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ACRONYMS AND ABBREVIATIONS 

PPA Permanent Protection Areas

CENSO Demographic Census

COP26 United Nations Climate Change Conference, 2021

COVID-19 Coronavirus 2019

DATASUS Department of Informatics of the Unified Health System

IBGE Brazilian Institute of Geography and Statistics

MUNIC Municipal Basic Information Survey

SDG Sustainable Development Goals

NHS National Health Survey  

SIDRA IBGE Automatic Recovery System

SIM Mortality Information System 

SINAN Notifiable Diseases Information System 

UNFCCC United Nations Framework Convention on Climate Change 

 Department of Informatics of the Unified Health System

United Nations Framework Convention on Climate Change 
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Sociospatial Analyses of Climate Change in the
Urban Legal Amazon 1

The great challenge of societies on a global scale in the 21st century is to take care of humanity 
and provide the reduction of greenhouse gas (GHG) emissions, aligned with the elimination 
of territorial inequalities where the impacts and effects of climate change take place. This 
challenge has been the caveat to studies in debates in academic spaces, government agendas, 
and societies because the ambitions of The Paris Agreement (2015) need effectiveness on 
territorial scales since “there is still a wide set of diffi culties, uncertainties and economic and 
political conflicts for effective integration of concerns” [1]. 

By the effectiveness of those ambitions, IYALETA - Research, Sciences, and Humanities 
develops the study on Inequalities and Climate Change with the institutional support of 
the Climate and Society Institute (iCS). Iyaleta is responsible for the Project Urban Legal 
Amazon – Sociospatial Analyses of Climate Change (2020-2022), producing analyses of 
the dimensions of climate change in urban territorial planning in the capital cities of the Legal 
Amazon (Figure 1).

      Source: Demographic Census (2010) - Brazilian Institute of Geography and Statistic (IBGE)

Figure 01: Capital Cities of the Legal Amazon - Brasil
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The analyses are based 
on urban master plans, 
sociodemographic and health 
conditions in the capital cities 
of the Legal Amazon: Belém 
(Pará), Boa Vista (Roraima), 
Cuiabá (Mato Grosso), Macapá 
(Amapá), Manaus (Amazonas), 
Palmas (Tocantins), Porto Velho 
(Rondônia), São Luiz (Maranhão) 
and Rio Branco (Acre).

The Legal Amazon is a political 
territory established by the 
Brazilian State in the second 
half of the twentieth century as 
a political strategy for economic 
growth. It presents the roughness 
of the social and historical 
process of the invasion and 
occupation of the lands of the 
Native People (Povos originários)
because the technical objects 
are more concrete or more 
performing “given by the whole 
of society, and are expressed 
through the reality of the space 

      Source: Demographic Census (2010)
Brazilian Institute of Geography and Statistic (IBGE)

FIGURE 02: Monitoring indicator of SDG 11 - 
Sustainable Communities and Cities: 11.1.1 
Proportion of urban population living slums, 

informal settlements or inadequate housing in the 
Urban Legal Amazon - Brazil

that fi t” [2]. 

Recognizing roughness is a form of democratization of environmental and climate policies 
in the Legal Amazon with attention to the interdependence between urban inequalities and 
forest deforestation crimes, which puts 87% of the urban population in inequality through 
segregation in the access to health, housing, urban and rural mobility, income and work 
distribution, and urban land in the urbanization of subnormal agglomerates [3]. 

