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Abstract
Brazil’s economic, environmental, and infrastructural landscape is characterised by local and regional
inequalities, particularly evident in Minas Gerais state and the municipalities surrounding its capital, Belo
Horizonte (BH) microregion. This research examines three primary domains: (a) economic metrics such as
GDP per capita, wages, and formal employment; (b) the availability of clean water and sewage systems; and
(c) the frequency of emergency decrees. It aims to ascertain whether these factors can delineate economic,
health, and socio‐environmental divides within the BH microregion and between its urban and rural areas.
Economically, a pronounced gap exists between GDP growth and wage stability, underscoring disparities
between the BH microregion and the broader state. While the BH microregion boasts higher salaries and
GDP, it also grapples with a heightened cost of living. Disparities in water and sewage infrastructure are
stark between urban and non‐urban locales, with the latter often lacking access. Emergency decrees are
correlated with municipal GDP, with lower‐GDP areas experiencing more crises, albeit to a lesser extent in
the BH microregion. Cluster analysis reveals a nexus between frequent emergencies, lower GDP, and
improved access to water and sewage services. Addressing these challenges requires comprehensive public
policies to foster local well‐being and alleviate economic, infrastructural, and environmental disparities
within both the state and the BH microregion.
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1. Introduction

Boundaries serve to delineate entities, spanning from physical bodies to constructed edifices, from local
neighbourhoods to sovereign nations. Their demarcation not only separates distinct units but also
establishes the framework for interaction within the shared socio‐spatial environment across various scales
and dimensions (Vis, 2018). Even when boundaries are clearly defined by one entity and understood by
others in proximity, this does not necessarily imply an equitable distribution of control within the broader
spatial context. The mutual formation of boundaries often reflects asymmetrical power dynamics, shaping
the parameters governing the flow or obstruction of resources, such as people, finances, infrastructure, and
services (Iossifova et al., 2020; Santos, 1996).

Furthermore, influential actors operating at larger scales may exert pressure to maintain or dismantle certain
boundaries, thereby influencing local or regional socio‐political and economic configurations (Bourdieu,
2014). From a transdisciplinary standpoint, the distinctions between local and regional categories transcend
mere physical dimensions, encompassing multiple layers such as legal, administrative, political, economic,
and sociocultural factors. These layers exhibit varying degrees of fluidity, allowing for intersections or
impositions that underscore the socially constructed nature of scales and the heterogeneous socio‐spatial
variables that shape them (Marston, 2000).

Illustratively, consider the watershed basin as an ecosystem unit composed of the main watercourse, its
tributaries, and the surrounding lands forming the drainage network. While topographical relief
morphometrically defines the basin, its dynamic nature arises from geological, climatic, land use,
lithological, and vegetative features (Teodoro et al., 2007; Tundisi & Matsumura‐Tundisi, 2010), constituting
an open system.

Legal delineations of rivers often serve as territorial borders between municipalities or even states and
countries within the same basin, impacting their interrelations. The physical boundaries of watersheds
establish a regional identity, facilitating the formation of committees, defining their territorial scope, and
setting the eligibility criteria for participation. Despite the committee’s aim to establish common guidelines
for water management, each municipality retains relative autonomy in local development, influencing the
power dynamics between larger and smaller spaces. Policies regarding water and sanitation in one
municipality can significantly impact downstream counterparts, either positively through responsible
environmental practices or negatively through permissive approaches to unsustainable economic activities
(Falkenmark & Folke, 2002).

However, lax regulations on land and water use, coupled with ineffective environmental and health
institutions, can lead to adverse consequences for downstream areas, from water scarcity to disasters (Jedd
& Smith, 2022; Wolf et al., 2023; World Health Organization, 2019). In essence, regional hydro‐ecological
management cannot supersede the legal boundaries of local administrations, resulting in a complex interplay
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of power dynamics favouring politically and economically dominant actors across different scales
(Arrojo‐Agudo, 2021; Heller, 2020, 2022). Local governments which are sympathetic to the delegation of
public water and sanitation service management to the for‐profit actors legitimate three privatisation goals:
(a) amplify these actors’ political influence and maximise their profits; (b) legitimise their natural monopoly,
which is an opportunity to increase prices, neglect quality and reduce costs; and (c) create an imbalance of
power in the relations of these actors with consumers and with the state that provided them a
long‐term concession. Such overlapping aspects undermine the human right to water and sanitation
(Arrojo‐Agudo, 2021; Heller, 2022). Poor or economically unequal countries are the spaces where such
issues frequently occur.

While some Brazilian social policies have mitigated income inequality (e.g., Bolsa Família programme),
challenges persist, especially in the realm of economic development, access to public services, and resilience
to disasters (Gobetti, 2024). Analysing multidimensional poverty necessitates an integrated approach,
combining economic data with indicators of well‐being, such as sanitation access and susceptibility to
hazards. The regional/subregional level of analysis would capture the specificities of these dimensions (Fahel
& Teles, 2018). As the regional scale being considered gets smaller, the challenges of the municipalities
therein become more evident (Góes & Karpowicz, 2019).

