerabilities that
required immediate attention. Identifying these critical issues allowed us to deter-
mine the precise actions needed to effectively strengthen flood mitigation and adap-
tation efforts. With an informed approach, we set out to design tailored solutions
that not only address existing vulnerabilities, but also lay the foundation for a more
sustainable and secure urban environment.

We then transitioned to the creation of a comprehensive Vision Plan, meticu-
lously tailored to the unique needs of each designated zone. This plan embodied our
commitment to holistic urban development and served as the blueprint for a system-
atic implementation strategy, integrating existing infrastructure, land use patterns,
and drainage systems.

In summary, our exploration with the categorization of building typologies and
spatial configurations, revealing the trend of clustering and latent open spaces. This
discovery prompted a closer examination of the flood risk plan, decoding the spe-
cific flood-prone zones and their immediate fortification needs. The next step was
the creation of the Vision Plan, positioning us at the threshold of a transformative
journey towards urban improvement.

Some water-sensitive regions were selected as implementation zones in the
structure plan we developed for the city centre of Porto Velho. Zones A, B, C, D, and
E were recognized in Fig. 5.4 as being significant based on several criteria. Some
factors considered for selecting these areas included prior floodplains, infrastruc-
ture, and closeness to the city core. In the structural plan, three different street kinds
were chosen: low density A type streets, which are coloured blue, medium density
B type streets, which are coloured green, and high-density C type streets, which are
coloured red (Fig. 5.4).

In the plan, the igarape (waterways) in the region was another determining factor
in the zone selection. The distance or closeness of the igarape to high-density areas
was taken into consideration as it would affect the sustainable solutions planned.
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Various evaluations were done, including distribution of public spaces, utiliza-
tion characteristics of the regions, such as whether they are used for residential or
industrial purposes, and green-oriented zones within the zones.

Another feature that distinguishes the selected regions from the others is that
they have different requirements and are important against the risk of flooding. In
the upcoming years, other regions will join these ones in contributing to the designs
for the new master plans. Regions that have different needs and are guiding are
chosen as examples for future designs.

For instance, zone C is situated near the Madeira River and features a moderately
dense green area. This area contrasts with zone A, which has more intense urbaniza-
tion and a drain that runs through it. Although these two places have very different
demands, the flood danger is about the same. The specifics of our studies have gone
in this direction, as you can see. Details of these regions is found in the following
section (Implementation zones).

Structure Plan
Identifying &

Classifying Flood Implomentation
Sites

Fig. 5.4 Structural Plan: identifying and classifying flood implementation areas. (Source:
Elaborated by Singla and Aktiirk. Created using QGIS 3.28.0 version)
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5.7 Implementation Zones

In our comprehensive implementation strategy, we have defined different typologies
for each zone, taking into account various factors that influence their functionality
and vulnerability to flooding. Using a standardized scale ranging from 1 to 10, the
vulnerability to flooding was assessed for each zone, allowing for prioritization
of zones.

In addition, a density analysis was conducted for each zone to assess the concen-
tration of infrastructure, buildings, and population within the boundaries of the
zone. This density assessment serves as a critical determinant in the design of solu-
tions, guiding the allocation of resources and the implementation of measures that
address the unique needs of each zone.

The classification of the zones was based on their respective land uses. This seg-
mentation ensures that the solutions are tailored to the specific functions and activi-
ties that take place within each zone, optimizing the impact of the interventions.

In addition, the street selection process aimed to identify key thoroughfares
within each zone where innovative solutions could be applied. These streets serve as
vital conduits for connectivity and accessibility, and by focusing our efforts here,
we aim to create a ripple effect that extends the benefits of our interventions through-
out the entire zone. For a more detailed representation of the characteristics and
intricacies of each zone, see Fig. 5.5. This illustrative representation reunites the
essence of our zoning framework and visually conveys the nuanced attributes that
have informed our implementation strategy.

If we examine the specifics of the chosen zones, they are:

Zone A (Sao Joao Bosco): This zone includes the big igarape and high-rise build-
ings. The big residential and commercial area can cause high risk of damage due to
flood. Flood risk in this area is 8/10. Also the Flood in 2014, damaged this area.
Density in this area according to the google maps site view is 7 out of 10. Defining
this zones type is residential and commercial. Most of the governmental buildings
and the economic activities are going in this zone and this cause a big movement of
people and density.

Zone B (R. Cipriano Gurgel): This is an industrial zone of our structure plan.
Choosing this area may lead us the different needs of an industrial zones. In indus-
trial zones, transportation issues and density are different from other zones. Flood
risk in this area is 8/10. Flood risk will affect the low-rise depot stores in this zone.
In order to prevent new problems in industrial zones specified sustainable drainage
systems are needed. Density in this area according to the google maps site view is 5
out of 10.

Zone C (Santa Barbara): This zone is the closest to the Madeira River. It includes
green zones and it has dense residential area. Flood risk in this area is 9/10.
According to the analaysis locating the end of the igarapes or closest to the water
areas may cause higher damage for residential buildings. Density in this area
according to the google maps site view is 8 out of 10.
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Fig. 5.5 Implementation zones and classifications. (Source: Elaborated by Singla and Aktiirk,
based on Google maps)

Zone D (Esperanga da Comunidade): This zone includes highest populated
neighbourhood area. High dense neighbourhoods are important to consider as daily
life flood problems such as backyard water drainages, car park drainage areas or
walking paths. Density in this area according to the google maps site view is 9 out
of 10. Flood risk in this area is 7/10. Brazilian neighbourhood designs are the key
factor in the solution making.

Zone E (Tancredo Reves): This zone has the second big igarapé and huge public
spaces. Density in this area according to the google maps site view is 8 out of 10.
Public spaces main needs should be defined by residents and decision makers in the
zone. Flood risk in this area is 7/10.

To sum up, there is a correlation between zone density and a higher risk of flood-
ing. In conclusion, Porto Velho‘s classification of these five zones offers important
insights into the different degrees of flood risk and urban features found in each
area. It is clear that each zone requires unique techniques, from targeted urban
design concerns in densely populated neighbourhoods to sustainable drainage sys-
tems in industrial areas. Urban planners and authorities can develop specialized
solutions to improve flood resilience and protect the well-being of Porto Velho‘s
residents by knowing the distinctive characteristics and dangers associated with
these zones.
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5.8 Conclusion

Addressing urban flooding in Porto Velho requires a multi-faceted approach that
considers the city’s unique needs and challenges. To conclude, in order to manage
the urban floods, preparing a new structural plan according to the city’s needs is
important and also analysing the flood risk areas according to different criterias
plays a vital role.

The main needs for managing urban flooding in Porto Velho include improving
drainage systems, enhancing flood monitoring and early warning systems, and
implementing sustainable land use planning. Preparing a new structural plan with
using zoning framework will help the water-sensitive issues. Design positive struc-
tural plan will lead us to defining problematic areas quickly and easy to implement
solutions.

Local government representatives, urban planners, civil engineers, environmen-
tal agencies, and community people are among the essential participants in this
project. These parties must work closely together to create and put into action effi-
cient flood adaptation strategies. Infrastructure improvements, land use restrictions,
and community involvement programmes can all be used to carry out these mea-
sures. Increased resilience, better urban planning, and potential financial gains are
advantages linked with adaptation measures for flood management. The develop-
ment of green infrastructure, the adoption of construction rules that are flood resis-
tant, and zoning laws that protect floodplains could represent the most successful
strategies in the Brazilian setting. These solutions have benefits like increased pub-
lic health and decreased property damage but they also have drawbacks like high
costs and difficult implementation.
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Chapter 6 )
Rethinking Amazon Cities from Rondonia o
State: The Case of Ji-Parana

Ibtsam Saeed, Muhammad Tahir Ali, and Berfin Giil

Abstract This book chapter examines the environmental and social challenges
faced by Ji-Parana, the second most populous municipality in the Brazilian state of
Rondbdnia. Focusing on deforestation, biodiversity loss, frequent forest fires, land
conflicts, and socioeconomic disparities, this chapter analyses their causes and
effects. Geospatial data and analysis techniques, including QGIS, NDVI analysis,
and MapBiomas data collection, were used as a method to map and analyse the
impacts of land use changes and landscape patterns. To mitigate the challenges
identified, this chapter proposes urban planning tools to address urbanization-
related issues, combined with biodiversity strategies that include the protection of
natural areas, the promotion of sustainable agriculture, reforestation, and sustain-
able urban planning. Key areas include comprehensive urban planning, efficient
land use, provision of green spaces, and improved transport infrastructure. Social
strategies such as the creation of cultural hubs and community engagement are also
highlighted as tools to promote inclusiveness and effective conservation efforts. By
integrating scientific research, geospatial analysis, and community engagement
ideas, this chapter offers practical approaches to support sustainable development
and conservation efforts in the region. By using mapping techniques, data analysis
and participatory methods, decision-makers can make informed choices for a
resilient and equitable future in Ji-Parana.
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6.1 Introduction

The Amazon rainforest has experienced widespread loss of resilience since the early
2000s, particularly in drier areas and regions affected by human activity
(Boulton et al., 2022). Within this vast region, Ronddnia, in western Brazil, is one
of the most heavily deforested states (Earth Observatory.nasa.gov, 2023; Forest
champions, 2020; SPA, 2021), where the expansion of human settlements has
caused significant changes in forest cover patterns (Jacques Imbernon, n.d.). Natural
forests are being cut down, and an expansion of the agricultural lands can be
observed (Fearnside, 1984; Fearnside & Cruz, 2018). Ji-Paran4, located in the east-
central portion of the state of Rondonia, is an example of this change. It is a dynamic
city that has had remarkable growth in recent years. However, this progression has
been accompanied by its own set of challenges. Deforestation associated with inap-
propriate land use patterns are potentially dangerous for the climate and could dis-
rupt the current ecosystem balance.

The analysis of the urban form of Ji-Parana‘s reveals the scarcity of green spaces
in the city as well as the lack of accessible social and public spaces. This not only
results in a lack of space for social interaction and recreation but it also highlights
the importance of community participation in the development of the city. In addi-
tion, deforestation plays a critical role in the larger scale of the municipal area.

Mapbiomas (2021) data imagery allows us to see the timeframe of the land use
changes: notably, in the period from 2002 to 2022, the loss of primary forest in
Ji-Parana increased from 3.8 hectares to 900 hectares. In addition, the municipality
suffered a loss of 2.56 hectares of tree cover due to fires and 31.6 hectares due to
other factors between 2001 and 2022.

Confronting the challenges of Ji-Parand and catalysing its transformation into a
more desirable living space for its inhabitants is the essence of this book. At the core
of our work are urban design and sociocultural proposals that can create transforma-
tive change. Central to this mission is the creation of inclusive public spaces that are
universally accessible and reflect the diversity of the community. In this quest, the
importance of incorporating local perspectives, views, and active participation is vital.

We cannot ignore the pressing issue of deforestation, which poses a serious
threat to the region’s delicate ecological balance. It is crucial that we take immediate
action to protect and restore the natural resources that define the biodiversity and
uniqueness of Ji-Parana. By doing so, we can support the sustainability and resil-
ience of society. Throughout our research, we highlight the tangible benefits (social,
cultural, and economic) that result from the creation of these inclusive public spaces.
Our mission to improve the urban fabric of Ji-Parana is linked to a sustainable coex-
istence, fostering an environment where both society and nature can thrive in
harmony.
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6.2 Materials and Methods

The first methodological approach of this book chapter was structured around a set
of guiding research questions (Fig. 6.1). The method was divided into two parts.
The first part focused on researching the region, guided by questions such as: “What
are the main causes of the problems?” After collecting information about the exist-
ing conditions and identifying the key challenges of the region, the second part
addressed these issues by developing strategies for the sustainable development of
Ji-Parana. This stage was guided by questions such as: “How do we want to solve
these problems?”

With some answers to the questions, a mixed method approach in four stages of
research (Fig. 6.2) was combined in two scales of action, regional (state of
Rondbnia), and the city (Ji-Parana).

On stage 1, literature review and bibliographic research methods were used to
collect quantitative and qualitative data. On stage 2, data collection in geographic
information from satellite imagery was gathered from several sources, such as
Mapbiomas (2021), ANA (2023), USGS Earth explorer (2023), Esri: living atlas
(2017), EU Copernicus (2023) were combined together to allow spatial data visual-
ization. In the third step, the QGIS software, Google Earth Engine, Adobe photo-
shop, and Adobe illustrator were used to visualize and analyse the data using
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Fig. 6.1 General approach. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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Stages of Research
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Fig. 6.2 Stages of research. (Source: Elaborated by Saeed, Tahir Ali, and Giil)

different tools and techniques. Stage 4 consisted in discussing the data and propos-
ing solutions at the urban scale.
The detailed information of each step is presented below:

6.2.1 Stage 1: Literature Review

The first stage—literature review—was carried out by selecting scientific literature
(articles, reviews, documentaries, and others) from various online data sources,
such as the Research Gate platform, Global Forest Watch (2023), Mapbiomas
(2021), and the Brazilian Institute for Geography and Statistics (IBGE, 2023) and
Youtube documentaries. Some specific keywords, such as “Rondonia State”,
“Deforestation”, “Amazon”, “Rondonia: Land use”, “RondOnia: Main issues”,
“Ji-Parand history”, “Ji-Parand: Land use”, and “Ji-Parand issues” were used to find
scientific publications and other resource materials. Using these keywords, we were
able to identify the main issues/main problems, both in terms of quantitative
(number-based) and qualitative (textual and descriptive) data, mainly at the regional
level, but negligible at the city level. For example, one of the main issues we found
at the regional level was “deforestation”. The other issues, such as environmental
and social issues, were also related to deforestation.

Further literature review using other keywords gave more insights about regional
problems. For example, “Loss of biodiversity”, “flooding and droughts”, “forest
fires”, and “pollution”.
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6.2.2 Stage 2: Data Collection

It was also important to analyse how the deforestation, environmental, and social
issues we identified at the regional level were linked at the city level. Nevertheless,
most of the data which was collected through the literature review was only avail-
able at the regional/ state level, so it was important to also collect data at the city
level as well.

Therefore, we collected more quantitative spatial data from satellite imagery at
open-source platforms such as the MapBiomas (2021), United States Geological
Survey: Earth Explorer (USGS, 2023), Esri: Living Atlas (2017), and Copernicus
EU (2023).

For quantitative data regarding deforestation, we used MapBiomas (2021) and
Global Forest Watch (2023) websites to estimate the forest loss since 1985 till pres-
ent period, and also the percentage of remaining forest areas. Other data collection
was also gathered, to measure precipitation and land surface temperature, at both
regional and city scale.

For Spatial data regarding the land use and land use change, we used the satellite
imagery which was collected from the USGS: Earth explorer, Esri, Living Atlas,
and other Copernicus websites. The satellite imagery was collected using two dif-
ferent satellite systems: Landsat 7 and Sentinel 2. It is also important to note that the
Sentinel imagery was archived from the USGS website in October 2022 and there-
fore it is only available on Copernicus and Esri: living atlas websites.

6.2.2.1 Data Characteristics

Landsat 7 satellite imagery was collected from the USGS: Earth explorer website,
Landsat collection 2 Level-2 (Landsat 7 ETM+ C2L2) with the spatial resolution of
30 m x 30 m and with cloud coverage between the range of 0% and 30%. The
Sentinel imagery was collected from Esri: Living atlas (Sentinel 2, 10 m Landuse
and Land cover tiles) The sentinel imagery on the Esri website is only available
from the year 2017-2022 and in order to get the imagery of the previous years we
used the Copernicus website. Apart from this the forest loss and tree cover datasets
from the website global forest watch is also from Landsat satellite images with 30 m
x 30 m resolution.

6.2.3 Stage 3: Data Visualization/Analysis

To visualize the data collected from the satellite imagery and other open-source
platforms, we used the open-source software QGIS, along with Google Earth
Engine to handle the open data. In order to enhance the created graphics, we used
Adobe Photoshop and Illustrator softwares. In addition, some plugins were also



72 1. Saeed et al.

used during the visualization process like QuickOSM, Active fire, and SRTM down-
loader. The data visualization/analysis was further divided into different steps to
understand the region and the city. The following steps were performed using the
satellite data during the third stage.

6.2.3.1 Digital Elevation Model (DEM)

A Digital Elevation Model (DEM) was created in QGIS using the satellite data to
visualize the topographic surface at the regional and city level. The produced DEM
gave the information about the topography pattern for Rondoénia and Ji-Parana.

6.2.3.2 NDVI Using Remote Sensing in Qgis

The Normalized Difference Vegetation Index (NDVI) uses near-infrared and red
light to quantify and measure the vegetation (GISGeography, 2023). NDVI is a
standardized way to measure healthy vegetation. High NDVI values demonstrate
healthier vegetation, and lower values demonstrate less or no vegetation. NDVI
calculations were performed using Landsat imagery to identify the low and healthy
vegetation around the city of Ji-Parana.

6.2.3.3 Land Use and Land Cover Change

To show how land use and land cover have changed from 1985 to 2021 at both the
regional and city levels, Sentinel 2 data from Esri: Living Atlas for the years (2021)
was collected and visualized. For the previous years, data from Mapbiomas (2021)
was used. In this stage it was possible to calculate the percentage of the forest that
was present in 1985 and how much it was reduced over the time until 2021.
Deforestation was also mapped using the same process both at the regional and
city levels.

6.2.3.4 Precipitation and Land Surface Temperature Visualization

In this step, the average annual precipitation was visualized on different levels and
on a higher regional scale due to data availability. First, the analysis of the country’s
rainfall was carried out; second, the state of Rondonia and Ji-Parand was analysed.
For this visualization we used the annual precipitation dataset PERSIANN-Cloud
Classification System (PERSIANN-CCS) with the global resolution of 4 km x 4 km
from the centre of Hydrometeorology and remote sensing (CHRS) from different
years (2005, 2015, and 2021) and afterwards the datasets were visualized in QGIS.

For the land surface temperature (LST) visualization, the platform of Google
Earth Engine was used to read the satellite data. The data was visualized using the
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code editor of GEE and the produced results gave information about the hottest and
the coldest months and the average temperature of Brazil.

6.2.3.5 Identification of Flood Prone Areas

The flood prone areas were identified using the Digital Elevation Model of Rondénia
in QGIS. This data allowed the analysis of the flood risk to identify the areas which
are more prone to flooding.

6.2.4 Stage 4: Results/Discussions

After completing the visualization and analysis stage, in the final stage, we dis-
cussed all the collected information based on the results which were generated
using the satellite data, open data, and literature review to develop the best possible
strategies for the city of Ji-Parand. The strategies were categorized according to
social, urban, environmental, and economic levels. These strategies can also be
implemented at the regional level and in other parts of Brazil.

6.3 Analysis

6.3.1 History in a Nutshell

The history of Amazon’s occupation began with Asian immigrants 14,000 years
ago, leading to the emergence of complex indigenous societies (Neves, 2022).
European colonization brought diseases and conflict, causing a decline in the indig-
enous population. In Rondonia, a state within the Amazon, a Brazil-Bolivia agree-
ment in 1903 led to the construction of the Madeira-Mamoré Railroad, triggering
growth and the foundation of Porto Velho as a major city.

Rondbdnia’s history is shaped by economic cycles, including gold, rubber, and
minerals. World War II triggered migration and mineral discoveries, accelerating
population, and economic growth. The 1964 military coup in Brazil expanded the
Amazon frontier, supported by the Transamazonica highway, leading to new settle-
ments and deforestation. The Institute of Colonization and Agrarian Reform
(INCRA) and private firms distributed land along Highway BR 364, fueling city
development. This process displaced indigenous, riverside, and quilombola com-
munities (da Cunha & Moser, 2010).

The transformation of the Amazon region is a result of economic interests, infra-
structure projects, and policies. The complex interplay between economic growth,
social displacement, and environmental impacts continues to shape the region’s cur-
rent challenges and future prospects.
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6.3.2 The Impact of Deforestation on Biodiversity

The biodiversity of terrestrial and freshwater ecosystems in the tropical Andes and
lowland Amazon is facing an alarming threat due to various human-induced factors.
Deforestation, habitat fragmentation, overexploitation, pollution, and climate
change are pushing many plants and animals, including mammals, birds, reptiles,
amphibians, fish, and terrestrial invertebrates, to the brink of extinction. Some of
these species are classified as Critically Endangered, and even endemic birds and
mammals in the eastern Amazon have dwindling populations, often in the tens or
hundreds. Shockingly, among the vast array of Amazonian tree species, an esti-
mated 36% to 57% are at risk of meeting the criteria for global threat classification
according to the International Union for Conservation of Nature (IUCN). It is
important to note that these numbers likely underestimate the true extent of the cri-
sis, as many Amazonian species remain unstudied and undocumented. While there’s
no record of regional extinctions yet, local extinctions are increasingly common,
with several species confined to tiny fragments of their once-expansive habitats.
Furthermore, Andean species, with their limited distributions, face a particularly
high risk of extinction, exemplified by the plight of Colombian birds. The ramifica-
tions of these extinctions are far-reaching, affecting pollination and consumption
networks, leading to profound shifts in ecological interactions that imperil the very
fabric of Amazonian biodiversity (Adapted from the Science Planet BKG 12.1
Report 2021).

In 2020, WWF released a report highlighting the alarming consequences of the
planet’s biodiversity crisis, which includes the disappearance of natural habitats and
the accelerated loss of species. This assessment examined different aspects of land
use change, encompassing the overall impact up to 2020, the historical impact until
2014, and the recent impact from 2014 to 2020. The primary focus was on two key
drivers of habitat change: pasture and soy activities.

The transformation of the Amazon’s original vegetation into pastures and soy-
bean plantations has been notably extensive. To date, approximately 17% of the
forest cover has been lost, with an additional 13,235 km? cleared between August
2020 and July 2021 due to these activities (WWF, 2021). This shift in land use has
had profound consequences for the region’s wildlife. When examining the overlap
between species’ habitats and converted areas, a troubling pattern emerged. Nearly
all of the assessed species (484 out of 486) experienced adverse effects due to defor-
estation, resulting in significant reductions in their habitat. Iconic species like the
Brazilian Merganser, Cock-tailed Tyrant, Goias Parakeet, red-tailed lizard, and
marsh deer have faced habitat losses of up to 70%.

The impact of deforestation in the Amazon extends beyond its landscapes; it
directly impacts numerous species, including those that are unique to the region, act
as environmental indicators, and even iconic flagship species.