The context is revealed in the scale of the states of the Legal Amazon, according to the 
monitoring of the indicators of the Sustainable Development Goals (SDGs), carried out by 
the Brazilian Institute of Geography and Statistics (IBGE). The 11.1 indicator of the SDG 11 - 
Sustainable Communities and Cities: Proportion of urban population living in slums, informal 
settlements, or inadequate housing – 2010), reveals that the living conditions of the urban 
population are twice as high as the national average, which is 41.0% [4] (Figure 2).  
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Methodology for analysing inequalities
and climate change 2

For the analysis of the effects and impacts of climate change in urban areas, we used the 
three dimensions [5] of theoretical bases of territorial urban planning (Figure 3):

FIGURE 03: Dimensions of Sociospatial Analyses of Climate Change
in the Capital Cities of the Amazon Legal

From the dimensions of effects and impact of climate change, this research deepens, 
anchored in the lens of intersectionality [6], on the scenario of climate change and racial, 
ethnic, and gender inequalities and their intersections, given social, economic, environmental 
and health conditions, by territorialization and urbanization in the capitals of the Legal 
Amazon. To this end, we created a construct based on race/colour1 and gender markers 
(women: Black, Indigenous, and White; men: Black, Indigenous, and White), considering that 
both are important structural social determinants [7].

1In Brazil, the Demographic Census classifi es as Black people the sum of self-declared “Black” or “Mixed/
Brown” people, during the application of the questionnaire, according to technical standards of the Brazilian 
Institute of Geography a and Statistics - IBGE.
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To characterize the housing conditions of residents in the urban areas of the capitals of the 
Legal Amazon, we extract information from the last Brazilian Demographic Census in 2010 
[7], considering housing material, sewage condition, water supply, waste collection, and 
electricity. Health characteristics of residents in the nine capital cities of the Legal Amazon 
include information related to the proportion of households registered in Family Health Units, 
the household frequency of visits by Endemic Agents and Community Health Agent/Family 
Health Team, all of them extracted from the last National Health Survey (2019)[8]. Dengue 
(2014-2020), Zika, and Chikungunya (2017-2020) case notifi cations for the urban area of 
those cities were also extracted from the Notifi able Diseases Information System (SINAN) 
of DataSUS/Ministry of Health. Based on this information, we estimated the proportions of 
Zika, Dengue, and Chikungunya case notifi cations according to the race-sex construct in the 
specifi ed period and the incidence rates (per 100,000 inhabitants), considering the population 
estimated by IBGE for each capital city of Legal Urban Amazon.  The three arboviruses chosen 
in this study are important public health problems in Brazil and are used as markers of the 
dimension “Change in the exposure” of the effects and the impacts of climate change.

Cartographic data from districts, subdistricts, subnormal agglomerates, intermediate streets, 
and urbanized areas until 2019, distribution of health services, risk areas and monitoring 
of natural disasters, legislation, municipal programmes, and sanitation information were 
extracted from the Cartographic Database, Municipal Basic Information Survey (MUNIC), 
Brazilian Indicators for the SDGs, National Sanitation Survey, Basic Automatic Recovery 
System (SIDRA), all publicly available in IBGE website [9]. Cartographic data were analysed 
and systematized in thematic maps with georeferencing images in Google Earth Pro, by 
uploading the shapes, according to census tracts, districts, neighbourhoods, subnormal 
agglomerates, and urban areas.