By examining these aspects within the context of the Minas Gerais (MG) state, which shares geographic and
demographic characteristics with the rest of the nation (Institute of Applied Economics Research, 2012),
insights into hidden processes at the national level can be gleaned. In this study, we examine socio‐spatial
disparities across three key dimensions: economic dynamics, infrastructure development, and emergency
management. We focus on the state of MG and the Belo Horizonte (BH) microregion, contrasting multiple
socio‐spatial units and tracing their development over time.

This study’s three key dimensions are intrinsically linked to specific Sustainable Development Goals (SDGs),
reflecting their profound significance in achieving global sustainability. First, the examination of the
economic variables (GDP per capita, average salary, and admissions and dismissals of formal work) aligns
directly with SDG 1 (no poverty), SDG 8 (decent work and economic growth), and SDG 10 (reduced
inequalities), as these elements are fundamental to addressing economic disparities and fostering inclusive
growth. Second, the analysis of public access to drinking water and sewage systems is central to SDG 6
(clean water and sanitation), highlighting the critical role of infrastructure in ensuring basic human needs and
health. Third, the focus on the evolution of emergency decrees connects with SDG 11 (sustainable cities and
communities) and SDG 13 (climate action), underscoring the importance of resilient urban planning and
response to environmental challenges. These aspects demonstrate direct linkages to these SDGs and
exemplify the interconnectedness of these global goals. For instance, effective emergency management, a
key component of this study, indirectly influences other areas, such as public health (SDG 3) and education
continuity (SDG 4), producing a cascading effect. This integrative approach underlines the criticality of
prioritising these aspects in public policy agendas at all levels to address the multifaceted challenges of
sustainable development holistically.

The guiding question of this work is: Are these three sets of variables—GDP per capita, average salary, and
admissions and dismissals of formal work; drinking water and sewage collection services; and municipal
emergency decrees—useful to identify economic, health, and environmental invisible boundaries? The next
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sections of this article are organised as follows: In Section 2, the definitions of concepts such as scale, region,
rural and urban are given. Section 3 details the characteristics of MG state and the BH microregion and
describes the variables, data sources, and statistical methods adopted. In Section 4, the data and analysis
evidencing the boundaries are presented and discussed. Section 5 concludes the article.

2. Conceptual Framing

A region is a junction between territory and the social environment that amalgamates a common history and
identity with practices of self‐organised solidarity, political rules, cultural repertoires, and economic
specificities (Brito, 2008; Santos, 1996). The official definition of a region in Brazil considers it the
hierarchical congregation of a set of municipalities, based on the dynamism of their concrete components,
which unite and transform them, such as the urban network (Brazilian Institute of Geography and Statistics
[IBGE], 2017). A microregion is characterised as pieces of the region that present different economic
features (production, distribution, exchange, and consumption) between them (IBGE, 1990). For statistical
purposes of regional delimitation as a spatial structure, the IBGE (1990) considers the municipal and state
limits established by official political‐administrative acts, which means municipalities and states are the units
that form microregions and regions. The simultaneous visualisation of the state, microregional, and municipal
scales collaborate to identify if one dynamic is reflected in the other, as well as if there are governance
issues expressed in anachronistic political and economic mentalities, resulting in layers of inequalities
(Gabardo et al., 2021) in employment opportunities, access to infrastructure, and protection against
disaster risks.

In the Brazilian geohistorical context, urban and rural spaces are distinct but linked zones. The urban setting
is a space moved by capitalist social practices, concentrating the economic, political, and symbolic power
that operates social relations dialectically. The main spatial object of the urban setting is the city. The city is
an ambivalent form‐content that: promotes human densification while segregating its inhabitants; catalyses
and quickly circulates wealth, resulting in prosperity for the few while promoting precarious work for the
many; encourages network actions while atomises the social movements and social conflicts (Lefebvre,
1974, 2016; Santos, 1985). The city is the locus of various infrastructures, which are technical objects that
instrumentalise, enhance, and zone non‐material forms of everyday sociability, such as flows of people,
contracts, communication, and goods. The gradations of availability and quality of these technical objects in
city subspaces make clear the existence of distributional imbalances of well‐being (Haesbaert, 2013;
Lefebvre, 2016; Santos, 1985). However, the urban goes beyond the city and advances into the countryside.
The Brazilian socioeconomic formation of the rural zones expresses the unequal development in the
network territory derived from the flows of command and control dictated by the urban processes.
Ambiguously, the primary activities (of productive or extractive nature) that capitalist forces exert on the
rural zones naturalise non‐capitalist relations locally, from denying labour rights to the persistence of
slavery‐like work (Haesbaert, 2009; Martins, 1985, 1996). Thus, the urban space dynamizes while absorbing
the rural zones, forming a rurban space (Silva et al., 2002). It is an articulation between extractive activities
(e.g., mining, originating from concentrated capital, and participating in the global circuit of commodities,
with negative local socio‐environmental impact), industry, commerce, and services in the city (Silva et al.,
2002) or through agro‐industrial complexes connected to the global market, which gives rise to land
concentration, expulsion of peasants, and precarious work conditions (Siqueira & Osório, 2001). Due to the
outstanding importance of agriculture for the Brazilian economy, the new policies to strengthen family
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farming, certifications of sustainable extractivism, and ecotourism also point to a process of rural renovation
and empowerment, allowing it to have a less asymmetrical integration with the urban space.