The assessment included 88 endemic species within the Amazon biome, cover-
ing more than 95% of their known habitats. Worryingly, these species have suffered
an average habitat loss of 17%. Among them, the Northwestern Tocantins Oval Frog
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(Elachistocleis carvalhoi) has already lost over 80% of its habitat. Even the Brasilia
Tapaculo (Scytalopus novacapitalis), named after its proximity to the nation’s capi-
tal, has seen a significant reduction of over 56% of its original range. Notably, flag-
ship species such as the giant armadillo (Priodontes maximus) and the maned wolf
have also been affected by habitat loss, with over half of their habitats disappearing.
The Southern Tiger Cat (Leopardus guttulus) and Azara’s Capuchin (Sapajus cay)
have faced nearly 80% loss, while the Southern Three-banded Armadillo (Tolypeutes
matacus) has experienced significant declines due to habitat loss and hunting pres-
sures (WWE, 2021).

This widespread decline in various species underscores the precarious state of
ecosystems and their intricate connections. As habitats shrink, the functions and
services provided by these species diminish, affecting water resources and socio-
economic activities. For instance, the Brazilian Gracile Opossum (Gracilinanus
microtarsus), despite being insect predators, confronts habitat loss, which impacts
pest control dynamics in regions with soy plantations. These findings emphasize the
urgent need for comprehensive conservation strategies to protect the remarkable
biodiversity of the Amazon.

The cumulative impact on species equates to approximately 56.3 million km? of
lost habitat in the Amazon by 2021. The rate of habitat loss accelerated between
2014 and 2021, resulting in an overall reduction of 2.2% of the Amazon’s total area.
This escalation was particularly notable in specific regions, significantly affecting
certain species such as the Rondon’s Marmoset. Even outside concentrated defores-
tation zones, species like the Lesser Nothura have demonstrated remarkable resil-
ience within protected areas like National Parks, although they have already lost
over 72% of their original habitat (WWEF, 2021).

These findings underscore the urgency of conservation efforts for the unique and
endangered biodiversity of the Amazon. As deforestation continues, it becomes cru-
cial to prioritize protected areas and implement zero deforestation policies to pre-
vent further species loss. The insights from this study emphasize the pivotal role of
proactive land use planning and the safeguarding of existing converted areas to pre-
vent the disappearance of invaluable species within the Amazon Forest (WWEF, 2021).

6.3.3 Deforestation in Rondonia

Deforestation in Rondonia state has been a critical environmental issue, with devas-
tating consequences. Since the 1970s, Rondo6nia has experienced alarming defores-
tation rates, as illustrated by Figs. 6.3 and 6.4, which show the decline in forest
cover from 88.06% in 1985 to 58.20% in 2021. The main drivers of deforestation in
Rondbdnia are agricultural expansion, logging, and infrastructure development. The
lure of economic opportunities, particularly cattle ranching and soybean cultivation,
has fueled rampant land clearing. Road construction, such as the BR-364 highway,
has facilitated access to previously untouched areas, accelerating deforestation.
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Landuse change of Rondonia State

Classe 1965 Total (Mn Ha)  Area in Percentage 2005 Total (Mn Ha)  Area in Percentage 2021 Total (Mn Ha)  Area in Percentage
Forest 20927,738 88.06% 15,685,577 66% 13,829,956 58.20%
Natural Non-Forest Formation 796.356 335% 786.234 % ar2m 348%
Agricuttural 1,783,253 7.50% 7,033,961 29.68% 8,817,828 37.10%
Non Vegetable area 39.189 0.17% 54,300 0.23% 65612 0.28%
Body of water 217,945 0.92% 204,407 0.86% 223,808 0.94%
Urbanized Area 19.423 39.186 49.543

Fig. 6.3 Land use and land cover change (1985-2021). (Source: Elaborated by Saeed, Tahir Ali,
and Giil, using data from Mapbiomas (2023))
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Fig. 6.4 Land use and land cover change (1985-2021). (Source: Elaborated by Saeed, Tahir Ali,
and Giil, using data from Mapbiomas (2023))

6.3.4 Deforestation in Ji-Parand

Over the years, Ji-Parand has experienced a worrying deforestation trend. Between
2000 and 2020, the area has lost approximately 2500 square kilometres of forest
cover, according to data from the Brazilian National Institute for Space Research
(INPE). This alarming rate of deforestation is mainly due to agricultural expansion,
illegal logging, and road construction. The main causes of deforestation in Ji-Parana
mirror those of the broader Ronddnia state: the lure of economic opportunities,
particularly cattle ranching and soybean cultivation, has driven settlers to clear land,
often through slash-and-burn methods. The construction of roads, such as the
Highway BR-364, has also facilitated access to previously untouched areas, further
accelerating deforestation. Over time, the landscape in Ji-Parand is changing dra-
matically as forests are converted into agricultural fields and pastures. Loss of bio-
diversity, disruption of local ecosystems, and contribution to climate change are
some of the negative effects of this environmental degradation.
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Figures 6.5 and 6.6 show the land use change in the urban scale of Ji-Parana. The
Figures show how the forest areas have decreased from 1985 to 2021 and the urban
areas have increased. The reason for this sharp decline of the forest areas is due to
the above-mentioned reason.
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Fig. 6.5 Ji Parand land use and land cover change from 1985 to 2005. (Source: Elaborated by
Saeed, Tahir Ali, and Giil)
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Fig. 6.6 Ji Parand land use and land cover change from 2005 to 2021. (Source: Elaborated by
Saeed, Tahir Ali, and Giil)
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Fig. 6.6 shows the decline in the forest areas from 2005 to 2021. From the Figure,
it can also be seen that there have been some efforts to restore the forest. However,
forest loss has been greater than the areas where forest has been regained. Further
explanation is given below.
6.3.4.1 Primary Forest Loss in Ji-Parana, Rondonia
From 2002 to 2022, Ji-Parana lost 15.9 kha of humid primary forest, making up
50% of its total tree cover loss in the same time period (Fig. 6.7). The total area of
the humid primary forest in Ji-Parand decreased by 3.6% in this time period
(MapBiomas, 2023).
6.3.4.2 Tree Cover Loss in Ji-Parana, Rondonia
From 2001 to 2022, Ji-Parana lost 34.1 kha of tree cover, equivalent to a 6.8%

decrease in tree cover since 2000, and 19.1 Mt. of CO: emissions, as shown in
Fig. 6.8 (MapBiomas, 2023).
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Fig. 6.7 Ji Parana forest lost from 2002 to 2022. (Source: Elaborated by Saeed, Tahir Ali, and Giil,
using data from Mapbiomas (2023))
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Fig. 6.8 Ji Parana tree cover loss from 2001 to 2022. (Source: Elaborated by Saeed, Tahir Ali, and
Giil, using data from Mapbiomas (2023))
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6.3.4.3 Tree Cover Loss Due to Fires in Ji-Parana, Rondonia

From 2001 to 2022, Ji-Parana lost 2.56 kha of tree cover from fires and 31.6 kha
from all other drivers of loss (Fig. 6.9). The year with the most tree cover loss due
to fires during this period was 2017 with 451 ha lost to fires—32% of all tree cover
loss for that year (MapBiomas, 2023). After our period of analysis, the situation
became more critical: Greenberg (2022) highlighted August 2022 as the month with
the highest number of fire hotspots recorded in the Amazon up to that year.

6.3.4.4 Components of Net Change in Tree Cover in Ji-Parana, Rondénia

From 2000 to 2020, Ji-Parand experienced a net change of —8.98 kha (—1.9%) in
tree cover (Fig. 6.10).
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Fig. 6.9 Ji Parana tree cover loss from 2001 to 2022. (Source: Elaborated by Saeed, Tahir Ali, and
Giil, using data from Mapbiomas (2023))

Stable Forest 445 kha

Loss 14.9 kha

Gain 5.92 kha

Fig. 6.10 Ji Parand tree cover net change 2000-2020. (Source: Elaborated by Saeed, Tahir Ali,
and Giil, using data from Mapbiomas (2023))
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6.3.4.5 Tree Cover by Type in Ji-Parana, Rondonia

As in 2000, 73% of Ji-Parana land cover was >30% tree cover (Fig. 6.11).

6.3.5 Ji Parand Land Use and Land Change Analysis

The land use data from MapBiomas (2021) and Esri (2017) shows how drastically
the land use has changed in the state of Rondonia. This change can be seen from the
Figs. 6.12, 6.13, and 6.14 and how the city of Ji-Parand has expanded over the years
from 1985 to 2021. It can be seen from the visualized Figures that urban growth is

also playing its part in the deforestation around the city. The same trend can also be
observed from 2005 to 2021.

Fig. 6.11 Ji Parand tree Tree Cover 502 kha
cover by type 2000.
(Source: Elaborated by
Saeed, Tahir Ali, and Giil,
using data from
Mapbiomas (2023))
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Fig. 6.12 Ji Parand Land Use 1985. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using data
from Mapbiomas (2021))
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Fig. 6.13 Ji Parand Land Use 2005. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using data
from Mapbiomas (2021))
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Fig. 6.14 Ji Parand Land Use 2021. (Source: Elaborated by Saeed, Tahir Ali and Giil, using data
from Mapbiomas (2021))
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Fig. 6.15 Ji-Parand NDVI Analysis. (Source: Elaborated by Saeed, Tahir Ali, and Giil)

6.3.6 NDVI Analysis

The land use and land cover change analysis provide information about the increas-
ing urban areas and decreasing forest areas around the city of Ji-Parand. The NDVI
analysis was performed using the Sentinel 2 images and the raster calculator in
QGIS. The resulting Figure shows where the vegetation is high and where it is low.
It can be seen from the NDVI analysis that the vegetation in the city area is very
low; this shows that the city lacks green public spaces and parks/gardens/open
grounds for social gathering and biodiversity support (Fig. 6.15).

6.3.7 Precipitation Analysis

Brazil has an equatorial and tropical climate, with high annual rainfall. The coun-
try can be divided into five regions in terms of rainfall. Figures 6.15, 6.16, and 6.17
show that the northern and central regions of Brazil receive frequent rainfall, while
the northeastern region receives less rainfall and has a semi-arid climate. The state
of Ronddnia is located in the northwest amazon basin. The region receives a good
amount of rainfall throughout the year. Figs. 6.16, 6.17, and 6.18 present the infor-
mation about the annual rainfall in Brazil in the year 2005, 2015, and 2021.

In the state of Ronddnia the rainy season occurs mainly between January,
February, March, April, October, November, and December. January is the wettest
month in Ronddnia, while July is the driest month. The average annual precipitation
in Rondo6nia is 1928 mm (Figs. 6.19 and 6.20). This information is consistent with
data provided by the Climate Knowledge Portal (2023).
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Fig. 6.16 Brazil Rainfall map 2005. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using data
from CHRS (2021))
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Fig. 6.17 Brazil Rainfall Map 2015. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using data
from CHRS (2021))
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Fig. 6.18 Brazil Rainfall Map 2021. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using data
from CHRS (2021))
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Fig. 6.19 Rondonia Rainfall Map 2015. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using
data from CHRS (2021))
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Fig. 6.20 Rondonia Rainfall Map 2021. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using
data from CHRS (2021))
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Fig. 6.21 Ji Parand Rainfall Map 2015

Zooming in on the rainfall map analysis for Ji-Parand (Figs. 6.21 and 6.22) it
is possible to confirm that it has a tropical climate and receives an average of
1805 mm rainfall per year, with more rainfall in the summer and less in
the winter.
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Fig. 6.22 Ji Parand Rainfall Map 2021. (Source: Elaborated by Saeed, Tahir Ali, and Giil, using
data from CHRS (2021))

6.3.8 Digital Elevation Model DEM Analysis

As described in the method session, the Digital Elevation Model (DEM) is a digital
representation of the topography or elevation of a land surface. It is a crucial tool
used in various fields for a wide range of applications due to its ability to provide
accurate and detailed information about the elevation of the Earth’s surface. Some
applications of DEM include:

— Topographic mapping and cartography;
— Terrain analysis;
— -Hydrological modelling.

In order to study the terrain/topography of Rondoénia and the city of Ji-Paran4, a
DEM was created using the satellite data from the United States Geological Survey
(USGS), Earth explorer website. The produced DEM gave information about the
hydrological aspects of Ronddnia as well. It can be seen from Fig. 6.23 that the
northern region of Ronddnia is mostly flat when compared to the central and south
eastern region. Based on the DEM, it is also possible to identify the flood prone
areas in the state and how much area can be potentially damaged when the water
level in the rivers rise. Information on the Amazon River system was also obtained
from Ziesler and Ardizzone (1979).
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Digital Elevation model of the State of Rondonia along with the river netwrok.
Data Source: USGS Earth explorer 15, July 2023

Image Source: Image by Author, Visualized in QGIS 13 150 25km

Fig. 6.23 Rondonia Digital Elevation Model. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
6.3.9 Rivers of Rondonia

There are several rivers of Rondo6nia state. These are Madeira River, Mamoré River,
Cautdrio River, Sdo Miguel River, Branco River, Comemoragdo River, Roosevelt
River, Jamari River, Candeias River, Jaci-parand River (Fig. 6.24).

6.3.9.1 Ji-Parana River—The Machado River

The Ji-Parand River forms an important hydrological feature in the region, stretch-
ing for an impressive 900 km. Covering a basin of approximately 48,000 km?, it
flows through large areas of both the states of Rondonia and Mato Grosso.

The hydrological power of the river is further enhanced by its network of tribu-
taries, which include the Comemoragao River, the Anta River, and the Sdo Lourengo
River. These tributaries combine to contribute to the overall flow and volume of the
Machado River.

Beyond its role as a waterway, the Ji-Parand River serves as an important water
source, providing a lifeline for irrigation and transportation activities. The river’s
waters are a veritable source of nourishment for local ecosystems, promoting biodi-
versity, and ecological balance. Moreover, the river’s aquatic bounty extends to fish-
eries, harboring a variety of fish species that live in its depths.

In the field of agriculture, the Ji-Parand River is important as a basic water source,
meeting irrigation needs, especially in neighbouring lands. This hydrological
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\Ji-Parana River (Machado River)
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source of map: QGIS.

source of Information; wikipedia

Fig. 6.24 Rondonia River Network—IJi-Parand River. (Source: Elaborated by Saeed, Tahir Ali,
and Giil)

lifeline sustains agricultural activities, strengthening the cultivation of crops and
contributing to the agricultural vitality of the surrounding areas.

Ji-Parand River emerges as a vital hydrological and ecological component. Its
role ranges from providing water for human and agricultural needs to nurturing
aquatic life, profoundly affecting both natural dynamics and human livelihoods.

6.3.10 Flood Analysis

As described previously, Rondonia receives a good amount of rainfall and it is also
located in one of the wettest regions of Brazil. Therefore, it is prone to river and
urban flooding. The river and flood hazard in the state of Rondonia is high, which
means that there is a risk of life threatening and property damaging floods to occur
at least once in 10 years (Thinkhazard 2023, Ariquemes 190, 2022, Rondoniagora,
2019, 2020, Rul a melhor informagao, 2019, Canaa, 2016). Figures 6.25, 6.26, and
6.27 present some of the findings.
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- Flood Prone areas

Fig. 6.25 Rondodnia Flood prone areas with 10 m flood. (Source: Elaborated by Saeed, Tahir Ali,
and Giil)

- Flood Prone areas

Fig. 6.26 Rondonia Flood prone areas with 20 m flood. Source: Elaborated by Saeed, Tahir
Ali, and Giil

The same pattern goes for Ji-Parana. The river and urban flooding are getting
more frequent and severe. Ronddnia was hit by one of the worst floods in 2014 due
to heavy rainfall. The water levels of the Madeira River rose to 19.52 m and almost
20,000 people were affected (Davies, 2014).

Apart from this historic record, the most recent floods which have affected the
Rondonia state and the city of Ji-Parand occurred in 2022 where the flood level rose
to 11.60 m in the Machado River. Almost 50 families were affected due to the floods
(Ariquemes 190, Feb, 2022).
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- Flood Prone areas

Fig. 6.27 Rondonia Flood prone areas with 30 m flood. (Source: Elaborated by Saeed, Tahir Ali,
and Giil)
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Fig. 6.28 Ji Parand Flood prone areas with 20 m flood. (Source: Elaborated by Saeed, Tahir Ali,
and Giil)

The DEM was used to identify the flood prone areas in the state of Rondénia and
therefore create a flood risk analysis based on three different scenarios. Research
data pointed that the highest flood rose to 19.52 m in 2014 in Rondénia (Davies,
2014). A raster calculation was made to identify the areas which are prone to flood-

ing if the water level rises to 10 m, 20 m, and 30 m. Figs. 6.28, 6.29, and 6.30 show
the flood prone areas on the state level and the city level, respectively.
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Fig. 6.29 Ji Parand Flood prone areas with 30 m flood. (Source: Elaborated by Saeed, Tahir Ali,
and Giil)

Fig. 6.30 Important points of the city. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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6.3.11 Locations of the City

During the research phase, identifying the city’s popular hubs was a challenge. Our
methodology involved a mixed method using Google Maps and systematically
exploring the city streets using Google Street View. As pointed at Fig. 6.30, it would
be an oversimplification to say that there is a homogeneous distribution of open
spaces and social hubs in the city. However, the scarcity of social spaces is also note-
worthy. In a society whose culture is based on festivals, dance and music, the city
lacks public spaces that allow different social groups to come together. The visual
boundary in red defines the areas shown in Fig. 6.30 of social density in Ji-Parana.

6.3.12 The Machado River

These include bustling commercial districts, shopping malls, cultural institutions,
health facilities, recreational parks, educational institutions, and sports grounds.
However, an important detail to note when studying the city of Ji-Parand is that
when we take a closer look at the areas marked and defined as parks in Fig. 6.31, it
is possible to observe that most of them are soccer fields or areas with garbage
disposal.

This unintentional limitation effectively restricts the accessibility of such social
platforms to a specific social group. A closer look at the densely populated eastern

Fig. 6.31 Points around the river. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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district reveals a concentration of commercial residential areas. However, looking
closer at the shopping street it is possible to notice that the side land of the city’s
largest shopping centre is idle. This aspect shows us a crucial concept: any interven-
tion in the city must go beyond mere cartographic representation and elevated
perspectives.

In a city like Ji-Parand, it is important to approach the human and street scale,
because a top-down approach risks falling into the traps of a distant European
urban template, devoid of local reality. Our approach during this study is a con-
scious strategy to align our interventions with the identity of Ji-Parana. Recognizing
that a successful adaptation depends on the nuances of this city, we aimed to guide
each step of our implementation with care and a clear awareness of its
characteristics.

While exploring the city, something that really caught our attention was the use
of the riverfront. The Ji-Parand River flows right through the middle of the city. In
the heart of the city and by the river, it would be expected to see some social activi-
ties. However, this is not what the analysis shows for Ji-Parand. People from the city
do come to this area, but strangely, they don’t really have much to do there, since the
river area is not designed to be inviting.

6.3.13 Typology

See Fig. 6.32.

This grid system presented in Fig. 6.33 is particularly prevalent in densely popu-
lated residential areas. Street typologies 1, 2, and 4, which are mostly located on the
periphery of the city, have a lower grid density. On the other hand, typologies 3, 5,

type 5

type 6

Fig. 6.32 Typology Map. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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A

Fig. 6.33 Implementation areas map. (Source: Elaborated by Saeed, Tahir Ali, and Giil)

and 6 are mainly concentrated in densely populated areas. These typologies create a
more uniform and regular urban arrangement in these areas.

Using the insights from these different street typologies, our study attempts to
identify suitable areas within the application areas that can be designed as public
spaces, parks, or squares. This strategic approach is consistent with the goal of
harmonizing urban design with the existing urban context. Finally, to increase the
functionality of Ji-Parand‘s urban landscape.

6.4 Results

6.4.1 Implementation Areas

Figure 6.34 shows a proposal for the urban area where new parks and centres are to
be created. These implementation areas have been selected according to the social
density and needs of the city. At the same time, the red circles show these areas of
intensive use and need. Around the river, which is one of the most important areas of
the project, we have identified suitable areas where social spaces can be located,
which we have examined through Google Maps. The pedestrian and bicycle paths
that can be implemented in the city and along the river will significantly enhance
mobility.
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6.4.2 Strategies
6.4.2.1 Riverside Strategies

Parks and Public Spaces (Figs. 6.35 and 6.36)

— Creating recreational opportunities to engage social and community engagements;

— Creating pedestrian-friendly walking and cycling paths next to the riverside for
people to interact with nature and green spaces inside the city;

— Creating urban furnitures, playgrounds, and picnic areas for social interactions;

1

f«s& F“ *%1

Fig. 6.34 Park

Fig. 6.35 Riverside. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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Fig. 6.36 Urban centre

Designing attractive landscapes where people can use in the night safely time
with lighting, and seating areas.

Social Interactions

Mixed-use development along the riverside, creating social commercial areas
like cafés, or kiosks for attraction of the people from the city and involving local
communities on these areas for the local economy;
Restaurants, cafes, and entertainment areas with waterfront views will help to
build a vibrant scene, attracting visitors and locals.

Water-Based Activities

Promoting water-based activities facilities such as boating, kayaking, or fishing.

6.4.2.2 Urban Level Strategies

New Urban Centres (Fig. 6.37)

New urban centres according to the important and social points of the city where
everyone can reach easily around the city;

Accessible urban transportation;

Encouraging a mix of residential, commercial, industrial, and institutional devel-
opments will create a vibrant community;

New urban centres can act for economic growth, attracting investments, indus-
tries, and businesses with creating employment opportunities, new businesses to
help to encourage the local economy;

Creating of inclusive centres with social services, and community centres that
facilitates social interaction.
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Urban Parks (Fig. 6.38)

— Creating urban parks to the idle areas where there is no designed use in the area;

— Creating different recreational activities, not just football fields, other sports,
such as basketball courts, volleyball courts, or tennis courts;

— Open green spaces for social activities, walking paths, jogging tracks, and areas
to interact with nature;

— Redesigning idle areas with landscape design with integrating green infrastruc-
ture elements such as trees, shrubs, and gardens;
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Fig. 6.37 Urban park. (Source: Elaborated by Saeed, Tahir Ali, and Giil)

Fig. 6.38 Riverside Vision. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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— Creating urban furniture, playgrounds, exercise stations, outdoor fitness
equipment;

— Connecting different green areas inside the city for the green connectivity inside
the city.

6.4.2.3 Social Strategies

Cultural Areas

— Creating cultural hubs around the city where locals can develop art installations,
galleries, performance spaces, and cultural events to create a vibrant and creative
atmosphere, attracting residents;

— Cultural hubs, offering spaces for artistic expression, cultural activities, and the
preservation of local heritage;

— Art galleries, museums, theatres, and performance venues that promote cultural
diversity and creativity.