9
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The Urban Dimensions of the Legal Amazon  3
Our studies on the dimensions of Climate Change in the unequal territorial planning in the 
capital cities of the Urban Legal Amazon have deepened the socioeconomic conditions of 
populations considering ethnic/racial and gender markers.
The analyses are based on principles and guidelines of the Climate Agenda as well as on what 
they propose as ambitions for policies and programmes to adapt and mitigate the impacts 
and effects of climate change, according to the United Nations Framework Convention on 
Climate Change (UNFCCC), the Sustainable Development Goals (SDGs), Agenda 2030 and 
Article 9.4 of The Paris Agreement (2015).
It draws attention to the analyses on territorial planning in the capitals of the Legal Amazon 
and the processes of elaboration/revision of the Municipal Master Plans, which in the last 
fi ve years have not presented direct commitments with the SDGs: 1 - End poverty in all its 
forms everywhere; 5 - Achieving gender equality and empower all women and girls; 6 - Ensure 
the availability and sustainable management of water and sanitation for all; 10 - Reduce 
inequalities within and among countries; 11 -Make cities and humans settlements inclusive, 
safe, resilient and sustainable; and 13 - Take urgent action to combat climate change and its 
impacts. SDG 5 calls attention to the guarantee of women’s rights, the human group most 
exposed to the impacts caused by climate change. Thus, the imposition of gender unequal 
urbanization in the capitals of the Legal Amazon directs Black and Indigenous women to the 
responsibility of family and community well-being. Therefore, they are the most affected by 
climate change. This phenomenon sharpens structural and pre-existing inequalities such as 
gender, ethnicity, race, and territory [10], as shown in Table 1.
In the urban area of the capital city of Boa Vista (Roraima State), Black individuals,  
particularly Black women (13.61%), were concentrated in households with brigs and cement 
without coated walls. The proportion of this housing condition for Black women is three times 
higher than that of indigenous women (4.35%) and twice that of white women (7,18%) [11]. 
(Iyaleta Report Vol. 01 Ethnic-Racial and Gender Inequalities and the Impacts of Climate 
Change on the Urban Space of Boa Vista, Roraima. Available at: www.amazonialegalurbana.
com.br/cadernos) 

In the urban area of the capital city Cuiabá (Mato Grosso State), ethnic-racial 
and gender inequalities are observed in inadequate access to sewage network - 
considering the higher proportion of disposal of sewage in the river, sea, and lake, 
and the use of rudimentary thank – where Indigenous women (8.89%) and Black 
women (20.63%) being those who have less access to basic sanitation condition [7]. 
(Iyaleta Report Vol. 02 Dimensions and impacts of climate change in the unequal city of 
Cuiabá - Mato Grosso. Available at: www.amazonialegalurbana.com.br/cadernos) 
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Territorial Inequalities:
sub-human planning 4

The study on racial, ethnic, and gender inequalities and the impacts of climate events in the 
cities of the Legal Amazon need to be addressed by adaptation policies that ensure Human 
Rights to populations in territorial, social, economic, and environmental vulnerability due to 
unequal urbanization.

The research on sociospatial analyses of the Urban Legal Amazon (2020-2022) recognizes 
the territorial confi guration as structuring in studies on territorial planning due to the 
interdependence of cities in the political territory established in a geopolitical construction at 
the same time global (forest in biodiversity – natural capital) and local (forest to be occupied 
by Brazilian economic growth) [11].

These scales produce contradictions and asymmetries in the face of environmental and 
economic public policy. On one side, they highlight the Amazon region in the leading global 
Agendas on environmental changes due to its territorial dimensions and establish Brazil 
among the ten largest nations on the planet as the environmental capital of continuous rain 
forest with a degree of conservation and preservation - until 2018, serving as prominence and 
participation in the remaining natural coverage of the planet. On the other hand, the Amazon 
region experiences deep inequalities, structured in racial/ethnic, gender, social, territorial, 
and correlated oppressions that intersect, reduce “the alternatives of social ascension and 
[contribute] to the great spatial mobility of its population, which is one of the main factors that 
explain the speed and extent of changes in land cover and use” [12]. The analyses of urban 
territorial dimensions in the capital cities of the Legal Amazon in interdependence evidence the 
human conditions of urban populations living in subnormal agglomerates, which according 
to IBGE, are forms of irregular occupation of land owned by other people – public or private 
– for housing purposes in urban areas and, in general, characterized by an irregular urban 
pattern, lack of essential public services and located in areas with restricted occupancy [7]. 