All these aspects are being considered by the recent Brazilian institutional territorial discussions to
comprehend the contemporary ways of hybridisations or continuum between rural and urban (IBGE, 2023b).
However, the differentiation between these spaces remains, as distinct territories and zones with specific
land use policies, financing lines and subsidies, instruments of taxation, etc. One of the relevant territorial
dividing lines is the (in)access to water and sewage public infrasystems. Another is the type of susceptibility
to hazards. Despite the slow pace of these infrasystems in reaching peripheral urban areas, in rural ones,
they are persistently postponed, requiring residents to seek self‐provision strategies. While the urban area
becomes partially defined by the places where the water and sewage pipes can reach, the rural area, in
contrast, becomes partially defined as a place where water provision is made by trucks, direct surface water
collection, water wells, or rainwater collection, with unverified potability and requiring rationing strategies,
thus resulting in distinct hygienic implications between them. Rural and urban vulnerabilities to natural
hazards differ regarding spatial extensions and types of damaged or destroyed objects, each demanding
specific response measures and recovery times. The above‐mentioned scales and spaces indicate that their
boundaries, in some cases, are rigid, constituted by symbolic and concrete walls, regulations, and
checkpoints that dictate the prohibited and access zones of (dis)connections between them (Santos, 1985).
In others, these limits are fluid regarding the actors, objects, and actions they activate or mobilise.

This study adopts a framework for the analysis of socio‐spatial disparities across three critical dimensions:
economic dynamics, infrastructure development, and susceptibility to hazards. We conduct a comparative
analysis between the scales of the MG state and the BH microregion and scrutinise the urbanisation process
by juxtaposing urban and rural areas and tracing their temporal evolution. The economic dynamics analysis
examines the relationship among municipal economic activity levels, average salaries, and labour market
dynamics, employing the national minimum wage as a benchmark for economic assessment. This approach
facilitates the examination of economic disparities and their spatial manifestations. In addressing
infrastructural development, our focus narrows to the provision of basic public services, specifically drinking
water and sewage collection, and their accessibility to citizens. This analysis underscores the infrastructural
disparities between urban and non‐urban areas, emphasising the challenges in achieving universal access to
essential services. The third aspect scrutinises the local capacity to cope with hazards, assessed through
municipal emergency decrees. In Brazil, such decrees are issued only after a disaster has occurred, indicating
losses and damages beyond the local capacity to manage. Therefore, these decrees serve as a reliable
institutional measure of local resilience (Valencio et al., 2022). After analysing the dynamics of each aspect
and delineating the borders between political‐administrative scales and urban and rural areas, we present a
multidimensional examination of the interplay among economics, infrastructure, and disasters. This aims to
identify how economic and infrastructural factors influence susceptibility to hazards.

3. Methodology

3.1. Area of Study

MG is the fourth largest state in Brazil, with 583,513.98 km2 (IBGE, 2022), equivalent to 2.4 times the size
of the UK. This state is divided into 853 municipalities, the greatest number across Brazilian states,
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representing 15.3% of the country (see Figure 1). It has a total population of 21,411,923 inhabitants (10.0%
of the country) and a population density of 36.5 inhabitants/km2 (IBGE, 2022). Still, significant variations are
observed in its constituent municipalities, with a population ranging from 833 (Serra da Saudade) to
2,315,560 (BH) inhabitants, and population density from 1.3 (Santa Fé de Minas) to 7,609.9 inhabitants/km2

(BH; IBGE, 2022). As displayed in Figure 1, the territorial area of the municipalities is also diverse, ranging
from less than 5 km2 to over 10,000 km2, and the urbanisation level ranges from 0.2% to 98.7% of the
territory of the municipalities. Hence, MG is an essential state to be studied, as, on one hand, it has the
greatest diversity of demographic features compared to other Brazilian states, and, on the other, it is similar
to the diversity observed at the national scale (IBGE, 2022; Institute of Applied Economics Research, 2012).
Coloured in green in Figure 1 are the 24 municipalities that integrate the BH microregion, where BH, the
state capital, is located.

MG state is also an environmental micro‐expression of the whole country. In terms of ecoregions, it has
three of the six main biomes of Brazil: mata atlântica (rainforest, humid, mild temperatures, typical of south
and southeast areas and coastal zones), cerrado (savannah, dry, warm temperatures, typical of centre‐west,
southeast and northeast parts of the country), and caatinga (xeric shrubland, desert, hot temperatures,
typical of the northeast region of the country; Figure 2a). In addition, concerning the distribution of the
population, the proportion of municipalities in each population range (according to the official bands defined
by IBGE, 2022) is similar to Brazil (Figure 2b). Therefore, by analysing the MG state, one could obtain a first
picture of the expected panorama for the country.