6.4.2.4 Strategies for Conservation

Protecting

Immediate elimination of deforestation: Enforce zero deforestation commitments in
the beef and soy chains and implement legislation to prevent further habitat loss.
Restoration efforts: Focus on key areas within the Amazon, targeting legally pro-
tected reserves and regaining connectivity with preserved areas.

Preserving

Preservation of connectivity: Preserve and restore connectivity between different
areas of the Amazon to maintain biodiversity and ecosystem health. International
cooperation: Collaborate with importing countries and organizations to promote
sustainable practices and enforce regulations.

Rebuilding

Education and awareness: Raise public awareness about the importance of the
Amazon, its biodiversity, and the need for conservation.
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6.4.2.5 Flood Related Strategies

— River embankments near urban areas;

— Green infrastructure and sustainable drainage system;
— Early warning flood systems;

— River restoration and channel management;

— Flood Hazard management.

6.4.3 Future Visions

Figure 6.39 illustrates a prospective vision for the riverside area of the city using a
collage method. The proposed alterations to the area are relatively small, involving
the addition of a few structures to an otherwise unoccupied space. The most crucial
element to be considered is the addition of a bicycle and pedestrian path. This can
facilitate safer access for the general public. Furthermore, the proposal includes the
introduction of water sports along the riverside, which has potential to become a
significant attraction. This proposal intervention can have the effect of revitalizing
the area socially, thereby encouraging its development as its use increases. In this
area, which is currently characterized by a landscape of shrubs, dust and soil, a
landscape arrangement has been proposed. Together with the integration of society
and nature, the intention is to eliminate any sense of abandonment and to create a
design that incorporates nature to the daily life.

Figure 6.39 depicts a vision for the most popular shopping streets in the city. The
most striking remarks made during the analysis of the area were the absence of
bicycle lanes and the inadequacy of street lighting. Thus began our initiative to

Fig. 6.39 Street Vision. (Source: Elaborated by Saeed, Tahir Ali, and Giil)
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create a safe space for individuals who do not rely on automobiles. Even though it
is one of the most popular streets in the city, we were intrigued by the absence of a
defined road layout and the lack of designed social spaces. In order to encourage
people to spend time on the street, small pop-up markets and urban furniture were
designed. The lack of greenery in the city was also very striking, and that’s why the
addition of palm trees on the sidewalks of the streets was considered, for this
particular street.

6.5 Conclusion

In conclusion, this chapter provides a comprehensive analysis of environmental
challenges in Rondonia, with a focus on Ji Parand. The data-driven approach reveals
alarming deforestation rates, driven by factors like agriculture and logging. This
trend also affects Ji Parand, where urban growth contributes to deforestation. The
study highlights the need for sustainable urban planning and preservation of green
spaces. Insights from NDVI, precipitation, and temperature patterns underscore
environmental vulnerabilities, emphasizing the importance of proactive strategies.
By bridging regional issues with local impacts, the chapter advocates for collabora-
tive efforts among communities, policymakers, and organizations to mitigate defor-
estation, protect biodiversity, and enhance resilience. In social strategies urban
landscape, providing residents with spaces for leisure, culture, and community
interaction. The implementation of these interventions not only enhances the physi-
cal environment but also contributes to economic growth, social cohesion, and the
overall well-being of the city’s inhabitants. This analysis serves as a valuable
resource for informed decision-making, offering pathways for sustainable develop-
ment and environmental conservation.
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Chapter 7 )
Ariquemes, the 15-Minute City: S
A Conceptual Proposal to Strengthen

Social Inclusion and Sustainable Greening
Through a 15-Min Urban Planning System

Shristi Thakuria and Deniz Ozdemir

Abstract Ariquemes, located in the heart of the Brazilian Amazon in the state of
Rondbnia, faces a complex set of urban challenges that require innovative solu-
tions. Historically plagued by deforestation, rapid land use change and infrastruc-
ture deficiencies, the city is grappling with the consequences of unbridled
urbanization. This book chapter explores a proposed transformative urban planning
system, the “/5-Minute City,” tailored for Ariquemes. This concept seeks to recon-
figure urban morphology and promote social inclusion, while addressing the envi-
ronmental consequences of deforestation. By weaving accessible green spaces and
essential services into the urban fabric, the concept aims to create a resilient, inclu-
sive, and sustainable urban landscape. It is an integrative methodology that com-
bines urban planning, community engagement, and sustainability principles. The
results demonstrate the potential for the 15-Minute City planning in Ariquemes as
a catalyst for social inclusion and green living. This project not only demonstrate
the city’s ability to address these complex issues but also highlights the imperative
of respecting Indigenous/minority rights and cultural heritage in the context of
planning. The “Ariquemes 15-Minute City” stands as a beacon for the urban future
through the adoption of the 15-Minute City concept for the urban planning system,
proving that resilient and green urban living is within reach, even in the heart of
the Amazon.
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7.1 Introduction

The Amazon rainforest, often referred to as the “lungs of the Earth,” is the largest
tropical rainforest in the world. It stretches across nine countries in South America,
with a majority of its territory located in Brazil. Within Brazil, the state of Rondoénia,
located in the western part of the Brazilian Amazon, holds unique importance due
to its particularities. Rondonia has experienced significant deforestation and land
use change, driven by agricultural expansion, logging, and infrastructure develop-
ment. Its complex socio-environmental landscape highlights the tensions between
conservation efforts and economic development in the Amazon.

Rondbdnia’s history is intertwined with that of its Indigenous populations, and the
state has been a focal point for discussions on indigenous rights and cultural preser-
vation. The complex dynamics of this region serve as a microcosm of the broader
challenges facing the Amazon and illustrate the delicate balance required to protect
its ecological richness while meeting the socio-economic needs of its inhabitants
(Nepstad et al., 2006; Fearnside, 2005).

According to the World Wildlife Fund (WWF, 2023), deforestation in the
Amazon was three times higher in the first half of 2022 than in the first half of 2017.
It has increased every year for the past 5 years, with no sign of slowing down.

The MapBiomas (2021) project has analyzed land use change in Brazil over the
last 38 years using satellite imagery. Their data show the conversion of natural
areas, such as forests and grasslands, to agriculture and pasture over this period.
Most of Brazil’s recent deforestation due to land use change for pasture has occurred
in the Amazon region, and Rond6nia state has played a key role in this story.
Rondbnia is located in the south-western part of the Brazilian Amazon and was
originally entirely rainforest. In 2021, compared to 1985, the natural forest vegeta-
tion area in the state was reduced by 66% (Mapbiomas, 2021). The threats are
related to land use changes that directly cause deforestation at the local or regional
level. These include certain types of agriculture, mining, other extractive industries
(e.g., oil, timber) and infrastructure that directly replace forests (Hanggli et al., 2023).

Rondbnia is currently undergoing a period of major agricultural expansion, with
the main crops being rice, banana, coffee, cassava, and soy. Besides the agricultural
development, beef production is the main driver of deforestation in the Brazilian
Amazon. However, its development has presented specific characteristics and chal-
lenges in terms of the occupation and use of the territory, as it has been marked by
periods of different land use for agriculture, cattle ranching, and the exploration of
mineral and environmental resources (Carvalho & Delgado, 2018).

Pedlowski et al. (1997) and Piontekowski et al. (2014) explain that the two main
cycles of urban growth and development in the region were due to the nineteenth
Century events and the World War II, the former being especially related to rubber
extraction and the later to the exploitation of cassiterite (tin oxide, Sn O,). These
economic cycles were factors that increased the migration flow to the region.

However, these are not the only two main cycles in the growth of cities in the
state of Ronddnia, and the infrastructure development also plays a key role.
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In 1985 the 364 Highway was built to connect Ronddnia to the state of Cuiaba.
This infrastructure encouraged the start of deforestation in Ronddnia: Following the
pavement of the highway in 1985, 8% of the region was deforested for farming. By
2017, 33% of the state’s forested land had been converted to pasture and agriculture
(MapBiomas, 2021).

Due to the highway construction, urbanization along the highway axis increased,
also linked to the land grants made by the Institute of Colonization and Agrarian
Reform (INCRA). The demarcation of settlements has led to a large flow of migra-
tion to the region, which has resulted in the expansion of the agricultural frontier
and, on the other hand, has contributed greatly to the destruction of the forest
(Tourneau & Bursztyn, 2010).

At the end of the 1970s, as a result of the Brazilian government’s strategy of
occupation and local development, implemented by INCRA, native forest areas
were replaced by agriculture (temporary and permanent crops) and pastures for
cattle farms (Tourneau & Bursztyn, 2010). Cardille and Foley (2003) confirm that
in 1990, Rondonia had the highest deforestation indexes due to a large expansion of
cattle ranching, with peaks in the municipalities of Ji-Parand and Ariquemes. This
expansion took place around Porto Velho and in areas in the south of the state.

Established in the late 1970s, Ariquemes’ origins are linked to Brazil’s National
Integration Plan (PIN), a visionary undertaking plan orchestrated by INCRA. This
aimed to unlock the Amazon’s vast potential for colonization and agricultural
expansion, propelling the city into existence (Nepstad et al., 2006).

Yet, as Ariquemes emerged, it became a microcosm of challenges facing the
Amazon. The city’s rapid development was paralleled by the reality of deforestation
and dramatic land use changes, emblematic of the broader Amazonian narrative.
While agricultural ambitions flourished, this growth came at an environmental cost,
casting a shadow over the region’s natural resources (Fearnside & Salati, 1985).

Ariquemes is the third largest population center in the state of Ronddnia, with
around 111 thousand inhabitants in 2022, according to the estimates of the Brazilian
Institute of Geography and Statistics IBGE, 2023a, 2023b). It is a nucleus of agri-
cultural colonization commissioned by the INCRA, implanted on the banks of the
Jamari River and close to a small pre-existing village. It was designed by the archi-
tect and urban planner Antonio Carlos Cabral Carpintero in the 1970s (de Paiva &
Trevisan, 2023).

The topography and the pre-existing layout of the Highways BR-364 and RO-257
strongly influenced the position chosen for the urban core, which could not be a
direct expansion of the old core, with the new city being built to the north. Carpintero
also implemented two parallel roads about 2.5 km from the BR-364 Highway that
functions as a structural axis of the urban morphology. These avenues delimit the
Institutional Sector of the city, which has a different form of occupation, with a
predominance of open spaces. This forms a different landscape in the midst of the
urban layout of the city (de Paiva & Trevisan, 2023).

Perpendicular to the Institutional Sector, the connecting roads that delimit the
neighborhoods of Ariquemes depart, originally called Sectors, with most shops and
services placed close to the Institutional Sector. The blocks are rectangular in shape
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and are laid out sequentially as a regular plot (de Paiva & Trevisan, 2023). Currently,
the city has been faced with many challenges pertaining to deforestation, severe
land use change, lack of infrastructure, and so on, which we will analyze further
in-depth.

To explore this complex reality, this chapter begins with an overview of the his-
torical context of the city of Ariquemes. It then examines the impact of agricultural
colonization and migration to the region from the 1970s onward, which affected the
region’s demography, culture, and socio-economic landscape.

This book chapter also explores a comprehensive approach to green urban plan-
ning and design. Rethinking the city offers us a unique opportunity to reconcile
environmental conservation, Indigenous heritage protection, and sustainable devel-
opment. By adopting sustainable practices, engaging Indigenous communities, pro-
moting cultural preservation, and forging collaborations, we aim to create a better
life in the city. It is within this framework that we answer our research questions: (/)
How can we re-imagine Ariquemes as a model city that thrives in harmony with its
natural environment and celebrates its diverse cultural heritage? (2) How can we
reduce the impact that agricultural expansion has on the ecology and environment
of Ariquemes without hindering the economic benefits produced by the city? (3)
How can we integrate the lost heritage and culture of the Indigenous communities
and minorities of Rondonia?

To further elaborate this study, the following hypothesis is proposed: The imple-
mentation of sustainable urban planning strategies, including the integration of
green infrastructure, efficient transport systems, adequate blue infrastructure, and
cultural preservation initiatives, will lead to improved environmental quality,
enhanced social well-being, and increased economic opportunities in Ariquemes.
Then, a vision is developed to strengthen inclusivity and promote sustainable
greens, using the 15-min grid concept, a city planning strategy and a strategic road-
map to guide the next steps of urban planning and design in the city. Finally, to
conclude our research, an intervention is proposed in the form of a policy and a
master plan.

7.2 Methodology

To answer our research questions, we systematically reviewed the available litera-
ture on Amazonian deforestation, agricultural colonization, the history of Ariquemes,
and its socio-economic growth and development, from the years 1970 to 2023. We
analyzed this evidence base using a framework derived from our theoretical model
to identify specific deforestation drivers and how the city of Ariquemes has been
affected by it.
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The following steps were conducted:

7.2.1 Analysis

A comprehensive analysis of the city was conducted at both the macro- and micro-
scales. This involved gathering data on the existing urban fabric, land use patterns,
infrastructure, mobility, green spaces, and social nodes. This was followed by an
assessment of the current strengths, weaknesses, opportunities, and challenges
(SWOT analysis) within the area. This analysis provided a holistic understanding of
the context and formed the basis for the following steps.

The analysis phase was followed by the integration of geospatial tools and
diverse data sources, such as QGIS software for generating NDVI, NDBI, flood
hazard, and elevation maps. This is complemented by the MapBiomas data source
(2021) and satellite imagery for deforestation and land cover insights, and with data
from the Brazilian Institute of Geography and Statistics (IBGE, 2023a, 2023b) for
social analyses.

To calculate the NDVI and NDBI of specific time periods 1997, 2012, and 2023
we used satellite imagery from Landsat-TM (for 1997 and 2012), and Landsat-8/9
OLI (for 2023). From the NDVI and NDBI maps, we can summarize that the quan-
tity of primary vegetation has been decreasing rapidly over time, mostly due to mass
agriculture and urbanization of land. Also, the quality of bare soil and the agricul-
tural lands itself have been deteriorating over time.

7.2.2 Problem Definition

Based on this analysis, the key urban design challenges are defined. These can be
divided into two distinct categories: physical problems and socio-economic prob-
lems. This step forms the basis for the formulation of strategic interventions.

7.2.3 Strategic Planning

A comprehensive strategic plan has been developed to address the identified issues
and opportunities, to create a vision for a vibrant and sustainable urban environment
for the city. This is to be achieved by combining the 15-minute city and mixed-use
functional concepts with the grid system as well as the integration of the green
spaces into the city.
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7.2.4 Strategy Framework

A strategy framework outlining the specific measures and actions required to imple-
ment the strategic plan was created. This consisted of three categories of improve-
ment: environmental, infrastructural, and social. These improvements were later
applied to five distinct layers: infrastructure, commercial, residential, green,
and social.

7.2.5 Toolbox Component Selection and Application

A series of toolbox components, in line with the strategic plan and the problem
definition, were identified and applied to the urban design area. The process was
concluded with a master plan. Architectural and urban design-oriented software
such as AutoCAD, Adobe Photoshop, QGIS, and so on, were used to conceptualize
and create the graphics for the Master Plan, Strategic Map, Vision Map, and
many more.

7.2.6 Timeline

A timeline was created to outline the steps and milestones of the planning and
design interventions, including the future developments that could take place in the
city. The timeline acts as a guide for execution of public policies as well.

7.3 Analysis and Discussion

7.3.1 Macro-Scale Analysis
7.3.1.1 Deforestation

The Amazonian tropical forests have been disappearing at a fast rate in the last
50 years due to deforestation to open areas primarily for agriculture, posing high
risks of irreversible changes to biodiversity and ecosystems (MapBiomas, 2021).
The rural development in the Amazonia pushed the agricultural frontier swiftly,
resulting in widespread land cover change. However, agriculture in the Amazon has
been of low productivity and unsustainable (Nobre et al., 2016).

The loss of biodiversity and continued deforestation may lead to high risks of
irreversible change in its tropical forests. Modeling studies have shown that the
Amazon may have two “tipping points,” namely a temperature increase of 4 °C or
deforestation of more than 40% of the forest area. If these thresholds are crossed, a
large-scale “savannization” (change of forest type from rainforests to savannahs) may
occur, mainly in the southern and eastern Amazon. This is alarming information,
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especially given that the region has warmed about 1 °C over the last 60 years, and
total deforestation has reached 20% of the forested area (Nobre et al., 2016).

From 2002 to 2022, Ronddnia lost 3,740,000 ha of humid primary forest, which
is around 80% of its total tree cover, lost in the same period. The total area of humid
primary forest in Rondonia decreased by 24% in this time (MapBiomas, 2021).
However, the recent significant reductions in deforestation—an 80% reduction in
the Brazilian Amazon in the last decade opens opportunities for a novel sustainable
development paradigm for the future of the Amazon (Nobre et al., 2016).

According to the data collected from MapBiomas, the city of Ariquemes had an
area of 347,296 ha of primary vegetation, that is, undisturbed plant community that
develops in an area over a prolonged period in the absence of significant human or
natural disturbances like fire or clear-cutting. This vegetation is in a stable state and
is often well-adapted to the local climate and soil conditions.

The city also had an area of 150 ha of secondary vegetation, that is, plant com-
munity that develops in an area after it has been disturbed or altered in some way.
This disturbance can be caused by human activities like agriculture, logging, or
urban development, as well as natural events like wildfires or volcanic eruptions.

However, in 2000 this figure was estimated to be 223,150 ha of primary vegeta-
tion and 12,643 ha of secondary vegetation. Subsequently, we can observe even
more decline in 2021 with only 134,635 ha of primary vegetation and 18,731 ha of
secondary vegetation. When further investigated, the secondary vegetation included
pasture, agriculture, forest plantation, beach, dune and sand spots, urban areas, min-
ing, and other non-vegetated areas, with agriculture primarily constituting tempo-
rary crops like soybean, sugar cane, rice, cotton, etc. and perennial crops like coffee,
citrus, and others (MapBiomas, 2021).

7.3.1.2 Land Cover Change

Land development in the Brazilian Amazon has gone through phases of rubber
extraction, agricultural development, immigration, road building and the promotion
of large-scale cattle ranching, timber extraction, and mining. The expanding land
use activities in Rondo6nia have resulted in an increase in the human population and
the rate of deforestation so that by 1993 about 25% of the forest area had been lost.
In Rondbnia, the main activities responsible for deforestation are small farmers,
cattle ranchers, miners, and loggers. The implications of the Ronddnia Natural
Resource Management Project (PLANAPLORO), which is just now being imple-
mented, are critical to the future of the environment and economy of the region
(Pedlowski et al., 1997).

In the maps above (Fig. 7.1), we compare the land use change in Ariquemes in
three main time periods: 1985, 2000, and 2021. From the data collected, we can infer
that the use of agricultural and pasture has increased significantly over the last three
decades, with soy being the most important temporary crop produced. Subsequently,
the forest areas have decreased tenfold. Urban areas, on the other hand, have increased
steadily over time and have not been the major driver of land use change. Another
notable aspect is the increase in legal and illegal mining in the region (Table 7.1).
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Fig. 7.1 Land cover change in Ariquemes from 1985 to 2021. (Source: Thakuria and Ozdemir,
with data from MapBiomas (2021))

Table 7.1 Land use change area in Ariquemes from 1985 to 2021

Land use 1985 (ha) 2000 (ha) 2021 (ha)
Forest 351,511 234,262 146,423
Agriculture 80,919 196,637 278,478
Pasture 80,919 196,633 271,182
Non-vegetated area 1658 4509 6894
Urbanized area 1424 2177 3416
Mining 234 2333 3478

Source: Thakuria and Ozdemir, using data from MapBiomas (2021)

7.3.1.3 Normalized Difference Vegetation Index (NDVI) and Normalized
Difference Built-up Index (NDBI)

The NDVI is a major indicator of urban climate. It provides indications of the pres-
ence of vegetation and the amount or condition of vegetation on a pixel basis. The
NDVI is derived by using the surface reflectance of the red band (band 3 in TM and
band 4 in OLI) and the surface reflectance of the near-infrared band (band 4 in TM
and band 5 in OLI). The NDVI values range from —1 to 1, with positive values rep-
resenting vegetated areas and negative values representing non-vegetated areas.

NDVI = (NIR - RED)/(NIR + RED)

where NIR = band 4 (for Landsat TM—wavelength 0.76-0.90 pm) and band 5
(for Landsat OLI—wavelength 0.85-0.88 um) and RED = band 3 (for Landsat
TM—wavelength 0.63-0.69 pm) and band 4 (for Landsat OLI—wavelength
0.64-0.67 pm).

The NDBI, on the other hand, is an index for identifying and classifying built-up
areas or impervious surfaces. The positive values of the NDBI indicate built-up
areas and those close to O indicate vegetation, while the negative values represent
water bodies. The NDBI is expressed as the following equation:

NDBI = (MIR - NIR)/(MIR + NIR)
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where MIR = band 5 (for Landsat TM—wavelength 1.55-1.75 pm) and band 6
(for Landsat 8—wavelength 1.57-1.65 pm) and NIR = band 4 (for Landsat TM—
wavelength 0.76—0.90 pm) and band 5 (for Landsat OLI—wavelength 0.85-0.88 um)
(Ranagalage et al., 2017).

Figure 7.2 shows that a healthy landscape predominated the entire region of
Ariquemes, with high NDVI values indicating dense primary vegetation cover in
1997. The urban region is also reflected within the map; however, it is mostly con-
fined to the center along the edges of the major transportation channels. By 2012,
the impact of deforestation for agriculture and urban expansion became evident,
with a noticeable decline in NDVI values, especially in areas surrounding the city,
to the North-west where lies the mines of Bom Futuro region and toward the East
where lies the large-scale farms. The current NDVI calculation reflects that there is
no healthy primary vegetation in Ariquemes as of now.

Figure 7.3 shows that in 1997, the NDBI values were relatively low, consistent
with limited built-up areas and the prevalence of healthy vegetative cover.
Subsequently, in 2012, a substantial escalation in NDBI values was observed, reflec-
tive of intensified agricultural expansion. This can be confirmed with the NDVI
analysis (Fig. 7.2), which when overlayed tells us that bare soil or agricultural and
pasture land have significantly increased over this period and there has been a mas-
sive tree cover loss. This trajectory persisted into 2023, with NDBI values reaching
even higher levels, signifying the progressive expansion of agriculture. However, it
is to be noted that roads, or other infrastructural developments like the built-up of
the city has been increasing at a steady pace.