According to data from the 2010 Demographic Census, eight out of nine of the Legal 
Amazon’s capital cities present subnormal agglomerates, accounting for 256 urban areas. 
The only exception is Palmas, the capital city of the Tocantins State, since no subnormal 
agglomerate areas were identifi ed  (Figure 4). The urban resident population in the eight 
cities was 4,536,448.00 inhabitants, where Black individuals account for 68.34% of the 
urban residents. Of those, 1,484,739.00 inhabitants live in the subnormal agglomerates, 
representing 32.73% of the urban population in the eight capitals. However, Black individuals 
represent 76.90% of the people living in the subnormal agglomerates. More data on race/
colour and gender are presented in Table 2. Among the capitals with the largest population 
in subnormal agglomerates, the city of Belém stands out with 54.48% (Figure 5).

Territorial Inequalities:
sub-human planning 

The study on racial, ethnic, and gender inequalities and the impacts of climate events in the 
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In the analysis of the city of Manaus (AM), regarding the access to fundamental 
rights in subnormal agglomerates, such as water supply [14]: 56.24% of 
households access the general public network, while 16.72% of households 
have access to water supply by well or spring on the property and 25.51% have 
access to well or spring outside the property. (Paper: Urban Inequalities and the 
Regional Metropolis in Times of Climate Change: A Sociospatial Analysis of 
Manaus (AM). 

Available at: www.amazonialegalurbana.com.br/publicacoes) 

In Belém (PA), 29.9% of the urban population live in six subnormal agglomerates, 
of which 30.2% are women, and 29.5% are men. Regarding access to fundamental 
rights [13]: only 28.2% of the households have access to a waste collection directly 
by the general cleaning service; 19.1% use bucket service for waste disposal; 14.6% 
of households throw the waste on wasteland or in the street, and 31.7% in river or 
lake; attention to the subnormal agglomerate called Baixadas da Estrada Nova 
Jurunas, where 26.1% of households throw the waste in river or lake regarding the 
absence of public collection service. (Paper: Diversity and Inequalities in Times of 
Climate Change: a sociospatial analysis of Belém. 

Available at: www.amazonialegalurbana.com.br/publicacoes)

SUMÁRIO AMAZÔNIA LEGAL URBANA

SUMMARY OF URBAN LEGAL AMAZON 13
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      Source: Demographic Census (2010) - Brazilian Institute of Geography and Statistic (IBGE)

FIGURE 05: Distribution of the resident population in the subnormal agglomerates
in eight capital cities of the Legal Amazon

Source: Demographic Census (2010) - Brazilian Institute of Geography and Statistic (IBGE)
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 Basic sanitation and health conditions in the capital cities 
of the Legal Amazon5

The ethnic-racial and gender inequalities were identifi ed in housing and basic sanitation 
conditions, with a concentration of Black and Indigenous populations in the indicators of 
greater housing vulnerability evidenced in the studies of the Urban Legal Amazon  (tabela 1). 

These fi ndings reinforce the close relationship that has been pointed out between housing 
conditions and the incidence of arboviruses such as Zika, Dengue, and Chikungunya [11]. 

Access to health services is fundamental for social groups living in unequal territories, as 
it is necessary to effectively control arboviruses (Dengue, Zika, and Chikungunya) through 
health promotion and disease prevention through sanitary and epidemiological surveillance 
of notifi cations. However, when we observed the nine capitals of the Urban Legal Amazon, 
many of them presented a high percentage of households that have never received visits 
from the endemic agent, health professionals responsible for vector-borne disease control, 
especially in Porto Velho (69.95%), Manaus (49.63%) and Macapá (41.84%) (Table 3). 

It is essential to highlight that the pandemic directly influenced the fi ght against arboviruses 
in the Brazilian context through the transfer of human and material resources to combat 
COVID-19, impacting the reduction of services with possible underreporting of vector-borne 
case notifi cations. Moreover, due to the COVID-19 pandemic, many municipalities suspend 
the visits of endemic agents to households, in addition to reducing vector control activities 
in housing surroundings. However, we should highlight that this scenario existed previously, 
according to the analysis of National Health Survey (2019) data [11].