Zooming in on the BH microregion, it is the most urbanised, demographically dense, and economically active
area of the state: Of the 14 municipalities in the state with over 40 km2 of urban area, six are in the BH
microregion. Hence, it is vital to compare the processes occurring in the BH microregion with those
occurring across the MG state to clarify the role of urbanisation. Figure 3 exhibits the spatio‐temporal
evolution of the urbanisation process. The state capital, BH, at the centre of the map (Municipality 11), was
already highly urbanised (blue) in the decade of 1980. By the next decade, the observed urban area (blue
and maroon) covered almost the entirety of BH municipality and significantly expanded the urban area of its
neighbours. Municipalities more distant from the state capital tend to have lower and later urbanisation.
The BH microregion has a characteristic, common to other microregions in the southeast macro‐region part
of the country, of constituting a space in which the density of productive, financial, technological, and
informational investments catalyses a greater urban population contingent and induce metropolization
(Santos, 1996). This becomes evident in the way in which the urban features of the state capital merge with
the surrounding municipalities, forming concentric urbanisation rings, especially in the west–northwest axis
in which the urban territory advanced over rural areas, particularly in the municipalities of Contagem, Betim,
Ribeirão das Neves, Vespasiano, Ibirité, e Santa Luzia in the decade of 1990. By the time the economic,
infrastructural, and emergency decreeing datasets used in this study started, in 2006, the urbanisation
in the BH microregion had already settled, with a concentration in the municipalities close to BH
municipality in the west–northwest direction, and the absence of new significant horizontal expansion
(i.e., non‐observation of significant areas in pink and lime of Figure 3). However, the urban dynamics in the
core of the BH microregion penetrate the rural world at the edges, from workers who live in the countryside
and work in the city to new technologies coming from urban centres dictating the rhythm of extractive and
productive activities in the countryside (Silva et al., 2002).
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Figure 1. Location of MG state and the BH microregion in the Brazilian territory. Source: Authors’ work based
on data from IBGE (2023a) and IDE‐Sisema (2023).
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3.2. Variables and Methods of Analysis

To demonstrate the socio‐spatial fissures in the three aspects of this study (generating and distributing wealth,
availability of drinking water and sewage collection services, and capability to face hazards), open quantitative
data, available in virtual databases of Brazilian public institutions, were collected and systematised covering
a period of 15 years between 2006 and 2020. The variables described below were selected to analyse the
evolution of each aspect of this study.

First, the economic aspect was analysed by the articulation between the variables: total population, GDP,
average salary, and admissions and dismissals of formal work. The GDP and average salary were scaled with
respect to the national minimum wage. Data for total population refer to the resident population estimate in
Brazilian municipalities, produced by the IBGE (2021). Data for GDP are made available by IBGE, in its portal
Cidades@ (IBGE, 2022), in partnership with State Statistical Agencies and State Government Secretariats.
Data for average salary was also extracted from IBGE’s Cidades@ portal, based on its Central Business
Register (IBGE, 2023c). Data for the admissions and dismissals of formal work was extracted from the
General Register of Employed and Unemployed (n.d.). The national minimum wage historical dataset is
compiled by the Inter‐Union Department of Statistics and Socio‐Economic Studies (2024).

Second, the aspect of the provision of basic public services was analysed from the perspective of two
variables: drinking water and sewage collection coverage. The data related to the total and urban population
coverage were extracted from the National Sanitation Information System (2023). From the difference
between the two, it was possible to calculate the data for the non‐urban population coverage. Such
information is provided by the drinking water and sewage collection companies (in the Brazilian context,
they are institutionally referred to as sanitation companies) and may present significant gaps, particularly
concerning sewage collection, which some municipalities have only recently started to inform. To avoid
distortions, the analysis of this data is given as the number of informing municipalities in each water
coverage/sewage collection level. The sewage collection data analysed here does not contemplate the
existence or absence of wastewater treatment facilities in the municipalities.

Third, the aspect of susceptibility to hazards was analysed using data from municipal emergency decrees,
sourced from the Integrated Disaster Information System (2023). These decrees, which detail the number
and types of associated hazards, offer valuable insights into societal responses to local hazards. Notably, for
this study, emergency decrees related to the global Covid‐19 pandemic were excluded to focus solely on
localised hazards. Emergency decrees serve as more than just legal and administrative tools; they represent
significant indicators of societal responses to hazards. Firstly, they officially acknowledge the involvement of
various social actors, including residents, businesses, and local administrations, in addressing susceptibility to
hazards. Secondly, they signal the escalation of societal disruption, prompting government intervention and
resource allocation beyond the conventional norms of democratic accountability. This may involve the
imposition of temporary states of exception to expedite response and recovery efforts (Valencio et al., 2022).
In Brazil, most emergency decrees pertain to the challenges municipalities face in dealing with
hydrometeorological phenomena, such as floods and droughts. This study aims to investigate whether both
the MG state and the BH microregion exhibit similar patterns in this regard. Following individual analyses of
each aspect and visualisations of their evolution using descriptive plots, the multidimensional association
between these aspects was explored.
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After analysing each aspect individually, with descriptive plots of their evolution, the multidimensional
association between the aspects above was investigated. Scatter plots were employed, with each
municipality represented as a point, economic and water/sanitation variables on the x and y axes, and
emergency decrees depicted by point colour. To identify clusters within this multidimensional dataset,
unsupervised machine learning techniques—specifically Gaussian mixture models with centroids computed
by K‐means—were utilised (MacQueen, 1967; Reynolds, 2009), implemented using the Scikit‐Learn library in
Python. The graphical representation of clusters aids in discerning the presence of distinct groups within the
data, which may not be immediately apparent from the scatter plot alone. Additionally, it facilitates
comparison between cluster features through the centroids, shedding light on their unique characteristics or
potential overlap.