M 820, <=0 1997

[ Moderately Bad, 0.2
[ ] Average, 03

[ Good, 05
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2023

Fig. 7.2 The NDVI calculation for Ariquemes. (Source: Thakuria and Ozdemir, based on
Landsat images)
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Fig. 7.3 The NDBI calculation for Ariquemes. (Source: Thakuria and Ozdemir, based on
Landsat images)
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7.3.1.4 Topography and Flood Analysis

Ariquemes has a topography characterized by a mixture of low-lying areas and hilly
terrain due to its location within the Amazon rainforest region. Specific flood analy-
sis data from MapBiomas (2021) highlights the city’s vulnerability to flooding, par-
ticularly during the rainy season when rivers and water bodies overflow. The data
highlights the importance of robust water management infrastructure and flood
mitigation strategies in Ariquemes.

Additionally, it accentuates the critical role of sustainable urban planning in address-
ing this challenge, incorporating adequate drainage systems and floodplain manage-
ment to safeguard the city’s population and infrastructure from seasonal flooding
events. In the city, flooding issues area a major concern for the city’s residents and
infrastructure. The topographical characteristics, combined with heavy seasonal rain-
fall, contribute to the recurrent flooding events affecting various parts of the city,
emphasizing the need for comprehensive flood risk assessment and mitigation measures.

7.3.1.5 Socio-Economic Analysis

The city’s economy is mainly based on cattle ranching and agriculture, which has
led to the conversion of forested areas into agricultural land (this phenomenon can
be seen in the analysis mentioned above). In addition, the indigenous people histori-
cally living in the region have been displaced from their lands due to the urbaniza-
tion and deforestation of the area. Their former lands are now mostly used for either
cattle ranching or agriculture, economic activities that put pressure on the indige-
nous reserves and threaten the sustainability of the indigenous territories.

Most concerningly, these issues have led to the marginalization of the indigenous
people, as the majority of them are no longer able to occupy the lands to which they
are rightfully entitled. This leads to problems of social inclusion as well as problems
of preserving the heritage and cultural identity of the minorities, as they are no lon-
ger able to experience their traditional way of life (Santos & Gomide, 2015).

7.3.2 Micro-Scale Analysis
7.3.2.1 Urban Morphology and Land use

The city is built on a grid layout system adopted on the streets and roads. In addi-
tion, the city has a central core in the strategic center of the city. The grid system has
immense potential in terms of navigation and land use allocation; however, cur-
rently the full potential of this system is not being realized.

When analyzing the morphology of the city, four prominent typologies can be
highlighted: The first typology covers the commercial areas; the second covers the
rural residential areas; the third is the traditional urban center residential area, char-
acterized by alameda streets, and the fourth covers the contemporary suburban resi-
dential areas (Fig. 7.4).
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Fig. 7.4 Morphology analysis

There are three main functions, namely residential, commercial and industrial,
and institutional (Fig. 7.5). These functions are usually segregated in the form of
functional zones. While functional segregation can facilitate focused and efficient
resource use, it can also inhibit a holistic and connected urban experience. An
approach that focuses on fluid functions and their integration could create a more
dynamic urban environment that fosters cross-functional interactions and synergies,
contributing to a vibrant, livable city.

Overall, the existing urban fabric is characterized by its density, densely popu-
lated structures and very limited open spaces areas. Moreover, the city also lacks
green spaces. Due to these issues, the city could be prone to problems of well-being,
environmental stability and infrastructural resilience, as well as an unfavorable
esthetic appeal of the city.

7.3.2.2 Green and Blue Analysis

Within the urban fabric, there is a notable scarcity of green infrastructure, such as
urban parks, green corridors, and natural green spaces. This deficiency is most evi-
dent in the denser urban areas. Overall, the green potential of the city has not been
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Fig. 7.5 Land use analysis. (Source: Thakuria and Ozdemir)

exploited, especially in the central core, where the integration of these elements
could enhance the urban landscape and create a sense of connection to the green. It
is also important to note that large areas on the periphery of the city are not forest
lands, but rather pasture and agricultural land, illustrating the lack of availability of
the green space on the city’s periphery (Fig. 7.6).

Overall, there is a disconnection between the urban landscape within the city and
the landscape present at the periphery and urban edges, which raises the need for a
renewed emphasis on green initiatives in order to create a more harmonious and
balanced urban environment. It is also important to note that the green function also
has the potential to act as a catalyst for a range of functions, including social
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Fig. 7.6 The Green and Blue Analysis of Ariquemes. (Source: Thakuria and Ozdemir)

interactions, commercial vitality, and residential improvements. Greenery can trig-
ger a range of positive impacts across different dimensions of urban life.

7.3.2.3 Mobility Analysis

The city is isolated from its surrounding areas, due to inadequate regional mobility
infrastructure. Mobility is also an issue at the city level, as public transport options
are limited. As a result, people tend to rely on cars for their daily journeys. There is
also no rail infrastructure in the city. The lack of a comprehensive railway
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infrastructure further exacerbates the connectivity challenge. These collective short-
comings in mobility infrastructure create an urgent need for improvement not only
to solve to address the issue of isolation but also to improve the overall accessibility
and connectivity.

The road network hierarchy follows a structure characterized by highways as the
main artery, followed by avenues, streets, and finally alamedas. This structure
reflects an order designed to facilitate traffic flow and manage urban functions
(Fig. 7.7).

B Highway [ Alamedas [Ji] Avenues [JJ] Roads

Fig. 7.7 The Mobility Analysis of the Ariquemes. (Source: Thakuria and Ozdemir)
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Unfortunately, the urban landscape is affected by the deteriorating conditions of
both streets and buildings. This collective state of neglect contributes to a less favor-
able urban environment. This trend extends to the condition of the alamedas, which
faces similar challenges and is part of the wider urban degradation.

As the city faces these challenges, there is a clear need for concerted efforts to
improve mobility options and infrastructure, as well as the urban landscape. By
addressing these issues, the city can work toward fostering a more cohesive and
vibrant urban environment that benefits both residents and visitors.

7.4 SWOT Analysis

After the in-depth analysis, we can conclude the strengths, weaknesses, opportuni-
ties, and threats observed in Ariquemes, as follows:

7.4.1 Strengths

1. The presence of the city next to several natural resources, such as the Alto Jamari
River, several rivers’ streams, known as Igarapés, the Natural Reserve Madalena
River, among others, proves to be a continuous asset to the environment around
the city;

2. Even though the full potential of the grid system is not currently being used in
Ariquemes, it has a functioning grid layout;

3. The proximity to larger cities like Porto Velho and the presence of the highway
BR-364 prove to be an asset to the regional mobility.

7.4.2 Weaknesses

1. There is no drainage, sewage, water treatment stations or garbage disposal sys-
tem within the city boundaries;

2. There are greens surrounding the city, however, there is a significant lack of
urban greens within the city;

3. The city has no notable public transportation system and even lacks a rail-
way line;

4. Within the grid system, the alamedas, designed as breathing spaces and back
alleys for the residential areas, have now been neglected and left in deteriorated
conditions;

5. Segregation of land use and building use results in dense and underutilized spaces.
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7.4.3 Opportunities

1. There is a great opportunity to integrate the existing forests with agriculture and
also introduce agriculture within the city limits to create a more sustainable agri-
cultural environment;

2. There are significant spaces for reforestation combining them with large and
vacant pasture lands;

3. The river poses opportunities to create sustainable riparian habitats for the flora
and fauna to thrive in.

7.4.4 Threats

1. Monoculture farming is a threat to the climate, the environment, and to the con-
servation of forests because of its expansion;

2. Due to Ariquemes location in a flat region and significantly close to the Alto
Jamari River and its tributaries, it is significantly affected by floods;

3. One of the major problems in this region is the deforestation and lack of green-
ery in the urban area.

7.5 Problem Definition

The problems in Ariquemes are multifaceted and present several major challenges
that require attention and strategic solutions. We can divide the fundamental issues
into two categories: physical and socio-economic.

Physical challenges include deforestation, inadequate infrastructure, and
unplanned urban growth. Deforestation is driven by agricultural expansion and log-
ging activities. This environmental degradation not only threatens the region’s rich
biodiversity and contributes to climate change, but also affects indigenous commu-
nities and their traditional lands. Inadequate infrastructure, including drainage, sani-
tation, and water supply systems, exacerbates flooding problems during the rainy
season, affecting both urban and rural areas. Unplanned urban growth and defores-
tation for new settlements promotes the disconnection from the natural environment
surrounding the city.

Socio-economic challenges include the segregation of social groups, poverty,
and inequality. Addressing segregation requires the integration and empowerment
of indigenous peoples, who have historically faced marginalization and displace-
ment as a result of the region’s colonization strategies. In addition, issues such as
poverty, income inequality, cultural differences, lack of recognition and
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representation, social inclusion of minorities, and lack of economic diversification
needs to be considered. This underlines the importance of comprehensive, sustain-
able, and culturally sensitive approaches to addressing the issues facing Ariquemes
and creating a more resilient and equitable future for the city and its people.

7.6 Vision: 15-Min City Concept, a Grid Planning System

Following the Paris Climate Change Conference in 2015, where the low-carbon
city was selected as a policy agenda for large cities, Carlos Moreno introduced the
15-Minute City concept in 2016 as a framework for addressing greenhouse gas
emissions (Moreno et al., 2021). The 15-Minute City concept aims to create a self-
sufficient neighborhood with the essential functions of living, working, commerce,
healthcare, education, and entertainment by decentralizing urban functions and
services (Bocca, 2021; Ferrer-Ortiz et al., 2022). Moreno envisioned dense, con-
nected, socially and functionally mixed neighborhoods based on the human-scale
design that encourage walking and cycling (Balletto et al., 2021; Nowor6l
etal., 2022).

In our vision for rethinking Ariquemes as a socially inclusive and sustainable
city, we propose the 15-Minute grid urban planning concept based on eight dimen-
sions: (1) Proximity to essential services; (2) proximity to public transportation; (3)
built density, (4) mixed land use, (5) walkable and cyclable streets, (6) placemaking,
(7) inclusivity, and (8) ubiquity. These are briefly discussed below.

1. Proximity to essential services: Residents should be able to access all essential
services such as healthcare, education, work, etc. by foot, bicycle, or other non-
motorized vehicle within a reasonable time from their respective place of living.

2. Proximity to public transportation: The residents should have various public
transportation nearby and should be able to access them without any barriers, to
reach outside the vicinity of their place of living avoiding using private vehicles.

3. Built density: The population and employment density of an area support the
existence of local businesses and other services. Therefore, residents should be
able to access as well as set up businesses or shops within the vicinity of their
place of living.

4. Mixed land use: Residents should be able to access various land uses that fulfill
all their daily needs and urban functions close to their place of living. Buildings
should be able to cater to a variety of functions, for example, housing, office, and
grocery store in one, to create an area that is not only saturated with uses but also
creates a safe and vibrant environment for all.

5. Walkable and cyclable streets: Walking and cycling paths should be well-
connected to all the urban functions provided in the 15-minute neighborhood. It
should be barrier-free and comfortable for pedestrians, cyclists, and non-
motorized vehicle users of all strata. Creating a pedestrian and cycle-friendly
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network also encourages small-scale economic development and a more sustain-
able and eco-friendlier environment.

6. Livable public spaces and placemaking: Co-creation of spaces together with
the people of the community to strengthen the connection and give identity to
new spaces according to their needs and uses. This reduces the risk of dilapi-
dated and unsafe spaces in the city.

7. Inclusivity: All residents should be able to move freely, safely, and without any
barriers in public or private spaces, being able to make use of services irrespec-
tive of their individual capabilities, age, gender, origin, ethnicity, and so on.

8. Ubiquity: The above characteristics should be intertwined and widespread so
that they are readily and easily available to each and every resident all around the
city, irrespective of their socio-economic or demographic status. No space within
the city should have any hierarchy.

The 15-minute grid system, as envisioned by us (Fig. 7.8):

&0 Components

Green Spine

15-min grid ;

Riparian Habitat *
Regeneration

Fig. 7.8 Overall vision for Ariquemes, strengthening social inclusion and sustainable greens
through a 15-min city planning system. (Source: Thakuria and Ozdemir)
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Five different themes of the blocks Each theme is interlocked to create a grid There can be n-numbber of combinations Each block can be reached by 15 mins walking
and each diagonal block takes 15 mins cycling

Fig. 7.9 The 15-minute grid system tailored to Ariquemes. (Source: Thakuria and Ozdemir)

The “15-Minute” Grid System for Ariquemes is a transformative approach and a
powerful tool to address the city’s multifaceted challenges while fostering social
inclusion, economic growth, and environmental sustainability. This innovative
framework seeks to redefine urban living by seamlessly weaving five key themes—
social, commercial, residential, infrastructure, and green—into the urban fabric,
creating a dynamic and harmonious cityscape. At its core, the 15-Minute Grid
System revolves around the idea that every intersection of this weave represents a
distinct area with a unique function, contributing to a resilient and interconnected
urban ecosystem enriching the lives of its inhabitants, and fostering a more sustain-
able and inclusive city (Fig. 7.9).

Social Nodes: Within this grid, social nodes are carefully integrated, ensuring
that residents are never more than a 15-minute walk or bike ride away from essential
community services and cultural amenities. These nodes encompass schools,
healthcare centers, community centers and parks, promoting access to education,
healthcare, social interaction, and recreational opportunities for all residents.

Commercial Hubs: Sprawling commercial districts thrive at various intersec-
tions, nurturing economic vitality while reducing the need for long commutes. Here,
local businesses, markets, and retail establishments flourish, fostering entrepreneur-
ship, creating job opportunities, and supporting the local economy.

Residential Enclaves: Amidst the urban weave, thoughtfully planned residential
enclaves provide a range of housing options, from single-family homes to high-rise
apartments. These areas prioritize green spaces, connectivity, and mixed-income
neighborhoods, catering to diverse housing needs while enhancing community
cohesion.

Infrastructure Innovation: Infrastructure nodes are strategically placed,
addressing critical needs such as efficient transportation, smart utilities, and sustain-
able drainage systems. Modern transit networks, pedestrian-friendly streets, renew-
able energy solutions, and comprehensive waste management systems ensure the
city’s functionality and environmental zones.

Green Avenues: Green spaces are meticulously integrated into the weave, creat-
ing area of nature within the city. These areas include riparian habitats, parks, gar-
dens, green corridors and urban agriculture, promoting biodiversity, mitigating
urban heat, and providing residents with a connection to the natural world.
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The success of the 15-Minute Grid System in Ariquemes lies in its embrace of
mixed-use diversity (Fig. 7.10).

At the intersections where themes intertwine, dynamic mixed-use zones emerge
(Fig. 7.9). These areas house innovative live-work spaces, cultural institutions, and
entertainment venues, fostering creativity, and enriching urban experience. The
horizontal and vertical interplay of these themes creates a cityscape where daily life
is seamlessly woven into a vibrant spread of functionality. The 15-Minute Grid
System not only enhances convenience but also encourages sustainable practices,
reducing car dependency, mitigating congestion, and curbing pollution. Our vision
for Ariquemes is to promote a harmonious coexistence of urban development and
environmental preservation, creating a sustainable and inclusive city for future gen-

erations (Fig. 7.8).
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Fig. 7.10 The outcome of the 15-minute grid planning system. (Source: Thakuria and Ozdemir)
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7.7 Strategic Plan

The strategic plan envisages three main categories of improvements: environmental,
infrastructural, and social. These categories are later applied into five distinct layers:
infrastructure, commercial, residential, green, and social (Fig. 7.11). To improve the

Strategic Plan
v v v

Environmental Infrastructure Social
Improvements Improvements Improvements

01-INFRASTRUCTURE

sinfrastructure development

~urban development

preserving critical river ecosystems

«integration of green infrastructure such as urban parks, green corridors
and water management systems enhance the city's resilience and ecologi-
cal balance.

02-COMMERCIAL

*mixed-use building implementation
sconveniently accessible commercial functions

03-RESIDENTIAL

*multiple story high residential block introduction
*mixed use functions within residential areas

04-GREEN

sustainable agriculture
sreforestation programs
deforestation mitigation

05-SOCIAL

social Improvements

«integration of communities through cultural assimilation and education
community engagement

+social housing

spreservation of heritage and cultural identity,

promoting traditional knowledge, and fostering intercultural dialogue to
create a harmonious and diverse urban fabric.

Fig. 7.11 Representation of three improvement strategies and five application layers. (Source:
Thakuria and Ozdemir)
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city as a whole, the plan aims to create an urban landscape that seamlessly integrates
a spectrum of improvements, weaving these layers into the urban fabric with
renewed vitality. In this way, the city will benefit from a comprehensive transforma-
tion that considers environmental sustainability, infrastructure adequacy, social
inclusion, and urban well-being.

1.

Infrastructure

(@)
(b)
(©
(d)

(@)
(b)

(@)
(b)

(@)
(b)
©

(@)
(b)

(©
(d)

Infrastructure development;

Progressive urban development initiatives;

Protecting the river ecosystems;

Incorporation of green infrastructure elements, such as urban parks, green
corridors, and water management systems in order to enhance the city’s
resilience and ecological balance.

. Commercial

Implementation of mixed-use building structures;
Facilitating convenient access to commercial functions.

. Residential

Introduction of multi-story residential blocks;
Introduction of mixed-use functions within residential areas.

. Green

Promotion of sustainable agricultural practices;
Reforestation programs;
Mitigation of deforestation.

. Social

Initiatives for social improvement;

Integration of communities through cultural assimilation and educational
initiatives;

Providing social housing solutions;

Preservation of heritage and cultural identity, promotion of traditional
knowledge, and encouragement of intercultural dialog in order to create a
harmonious and diverse urban fabric.

The strategic plan includes the integration of the 15-Minute Grid concept, which
aims to improve the accessibility of daily activities and basic needs within a
convenient 15-minute walking or cycling radius from any point of the city. In
this case, this concept harmonizes residential, commercial, social, institutional
and green functions. A key aspect of this approach is also to improve mobility
infrastructure and the reduce car dependency, thereby promoting a healthier life-
style (Fig. 7.12).
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Fig. 7.12 Strategic Map 2050+. (Source: Thakuria and Ozdemir)

7.8 Toolbox

The city can be made more vibrant and livable by harmonizing the urban fabric,
including green infrastructure and open spaces and by improving environmental
balance. The well-being and social inclusion improvements are linked with the bet-
ter urban experience. In order to achieve this, a methodology is implemented with a
complementary toolbox (Fig. 7.13).

Step 1: Current condition.

The current urban condition of the city is characterized by the dense urban fabric
in a grid system with lacks functional diversity, forming a monotonous city.

Step 2: Building land cover reduction.

Some of the residential blocks will be removed to make space for the upcoming
green infrastructure.

Step 3: Reclaiming the green and re-densification of the built environment.
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00-Curent condition 01-Building land cover 02-Reclaiming the green 03-Mixed-use block 04-Activity implementation
Reduction and densification of the implementation to the public spaces
built environment

Fig.7.13 Toolbox, step by step development representation of the selected area. (Source: Thakuria
and Ozdemir)

Figs. 7.14 and 7.15 View of two redesigned and reimagined alamedas of Ariquemes. (Source:
Thakuria and Ozdemir)

There will be a green infrastructure implementation to the newly vacant land
(Fig. 7.16). Subsequently, some of the buildings will be replaced by new mid-
rise blocks.

Step 4: Mixed-use block implementation.

In order to enhance functional diversity, mixed-use functions will be imple-
mented on the new midrise blocks. Moreover, the recreation of alamedas will be
undertaken (Figs. 7.14 and 7.15).

Step 5: Activity implementation.

The implementation of social spaces aligned with the new green infrastructure
will facilitate the integration of social activities and community engagement along
with a recreational corridor (Fig. 7.16).

These proposed steps have the potential to be implemented throughout the city,
creating an inclusive framework for the transformation. This collective act aims to
reshape the urban fabric for the benefit of a more sustainable, well-connected, and
social city (Fig. 7.17).

In the future, as the development of the city continues, the aim is to continue the
same strategic plan and concept, preserving the essence of the concept. This
approach reflects our commitment to maintaining a consistent course of action,
ensuring that future expansions are guided by the same framework that has been set
for the urban city’s development.
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Fig. 7.16 View of an integrated urban farm, with agroforestry and community engagement.
(Source: Thakuria and Ozdemir)

L]

e |
—
| s | L]
e L
2ol
mH L

-
¥y

~

Fig. 7.17 Masterplan, in the selected zoom-in area. (Source: Thakuria and Ozdemir)
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7.9 Master Plan

The central core of the original city plan is retained in the new Master Plan
(Fig. 7.17), but its full potential as a green spine is now recognized. Therefore, in
order to connect the Northern and Southern green proposed in the structural plan, a
connective green infrastructure is introduced to the central core. The green infra-
structure implementation initiative involves the incorporation of various types of
green infrastructure, including botanical gardens, community farms, forest gardens,
and so on. In addition, institutional and commercial functions will be implemented
along with the green infrastructure, respecting what was already there. These mea-
sures will provide the link which was missing in the pre-existing formation of the
city, contributing to a holistic urban fabric.

Within the designated prototype area, the strategic plan is integrated with a com-
prehensive toolbox of measures, characterized by the presence of green spaces and
vibrant social areas integrated with a grid system. As the strategic plan covers the
15-Minute Grid concept, accessibility and affinity concepts are also present in the
area. As a result, accessible public transport system can be implemented along with
the presence of mixed-use functions.

7.10 Timeline

7.10.1 Year 0-5: Social Development

Year 0 Initial Planning: The city government initiates the 15-Minute Grid System
project, setting the vision and goals. Public consultations begin to gather input from
the community.

Year 1 Social Node Pilots: Pilot social nodes are established in select neighbor-
hoods, integrating schools, healthcare centers, and community spaces. These pilots
serve as models for future development.

Year 2 Cultural Hubs: Cultural nodes are designated, including theaters, muse-
ums, and community centers. Investments in cultural infrastructure starts, fostering
creativity, and community engagement.

Year 3 Green Initiatives: Parks and green spaces are expanded, promoting out-
door activities and enhancing the city’s greenery. Sustainable landscaping projects
begin to improve the urban environment.

Year 4 Inclusivity Programs: Initiatives to empower marginalized communities,
including Indigenous groups, are launched. Cultural preservation and awareness
campaigns gain momentum.

