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ABSTRACT

The aim of this study is to advance factor analyses to characterize the housing deficit and important
indicators of the socioeconomic and urban conditions of the Brazilian economy and territory, since
it behaves differently from region to region. The North region has the largest relative deficit, while
the South region has the smallest. This paper seeks to contribute to the ongoing debate taking
into account the multiple configurations of urban dimensions, housing structure and regional
development. Therefore, statistical information from the 2010 Demographic Census and two
techniques are used: Exploratory Factor Analysis and Qualitative Comparative Analysis (fsQCA - fuzzy
set Qualitative Comparative Analysis). The conclusive results indicate that a high socioeconomic
development associated with a high provision of infrastructure and low urban growth leads to a
low housing deficit. Therefore, Brazilian municipalities that have been directing public policies to
improve the socioeconomic indicators of the population and urban infrastructure could contribute
to reducing the housing deficit in Brazil.

Housing deficit. Exploratory Factor Analysis. Qualitative Comparative Analysis.

Socioeconomic and urban conditions.



RESUMO

O objetivo do presente estudo é avancar em andlises fatoriais para caracterizar o déficit habitacional e os
indicadores importantes das condi¢des socioecondmicas e urbanas da economia e do territdrio brasileiro,
uma vez que esse déficit se comporta de forma distinta de regido para regido. A Regido Norte apresenta o
maior déficit relativo, enquanto a regido Sul o menor. Este trabalho procura contribuir para o debate em
curso levando em consideracao as multiplas configurages de dimensdes urbanas, a estrutura habitacional
e o desenvolvimento regional. Para tanto, sdo utilizadas as informaces estatisticas do Censo Demografico
de 2010 e duas técnicas: Andlise Fatorial Exploratdria e Andlise Comparativa Qualitativa (fsQCA - fuzzy
set Qualitative Comparative Analysis). Os resultados conclusivos sinalizam que um alto desenvolvimento
socioeconémico associado a alta provisdao de infraestrutura e ao baixo crescimento urbano levam a um
baixo déficit habitacional. Assim, pois, os municipios brasileiros que vém direcionando politicas publicas de
melhorias nos indicadores socioeconémicos da populagdo e de infraestrutura urbana poderiam contribuir
para a reducdo do déficit habitacional no Brasil.

Déficit habitacional. Andlise Fatorial Exploratdria. Andlise Comparativa Qualitativa.
Condicdes socioecondmicas e urbanas.

Urbanization remains a central theme in the economic literature, particularly as cities have
expanded in a disorderly manner and, as a result, face significant challenges regarding infrastructure,
the rapid growth in automobile use, the intensive consumption of fossil fuels, and increasing demand
for electric energy. The expansion of urban centers has unfolded swiftly and intensely over the years,
driven by the migration of people from rural areas to industrial hubs. According to the World Bank
(2016), the share of the global population residing in urban areas grew by approximately 59% from
1960 to 2015, rising from 34% to 54%. In 2019, this figure surpassed 55%. Brazil mirrored this global
trend, with 85% of its population living in urban areas in 2015. Based on the Regions of Influence
of Cities (REGIC) study, the Brazilian Institute of Geography and Statistics (IBGE, 2008) identified 12
metropolitan areas in Brazil: Manaus, Belém, Fortaleza, Recife, Salvador, Brasilia, Goidnia, Sdo Paulo,
Rio de Janeiro, Belo Horizonte, Curitiba, and Porto Alegre. These metropolises are characterized
by urban centers sharing common features and exerting extensive direct influence (IBGE, 2008).
Thus, urban agglomerations emerge as phenomena marked by the rise, configuration, and growth
of these cities. McCann (2013) describes a hierarchical delineation in the formation of urban

networks and cities, each of distinct sizes and forms. Cities arise from agglomerations that generate

> REVISTA BRASILEIRA DE GESTAO E DESENVOLVIMENTO REGIONAL 374
V.21, N3, Set-Dez/2025 | https://www.rbgdr.net/



positive externalities through geographic proximity of firms; for instance, knowledge spillovers that
stimulate industrial growth and development (Marshall, 1890; Galinari, 2006; Glaeser et al., 1992).
Jacobs (1969) further argues that positive externalities foster urban growth due to the diversity of
economic activities in cities.