4. Results and Discussion

4.1. Economic Dynamics

In Brazil, in recent decades, the economic growth formulas adopted by governmental authorities stimulated
private concentrated businesses, some of them through the leverage of the public sector, when considered
strategic by the State (Schaeffer et al., 2003). This controversial partnership of the State with big for‐profit
actors has not always been reflected in an effective improvement in formal employment opportunities and
workers’ income. Technological innovations appeared in different sectors of the economy, and new forms of
financial capitalisationwere created that dispense human labour or absorb it through precariouswork relations,
as in the phenomena of outsourcing and uberisation. Even when there is a salary increase above inflation, the
cost of living in the city tends to be onerous because the prices of public services (transport, energy, water,
and communication), house financing or rent, food, and the like are readjusted at amounts not compatible with
the income. For example, in terms of housing, Góes and Karpowicz (2019, p. 132) find that, in Brazil, “richer
regions have higher price levels; conversely, poorer regions have lower price levels. Thus, adjusting for spatial
price differences compressions nominal differences in incomes.” Another indicative is the expressive degree
of indebtedness of Brazilian families (78.3% in March 2023) or the level of default (29.4% in March 2023),
according to a study by the National Confederation of Commerce of Goods, Services and Tourism (2024).

Examining the state’s economic context, GDP per capita has been increasing in the municipalities, indicating
a rhythm of prosperity. The number of impoverished municipalities (GDP per capita < 1.5 minimum wage)
declined while the number of municipalities in the highest band increased (Figure 4a). In the BH microregion,
the most economically dynamic, the impoverished municipalities also declined, as occurred on the MG state
scale. The highest band stabilised in 2012, which was in tune with the national economic stagnation,
corresponding to the prolonged economic crisis in the period (Figure 4b).

However, the GDP per capita of the BHmicroregion remained proportionally higher than the rest of the state,
signalling the stabilisation of wealth concentrated in this space compared to the other state areas. Despite the
GDP per capita growth, the average salary remains the same throughout the analysed period. The average
salary level in the state is concentrated in the two lowest bands (i.e., less than two minimumwages; Figure 5a).
Meanwhile, in the BH microregion, most municipalities have average salaries in the medium band, between
two and three minimum wages (Figure 5b). However, the cost of living in the BH microregion is higher than in
the rest of the MG state, so the citizens do not necessarily experience better conditions.
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Figure 4. Evolution of the GDP per capita, in national minimum wages, in (a) the MG state and (b) the BH
microregion, 2006–2020. Source: Authors’ work based on data from IBGE (2022).

In association, Figures 4a, 4b, 5a, and 5b are the reflection of an economically expansionist context in several
municipalities, indicating the rurban process, in which the cities are the dynamic core that subjects the rural
areas, translated to the boundaries between the highly urbanised BH microregion as well as the (mostly rural)
remainder of the state. It means that, although the economic boundary between the BH microregion and the
remainder of the state exists, as given by the differences in GDP per capita and salaries of Figures 4 and 5,
which are indicators of distinct economic dynamics, such boundaries are becoming more fluid, according to
the time evolution. On the other hand, some municipalities may be receding in their growth ambitions, either
because public finances are limited and unable to trigger policies to stimulate the economic agents constituted
there or due to the administrators’ lack of interest in attracting new investments to the locality.

Regarding employment levels, the BHmicroregionwitnessed two processes. Until 2011, therewas an increase
in formal hiring. In 2012–2014, there was a relative hiring stagnation. In 2015–2017, there were more layoffs
than hiring, marking a recessive rate. From 2018–2019, a recovery process began compared to the previous
one, with more hires than layoffs (Figure 6). No official data has yet been provided after 2019 on a municipal
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Figure 5. Evolution of the average salary, in national minimum wages, in (a) the MG state and (b) the BH
microregion, 2006–2020. Source: Authors’ work based on data from IBGE (2022).

scale, but it is assumed that the pandemic context had a negative impact on formal employability. Despite the
economic activity level increasing, measured by the GDP per capita growth, this is not reflected in salaries or in
local citizens’ employment opportunities. However, any loss ofmomentum rapidly affects theworkers through
the termination of employment contracts. So, the workers’ standard of living progressively declines because
employment and wages do not evolve satisfactorily compared to a city that becomes more prosperous.