Year 5 Education Hub Expansion: The expansion of educational institutions
begins, with new schools and universities in strategic locations. The integration of
education into the grid system progresses.
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7.10.2 Year 5-10: Green Infrastructure Developments

Year 6 Green Corridors: Green corridors are established to connect parks and green
spaces, enhancing biodiversity and providing accessible recreational areas.

Year 7 Energy Efficiency: Investments in renewable energy sources, such as solar
and wind power, reduce the city’s carbon footprint. Energy-efficient infrastructure
projects are implemented.

Year 8 Waste Management: Comprehensive waste management systems are
introduced, emphasizing recycling and reducing waste generation.

Year 9 Sustainable Mobility: Initiatives to promote cycling and pedestrian-
friendly streets are launched, reducing car dependency.

Year 10 Urban Farming: Urban farming projects take place, providing locally
sourced produce and enhancing food security. Rooftop gardens and community gar-
dens flourish.

7.10.3 Year 10-15: Functional Developments

Year 11 Mixed-Use Zones: Mixed-use zones at intersections gain prominence, pro-
moting live-work-play environments and boosting economic activity.

Year 12 Community Resilience: Disaster preparedness programs are expanded,
including flood-resistant infrastructure and emergency response mechanisms.

Year 13 Affordable Housing: Affordable housing initiatives address housing
inequality, providing housing options for diverse income groups.

Year 14 Public Spaces: Public spaces and plazas become focal points for com-
munity gatherings, cultural events, and markets.

Year 15 Heritage Preservation: Historic preservation efforts intensify, safeguard-
ing the city’s cultural heritage for future generations.

7.10.4 Year 15-50+: Infrastructure
and Transportation Developments

Year 15 Transportation Expansion: Comprehensive public transportation systems,
including buses and light rail, are expanded. Pedestrian-friendly streets and bike
lanes connect the city.

Year 20 Smart Infrastructure: Implementation of smart city technologies
enhances efficiency in energy use, traffic management, and public services.

Year 30 Sustainable Water Management: Advanced water drainage systems are
implemented, mitigating flooding risks and ensuring a clean water supply.

Year 40 Transportation Innovation: Electric and autonomous vehicles, along
with advanced transportation solutions, become commonplace.
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Year 50+ Continued Evolution: The 15-Minute Grid System is fully integrated
into all neighborhoods, sustaining a vibrant, green, and inclusive city. Ariquemes
becomes a global model for sustainable urban living, with ongoing innovation and
adaptability at its core.

7.11 Conclusion

This book chapter is based on a comprehensive approach toward reimagining
Ariquemes as a sustainable and harmonious city model. It demonstrates the poten-
tial for striking a balance between economic development, environmental preserva-
tion, and cultural integration.

The implementation of a strategic roadmap embodied in the 15-Minute Grid city
planning strategy is a commitment to create a city that thrives in harmony with its
natural environment and celebrates its diverse cultural heritage. By integrating
green infrastructure, efficient transportation systems, adequate blue infrastructure
and cultural preservation initiatives, we envision an Ariquemes that not only miti-
gates the impact of deforestation but also enhances its future.

The sustainable urban planning strategies were designed to pave the way for a
future where improved environmental quality and social well-being go hand in hand
with increased economic opportunity. Our vision extends beyond the city limits of
Ariquemes; it stands as a testament to the potential for responsible urban develop-
ment in ecologically sensitive regions. By embracing sustainable green spaces and
nurturing the cultural richness of indigenous and minorities communities, we aim to
set an example not only for the Amazon, but for cities around the world. In this
vision, Ariquemes emerges as a resilient and thriving city that celebrates its unique
identity and demonstrates that the harmonious coexistence of nature, culture, and
progress is indeed possible in the contemporary urban landscape.

To re-imagine Ariquemes as a model city harmonizing with its environment and
celebrating heritage, the strategic planning prioritizes green infrastructure by devel-
oping green spaces, urban forests, and parks to enhance biodiversity and mitigate
urban heat. Further it tackles sustainable urban planning wherein we implement
land use policies that protect natural areas and promote eco-friendly building prac-
tices and addressing cultural preservation so as to collaborate with indigenous com-
munities to ensure cultural heritage preservation, establishing cultural centers and
organizing events, and so on. The 15-Minute Planning System fosters community
connection, making this vision achievable.

Also, balancing agricultural expansion and environmental protection involves,
promoting sustainable farming practices, preserving critical natural areas, and nur-
turing eco-friendly industries, promoting and incentivizing sustainable farming
techniques, such as no-till agriculture, crop rotation, and organic farming, educating
farmers on responsible pesticide and fertilizer use to minimize soil and water con-
tamination, implementing strict land use regulations to protect critical natural areas,
forests, and watersheds from agricultural encroachment, establishing buffer zones
around sensitive ecosystems to reduce the impact of agricultural runoff, etc. Through
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this the project aims to reduce the impact that agricultural expansion has on the
ecology and environment of Ariquemes. Furthermore, promoting and investing in
eco-friendly industries like eco-tourism, sustainable forestry, and non-timber forest
products, encouraging entrepreneurship and innovation to diversify the local econ-
omy beyond agriculture, encouraging the adoption of precision agriculture tech-
nologies to optimize resource use and reduce waste, supporting research and
development of eco-friendly farming technologies, and many more can ensure fur-
ther agricultural expansion and economic benefits without hindering the environment.

And, to integrate lost Indigenous heritage and culture in Rondodnia, the book
chapter aims to establish cultural centers, educational programs, and community
dialogs to collaborate closely with indigenous communities and minority communi-
ties, ensuring their voices are heard in city planning. The goal is to promote cultural
awareness and appreciation, foster inclusivity and understanding, participatory
planning, and create a safe space for all.

While the 15-Minute City planning system is for the existing grid planning sys-
tem of Ariquemes, where the vision is to revitalize the already existing, but dilapi-
dated neighborhoods of the city, there always exists certain limitations, with
difficulties in implementing changes all over, as the city is constantly expanding.
However, in saying that, this concept can always be treated as a prototype with pos-
sibilities of executing the idea in newer regions as a part of their urbanistic planning
policies and the master plan in the future.
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Chapter 8 )
Research on Cacoal Renewal Strategy S
in the Context of Rondonia Rainforest

Azadeh Ziaee (), Xiaoyu Song, and Yuchen Bai

Abstract The Amazon rainforest is a critical ecosystem that plays a significant role
in maintaining global climate stability and supporting biodiversity. However, in the
Amazonian state of Rondonia, recent urban expansion, agricultural development
and rainforest deforestation have exposed topsoil to heavy rainfall, increasing run-
off and reducing water infiltration. This has led to soil erosion and the risk of flood-
ing in the urban areas. Given the importance of addressing the water issue in this
context, this paper aims to investigate the main causes of deforestation in Rondoénia
and the city of Cacoal. It also uses integrated analytical methods such as literature
reviews, design tools, and case studies to deepen the understanding of Cacoal. By
analysing the changing forest cover, altitude, rivers, and transport system, it is
shown that the current development of Cacoal faces challenges, risks, and threats.
The results look for solutions to these issues, exploring the application of the Sponge
City concept in Cacoal. It proposes construction schemes for landscape, roads, veg-
etation, and buildings, to support the reduction of environmental hazards related to
stormwater. In addition, other innovative urban planning technologies can effec-
tively reduce surface runoff and increase water absorption capacity, improving the
living standards of residents, and making urban life more sustainable.

Keywords Deforestation - Flood Risks - Sponge City - Cacoal City - Ronddnia
Rainforest

8.1 Introduction

Of all the world’s biomes, rainforests receive the most rainfall. Normally, the rain-
forest is expected to receive between 2000 and 10,000 millimetres of rain per year
(Nasa, 2023). In Porto Velho, the capital of Ronddnia, the average annual
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precipitation is 2.255 millimetres (Weather and Climate, 2023). In the Amazon,
rainfall is influenced by different atmospheric circulation dynamics. These are
affected by increasing land use changes, global climate change, and deforestation.

Due to the lack of data and the small number of surface meteorological stations
installed in the Amazon region, it is still a challenge to understand precipitation
variability in this region (Moreira et al., 2022). Despite these challenges, research-
ers have found that precipitation in the Amazon Basin has changed, with increased
rainfall in some areas and more severe floods and droughts, with significant envi-
ronmental and socio-economic consequences for the region (Cavalcante et al., 2020).

The link between deforestation and rainfall is clear. Climate change in the “defor-
estation arc” that Rondonia is part of is leading to drier seasonal rainfall. It is pre-
dicted that extreme events may become more frequent due to the severity of the
reduction in rainfall caused by deforestation, forest fires, and climate change (Mu &
Jones, 2022).

Cacoal, the fourth most populous city in Rondénia, faces challenges related to
flooding. In February 2022, thousands of families were affected by river flooding
following heavy rains. The heavy rainfall caused many rivers to burst their banks,
causing flash floods downstream. Vehicles were swept away, and properties were
damaged (International Charter Space and Major Disasters, 2022).

This book chapter explores the cause of flooding in Cacoal, Rondonia. It also
explores sustainable and ecological tools to address the issue.

From 2002 to 2022, Cacoal lost 21.4 kha of wet primary forest, representing 47%
of its total tree cover loss over the same period. During this period, the total area of
wet primary forest in Cacoal decreased by 16% (Vizzuality, 2023).

The construction of urban road networks has exacerbated flooding issues, pri-
marily because these roads often penetrate rainforests, disrupting the rainforest’s
natural integrity and diminishing its inherent capacity for self-repair. Besides, con-
struction is expanding along the roads, taking up more empty land and accelerating
deforestation.

Many governments in the Amazon region have taken action to address the loss of
forest cover and have recently announced measures to slow down forest loss.
Examples include increasing satellite monitoring, stepping up efforts to control ille-
gal logging and slash-and-burn agriculture, and more (Reptiblica and Brasilia, 2004).

To mitigate the damage to vegetation and soil erosion caused by flooding, many
previous studies have adopted the model of sustainable agricultural, for example, by
adopting conservative practices such as crop rotation, integrated pest management,
natural fertilization methods, minimal tillage, and biological control (Gomiero,
2013). However, this is not yet the reality in Ronddnia, where agriculture is based
on traditional crops (Jackson, 2002; Soule & Piper, 1991; Odum, 1993).

In this chapter, the concept and strategy of the Sponge City is applied in the real-
ity of Cacoal to improve the threat of urban stormwater and make urban develop-
ment greener and more sustainable. This includes strategies for transforming
landscapes and roads, such as creating rain gardens, improving riverbank land-
scapes, and paving roads with absorbent materials.



8 Research on Cacoal Renewal Strategy in the Context of Ronddnia Rainforest 135

This chapter is divided into the following parts: The first part provides basic
information about the city of Cacoal, such as its geographical location, population,
and historical development. The second part describes the problems faced by Cacoal
and analyses the causes and consequences. The third part, the SWOT analysis, is a
comprehensive analysis, explaining the advantages and disadvantages of Cacoal in
order to eliminate the risk of flooding and discussing the possible development
direction in the future. The fourth part presents the specific strategy of Sponge City
construction applied in Cacoal. A vision map illustrates blueprints for the future of
the Cacoal urban development.

8.2 Methods

In this book chapter, mixed methods are chosen because they allow the triangulation
of data, whereby the results of one method can be confirmed or supported by the
results of the other. This can increase the credibility and validity of the research.
Another advantage is that it can provide a more complete Picture of a research topic.

While qualitative methods can provide a more in-depth understanding of particu-
lar issues, quantitative methods can provide a more general overview of a topic. By
using both methods, researchers can gain a more comprehensive understanding of
the topic. Furthermore, it will outline the best approach for the analysis of these
impacts on the Sponge City concept as applied to the main issues of Cacoal city.

This research uses bibliographic research and literature review methods by quot-
ing different publication sources, such as articles and books to learn about the topic
of the study and contribute to a deeper understanding of the problem. Case studies
were also part of the method to understand the application of the Sponge City
concept.

In addition, various tools and techniques in QGIS were used to explore and
extract useful insights from spatially referenced information. MapBiomas Collection
was used to analyse and map key issues such as land use change, deforestation,
urban expansion, and water elements. The MapBiomas Collection (2021) gathers
geographic information from satellite imagery from 1985 to 2021. In addition, other
information such as NDBI, infrastructure data, topography, and others have been
combined.

Many computer software tools such as Adobe Illustrator, Adobe Photoshop, and
Adobe InDesign were used to create the graphic figure designs. These tools helped
to improve the analysis and design processes. The figures allow readers to under-
stand the solutions created and our vision for the future of Cacoal.
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8.3 Discussion

Cacoal is a city in the southern part of the state of Rondénia (Fig. 8.1). It is about
480 km away from the capital, Porto Velho. To the south, Cacoal city borders the
municipalities of Rolim de Moura and the Pimenta Bueno. To the east, Espigdo
D’Oeste; to the north, the state of Mato Grosso; and to the west, the municipalities
of Ministro Andreazza, the Presidente Médici and the Castanheiras (IBGE, 2018).
The municipal area of Cacoal is 3792.948 km? (IBGE, 2010) with a population of
86,895, according to the latest IBGE census in 2022. In addition, it also has a popu-
lation density of 22.91 people/km? (IBGE, 2023).

Cacoal is a young city, founded as a municipality in 1977 (Fig. 8.2). The urban-
ization of the region began with the construction of the BR-364 Highway.
Deforestation increased particularly after 1987, and the 1990s was a period of eco-
nomic expansion, along with an increase in the number of immigrants, leading to
urban and agricultural growth and improvements. Urban development in Cacoal,
including the expansion of residential areas, commercial centres, and infrastructure
projects began in the 2000s and continued into the 2010s. In addition, the recent
expansion of the road network, improvements in public services, and the growth of
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industries beyond traditional agriculture are likely to be factors shaping the city’s
urban landscape (IBGE, 2023; Cavalcante et al., 2018).

Cacoal is located in the so-called arc of deforestation of the southern Amazon
basin. It is important to understand the deforestation patterns, but also the potential
of the region, to have valuable information to understand environmental challenges
and also conservation efforts in this highly affected area (Michalski et al., 2008;
Alvares et al., 2013; Cavalcante et al., 2018).

8.3.1 Problem Analysis
8.3.1.1 Urban Growth

The research on the environment of Cacoal shows that 52.5% of the households
have adequate sanitary sewage, and 86.6% of the urban tissue has public roads with
trees, as well as 11.7% with public roads with adequate urbanization, with the pres-
ence of culverts, sidewalks, paving, and curbs (IBGE, 2018).

Cacoal’s industry is growing rapidly, and the demand for agricultural food pro-
duction has driven the growth of the city’s agricultural land. Livestock and crop
production have become the main drivers of deforestation in Cacoal. As more and
more land is converted to farmland, the rainforest cover is diminishing and the eco-
system is being destroyed.

In addition, the development of Cacoal’s urban infrastructure has exacerbated
deforestation. As the population grows and urbanizes, so does the demand for hous-
ing, commercial areas and transport networks soars. To meet these needs, land
across the river has been developed for urban settlements, roads have been paved,
infrastructure has been added, and land has been converted to urban use. Among
these, the expansion of the road network has played an irreversible negative role in
the destruction of the local ecology as will be shown in the next session. Not only
has it led directly to the deforestation of large areas of rainforest, but the haphazard
expansion of roads has also encroached on basic rainforest and farmland.
Biodiversity.

8.3.1.2 Deforestation

Much research in the Amazon region has examined how changes in land use affect
the structure of the landscape, taking into account temporal changes during the
deforestation process (Armenteras et al., 2006; de Ferraz et al., 2006).

Development of infrastructure in Cacoal city is thought to be directly responsible
for 9% to 17% of deforestation in tropical and subtropical countries (Griffin, 2020).
The forest remnant of 543 ha has been located within a pasture matrix in municipal-
ity of Cacoal city, Rondonia state, Brazil (Cavalcante et al., 2018). This forest frag-
ment represents a region where legal reserves of numerous small- and medium-sized
farms converge (Alvares et al., 2013).
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Vegetation loss has always been a serious environmental problem, especially for
an area as important to the world’s ecology as the Amazon rainforest. Cacoal is one
of the areas where deforestation is particularly evident, especially the rainforest in
the north-central area of city during 1985 to 2023. Figures 8.3 and 8.4 show this
evolution. Several deforestation processes can be identified, and three visible steps
can be highlighted: First, infrastructure development takes place, with the construc-
tion of roads and highways. This leads to forest fragmentation and deforestation.
Second, on the axes of the highways, logging, and timber extraction (both legal and
illegal) as well as agricultural activities, begin to spread along the axes of the high-
ways, leading to extensive forest loss; and third, land grabbing and land speculation
occur when individuals or companies clear land for potential commercial use.
Furthermore, land disputes and unplanned land use changes occur, including
deforestation.

It is also important to highlight that poverty and lack of opportunity can lead
people to engage in activities that contribute to deforestation, such as illegal logging
or slash-and-burn agriculture. Inadequate environmental regulations also lead to
higher deforestation rates (Michalski et al., 2008; Alvares et al., 2013; Cavalcante
et al., 2018; Armenteras et al., 2006; de Ferraz et al., 2006; Michalski et al., 2007).

Our analysis using imagery from Google Earth and MapBiomas database shows
the reduction of the green areas from 1985 to 2023. The images show that in 1985,

————— New roads construction
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Fig. 8.3 Deforestation in preservation area from 1 to 4 of 1985, 2003, 2009, 2013. (Source: Ziaee,
Song, and Bai, based on Google Earth imagery, accessed in 2023)
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2021 — 2023
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Fig. 8.4 Deforestation in preservation area from 1 to 42,015, 2018, 2021, 2023. (Source: Ziaee,
Song, and Bai, based on MapBiomas data, accessed in 2023)

new roads and infrastructure were built at a distance of 4 km between them, decreas-
ing to 2 km in 2015, which had an impact on the forest. In addition, new buildings
and constructions have led to the loss of green areas loss and deforestation in the
Cacoal region.

Thus, deforestation and alterations are illustrated in Figs. 8.3 and 8.4.

8.3.1.3 Floods

Between 1991 and 2012 Brazil recorded 4691 flood events, accounting for 12% of
all natural disasters in the country. In the Amazon region, the floods affected about
2379 people (CEPED, 2013). However, rivers are a fundamental part of life in the
Amazon. Ronddnia is located in the southern part of the Amazon region, and it also
has a high risk of frequent flooding. As shown in Fig. 8.5, there are six flood-prone
areas in the state, one of which is in the Cacoal region.

According to reports from the state government, heavy rains since February 2022
have caused river water levels to rise. This is the case with the Pirarara, Salgadinho,
Tamarup4, Riozinho, and Machado rivers. In the municipality of Cacoal, flooding
has been frequent, affecting 1400 families. Roads and bridges have also been dam-
aged, isolating many communities (Davies, 2022). Frequent flooding has caused
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Fig. 8.5 Vulnerability to Floods in Cacoal-RO. (Source: Ziaee, Song, and Bai, based on data from
Snirh, 2024)

damage to the city’s infrastructure and disrupted development, and urgent solutions
are needed.

The causes of the flooding in Cacoal can be analysed in relation to the extensive
deforestation caused by human activities.

Deforestation destroys ecosystems, leading to soil erosion, water quality degra-
dation, and local climate change. Forests play a vital role in sequestering carbon,
and their destruction dramatically increases global greenhouse gas emissions, exac-
erbating climate change. In short, the deforestation of the rainforest for the develop-
ment of human activities such as urban expansion, agricultural development, road
construction, and many more, is the main cause of the frequent rain and flooding in
the city of Cacoal. Therefore, it is necessary to carry out specific analysis based on
the specific situation of Cacoal, in order to explore more possibilities for the trans-
formation of the city.

8.3.2 SWOT Analysis

Located close to the river, Cacoal benefits from an abundance of natural resources,
including lush greenery and scenic landscapes. The city’s natural beauty is linked
together to form a natural green belt of riverside land, demonstrating the unique
advantages of being a city in the Amazon region, with enormous potential for eco-
tourism and outdoor leisure activities.

Cacoal also has a wide range of commercial and educational facilities. For exam-
ple, there are four universities in the city, which are surrounded by commercial
facilities that form an agglomeration. This combination promotes economic devel-
opment and attracts people from neighbouring areas, contributing to the vibrancy
and prosperity of the city.
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However, the city of Cacoal also has weaknesses that cannot be ignored. One of
the most prominent weaknesses is that the public road transport system needs to be
improved. There is also a high demand for private transport, and there are many
illegal roads. The pavement has poor water permeability, which hinders mobility
and accessibility, and at the same time fails to drain water in the period of the rainy
season, causing waterlogging in the city.

In addition, despite Cacoal’s proximity to the river, there is a noticeable lack of
attractions and entertainment along its banks. At the same time, at the community
level, many neighbourhoods lack sufficient public green spaces, which limits the
opportunities for outdoor exercise and leisure activities for local residents. There is
also a need to improve the streets of Cacoal. In addition to the lack of green spaces,
the unmaintained roads detract from the beauty of the city. Finally, Cacoal’s public
facilities and services need to be strengthened, as these are illustrated in Fig. 8.6.

As mentioned before, Cacoal’s location on the river bank makes is vulnerable to
flooding. Climate change and poor urban planning can exacerbate this risk, result-
ing in property damage, disruption of services, and potential threats to human safety.
This is also the biggest threat to the development of Cacoal city at the moment.
Improving and upgrading public infrastructure requires a lot of resources, and insuf-
ficient funds and resources may hinder progress in addressing these infrastructure
deficits.

However, this unfavourable situation can be improved in the future by making
efficient use of existing resources and opportunities. Good use of the existing rivers,
green vegetation and other natural resources, the construction of green gardens, the
improvement of the landscape along the streets and the development of the tourism
economy are also development paths.

Legend:
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Fig. 8.6 SWOT analysis of Cacoal-RO. (Source: Ziaee, Song and Bai)
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The vacant public space in neighbourhoods can develop into community squares,
fostering a sense of community and promoting communication among residents. In
addition, the local universities can engage academic cooperation, such as setting up
a Cacoal Development Research Group to jointly explore the development path
of Cacoal.

In conclusion, the city has several advantages, including natural resources, stra-
tegic location and educational facilities. However, it also faces challenges such as
problems with the road system, underutilized river banks and inadequate public
facilities. By leveraging opportunities such as greenfield sites, community spaces,
and improved transportation, Cacoal can address its weaknesses and threats to pro-
mote sustainable and prosperous development.

8.3.3 Rethink the Urban Development in Cacoal

As mentioned earlier, Cacoal is currently facing the problem of rainforest degrada-
tion, which not only leads to a high frequency of urban flooding but also hinders the
sustainable development of the city. In this regard, the direction of Cacoal’s urban
development should be reconsidered. The main challenge is how to make full use of
existing resources to create a liveable and sustainable urban environment for its
inhabitants, while protecting nature.