Recent studies have pointed to the increased incidence of Dengue during the pandemic, 
characterizing what epidemiologists have described as the syndemic of COVID-19 and 
Dengue. The syndemic effect between these two conditions has been reported in some 
Brazilian territories and several countries of the Americas, particularly in the region’s endemic 

TABLE 03: Frequêncy oh household visits by endemic agents in nine capital cities
of the Urban Legal Amazon, 2019

Source: National Health Survey/IBGE (2019)
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to Dengue. As an aggravating factor, in Brazil, this situation occurs in a national scenario of 
dismantling social protection systems, and shortly after the Zika virus epidemic in 2016, the 
introduction of Chikungunya, and an outbreak of Yellow Fever in 2018 [11]  (Table 4). 

In addition, there is a worsening of the effects of the impacts of climate change on Brazilian 
territory, particularly in the northern region, characterized by long periods of rainfall, risk 
of flooding, landslides, floods, and damage to housing and urban infrastructure, as well as 
biological changes, that impact on the increase of disease vectors, such as Aedes aegypti [11].

Although Black men represent the group most affected by all arboviruses included in this 
study, Black women experience the consequences of the Zika virus epidemic in the country
(Table 5). In addition to being the ones who most face precarious housing conditions, these 
women also have less access to information about reproductive health and contraceptive 
methods. We highlighted this point because the Zika virus presented a peculiar issue that 
impacted women’s reproductive health: the virus was transmitted during pregnancy and via 
sexual intercourse [11].

TABLE 04: Time series of the incidence rate (per 100,000 inhabitants) of Dengue, Zika and Chikungunya in 
the urban area of nine capital cities of the Legal Amazon, 2014 - 2020

       Source: DATASUS/SINAN/IBGE; Note: *No data available for preliminary analysis

Source: DATASUS/SINAN

TABLE 05: Proportional distribution of arboviruses cases according to race and sex, in urban area of nine 
capital cities of the Legal Amazon, 2014/2020
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It is crucial to highlight that social vulnerability, precarious housing conditions, and their 
reflection on the occurrence of arboviruses or other health problems result from social 
dynamics of structural inequalities that cannot be naturalized. Moreover, given the unequal 
effects of the impacts of climate change, it is exacerbated among vulnerabilized social 
segments, such as women and Black and Indigenous populations. Thus, climate change 
adaptation policies involving the Urban Master Plans and the plans to combat climate change 
need to consider the context of ethnic-racial and gender inequalities and their intersections in 
the design of urban spaces.

Adaptation and mitigation in the urban space
of the Legal Amazon   6

According to municipal territorial planning, the dimensions 
of climate change in the urbanization of the nine capitals 
of the Legal Amazon reveal how structural inequalities are.

In a space and time of  twenty-one years the City Statute2

was sanctioned, which regulated the national urban policy, 
in the face of the twenty-eight years  that the Brazilian 
State promulgated the UNFCCC3 in Legislative Decree 
01/1994, which made it the responsibility of federal 
entities to develop, formulate and implement policies to 
address the impact of climate change in Brazilian cities. 

This period would be suffi cient for seven out of the nine capital cities of the Legal Amazon 
to present actions, programmes, and projects in the reviews/elaborations of urban master 
plans in the last thirty years. By the context, master plans were ordered: in 1992 in the 
municipality of Cuiabá and reviewed in 2007; Belém in 1993 and revised in 2008; Boa Vista 
in 2001 and revised in 2006; Rio Branco in 2006 and revised in 2016; São Luís in 2006 and 
has proposed a revision in 2019; Manaus has as a milestone the master plan of 2014; and 
Macapá orders a plan in 2004, that still, until now, without review.

The analysis of the dimensions by intersection reveals the challenges of the seven cities in 
reviewing and developing public or private actions, which put municipalities in a position 
to implement their ambitions for the elimination of GHG emissions and provide adaptation 
policies that were approved in The Paris Agreement, fi nalized at the 26th United Nations 
Climate Change Conference 2021 (COP26).