4.2. Provision of Infrastructure

The second aspect of this study problematises the public commitment to providing drinking water and
sewage collection coverage (which, in Brazil, are designated as sanitation services). In this study, we are
limited to investigating sewage collection, and not treatment, due to insufficient data on the latter.
Regarding drinking water coverage, there is a sharp contrast in the public provision in the non‐urban and
urban areas of the MG state. While most of the urban population of the municipalities had over 90% of the
provision of public water services, less than 50% of the non‐urban population in these municipalities have
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and Unemployed (n.d.).

access to this (Figures 7a and 7b). However, although small, there is an increasing trend in the water
provision to the non‐urban population in this state, characterised by the growing number of municipalities in
the highest band of water provision to non‐urban areas (Figure 7a). This is due to the implementation of
local water capture and treatment solutions physically disconnected from the urban infrastructure but still
maintained or supplied by the local government, such as artesian wells and water trucks. The same trend
cannot be said of the urban population, where the drinking water provision has declined since 2015, with a
reduction of the highest band and an increase in the middle bands of coverage (Figure 7b). Looking at the
BH microregion, the contrast between a non‐urban population with very low access to public drinking water
and an urban population with almost total water services coverage is evident, like what is observed in the
MG state (Figures 7c and 7d). From the sub‐spaces in this microregion, there was also a decline in the water
coverage for the urban population in 2015 (Figure 7d), but the increase in the coverage of non‐urban areas
is not observed (Figure 7c). As the BH microregion is strongly urbanised, the proportion of the total
population with access to drinking water is better than in the rest of the state. Still, once the border of the
urban and the non‐urban population is evidenced, the municipalities in this microregion perform even worse
than their state counterparts in providing public water services.

Considering the provision of public sewage collection services, the data informed by sanitation companies
presents a more significant number of gaps than in the case of water coverage, which is translated in the
growing number of informing municipalities over the years in Figures 8a to 8d. Once again, on the state
level, the non‐urban population is mainly in the lowest band of public sewage collection coverage (less than
50%; Figure 8a), while the urban population is mainly in the highest band of public sewage coverage (over
90%; Figure 8b), although, in this case, a non‐negligible proportion of the urban population is in the middle
bands. Therefore, the divide between the urban and non‐urban access to public sewage collection services is
observed. Focusing on the BH microregion, the contrast between a non‐urban population almost exclusively
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Figure 7. Evolution of public water supply coverage: (a) MG state non‐urban population, (b) MG state urban
population, (c) BH microregion non‐urban population, and (d) BH microregion urban population, 2006–2020.
Source: Authors’ work based on data from the National Sanitation Information System (2023).

in the lowest band of access to public sewage collection services (Figure 8c) and the urban population with
greater access (Figure 8d) is again verified. However, for sewage collection, the urban population in the BH
microregion face greater difficulties in obtaining access to public sewage collection thanwater, with significant
proportions in the middle and even in the lowest band of public sewage collection coverage (Figure 8d). This is
especially evident after 2015 when an increase in BH microregion municipalities in the lowest band of public
sewage collection provision to the urban population (less than 50%) was observed. In other words, water and
sewage are important aspects to delimit which social groups, located at different spatial scales, are closer or
further away from the human right to water and sanitation. In association, Figures 7 and 8 reflect the existence
of an invisible boundary in the human right to water and sanitation between the urban and non‐urban groups.
From amultilateral perspective, this can be considered a serious violation of the State’s obligations tomeet the
minimumwell‐being requirements of citizens who remain helpless, as it makes the various and necessary uses
of water unfeasible and exposes these communities to aggravated health risks (Heller, 2022). Above all, the
human right to water and sanitation must be constantly reaffirmed as derived from the right to a minimum
standard of living, which requires not only that infrastructures and services are available to everyone, and
at affordable prices, but that any type of existing barriers, such as those of a legal or bureaucratic nature,
be eliminated. It is especially concerning to observe, in Figures 7 and 8, the increase in the municipalities at
the middle‐lower levels of water and sewage coverage in urban areas after 2012. It means that fragmented
spaces of lack of access to such services are being born in the cities and an indication that there is a significant
imbalance in the material conditions of the inhabitants to live with dignity there. This coincides with the onset
time of the economic crisis that affected the country.
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Figure 8. Evolution of public sewage system coverage: (a) MG state non‐urban population, (b) MG state urban
population, (c) BH microregion non‐urban population, and (d) BH microregion urban population, 2006–2020.
Source: Authors’ work based on data from the National Sanitation Information System (2003).