Rethinking Cacoal’s urban development is an opportunity to transform it into a
green, sustainable, live able and friendly city. By protecting natural resources,
enhancing green spaces, promoting education and cultural development, and imple-
menting cutting-edge water management technologies, Cacoal can become a resil-
ient, vibrant urban centre that offers residents with an unparalleled quality of life.

As analysed earlier, the two main causes of Cacoal’s problems are agricultural
development and urban infrastructure construction. So, starting from the problem,
can the future urban development direction of Cacoal integrate agricultural develop-
ment and infrastructure improvement? Can we, as urban planners, realize this
potential within the city? This point will be discussed in the following strategy
section.

8.3.4 Strategy: Application of Sponge City in Cacoal

The Sponge City construction strategy is proposed. Sponge City is a concept that
makes full advantage of the rainwater that is absorbed, stored, and slowly released
by urban facilities such as waterways, sunken rain gardens, green spaces, perme-
able paving, and green roof buildings to control stormwater runoff and allow it to
natural accumulate, infiltrate and purify (Li et al., 2017; Xia et al., 2017; Chan
et al., 2018).
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The application of this concept in Cacoal aims to achieve two overall goals:
safety and vitality. By integrating green public space enhancements, it aims to cre-
ate a safer and more vibrant urban environment for residents.

Before starting planning, there are some principles that need to be noticed. The
first point is safety. Like many cities, Cacoal is at risk of urban flooding during peri-
ods of heavy rainfall. Traditional urban development with large areas of concrete
can lead to rapid surface runoff, overloading flooding drainage systems and increas-
ing the likelihood of flooding. By adopting a sponge city strategy, the city can sig-
nificantly reduce the risk of flooding and its associated hazards.

The second point is vitality. The Sponge City concept can transform Cacoal into
a more active and attractive urban environment. By protecting and enhancing green
spaces, cities create a healthier and more enjoyable living environment for their
residents. Parks, public gardens, and green corridors serve as natural habitats for
wildlife, improve air quality and provide residents with a recreational space close to
nature. At the same time, a vibrant urban environment also includes lively public
spaces and a strong sense of community. By creating more pedestrian-friendly
streets, safe cycle lanes, and convenient public transport options, Cacoal can encour-
age active mobility and reduce dependence on cars. This promotes social interac-
tion, encourages community engagement, and enhances the overall vitality of
the city.

As already mentioned, the application of the Sponge City concept in Cacoal is
about safety and vitality. Cacoal can be transformed into a city that not only over-
comes water-related challenges, but also provides a high quality of life and a strong
sense of community for its residents.

Then, the specific transformation strategy is as follows:

On the landscape side, urban rain gardens are built to increase the city’s ability
to absorb rainfall. Rain gardens are an integral part of the Sponge City strategy,
where stormwater landscape gardens are built in public spaces in the middle of
neighbourhoods, with shallow planted depressions that help capture and absorb
stormwater so that it infiltrates into the ground rather than causing surface runoff. In
addition, native plants can be incorporated into rain gardens to create biodiversity
hotspots and support native wildlife and pollinators (Figs. 8.7 and 8.8).

The second point is the restoration of the riverbank landscape (Figs. 8.9 and
8.10). The river is a valuable natural asset of Cacoal, which requires not only protec-
tion but also enhancement of the coastal landscape. The creation of a green buffer
zone along the river can also act as a natural flood barrier, helping to absorb excess
water during periods of heavy rainfall and reducing the risk of river bank erosion.
These green spaces can be designed as recreational areas, providing opportunities
for residents to engage in outdoor activities and connecting people to the river.

Introducing native plant species into urban landscapes can bring multiple bene-
fits to Sponge Cities. Native plants adapt to the local climate and require less water
and maintenance than non-native species. They also support local ecosystems and
attract native insects, birds and other wildlife.

Several plants such as Begonia coccinea, Milkania, Xanthosoma, and so on are
not only eco-friendly but also improve the urban heat island effect, where cities tend
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Fig. 8.9 Strategy landscape as River Bank. (Source: Ziaee, Song, and Bai)

to be significantly warmer than surrounding rural areas due to human activities and
abundant concrete. Cooler road surfaces and shaded areas can enhance the overall
liveability of the city.
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Fig. 8.11 Strategy transportation. (Source: Ziaee, Song, and Bai)

In addition, green building design plays an important role in urban development.
Cacoal could incorporate sustainable building practices such as green roofs and
green walls to improve building insulation, reduce stormwater runoff, and provide
additional green space in an urban environment. This not only helps to improve air
quality and temperature regulation, but also creates a more comfortable and health-
ier living environment for occupants.

In terms of transportation, Cacoal’s transport system can play a vital role in the
sustainable development of the city (Fig. 8.11). Public transport is encouraged as
the first choice of travel mode, and this can reduce air pollution and greenhouse gas
emissions. Additionally, the development of pedestrian-friendly streets and safe
cycle routes encourage low-carbon travel. Greenery can be planned on both sides of
the road to enhance the urban landscape, provide shade, and improve the microcli-
mate. In addition, high permeability materials, such as porous paving, can promote
water infiltration and reduce surface runoff.

Finally, a holistic, integrated approach to urban planning is crucial to the suc-
cessful implementation of a Sponge City strategy in Cacoal, developing a long-term
implementation strategy will help Cacoal to carry out urban construction in an open
and transparent manner. Overall, it will ensure that landscape and mobility initia-
tives complement each other, resulting in a more resilient and harmonious urban
environment.
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8.4 Conclusion

Although the Sponge City concept has only been proposed for over a decade, many
cities around the world have already gained practical experience. In Wuhan, China,
for example, more than 300 Sponge City projects have been implemented in the
city. By improving rain gardens, roof gardens, and street drainage systems, Wuhan
has greatly increased its ability to prevent rain and flood disasters. In addition, many
countries in Europe have also implemented relevant practices, such as the ecologi-
cal corridor in the Netherlands, the green river in Germany, and so on.

Figure 8.12 indicates a vision map to improve the urban development process
and rethink Cacoal city.

The rapid development of agriculture in the city of Cacoal, however, ignores the
uncontrolled expansion within the city. Although this chapter proposed a strategy
for the construction of the Sponge City and suggest specific measures for its appli-
cation in relation to the actual situation of Cacoal, many challenges remain. For
example, funding issues. Cacoal is dominated by agriculture, and limited tax sources
make it difficult for Cacoal to develop a Sponge City. At the same time, gaining
public support and participation in the planning and implementation of the Sponge
City strategy is crucial. Increasing cooperation and connections between residents,
local businesses, and other stakeholders is necessary to build a Sponge City.

Therefore, if the Sponge City strategy is to be implemented, it must be integrated
into Cacoal’s long-term urban development plan. In the short term, small-scale pilot
projects can be carried out to test the applicability of the strategy in Cacoal and use
this as a demonstration to attract investments. All in all, the construction of a Sponge
City will not happen overnight, it will require time and energy to invest in it, and it
will need to be adapted to local conditions and updated in a timely manner to make
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Cacoal full of vigour and vitality in the process of urban renovation towards a more
sustainable approach.
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Abstract Participatory processes are of critical importance to scientists who wish
to integrate local knowledge into research and to transfer the results and outcomes
to a local level. Participatory processes also represent a well-established method-
ological tool for decision-making processes. They facilitate the collective reflection
and action of diverse groups at the local level. This chapter will illustrate the scien-
tific process of analysis, integration of local knowledge, and transfer of research
results through the examination of two co-planning workshops held in Ariquemes in
2023 and 2024. This chapter will commence with an overview of the historical pro-
cess of urban planning in Ariquemes, a modernist city in the Brazilian Amazon. It
will then proceed to discuss the incorporation of an ecological contemporary
approach to shift the modernist planning paradigm, an action that was made with
local participatory workshops. This chapter will subsequently examine the post-
workshop activities, during which the local knowledge integrated the research anal-
ysis. The conclusions of this process highlight the main findings, including the
challenge of modernist planning, the transfer of research findings, and the new
reflections about the specificities of the local scale, which were acquired by the
researchers thanks to the local participatory workshops.
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9.1 Introduction

Participatory processes are an important strategy for the transfer of academic and
scientific knowledge to the local level. Here, we present the cases of two participa-
tory workshops that took place in Ariquemes, Ronddnia, in 2023 and 2024. They
were part of the research activities of the Georg Forster Research Fellowship
(Alexander von Humboldt Foundation), granted to the first author from 2022 to
2024. The second and third authors joined the organization and lead the workshop
and research activities as members at the local level.

This research project aimed to investigate the specific characteristics of urban
expansion and the loss of natural vegetation in the Amazon region. The project
focused on the state of Rondonia, employing two distinct analytical approaches at
two distinct spatial scales. The first approach employed satellite imagery to under-
stand land use changes at the regional scale. The second approach involved local
co-planning workshops, which were used as a tool to contribute to the future local
planning process.

This chapter is dedicated to the local scale aspect of the research. It presents the
participatory methodology employed in the workshops and the subsequent findings
resulting from the in situ visits and activities. To provide context for the reader, data
from the history of Brazilian modern urban planning and the specificity of Ariquemes
history are also presented.

This chapter is divided into five sections. The first section provides an overview
of the historical process of urban planning in Brazil and the subsequent fragility of
this heritage. Brazilian modern planning, which is well-known for cities such as
Brasilia, shaped the way the Brazilian local governments planned cities throughout
the country. This planning was often ideologically driven and disconnected from the
natural characteristics of the land. In this first section, some information about the
history and legacy of Brazilian urban planning will be presented. Additionally, the
specific history of Ariquemes is elucidated, encompassing the natural landscape and
the imposed urban planning from the 1980s that shaped the city’s form and guided
the illogical relationship between the urban tissue and the natural surroundings.

The second section will examine the necessity of modifying the contemporary
planning mindset, with Ariquemes serving as a case study. The objective is to transi-
tion from the modern urban planning paradigm to a contemporary ecological per-
spective on city planning. This intention was developed at the local scale, in
conjunction with two co-planning workshops, that are shown at the third section.
The actions and methodology employed in the local participatory workshops are
also described.

The fourth section of this chapter presents the post-workshop analysis and reflec-
tion process, which includes the development of an ecological analysis of the land
characteristics. The fifth section presents a novel concept, designated as Solutions
Originating from Nature (SoN). This concept aims to adapt the NbS idea to the
Amazonian context, honouring and recovering the knowledge of forest peoples and
integrating it into urban solutions. It represents an ongoing process of the researchers.
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The conclusions of this experience highlight the key elements that emerged, with
a particular focus on the challenges and potential for implementing ecological plan-
ning in Ariquemes. The workshops facilitated the transfer of research findings into
practical applications and increased the researchers’ knowledge about the specifici-
ties of the local scale.

9.2 Brazilian Urban Planning History
and Participatory Process

Brazilian urban planning has faced significant challenges throughout its history,
including political disputes, decisions, and cultural mindsets. Additionally, the
country’s unique economic and social structures have contributed to the complexi-
ties of urban planning. These challenges are in part a legacy of the country’s colo-
nial history, but also reflect the intense urban growth period that began in the 1950s,
during which the urbanization rate increased from 36.1% to 81.2% over a period of
50 years (IBGE, n.d. Historical data). This was also when many cities from Rondénia
state were planned.

The intense urban growth stimulated the discussion of urban planning, particu-
larly from the 1970s onwards. This was also the time in Brazilian history when the
country was under a dictatorship (1964-1985). Additionally, this period is related to
the final phase of the modern art movement in Brazil (1922-1978).

During the 1960s and 1970s, the discourse on popular participation as an urban
planning strategy gained international prominence. Various reflections were pub-
lished, including Jacobs’” work in 1961 (Jacobs, 2011) on the homogenizing princi-
ples of modernist urbanism. In 1968, Lefebvre published a work on the right to
“habitat,” which emerged as a consequence of the post-war housing crisis. Jacobs
underscored the importance of critical thinking regarding urban forms, whereas
Lefebvre concentrated on the daily activities of the city and the appropriation of space.

In Brazil, the discourse on urbanism during that same period was specially focus-
ing on development, land occupation and expansion (Pereira, 2017). Concurrently,
popular participation has been part of Brazilian urban policy since the late 1980s,
when significant institutional advancements were made in urban and environmental
planning. This period marked the beginning of the country’s transition from military
dictatorship to democracy. This was marked by the establishment of the country’s
Constitution in 1988 and the federative decentralization process that strengthened
and granted autonomy to local governments (Rolnik, 2009; Donoso, 2017).

Although popular participation in urban public policies in Brazil has occurred
since the late 1970s, it was only after the Federal Constitution of 1988 that it was
institutionalized as a central element of actions. This was achieved through the
implementation of initiatives such as the City Statute (federal law no. 10,257/2001),
the Ministry of Cities, and the Council of Cities, which were established shortly
after the approval of the constitution (Donoso, 2017; Pereira, 2017).



154 V. G. Donoso et al.

Brazilian urban planning occurs at different scales of action. The Master Plan
(PD) is the primary instrument of urban policy at the municipal scale, governed by
the City Statute. Municipalities develop the PD on a local level, encompassing both
urban and rural areas. The PD can also include regional environmental processes
and water management.

Furthermore, regional planning is conducted through various legal bodies, such
as Federal Law 9433 of 1997, which established the National Water Resources
Policy and defines the river basin as a territorial unit. However, the different plan-
ning scales are not well connected, which can have an adverse effect on the environ-
mental agenda of policies and planning (Peres & de Chiquito, 2012; Faria and
Schvarsberg, 2011; Gongalves et al., 2003).

Currently, urban planning models in Brazilian cities include popular participa-
tion. However, effective participation depends on several factors, including process
transparency and political will to promote participation. In general terms, there is
still a lack of coordination between actions and a low percentage of participation or
visibility for participatory processes (Donoso, 2017).

Additionally, urban interventions in Brazilian cities often neglect the environ-
ment, with strategies such as the closure of urban rivers and suppression of native
vegetation. This comes from a modernist mindset of urban planning. Despite the
global discussion about the shortcomings of modernist urbanism, in Brazil this was
a dominant line of thinking among urban planners, who applied the theories in city
planning and urban legislation. Brazil’s capital, Brasilia, is a symbol of a modernist
city. The urban plan of Licio Costa, from the 1950s, implemented ideals of the
Atenas Letter and Le Corbusier, such as urban sectors for different activities and
axes positioned in relation to monuments. However, this urban plan disregarded
most of the natural territory, proposing an unreasonable airplane shape.

The Brasilia modernist plan was not friendly for the local people. In fact, 2 years
before the inauguration of Brasilia in 1960, the first satellite city was established
(Taguatinga). A satellite city is a concept that is particularly related with Brasilia
area. It is a city that is constructed in the vicinity of a metropolis, with a degree of
interdependence with the larger urban centre, for example, for job opportunities and
services access. This concept is related to the commuter town idea, which is more
commonly known concept in other countries.

Over the following years, more satellite cities appeared. This process occurred
because the master plan was not designed to accommodate large populations or
certain social groups, such as the workers who constructed the capital. Consequently,
the workers were compelled to construct their own living areas, given that the capi-
tal was planned in the middle of the Cerrado biome and far away from other cities.
This led to the creation of new urban areas in the surroundings of the capital master
plan. Liicio Costa’s discriminatory attitudes towards social groups are evident in an
extract from an interview conducted in Costa, 1928:

All architecture is a question of race, as long as our people are this exotic thing
that we see in the streets, our architecture will necessarily be an exotic thing (...)
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people with livid faces, who embarrass us everywhere (...). The race being good, the
government is good, the architecture will be good.!

This history of Brasilia is essential for grasping the mindset of urban planning
during that period, where form and sectorization influenced planners to design cities
that were not always inclusive of all populations, as in the case of many Amazonian
cities disregarding the original populations. Also, despite the fact that modern urban
planning was generating severe urban issues in many cities, such as socio-spatial
segregation, traffic, and urban violence, it didn’t stop the proliferation of more mod-
ern planning all over the Brazilian territory. This was described by Jan Gehl as a
“Brasilia syndrome” or the “Bird Shit Architecture” (Gehl, 2010). The very unrea-
sonable modern planning was still in vogue for long after the modernist period and
may still be today, at least in Brazil. For instance, in the 1980s, many modern cities
were planned in Rondonia state, including Ariquemes, as a cascade effect of the
Brazilian modernist planning fever. Further details on this particular history of
Rondodnia and Ariquemes will be provided in the following section.

9.2.1 About Rondonia and Ariquemes History

The Treaty of Petrépolis, signed on November 17 (1903) by Bolivia and Brazil,
marked the beginning of the de facto occupation of the territory of Rondonia
(Morelato & Cardoso, 2020). In exchange for the territory of the state of Acre,
Brazil agreed to construct the Madeira-Mamoré railway. The Devil’s Railway, as it
became known, was constructed to connect Porto Velho to Guaraja-Mirim, two
municipalities in Rondonia. The proposed route would avoid the waterfalls on the
Madeira River, thereby improving the flow of rubber from both Bolivia and
Rondonia (Souza, 2010).

The railway commenced operations in 1912, following the annihilation of many
indigenous peoples, along with thousands of workers, during the construction
phase. This also marked the beginning of the decline of the first rubber cycle. The
railway was managed by private companies in Bolivia until 1930 before becoming
the property of the Brazilian state (Souza, 2010).

A significant number of rubber tappers began cultivating agricultural products,
and railway stations were transformed into distribution centres for this production.
The destination for this food was Porto Velho, a city established by the installation
of the North American company Madeira Mamoré Railway, the builders of the rail-
way (Morelato & Cardoso, 2020).

At the same time as the Madeira-Mamoré tracks were being developed, the
Brazilian government sent soldiers to the Amazon, under the command of the

'Translated by the authors from the original: “Toda arquitetura é uma questdo de raga, enquanto
nosso povo for essa coisa exética que vemos pelas ruas, a nossa arquitetura serd forcosamente uma
coisa exética (...) gente de caras lividas, que nos envergonha por toda a parte (...). A raga sendo boa,
o governo € bom, serd boa a arquitetura.”
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Marchal Candido Mariano da Silva Rondon, with the objective of installing tele-
graph lines for communication between Amazonas and Mato Grosso. The expedi-
tion of the so-called Rondon Commission was the government’s intention to
integrate the North of the country with the rest of the territory (Gomes, 2019). The
rationale was that the telegraph would facilitate exploration in remote and uninhab-
ited regions (Maciel, 1998).

The area covered by the commission was transformed in the 1950s into the terri-
tory of Rondoénia, a tribute to the Marchal (Maciel, 1998). In addition to the essen-
tial activity of telegraph lines, the military was also responsible for contact with
indigenous peoples, territorial demarcation, and geographic survey (Gomes, 2019).
Researchers from the fields of botany, zoology, and geology accompanied the com-
mission, lending it a scientific air and greater respectability. In addition, the con-
struction of telegraph, railways, and roads across the forest prepared the territory for
making the land economically productive (Maciel, 1998).

During President Juscelino Kubitschek’s administration (1956-1961), there was
a strong focus on development. This period saw the creation of a Target Programme
for the construction of the BR-29 highway, which is currently known as BR-364.
This highway would connect Cuiaba-MT to Rio Branco-AC, passing through Porto
Velho-RO (Cavalvante, 2016). The highway was constructed along the route previ-
ously used by the Rondon telegraph line, which subsequently became the founda-
tion for the establishment of new cities (de Souza, 2020).

The following occupation and urbanization of the Amazonian territory of
Rondbdnia was largely encouraged by colonization projects led by the military gov-
ernment in the 1970s. Development policies such as official agricultural coloniza-
tion programmes shaped urbanization, as well as drastic changes in the area (de
Souza, 2020). As part of this context, the municipality of Ariquemes was estab-
lished through the Managed Settlement Projects (PAD’s), initiated by the Institute
for Agricultural Colonization and Agrarian Reform (INCRA) (De Paiva &
Trevisan, 2023).

The city of Ariquemes was established by two PAD projects, Buradeiro (1974)
and Marchal Dutra (1978), when a number of settlers relocated to the region to
occupy land provided by the government. The city was designed by architect and
urban planner Antonio Carpintero, situated to the east of BR-364 and in close prox-
imity to the pre-existing village in the Jamari River valley (De Paiva & Trevisan,
2023). Its geographical coordinates are 9° 54’50 S latitude and 63° 2"38” W longi-
tude (IBGE). Ariquemes was officially inaugurated in 1977.

The municipality’s name honours the extinct Arikémes indigenous group, inhab-
itants of the Jamari River valley. The extinction of the Arikémes resulted from sev-
eral exploitation periods that drastically altered the forest and impacted them
(Meira, 2017; Cavalcante, 2015). According to reports from the Rondon Commission,
there were 600 indigenous people from this settlement in 1909 on their first passage
through the Jamari Valley. By 1913, this number had been reduced to 60 following
an attack by rubber explorers (Meira, 2017).

At the time, employees from the Indian Protection and National Worker Location
Service (SPILTN) were sent with the objective of alleviating the conflict between
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indigenous people and independent (and illegal) rubber workers. In 1914, the gov-
ernment established a telegraph station and the “Posto” Rodolpho Miranda in hon-
our of the Arikémes through SPILTN and the Strategic Telegraph Lines from Mato
Grosso to Amazonas (CLTEMA). The indigenous people were then relocated from
their territory to the reduced area of “Posto” Rodolpho Miranda, situated on the
banks of the Jamari River, which is now known as Vila Ariquemes. In 1950, a new
distribution of these lands commenced, resulting in the dispersal of the Arikémes
families once again. In 1984, there were only two Arikémes families remaining in
the municipality of Ariquemes (Meira, 2017).

Despite the effectiveness of the “Postos” in reducing conflicts between indige-
nous people and extractive workers, the migration of people to the colonies led to an
expansion of the exploitation of the territory, this time for agribusiness (Cavalcante,
2015). Furthermore, in addition to the loss of land by the indigenous peoples, the
influx of migrants has had an adverse effect on their culture, deteriorating the social
and cultural fabric of indigenous communities (Meira, 2017).

Currently, there are no government initiatives in Ariquemes aimed at promoting
the indigenous population’s history in the region (Cavalcante, 2015).