Considering the principles and guidelines of the 2030 Agenda, the Sustainable Development 

2Federal Law No. 10,257 of 

July 10, 2001, pursuant to 

Articles 182 and 183 of the 

Federal Constitution (1988).
3Regulation by Presidential 

Decree 2652/1998.
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Goals (SDGs), and the following Art. 9.4 of the Paris 
Agreement4, it is necessary to provide public and 
private resources to eliminate urban inequalities in 
the capitals of the Legal Amazon with adaptation 
and mitigation programmes, emphasizing that:

1.  Municipalities should present by 2025 master 
plans prepared in a participatory manner and with 
scientifi c, environmental, hydrographic, climatic, 
social, and cultural data based on the urban 
dimensions of climate change;

2. Raise public actions for the elaboration of 
climate change plans aimed at zero deforestation 
of urban Permanent Protection Areas (PPA), with 
environmental regeneration projects of lagoons, 
streams (igarapés), and forests, given the long 
periods of drought and concentrated rainfall that 
impact population life;  

3. Development of climate change adaptation 
programmes that guarantee Human Rights in a 

4The Paris Agreement (Article 

9.4) states that the provision of 

increased fi nancial resources 

should aim to achieve a 

balance between adaptation 

and mitigation. Indeed, there 

is a political aspiration to 

have a 50:50 balance between 

mitigation and adaptation, with 

a larger share of adaptation 

funding going to the most 

vulnerable countries. Available 

at: https://unfccc.int/process-

and-meet ings# :a0659cbd-

3b30-4c05-a4f9-268f16e5dd6b 

Accessed: 15/06/2022.

more acute way for Black and Indigenous women, with municipal master plans that recognize 
the dimensions of gender and race/colour with goals for eliminating urban inequalities; 

4. The need for municipal policies intersect programmes related to housing, health, sanitation, 
and access to urban land, as priorities, given environmental degradation, erosivity, and 
savannization, that are presented in municipal territories, which deepens ethnic-racial and 
gender inequalities at the municipal and State scales;

5. The revisions of the master plans must be a priority until 2025, with the inclusion of technical 
studies on temperature and precipitation in the urban territory, for investment in mitigation 
and resilience policies until 2030, with attention to river mobility and environmental recovery 
of urban watersheds; 

6. In the adaptation goals until 2030, prioritize the elimination of arboviruses (Zika, Dengue, 
and Chikungunya) cases, with attention to the ethnic-racial and gender profi le of arbovirus 
cases. This goal involves reviewing the master plans and developing territorial climate change 
plans with actions for adaptation and resilience to extreme climate change, considering 
health outcomes and ethnic-racial and gender inequalities.
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We live in a world transitioning from the forms and structures of doing, 
feeling, understanding, and recognizing the humanities. A great challenge 
for 21st-century societies instigated to move in recognition of Nature-
Human Science to care for lives in planetary totality.

We are IYALETA, a “Sunray” or a “Letter to Mother Earth.” We are researchers 
committed to research and sciences in Brazilian space and abroad so that 
decarbonization reduces the planet’s warming and humanizes people and 
territories.

We are the research association IYALETA– Research, Sciences and 
Humanities, a confluence to develop research, training, and technical and 
scientifi c communication in the fi eld of human, natural, applied, accurate 
and technological sciences, which impacts the elimination of racial, ethnic, 
territorial, gender, generational and social inequalities in the World.
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Discover the research 
Amazônia Legal Urbana: 
análises socioespaciais de
mudanças climáticas

www.linkedin.com/company/iyaleta/

www.twitter.com/iyaletapesquisa

www.instagram.com/iyaletapesquisa

www.facebook.com/iyaletapesquisa

IYALETA - Research, Sciences and Humanities
Avenida da França, Hub Salvador, n° 393 - 2º andar
Comércio, Salvador, Bahia. Brasil. CEP 40010-000
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