4.3. Local Susceptibility to Hazards

The third aspect of this study is the characterisation of the local susceptibility to hazards, which is assessed
by the evolution of emergency decrees. Regarding the type of hazard (Figure 9a), the most decrees in the
MG state are associated with hydrometeorological phenomena, alternating between floods and droughts.
This is the same as the national pattern (Valencio et al., 2022). The number of emergency decrees per year in
this state oscillates between 100 and 467, which is considerably high for a state with 853 municipalities.
An increased susceptibility is likely associated with the limited economic conditions of a municipality to cope
with an occurrence, once the damage and losses might be greater than the institutional support capacity,
leading to higher chances of emergency decreeing. To investigate this hypothesis, the evolution of the
emergency decrees with the GDP per capita of the issuing municipalities has been compared. Indeed,
between 2006 and 2019, it is observed that most decrees were concentrated in the lower two bands of
GDP per capita (less than two minimum wages; Figure 9b). An outlier was observed in 2020, with a
significant proportion of the higher bands of GDP per capita taking over most of the emergency decrees due
to the floods in the BH microregion and southern MG state (Figures 9b, 9c, and 9d). The urbanised and
economically dynamic BH microregion issued six or fewer emergency decrees in each year of the period,
except for the 2020 flood event when 25 emergency decrees were issued (Figure 9c).

The data suggests that there is an invisible boundary between the BH microregion and the remainder of the
state regarding susceptibility to disasters, as the first tends to have an emergency decree rate of about
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0.12 decrees/municipality per year (excluding 2020), while the latter tends to have a rate of about
0.20 decrees/municipality per year. Unlike the state, the BH microregion shows no association between
GDP per capita and the issuing of emergency decrees (Figure 9d), partially due to the close distance of these
municipalities to the state capital and the ability to call the state institutional apparatus for support when
facing a threat. When disasters happen, the prevailing governmental and media narratives focus on
measures taken to rehabilitate the affected people—such as opening shelters and delivering food and
clothes to them—and shy away from the improvement of recovery policy, reinforcing a mismatch between
the institutional perceptions and the affected social groups’ expectations (Schneider, 2008; Valencio &
Valencio, 2018). The maintenance of high levels of emergency declaration across the state, often
recurrences of the same hazards, indicates this institutional unpreparedness and mismatch with the
population’s needs and rights.
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Figure 9. Evolution of emergency decrees evolution: (a) MG state by event type, (b) MG state by GDP of the
municipalities declaring an emergency, (c) BH microregion by event type, and (d) BH microregion by GDP of
the municipalities declaring an emergency, 2006–2020. Source: Authors’ work based on data from Integrated
Disaster Information System (2023).
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4.4. Relationship Between Economic Dynamics, Public Infrastructure Provision, and Susceptibility to
Hazards in MG State

Finally, we investigate how the three aspects—economic dynamics, provision of public water and sewage
services, and susceptibility to hazards—are associated in the MG state. Hence, we analyse the distributions
through a scatter plot of average GDP per capita, mean total population with public water supply and sewage
collection systems, and the total number of emergency decrees in the period (Figures 10a and 10b). Using
Gaussian mixture models (Reynolds, 2009) with centroids computed by K‐means (MacQueen, 1967), two
clusters were identified from the data in both plots. These clusters were also plotted in Figures 10a and 10b,

b

a 100%

80%

To
ta

l p
op

ul
ati

on
 w

ith
 w

at
er

 s
up

pl
y

(m
ea

n 
20

06
–2

02
0)

60%

40%

20%

20

15

10

5

25

0%

100%

80%

To
ta

l p
op

ul
ati

on
 w

ith
 s

ew
ag

e 
sy

st
em

(m
ea

n 
20

06
–2

02
0)

60%

40%

20%

0%
0.5 1 2 3

Average GDP per capita (minimum wages)
(mean 2006–2020)

Average GDP per capita (minimum wages)
(mean 2006–2020)

N
um

be
r o

f e
m

er
ge

nc
y 

de
cr

ee
s 

in
 th

e 
M

G
 m

un
ic

ip
al

iti
es

(to
ta

l 2
00

6–
20

20
)

5 7 10 20 30

0.5 1 2 3 5 7 10 20 30

Figure 10. Scatter plots of (a) GDP per capita and public water supply coverage and (b) GDP per capita
and public sewage system coverage, both colour‐coded by the total number of emergency decrees in the
municipality, 2020–2026. Note: TheGaussianmixturemodel methodwas applied to the three‐variable data of
the scatter plot, resulting in the identification of two clusters described by the blue shaded areas (low number
of emergency decrees) and the red shaded areas (high number of emergency decrees). Source: Authors’ work
based on data from IBGE (2022), Integrated Disaster Information System (2023), and the National Sanitation
Information System (2023).