9.2.2 A Modernist city in the Middle
of the Amazon: Ariquemes

As previously discussed, in the 1970s, government policies focused on urban devel-
opment and the occupation of territory in several Brazilian states, including
Rondoénia. The construction of BR-364, which traverses the state of Rondonia from
north to south, facilitated the colonization of the region (Cordeiro, 2018) and the
establishment of numerous cities, strategically positioned along the highway.
Consequently, Ariquemes was initially part of the Brazilian agricultural frontier
expansion initiative. Its urban development was driven by the planned agricultural
destination of official colonization projects for the region, which was subsequently
formalized as a municipality (de Martins, 2019).

The city was planned to serve as a colonization nucleus in accordance with
requests from the INCRA in the 1970s (De Paiva & Trevisan, 2023). However,
Carpintero’s modernist planning aimed for it to be a medium-sized city, which
would be part of the set of new urban centres that were emerging in Rondonia.

Ariquemes was strategically planned close to a telegraph station, adjacent to the
existing Ariquemes Vila and the Jamari River. Its location was protected by neigh-
bouring highways, which served as barriers to urban expansion to the west (BR 364)
and south (RO 257). Regulatory axes were implemented to guide urban develop-
ment, with two central avenues (Fig. 9.1).

The urban planning of Ariquemes defined several avenues as axes for traversing
the urban area. These axes run from north to south and include three wide avenues
(Av. Juscelino Kubitschek, Av. Tancredo Neves and Av. Candeias). In the east-west
direction, another six avenues were designated as axes (Av. Hugo Frey, Av.
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Fig. 9.1 Composition diagram of the Ariquemes/RO form. (Source: Created by the Donoso,
Covaleski, and Rocha, based on Paiva and Trevisan (2023))

Machadinho, Av. Guaporé, Av. Jaru, Av. Tabapud and Av. Canad). Additionally, at
the principal entrance of city, there are three diagonal avenues: Av. Jamari, Av.
Capitao Silvio, and Av. Rio Branco (Secretaria de Estado do Desenvolvimento
Ambiental, 2016).

The two central and parallel avenues, Av. Juscelino Kubitschek and Av. Tancredo
Neves, are approximately 2.5 km from BR-364. These avenues form a structuring
axis that delimits the city’s Institutional Sector (De Paiva & Trevisan, 2023). This
sector is home to a number of public buildings, including schools, banks, support
centres, cultural centres, and health units. Figure 9.2 illustrates additional elements
of the Ariquemes urban plan.

The collector roads that extend perpendicularly to the Institutional Sector also
delineate the boundaries of the neighbourhoods, which were originally designated
as sectors. These neighbourhoods are home to a variety of businesses and services
situated in close proximity to the Institutional Sector.

The organization of the urban plan follows the Brasilia modernist inspiration,
with the sector identified by numbers. The blocks, with their rectangular configura-
tion, are organized in a regular lot and arranged sequentially (De Paiva & Trevisan,
2023). Figures 9.2 and 9.3 exemplify the city planning.

The city of Ariquemes is situated on a relatively flat terrain, with higher elevation
points situated to the south of the urban area (Fig. 9.4). Figure 9.5 illustrates that the
city was planned in a higher location, taking into account the Jamari River area.
This is significant given the fluctuations in river water volume and the suitability of
the area for urban development.

As previously stated, the city of Ariquemes was designed in accordance with the
modernist model of urban design, which is characterized by criteria of rationality
and technical character. The involvement of civil society in the discussions sur-
rounding proposals for the city was notably absent.
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Fig. 9.2 Diagram of the urban zoning of Ariquemes/RO. (Source: Created by Donoso, Covaleski,
and Rocha, based on Ariquemes Master Plan (2023))

Fig. 9.3 Drone images from Ariquemes/RO. (Source: Photographs by the authors (Donoso),
March 2024)
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Figs. 9.4 and 9.5 Topographic and Declivity maps. (Source: Authors’ own elaboration (Rocha))

9.2.3 Impacts and Fragilities of Ariquemes Modernist
Urban Planning

The urban form planned for Ariquemes adheres to a rigid geometric design, regard-
less of the natural conditions of the terrain. This formal imposition is disconnected
from the reality of the Amazon biome. Furthermore, there was a lack of consider-
ation for the distribution of green spaces within the city. Despite the region’s rich
biodiversity. Ariquemes has 76 neighbourhoods and only 11 open space areas for
recreation, such as parks and squares.

Furthermore, the modernist planning brought a rigid sectorization between
neighbourhoods, separated in commercial, service, and residential areas, which
presents significant challenges to urban mobility. The complexity of circulation
makes it difficult to create public transport routes, which currently do not exist. As
a result, mobility is mainly dependent on private vehicles, mainly motorcycles, due
to their lower cost compared to cars. Bicycles are also used for transport, but they
are less common due to the extreme heat, humidity and lack of trees in the public
avenues.
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The functional and pragmatic approach to urban planning in Ariquemes rein-
forces a rational and totalitarian reality that is deficient in diversity, affecting the
vitality and dynamism of urban life. This approach fosters an environment of indi-
vidualization and stifles spontaneity. The city that is born under these precepts is
segregated, and the zoning establishes a barrier to the possible contribution of the
population to the spatial, social, and cultural configuration of the urban environment
(Barifouse, 2013).

Some sectors of Ariquemes also received the application of a modernist solution:
alleyways (Fig. 9.6). This was the case of Sectors 1, 2, 3 and 4, as shown in Figs. 9.6
and 9.7.

The design of the alleyways was inspired by the superblock’s solution in Brasilia,
where the street hierarchy has a local street where no cars are allowed to circulate.
In Ariquemes, the alleyways represent this local street, designed for pedestrians
only. The lots in these sectors have two accesses, from the street (frontal part of the
lot) and from the alleyway (back part of the lot).

Over time, the alleyways, intended for public use, became a space of abandon-
ment and disinterest for the population, who began to close access to them from the
back of the lots. It has become an urban issue and is now a forgotten place with little
public life, a place where people cannot walk safely, where vehicles park and where
rubbish is dumped (Fig. 9.6).

The region’s extreme weather patterns were not adequately considered in the
modernist planning process. This is evident in the lack of trees along sidewalks, the
limited number of public open spaces, and the high density of buildings on the plots.
Additionally, the urban drainage system was not designed to align with the natural
drainage basin.

Fig. 9.6 Pictures of the alleyways. (Source: Photographs by the authors (Rocha), March 2024)
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Fig. 9.7 Map of avenues and alleyways in Ariquemes/RO. (Source: Authors’ own elaboration
(Rocha))
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As urban expansion and densification of neighbourhoods have occurred, the inci-
dence of drainage issues has increased (Tucci, 2003). This can be attributed to a rise
in the proportion of impermeable surfaces.

Ariquemes is subject to a defined and accentuated rainfall regime over a six-
month period (December to May). Together with the urban issues, this results in the
occurrence of five common urban flooding points annually, as illustrated in Fig. 9.8.

BR 364
—

SUBTITLE
& FLOODING POINT

Fig. 9.8 Diagram of the main urban flooding points in Ariquemes/RO. (Source: Authors’ own
elaboration (Covaleski))
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The Water and Sanitation Institute (IAS) has reported that 0.6% of homes in
Ariquemes are subject to flooding. Despite the municipality having mapped the risk
areas, there are no warning systems in place for hydrological risks (IAS, 2020).

Rapid urbanization and horizontal expansion may have contributed to increased
soil impermeability, reducing infiltration capacity and increasing surface runoff
during precipitation events. Furthermore, the Ariquemes municipal master plan
lacks a definition of permeability index and plot occupation rates, making it chal-
lenging to regulate urban permeability conditions.

Another contributing factor to the impermeabilization of the soil is the preva-
lence of half-land lots in certain sectors of Ariquemes. In Brazil, an urban lot has a
minimum area of 125 m?, with a minimum frontal facade of 5 m. Consequently, the
minimum lot area in Brazil is a rectangle with dimensions of 5 m x 25 m (Federal
Law 6766/79).

In Ariquemes, the half-lot is defined as the transformation of an urban lot with
average dimensions ranging between 10 x 30 and 12 x 2 5 (300 m?) into two longi-
tudinal lots, approximately 5 m wide and 30 m deep. This is in accordance with the
minimum lot allowed by Brazilian federal legislation (Fig. 9.9).

What is particularly worrying about this practice of lot subdivision is that the
Municipal Master Plan, in its latest version (Ariquemes, 2019), does not define the
occupancy rate, utilization coefficient and/or permeability rate of the lots. These
aspects allow an intensive imperviousness of the urban soil, characterized by the
absence of environmental limitations in the local legislation.

This practice of excessive imperviousness of urban lots, regardless of their size,
is common in many Brazilian cities, such as Limeira (Rossini et al., 2001), Sao José
dos Campos (Gongalves et al., 2006), and Sao Paulo (Keppke, 2013). Indeed, there
is a cultural practice in the Brazilian private housing construction that includes

HALF URBAN LOT

URBAN LOT

Fig. 9.9 Subdivision diagram of urban lots in the neighbourhood of Ariquemes/RO. (Source:
Authors’ own elaboration (Covaleski))
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impermeabilization of the common areas and reducing the garden to the minimum
possible. This practice is justified in many ways, from the expansion of the family
nucleus and the necessity of expanding the house area on the lot or even the ease of
cleaning impermeable areas when compared to garden maintenance.

In this context, as urbanization intensifies, the incidence of flooding also increases
in parallel. This can result in the implementation of inadequate or undersized drain-
age systems, which are unable to efficiently deal with the volume of water resulting
from intense rainfall, a phenomenon that is common in the region, in conjunction
with highly impermeable plots.

Furthermore, within the city, approximately 78 streams have undergone altera-
tions to their natural course (Ariquemes, 2023). This has resulted in complications
with water infiltration and the environmental quality of river waters due to the pres-
ence of illegal waste disposal connections.

9.3 Mindset Change: From the Modernist Urban Planning
to the Contemporary Ecological View

The history of planning in Ronddnia and Ariquemes comes from imposition. First,
the government forced the native indigenous population to move from their land.
Second, modernist planning based on formalistic criteria disconnected from the
local landscape was imposed. These impositions had a social and environmental
cost. A city that does not relate to the landscape and a society that does not relate to
its history need to change their mindset to recover these lost links. This can only be
done by local groups who are interested in rescuing these memories.

One of the main questions of this research was to ascertain whether the local
community was interested in pursuing a change in this situation. Through visits to
the city and discussions with various stakeholders, including the local Municipal
Environmental Secretary (SEMA) public workers, public authorities, and the scien-
tific community, it became evident that there was a genuine desire to do so.
Additionally, it was observed that many local initiatives, spearheaded by SEMA,
were already aligned with a contemporary vision of ecological landscape planning.
One example is a strategy to mitigate pollution in streams, called the “RG dos
Igarapés Project”. This project was created by SEMA to bring the community closer
to natural spaces and improve their maintenance conditions. This project is one
example of the many strategies taking place at the local scale to increase environ-
mental awareness of their natural surroundings.

It is possible to gain valuable insights from these public workers’ actions
when visiting the city. Those professionals are experienced in raising awareness
among the local population about environmental stewardship. This is a time-
consuming effort, but a crucial step in achieving sustainable change at the local
level. Due to their expertise, they were also key participants at the co-participa-
tory workshops.
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With the information in hand about the need to act locally, the interest of the
local community, and with the creation of local partnerships, it was possible to plan
actions on a local scale. These were created together with SEMA and the local
University UNIFAEMA, in order to develop actions that would contribute to what
the city and local public authorities needed most. It was in this sense that the work-
shops were designed.

9.4 The Ecological Co-Planning Workshops

9.4.1 Process and Methodology

Participatory processes and methods (PP and PM) are a well-known methodological
tool for decision-making processes. It brings together researchers, policy makers,
community members, and the general population in the decision-making process to
better reflect and act at the local and regional level. Involving different groups and
the local population in analysis, planning, decision-making, and all other stages of
the project cycle can support a variety of benefits, such as strengthening citizenship,
claiming rights, and longer lasting social change.

As mentioned, in the recent years, participatory processes have been used as an
important strategy to involve the community in the planning process. This has
helped to ensure that planning and projects take into account people’s needs and
expectations.

During 2023 and 2024, two local participatory workshops were organized in
Ariquemes. For it, a mixed method approach was organized, based on the work of
QUAPA Lab? and the participatory workshops organized by the research network
on several Brazilian cities since the 2000s, to analyse the open space system and
morphological patterns (Macedo et al., 2018).

This multi-method and multi-scale approach was crucial to address the Amazon
issue. It combines mapping analysis with local participatory processes and actions.
Both are important steps in achieving real changes on the issue of deforestation and
reforestation in Amazonian cities. The co-participatory method facilitates the trans-
fer of research results to practical applications and socio-ecological changes.
Furthermore, it enables scientists to gain insights at the local level, which is a cru-
cial aspect of the maturation of research ideas.

2QUAPA Lab is the most important Brazilian research network in the area of Landscape, which
includes studies on the Brazilian Open Space Systems and Urban Morphology. QUAPA is a net-
work of researchers from 16 Brazilian Universities, coordinated by the supervisory sector
of FAUUSP.
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9.4.2 The First Co-Planning Workshop, 2023

The first co-planning workshop had two phases: the pre-workshop, from 21/10/2022
to 13/02/2023, and the local workshop, from 27/02/2023 to 03/03/2023.

9.4.2.1 The Pre-Workshop in Germany (2022/2023)

The pre-workshop consisted of a research module course entitled “Ecological
Planning for the Amazon Region”, offered by Prof. Veronica Garcia Donoso in the
Master’s Programme “Transforming City Regions” at RWTH Aachen University,
Germany. The aim of this module was to give students an overview of the Amazon
region—its natural environment, its impacts and its global ecological importance—
and to support the ecological planning of the workshop in Rondénia (Fig. 9.10).

The task for this module was to create the material for the workshop, such as
posters with maps, analysis, and graphic elements about the regions. A total of 15
students participated in the course, most of them from architecture and urban plan-
ning backgrounds. They were divided into three groups and topics: urban, vegeta-
tion and water.

The urban group analysed Porto Velho and Ariquemes, highlighting urban
growth, land use changes, and morphology. The vegetation group analysed land use
changes, deforestation patterns, agricultural and livestock expansion, and forest
fires. The water group analysed the river system in the Amazon region of Rondoénia,
highlighting some of the challenges such as flooding, socioeconomic activities
related to the rivers, hydroelectric dams, biodiversity and the impacts of mining and
deforestation. The final result was ten posters that were displayed into the local
workshop in Rond6nia.

The goal was for RWTH students to attend the workshop in Brazil, but due to the
lack of economic support, they could not attend the workshop. However, in order to
involve them in the event, a presentation video of the RWTH students was shown
during the workshop, and a film session about the workshop was organized as an
after-workshop activity, also with a presentation and thankful messages from the
local students of Ariquemes.

Fig. 9.10 Pictures of the pre-workshop at RWTH Aachen, Germany. (Pictures credits: Donoso
(2022 and 2023))
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9.4.2.2 The First Co-Planning Workshop in Ronddnia (2023)

The 2023 workshop in Ronddnia took place from 27/02/2023 to 03/03/2023 with 14
participants (professors, researchers, and students) for the field trip and about 40
participants during the workshop days.

The field trip activities were organized as follows:

— 27 and 28/02: site visit in Porto Velho, specially to the areas of the Museum of
the Ronddnia Memory, the Cultural Market, the Riverside Park (Madeira-
Mamor¢ historical railway park), Natural Park and Plant Nursery of Porto Velho
(Fig. 9.11).

— 28/02 and 01/03: boat trip to the riparian community Sdo Carlos do Jamari,
including visit to the community and activities with the local community leaders.

— 01/03: boat trip back to Porto Velho and car travel to Ariquemes.

The field trip was organized with the aim of giving the participants a different
understanding of the way people live in Rondonia. The visit to the state capital, the
remembrance of the history of the railroad and telegraph lines, and the visit to a
riparian community in the middle of the forest were able to provide this overview of
different ways of living and interacting with the Amazon biome (Fig. 9.12).

During the boat trip, it was also possible to reflect on the impressive nature of the
biome, but also on our human impact, especially due to the large amount of illegal
mining that could be seen in many parts of the Madeira River, an activity that

Fig. 9.11 Drone picture of Porto Velho and the historical Madeira-Mamoré railway park. (Source:
Photographs by the authors (Donoso), February 2023)

Fig. 9.12 Drone pictures of preserved forest areas in the region of Porto Velho and Sao Carlos do
Jamari. (Source: Photographs by the authors (Donoso), February and March 2023)
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heavily pollutes the water due to the use of mercury to separate gold from sand
(Fig. 9.13). Some illegal mining dredgers were also seen in Sdo Carlos do Jamari
(Fig. 9.14). In addition, deforestation and fires were visible during the boat trip.
Some images of the field trip are presented below.

The workshop in Ariquemes was organized as follows:

— 02/03/23 morning and afternoon: site visit in Ariquemes, specially to the
Municipal Environmental Secretary (SEMA), Ariquemes Plant Nursery and city
visits to squares and alleyways.

— 02/03/23 from 19 h: beginning of the workshop with lectures from: Prof. Veronica
Garcia Donoso, Dr. Mayumi Hirye, and the Kanindé Ethnoenvironmental
Defense Association.

Fig.9.13 Pictures from the boat trip between Porto Velho and Sao Carlos do Jamari. (Deforestation,
fires, and illegal mining could be observed. Photographs by the authors (Donoso), February and
March 2023)

Fig. 9.14 Drone picture of Sdo Carlos do Jamari and the illegal mining. (Source: Photographs by
the authors (Donoso), February 2023)
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— 03 and 04/03/23: workshop day with professors, students, and professionals.
— 04/03/23 from 19 h: Presentation of the workshop results.

The lectures opening the workshops had the higher number of participants,
around 40. The workshop days of activities had mostly students and professors, in
total around 20 participants, due to the lack of availability of some professionals to
join the day activities. Even with a small number of participants, the final outcome
for the workshop was positive, with SWOT analysis and mapping methods to iden-
tify key elements for ecological planning. Some images of the workshop and field
trip are presented in Figs. 9.15, 9.16, and 9.17.

The first workshop in Ariquemes was important as a first approach to the local
reality. The participatory mapping method and activities allowed the identification
of key issues to be addressed, such as drainage problems during heavy rains. This
emerged as a major concern for the participants, who observe daily the growth of
the city, deforestation, and climate change, with more intense weather events such
as increased temperatures and stronger storms. The participants also showed great
concern for the future of the alleyways and the need to implement measures to

Fig. 9.15 The first co-planning workshop at the UNIFAEMA University, Ariquemes. (Source:
Photographs by the authors (Donoso), March 2023)

Fig. 9.16 Drone pictures of Ariquemes. (The contrast between the historical urban area
(Ariquemes village), closed by the Jamari River, and the modern planned city. Source: Photographs
by the authors (Donoso), March 2023)
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Fig. 9.17 Plant nursery in Ariquemes and Porto Velho. (Caja fruit (Spondias mombin) and
Brazilian nut (Bertholletia excelsa). Source: Photographs by the authors (Donoso), March 2023)

increase their urban liveability. These results were essential for the planning of the
second workshop, specifically designed to address the needs of the local community
and to discuss Nature-based Solutions (NbS) as a tool for a greener (and drainage-
friendly) Ariquemes.

9.4.3 The Second Co-Planning Workshop, 2024

The second co-planning workshop was organized and created by Prof. Donoso to
respond to a local need: professionals from SEMA were interested in learning about
Nature-based Solutions in order to implement them as solutions for the Ariquemes
drainage system, an action that is also aligned with the actions of the SEMA pro-
gramme “Greener Ariquemes”. The idea was well accepted by the other workshop
organizers from the UNIFAEMA University. Therefore, the second workshop was
planned as a NbS course.

The 2024 workshop took place from 24/02/2024 to 29/02/2024 with around 55
participants (professionals, professors, researchers, and students) during the work-
shop days.

9.4.3.1 Pre-Workshop: Volunteer Action

Before the workshop in Ariquemes, a first action occurred. It was a volunteer activ-
ity in S@o Carlos do Jamari. During the inaugural visit to this riparian community, it
was possible to engage in discourse with the community leaders, the population,
and the district administrator regarding the challenges currently facing the commu-
nity. Upon contacting the relevant authorities to announce a second visit to Rondénia,
it was revealed that a local action could occur at the Municipal Elementary School
Henrique Dias. The activity was designed with input from the teaching staff, who
requested that the school be painted in order to enhance the learning environment.
This voluntary painting initiative was then developed by Verdnica Garcia Donoso
and Carolina Salzano Rocha in collaboration with the students and teaching staff at
the school (Fig. 9.18).
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Fig. 9.18 Voluntary work at Sdo Carlos do Jamari. (Source: Photographs by the authors (Donoso
and Rocha), February 2024)

After this first voluntary action the co-planning workshop in Ariquemes started.

9.4.3.2 The Second Co-Planning Workshop in Ariquemes (2024)

The workshop in Ariquemes was organized as follows:

— 24 and 25/02/24: Voluntary work at Sdo Carlos do Jamari riparian community

— 26/02/24, afternoon: Presentation of the workshop and class about NbS

— 26/02/24 from 19 h: Master class and activity: SDON—Key concepts for systemic
planning

— 27/02/24, afternoon: lecture and activity: NbS examples

— 27/02/24, from 19 h: Co-design workshop for raingardens

— 28/02/24, afternoon: Co-design workshop for raingardens

— 28/02/24, from 19 h: Conclusion of the workshop and presentation of the results

— 29/02/24, early morning: Workshop closing activity: planting native species in a
public square.

The workshop was designed to provide participants with information on the NbS
concept and types of interventions, calculations of water basins and water capture,
selection of plant species for ecosystem services such as phytoremediation and phy-
tofiltration, and examples of solutions from around the world. All course content
was delivered using participatory tools to engage participants in building knowl-
edge. In addition, the discussion was specifically aimed at giving them the tools to
adapt this European approach and create appropriate solutions for the Amazon biome.

In this second workshop, there were about 55 participants in the opening lectures
and about 25 participants in the workshop. They were mainly professionals from the
City Hall and SEMA of Ariquemes, Porto Velho and Cacoal, professors from the
local universities UNIFAEMA and the Federal University of Rondonia (UNIR),
students from both universities and professionals from the city of Ariquemes.
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The participatory actions were divided into multidisciplinary and multi-level
groups. Based on their diagnosis of drainage problems, each group selected urban
areas to develop and design NbS solutions (Fig. 9.19). The sites selected were the
avenues of JK, Capitdo Sivio and Jamari, the Alleyway of Piquid and a square in

MAP OF WORKSHOP LOCATIONS

Data Source: ANA; Environmental office of Ariquemes; Survey based on Google Earth Pro prepared
by the author
Projected Coordinate System SIRGAS 2000 UTM Zone 20S
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Fig. 9.19 Map of workshop case studies in Ariquemes. (Source: Authors’ own elaboration
(Rocha), 2024)
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Sector 9. All locations were identified by the workshop participants as having inad-
equate drainage, causing several problems for the residents. The closure of the
workshop was with the planting of native species at the “Quero-Quero” square
together with the workshop participants and garden crew from SEMA. The out-
comes of the workshop included the formulation of further analysis and reflection
on the actions undertaken. An evaluation of the challenges and potential of these
outcomes will follow later.

The final results of the workshop were published as an unofficial book to help
city hall professionals to show the work developed and to stimulate stakeholders
and politicians to invest in the solutions. Some pictures of the workshop are
presented below (Fig. 9.20).

The two workshops demonstrated the significance of participatory processes and
local actions in facilitating tangible changes towards ecological planning and

Fig. 9.20 The second co-planning workshop at the UNIFAEMA University, Ariquemes. (Source:
Photographs by the authors (Donoso, Rocha, and Covaleski), March 2024)
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environmental awareness. Also, both co-planning workshops initiated a collabora-
tive relationship between institutions, researchers, and public government. With
commitment, political, and economic support in decision-making, strategic plan-
ning and local participatory actions, this experience and collaboration network can
operate supporting ecological and sustainable practices in urban planning.

9.5 Ariquemes Challenges and Potentials for the Future
Ecological Planning

This fourth section of this chapter outlines the post-workshop actions. This includes
further analysis of the land characteristics as well as reflections on future ecological
planning paths and strategies for the city.

The two co-planning workshops held in Ariquemes were of great importance for
the researchers. The approach provided insight into the demands of the local level
as well as information about previously unidentified local challenges. Additionally,
it highlighted the potential areas for the implementation of actions. Further details
are provided below.

9.5.1 Challenge: Water Drainage and Water Treatment

Drainage represents a significant challenge in Ariquemes, stemming from a conflu-
ence of factors. These include a vast river system, extreme weather patterns, and an
urban form that is poorly suited to the topography. However, the most pressing issue
has been identified by the local population itself: the urban rainwater drainage sys-
tem currently covers only 20.4% of the total area, as illustrated on the drainage map
(Fig. 9.21).

The Ariquemes Drainage and Stormwater Management Diagnosis Report indi-
cates that the system was proposed in the form of reinforced concrete tubular galler-
ies, measuring 0.60 to 2.00 m in diameter, and square galleries measuring 2.00 to
2.50 m. The objective was to direct rainwater and contribute to the improvement of
the city’s road system. In this process, surface water is collected from gutters con-
nected to storm drains, and then conveyed via 0.40-m pipes to manholes in the main
galleries.

Currently, only 2.17% of the population of Ariquemes is served by sanitary sew-
age, and only 20.3% is served by the rainwater drainage system (IAS, 2020). The
implementation of the New Sanitation Legal Framework (Law No. 14,026/2020)
and federal investments to enhance access to basic sanitation throughout Brazil has
facilitated the expansion of the sewage network in Ariquemes, that is in 2024 still in
construction.

Expanding the basic sanitation network is a matter of public health and socioeco-
nomic development. It is evident that enhancing access to fundamental services,
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DRAINAGE MAP

Data Source: ANA; IBGE; Environmental office of Ariquemes; Ariquemes City Hall
Projected Coordinate System SIRGAS 2000 UTM Zone 20S
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Fig. 9.21 Drainage map. (Source: Authors’ own elaboration (Rocha))

such as sewage and rainwater drainage, can markedly enhance the quality of life for
residents, in addition to fostering a healthier and safer environment for local eco-
nomic growth (Carcard et al., 2019).

However, another aspect to be considered is how to perform the expansion of the
basic sanitation network, which should include ecological solutions and not only
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grey infrastructure. An important alternative to the rainwater drainage system should
include bioswales, rain gardens, and wetlands. When incorporated into the conven-
tional grey system, these solutions can provide significant improvements. This is
why the second workshop on Nature-Based Solutions was held, which was an
important need for the city. Additionally, participatory process can facilitate sustain-
able development, promote public—private partnerships, and encourage local popu-
lations to engage with and care for the natural environment.

9.5.2 Challenge: Deforestation

The land use and land change map from 1985 to 2022 (Fig. 9.22) around the urban
area reveals a significant transformation in the surrounding native vegetation. This is
largely attributed to the suppression of native vegetation for the expansion of pastures
and agriculture, particularly monoculture of soy and other temporary crops, but also
by the urban growth. The urban expansion is evident in the northern and eastern
regions of the original urban network and in some portions of the southern region. As
the topography map demonstrated (Figs. 9.4 and 9.5), the city is constrained from
expanding to the southern region due to the greater slope in this region. Conversely, in
the northern region where the city has expanded, there is a substantial forest fragment.

MAP OF LAND USE AND OCCUPATION - 1985 MAP OF LAND USE AND OCCUPATION - 2022

Data Source: ANA; IBGE, Environmental office of Ariquemes ; MapBiomas Brazil - Data Source: ANA; IBGE, Envil office of Ariq 3 i Brazil -
Collection 8 Land Cover and Land Use 1985 Collection 8 Land Cover and Land Use 2022
Projected Coordinate System SIRGAS 2000 UTM Zone 20S
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Fig. 9.22 Land use and land change analysis. (Source: Authors’ own elaboration (Rocha))
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Further insight was gained during the field visit regarding the challenge of forest
maintenance. This was evidenced by the verification of urbanization pressure on the
northern region of the city. Furthermore, the northern region has also experienced
the greatest expansion of soybeans, which has occurred over savanna and for-
est areas.

Deforestation represents a significant challenge. Two main approaches to
addressing this issue exist: the first is to restore forest areas, and the second is to
avoid any further expansion of human activities in areas where native vegetation
occurs naturally. This second strategy could be implemented in agribusiness and
urban expansion. In the first case, the implementation of more advanced technology
within the field of agribusiness could prove beneficial in reducing the reliance upon
less sustainable practices. In the second instance, urban densification may offer a
solution.

9.5.3 Challenge: Lack of Green Public Spaces (Squares
and Parks)

The municipality of Ariquemes has established a system of green areas comprising
squares, parks, gardens, and conservation units, as outlined in the Municipal Master
Plan (Law 2341/2019). Three of the parks are designated as conservation areas. The
Botanical Garden, which is situated within the urban fabric, encompasses 13.54 ha.
The Ariquemes Municipal Park, located at the south end on the left side of BR-364,
has a size of 151.07 ha. The Municipal Park of Cana3, situated at the south end on
the right side of BR-364, is also a conservation area. The number of public squares
identified was 14, while the number of parks was 5, including conservation units.
This represents a relatively small number of publicly accessible green spaces, as
evidenced by the Fig. 9.23.

9.5.4 Potential: The Institutional Sector and the Alleyways

The modernist planning of Ariquemes defined the central axis of the urban area as
an Institutional sector, wherein open spaces play a significant role in terms of land
use. Along this axis, there are collector roads that delineate the city’s sectors. These
sectors are organized according to a logic where services and commerce are concen-
trated around the institutional sector. The neighbourhoods are arranged in rectangu-
lar blocks that are linked in a regular manner, as illustrated in Fig. 9.7 on the Map
of Avenues and Alamedas (De Paiva & Trevisan, 2023).

The institutional sector, in conjunction with the avenues and boulevards, has the
potential to enhance the ecological quality of the area in a manner that is respectful
of the natural Amazonian territory. In light of this perception, the potential of these
environments is aligned with the implementation of practices that are in accordance
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MAP OF NATIVE VEGETATION, PARKS AND SQUARES

Data Source: ANA; SICAR; Environmental office of Ariquemes; Survey based on Google Earth Pro prepared
by the author
Projected Coordinate System SIRGAS 2000 UTM Zone 208
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Fig. 9.23 Urban green areas system and native vegetation areas. (Source: Authors’ own elabora-
tion (Rocha))
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with Nature-based Solutions and that seek to address issues that have arisen from
the city’s traditional and modern urban planning.

The alleyways, for example, which are 6 and 8 m wide, have the potential to
facilitate connectivity between open spaces within the municipality. They can serve
as green corridors, reintegrating the environment into the biome and providing
greater well-being to the community. Furthermore, the area can also benefit from
the increase in green areas.

9.5.5 Challenge and Potential: The River System
and the Vegetation Fragments

The city of Ariquemes is situated within a complex river network, comprising the
Rivers Canad, Rio Branco, Rio Jamari, and 78 streams that originate or traverse the
urban perimeter. This network encompasses a total length of 136 km (Kozerski,
2023). The river network serves as a primary system of natural drainage basins
within Ariquemes (Ferreira, 2021).

In conjunction with the design of the river network, a system of green areas has
been established by the Municipal Master Plan (Law 2341/2019, art. 188) as perma-
nent preservation areas on the banks of watercourses. The minimum width of these
areas is 100 m for the Jamari River, 50 m for the Canai and Rio Branco Rivers, 30 m
for the Igarapés, and 50 m for the springs (Kozerski, 2023). However, the streams
that shape the urban fabric of Ariquemes have their banks inappropriately occupied
by residential properties that discharge sewage and solid waste into the waterways.
Such streams are frequently contaminated and degraded, lacking riparian forest
coverage and exhibiting signs of siltation (Ferreira, 2021). As illustrated in the
Figs. 9.24 and 9.25, a considerable number of residential properties are situated
within areas identified as being at risk. Furthermore, it is evident that the municipal
authorities have not upheld the requisite standards of protection in these desig-
nated zones.

In addition to the aforementioned areas, the municipality’s neighbouring regions
encompass a variety of forest fragments comprising native vegetation. Additionally,
these fragments are present in non-buildable urban areas, including flooded regions,
swamps, and riparian forests (Kozerski, 2023).

The city, as part of nature, should be planned with an eye on its ecosystemic
composition (Meneguetti, 2007). However, urban expansion often fragments the
landscape, annihilates biodiversity, and devastates habitats (Ndubisi, 2014).

Connecting open spaces, including soil and water not covered by buildings
(Magnoli, 2006), helps keep urban centres in balance by protecting sensitive areas,
providing habitats for wild animals, helping with urban drainage, and creating rec-
reational environments. The number, quality, and arrangement of these spaces are
key to the environmental functions of cities (Meneguetti, 2007). One way to connect
these spaces is through nature-based solutions, like green corridors. These are strips
of vegetation that connect green spaces in the urban core and add to the green spaces
of a city (World Bank, 2021).
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MAP OF PERMANENT PROTECTION AREAS (PPA)

Data Source: ANA; IBGE; Environmental office of Ariquemes; Ariquemes City Hall
Projected Coordinate System SIRGAS 2000 UTM Zone 20S
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Fig. 9.24 Map of Permanent Protection Areas (PPA). (Source: Authors’ own elaboration (Rocha))
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MAP OF USES, RISKS

Data Source: ANA; CPRM; Environmental office of Ariquemes; Survey based on Google Earth Pro prepared
by the author
Projected Coordinate System SIRGAS 2000 UTM Zone 20S
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Fig. 9.25 Map of Land Use and risk areas. (Source: Authors’ own elaboration (Rocha))

9.6 NbS Adaptation to the Amazon Reality:
The SoN Concept

The concept of NbS was first mentioned by the World Bank in 2008. In 2015, it was
officially introduced in the policy agenda of the European Commission, linked to
the concept of renaturating cities. In other countries, alternative concepts were
developed, such as the Sponge City in China. The concept emerged from working
with nature, a concept that is not necessarily new, but together on the same
“umbrella” of natural systems created an understandable view of the solutions and
how to implement them at the urban scale, for example as a systemic approach for
sustainable green drainage solutions.

Nature-Based Solutions are strategies that use natural processes to restore biodi-
versity, reduce the risk of catastrophes, promote water and food security, and
improve human health. They can be done at three different scales: river basin, urban,
and neighbourhood (World Bank, 2021). Whether any natural solution can be
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considered NbS is still not clear. The scientific community is constantly debating
about NbS and which interventions could be classified as NbS (Sowifiska-Swierkosz
& Garcia, 2022; Dumitru & Wendling, 2021).

The forest fragments, riparian forests, parks, squares, and other open spaces in
the municipality of Ariquemes can be used to apply solutions at three different
scales. This helps to connect urban green spaces with the forest fragments around
them. Reconnections can also help with urban drainage, since they can increase
water infiltration by implementing other solutions integrated into the corridors, such
as bioswales, rain gardens, and retention areas.

It is evident that there is a need to enhance the relationship between urban areas
and their natural or original surroundings. It is similarly evident that improvements
to water drainage and treatment are required, as is an increase in green areas within
urban areas. Nevertheless, it is pertinent to question whether the term “Nature-based
Solutions” is an appropriate designation for these strategies in the context of the
Amazon region. The rationale for this inquiry is rooted in the recognition that, in a
region where numerous external (and frequently Eurocentric) perspectives have
been imposed upon the cultural and original heritage, it is neither prudent nor appro-
priate to address the local issues with European solutions.

It is evident that NbS is a concept that originated in Europe but has since evolved
to encompass a multitude of globally recognized solutions, including green roofs
and wetlands. This shift has eased the burden for European researchers seeking to
collaborate at the local level. Conversely, it would appear that the most reasonable
course of action would be to give the concept another name that more accurately
reflects the local culture and reality of different locations from the Global South.

The field trip and workshop were instrumental in facilitating our understanding
that the concept of ecological thinking has been a fundamental aspect of Amazonian
culture for centuries. However, the region’s history and culture have been signifi-
cantly impacted by various factors, including the destruction of the rainforest in
Ariquemes and the extinction of the Arikémes indigenous group. Moreover, it was
largely erased and replaced by a culture of urban planning that is disconnected from
the natural world and from the territory’s history and natural characteristics.

As external researchers, introducing an external concept developed in Europe
was a challenging and potentially dangerous situation. It was therefore necessary to
adapt the NbS concept to the local reality. During the second workshop, an adapta-
tion was made to the approach, but no new designation was created at that moment.
The post-workshop reflections were instrumental in the development of this novel
approach, designated as Solutions Originating from Nature (SoN).

The SoN conceptual approach for the Amazon region aims to enhance visibility
of the historical and ongoing relationships between the original communities and
the forest. These relationships have existed since time immemorial, yet have been
largely erased in the occupation process or Rondonia by migrants.

The authors deemed it more respectful to devise a new designation for solutions
that harness the potential of nature for climate mitigation and adaptation in the
Amazon context than to merely adopt existing European terminology. Our future
research in the region will continue in this vein.
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9.7 Summary and Conclusions

The state of Ronddnia had a history of forced solutions. First, the government
encouraged migrants to settle in the forest region, despite the forest people already
living there. These projects were the result of large-scale colonization in the 1970s.
They occurred together with the creation of highways and roads that supported
agribusiness expansion, causing deforestation.

This colonization process led to the construction of Ariquemes, designed by
architect Antdnio Carpinteiro. The city was planned according to modernist princi-
ples. These include using a regular urban grid and dividing land use into sectors.
The city’s name was inspired by the extinguish Arikémes indigenous group, even
though the history of the city does not honour the indigenous group.

The repeated impositions had a significant social and environmental impact on an
urban area that has become detached from its natural environment and a society that
has largely lost sight of its cultural roots. The researchers were eager to comprehend
the demands of the social groups and to ascertain whether there was local interest
and political support for the recovery of some lost boundaries. Fortunately, the
researchers were able to identify not only interest but also numerous local initiatives
developed by the local government and universities, especially related to recreating
the environmental connection. This enabled the researchers to establish a partner-
ship and implement two participatory processes, called co-planning workshops.

The transfer of academic or scientific knowledge to the local level could be opti-
mized through the implementation of participatory processes. Moreover, the pro-
cess benefited the researchers, as it enhanced the analytical complexity and
facilitated the necessary adjustments to research outcomes. Furthermore, participa-
tory processes enabled the integration of local knowledge into research. Two par-
ticipatory workshops, held in Ariquemes, Ronddnia, in 2023 and 2024, were
presented here as illustrative cases of ecological co-planning workshops.

A participatory process is a complex method that requires careful consideration
and planning to ensure its success. In a city in the Amazon region, which is charac-
terized by a multifaceted blend of cultural, environmental, and societal elements,
the actions of external actors at the local level can be particularly challenging. There
is a potential for these actors to inadvertently impose ideas and solutions that may
not align with the specific realities of the community. For this reason, it is essential
to employ an attentive and respectful participatory method, which enables the con-
struction of knowledge in collaboration with the participants, guiding them to reflect
on their own reality.

The post-workshop activities served to consolidate some analysis and reflections
about the actions and the local scale. Furthermore, these developments gave rise to
novel conceptual frameworks for the region, reflecting the researchers’ apprehen-
sions regarding the tenuous boundary between guidance and intervention. This is
the case of the concept “Solutions Originating from Nature (SoN), that adapt the
NbS concept to this particular reality.

Conclusions of this experience can be summed-up in three important points:
First, our findings indicate that it is imperative for researchers to collaborate with
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the local community to implement ecological co-planning processes for the land-
scape. This can facilitate a mutual transformation of values regarding urban and
environmental design, thereby contributing to the construction and management of
territories that prioritize the landscape, culture, heritage, and natural environment.
This, in turn, reduces conflict between environmental preservation, urban develop-
ment, and impositions from external points of view.

Secondly, SoN should be considered as an important tool for sustainability, start-
ing from the local community and original knowledge to create the necessary solu-
tions. This is crucial when considering the need to develop mitigation strategies in
cities where an urban planning disconnected from nature has been developed, as in
the case of Ariquemes.

Furthermore, our third conclusion is that there is still a lot of imposition in urban
planning in the Global South. It is hoped that the external (European) solutions
could be a good fit for the complex problems they face, and in this sense it’s com-
mon to see the NbS concept exported to local realities, such as in Brazil, and not
always adapted. SoN is now only a concept; it is a way to remind researchers and
planners to respect the local cultural heritage. In other words, SoN offers a way for
researchers to pay attention to the local scale and original knowledge when propos-
ing sustainable solutions. The further development and implementation of SoN
seems to be the best solution for Ariquemes and other Amazonian cities, and this
idea will guide the authors in future research.
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Chapter 10 )
A Rethink of Urban Planning Towards S
an Ecological Planning Perspective

Veronica Garcia Donoso and Christa Reicher

Abstract This chapter offers concluding remarks on the subject of this book. It
emphasizes the importance of integrating urban areas with natural environments
as a basic tenet of urban design, noting that the degree of integration depends on
various factors, including historical, political, environmental, and socioeconomic
aspects. In addition, this chapter identifies shortcomings in some proposed
designs and presents potential avenues for advancing ecological planning through
participatory processes. The text then turns its attention to the necessity of
increasing awareness of the reality of Amazonian cities in the state of Rondonia.
This awareness should be employed to facilitate a rethinking of urban planning in
the region.

Keywords Amazon rainforest - Rondoénia - Ecological planning - Urban design

A fundamental principle of urban design is to understand and respect the capacity
and performance of the natural environment, while integrating cities and nature.
This principle is essential for building and handling environmental-friendly cities.
Nevertheless, achieving a balance is variable and dependent on several factors,
including historical, political, cultural, ecological, and socioeconomic aspects.

The Amazon region, a treasure for biodiversity and ecosystem services, has yet a
big gap in this combination between its cities and nature. Many of the challenges
have been explored within this book.

The difficulties faced in Ronddnia have roots in history, as explored in Section 1
of this book. In addition to the effects of indigenous settlements dating back centu-
ries, the drastic changes in its Land Use and Land Cover (LULC) from forests to
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cattle ranching and agriculture is linked with the arrival of settlers in the 1960s. The
histories of the cities discussed in this book are also intertwined with this process.
Government programmes to encourage people to move to the region, supported by
the building of infrastructure (including roads, telecommunications, hydropower,
and urban areas), have caused significant levels of deforestation. Once the roads had
been constructed, logging, cattle farming, and agriculture became the most com-
monly associated activities with the loss of forested areas.

Furthermore, the rate of deforestation remains high, resulting in the degradation
of habitats and loss of species. In addition, this process contributes to global cli-
mate change by releasing greenhouse gases (GHG) into the atmosphere.

The Amazon rainforest is a one-of-a-kind ecosystem on our planet. It is a valu-
able world heritage site due to its diverse plant and animal species and the envi-
ronmental benefits it provides. Despite its significance, scientific understanding
of the Amazon remains disproportionately low when compared to the vastness
and importance of the area. Additionally, such scientific knowledge is yet to
become necessary for informing decisions related to Land Use and development
in the region, as well as supporting the preservation of its natural ecosystems’
integrity.

Presenting evidence, examples and future methodologies for rethinking cities in
the Amazon region is the main objective of this book. The authors of this book pro-
pose the use of nature within cities to address society’s challenging issues of native
flora and fauna depletion. Key solutions include green and blue urban areas, nature-
based solutions (NbS) and other green infrastructure techniques that provide local-
ized benefits to specific species or communities.

Some of the proposed solutions presented in part II of this book have limitations,
as they were designed conceptually by authors without direct experience of the cit-
ies. Nevertheless, these studies aim to present a range of possible approaches to
urban planning that are suited to the specificities of Amazonian cities. These can
guide planners, landscape professionals, and local governments in comprehending
the opportunities to restore cities and enhance urban development in a more com-
bined and responsive manner.

Conversely, part III dedicated a chapter to examining the potential of actions at
the local level. Chapter 9 presented challenges and possibilities in this context. The
importance of participatory processes for integrating local knowledge and scientific
research results was highlighted as was the importance of incorporating an ecologi-
cal co-planning approach for cities in the Amazon region. The authors dedicated
analysis and reflections to the results of their actions at the local level, developing a
novel conceptual framework for the region, the “Solutions Originating from Nature”
(SoN), which adapts the NbS concept to this reality, enhancing visibility to the
original communities’ knowledge.

The authors of this book have looked beyond old-style urban and landscape plan-
ning to explore the uniqueness of a diverse ecosystem. Their research shows how
using sustainable techniques in our cities can enhance our health and protect biodi-
versity and ecosystem services.
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Every chapter suggests that we raise greater awareness of how significant urban
nature is to our residents. Given the crucial role played by the Amazon region in
global climate, it is important to prioritize sustainable solutions and ecological
interventions when planning Amazonian cities. These measures are essential and
must be advocated and promoted to encourage a rethinking of urban planning in
the region.
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