Urban Planning • 2024 • Volume 9 • Article 7048 18

https://www.cogitatiopress.com


with the red cluster being the one that primarily classifies the municipalities with a high number of emergency
decrees and the blue cluster primarily classifying the municipalities with a low number of emergency decrees.
The concentric rings in the clusters are a proportion of the variance the model considers. The centroid of the
red cluster in the relation GDP–water–emergency (Figure 10a) is at [GDP per capita, total population with
water, number emergency decrees] = [1.3, 61.5%, 8.9]. In contrast, the blue cluster has a centroid at [GDP
per capita, total population with water, number emergency decrees] = [2.9, 81.2%, 2.7]. For the association
GDP–sewage–emergency (Figure 10b), the red cluster centroid is at [GDP per capita, total population with
water, number emergency decrees] = [1.3, 53.5%, 8.5] and the blue cluster centroid at [GDP per capita, total
population with water, number emergency decrees] = [2.9, 76.7%, 2.8]. This means that a higher number
of emergency decrees is associated with a lower GDP and a lower provision of public water and sewage
collection infrastructure. In addition, the elongation of the red cluster along the y‐axis and the blue cluster
along the x‐axis indicate that, while a higher number of emergency decreeing is more strongly associated
with a lower GDP per capita, a lower number of emergency decreeing is more strongly associated with the
provision of public water and sewage services. While two clusters with differing characteristics are observed,
they superimpose in the low GDP and high water or sewage supply region. Such a combination has both
municipalities with low and high emergency characteristics; distinguishing the groups is not trivial. Hence, the
priorities of economics and infrastructure public policies should be combined.

The political‐administrative borders represented by the MG state, the BH microregion, and its constituent
municipalities are geographically well delimited, with territorial borders ensured by legal instruments, official
cartography, and public institutional structures. Thus, they can be considered stable systems. Occasionally,
there are territorial rearrangements. Contemporaneously, Brazil’s and the MG state total areas have been
stable, while the BH microregion has been malleable and attractive, tending to incorporate municipalities
over the decades. Behind the state and microregional borders, there are environmental and economic content
forms that operate as open systems, driven by trans‐scale circuits related to the climate and the global market,
delineating other borders and municipal sub‐groups, such as between municipalities susceptible/resilient to
disasters or prosperous/impoverished. Finally, water and sanitation infrastructures are material delimiters of
the borders between urban and rural areas, but innovative technological and economic approaches could blur
these edges in the future.

5. Conclusions

As public management normalises the disparities among sub‐spaces across various scales—within
municipalities, between urban and rural areas, between municipalities within the same metropolitan region,
between microregions in the same state, and between states and the nation—urban borderlands are fortified
against the promotion of collective well‐being (Iossifova, 2013). This study examines whether variables
related to economic dynamics, availability of drinking water and sewage infrastructure, and susceptibility to
hazards delineate boundaries beyond territorial demarcations set by political‐administrative structures.
The conclusion is affirmative, as these variables, whether in isolation or combination, redefine municipalities
and zones as spaces of exclusion and inclusion.

For economic dynamics (measured by GDP per capita and average salaries), a notable boundary emerges
between the BH microregion (the state capital’s location) and the rest of MG state. While significantly higher
GDP levels in both areas indicate concentratedwealth and amore dynamic economy compared to surrounding
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municipalities, higher salaries in these areas do not necessarily translate to better living conditions, given the
elevated cost of living.

In terms of infrastructure, such as access to water and sewage systems, the observed boundary lies between
urban and non‐urban segments of municipalities, with rural populations often neglected in their right to access
these services. Additionally, concerning susceptibility to hazards, distinctions arise based on municipal GDP
levels (with lower GDPmunicipalities issuingmore emergency decrees) and between the BHmicroregion (with
fewer emergencies) and the rest of the state (with more emergencies). Examining these variables concurrently
reaffirms the association between emergency decrees and GDP, while clarifying the inverse relationship with
infrastructure; higher water and sewage supply levels correlate with fewer emergency decrees.

Therefore, essential public policies for disaster prevention should prioritise investments in universal water
and sanitation infrastructure and services. This necessitates critical scrutiny of the prevailing government
view that privatising this sector is advantageous. Given the inequities in wealth distribution across different
scales, for‐profit entities in this sector and the residents of these spaces often do not align, given the former’s
profit motives and the latter’s rights. Even state‐owned enterprises, like Copasa, are under policies that include
permissions for tariff adjustments above inflation in order to incorporate economic‐financial compensations
and incentives (Regulatory Agency of Water Supply and Sewage Collection Services of Minas Gerais, 2022),
aggravating residents’ purchasing power decline if there are biases in the consumer payments calculation.

The composite analysis of these variables suggests a potentially vicious cycle for municipalities: Fragile
economies hinder public policies’ ability to create resilient spaces, especially in the face of known hazards,
resulting in setbacks to local development aspirations when disasters occur. This translates to a
multidimensional obstacle on the road to sustainable development.

These findings underscore the need to address three objectives—economic development with equitable
wealth distribution, expanded provision of water and sewage services, and reduced susceptibility to
hazards—through a convergence of policymakers’ efforts. This requires a shift from sector‐specific
approaches to integrated public planning policies, transcending technical boundaries and power dynamics
across operational levels (e.g., local administrations, microregions, states, or river basin committees).
Synchronised commitments are necessary to achieve associated SDGs and elucidate their interconnections.
Since access to water and sanitation is fundamental to dignified living (human right to water and sanitation),
prioritising these rights should be the cornerstone of policy discussions, empowering river basin committees
and fostering conciliation. Assessing the feasibility of this integrative effort warrants further investigation in
future studies.
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