According to Marshall (1890), urban increasing returns for industries are driven by
three factors, known as the “Marshallian triad”: (i) the formation of pools of specialized labor;
(ii) relationships between suppliers and users; and (iii) knowledge spillovers. Building on this,
Hoover (1936) proposed two classifications of static agglomeration economies. The first pertains
to localization economies—external economies of scale for firms but internal to a sector within
the agglomeration. The second concerns urbanization economies, which are also external to
firms but affect all activities within the urban center formed by the agglomeration. Nonetheless,
the agglomeration process also produces negative externalities. Quinet and Vickerman (2004)
emphasize that residential densification, productive activities, and urban spatial expansion create
various infrastructure-related environmental problems. Urban growth encounters limits when
diseconomies outweigh agglomeration economies (Glaeser, 1998; Pereira & Lemos, 2003).

Within this discussion, it is important to highlight that urban form and transportation
systems shape access to goods, services, and information in cities. The more efficient this access,
the greater the urban economic and social benefits through economies of scale, agglomeration
effects, and network advantages. In the long term, accessibility, combined with cities oriented
toward public transportation, can reduce vehicular emissions and offer economic benefits (e.g.,
increased productivity) (Bloze & Skak, 2016; Rode & Floater, 2014).

The setbacks generated by excessive urban growth are evident in both infrastructure and
housing markets. Bonduki (1997) notes that growth brings about difficult-to-resolve problems
such as lack of sanitation, inadequate housing, insufficient public transportation, and unsafe
and congested traffic. Azevedo (1996) points to the necessity of public policies to mitigate these
externalities. Additional challenges include housing market failures observed through real estate
speculation. Consequently, significant private investment in upgrading degraded regions leads to

the displacement of lower-income families to increasingly distant urban areas, often of inferior
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quality and lacking basic infrastructure, as private enterprises find investing in affordable housing
unappealing (Harley, 2005; Lobato, 2000).

In this regard, the housing deficit is an index indicating the need to replenish the stock of new
homes for society, aiming to address the shortage of residences and inform public policy formulation
to tackle social issues (Furtado, Neto & Krause, 2013). According to Fundacdo Jodo Pinheiro (FJP,
2016), in 2014 Brazil had a total of 6.068 million housing units facing a housing deficit. Based on
microdata from the National Household Sample Survey (PNAD), in 2009 FJP (2012) reported a total
of 5.998 million deficit households, with 84.8% (5.089 million) located in urban areas—37% of which
were in the Southeast region (2.217 million). Thus, between 2009 and 2014, the country registered
an increase of approximately 70,000 deficit housing units.

Moreover, FIP (2013) indicated that, in terms of housing deficit, the Southeast is the region
with the highest national index, according to data from the 2010 Census, with a total of 2,674,428
units—equivalent to 38% of Brazil’s total. The state of Sdo Paulo registered the highest rate in the
region, with 1,495,542 units, followed by Minas Gerais (557,371), Rio de Janeiro (515,067), and
Espirito Santo (106,447). Family cohabitation was the main issue in the two states with the largest
deficits, totaling 646,219 units in S3o Paulo and 217,652 in Minas Gerais. For Rio de Janeiro and
Espirito Santo, excessive rent burden was the main deficit factor with 235,961 and 45,515 units,
respectively. According to FJP (2010), the state of Minas Gerais exhibited an urban housing deficit
of 507,756 households; of this total, 2% (10,261) consisted of households with no income, 64.2%
(325,995) with income from 0 to 3 minimum wages, 15.6% (79,221) with income from 3 to 5
minimum wages, 13.2% (67,114) with income from 5 to 10 minimum wages, and 5% (25,166) with
income of 10 minimum wages or more.

Therefore, the objective of this study is to advance factor analysis for characterizing the
housing deficit and key indicators of socioeconomic and urban conditions in the Brazilian economy
and territory. In this research context, the central question posed for the Brazilian economy is: What
arethe possible effects generated by the low housing deficit and the current socioeconomicand urban
conditions of cities? To address this applied question, statistical data from the 2010 Demographic

Census conducted by the Brazilian Institute of Geography and Statistics (IBGE, 2010) were utilized.

> REVISTA BRASILEIRA DE GESTAO E DESENVOLVIMENTO REGIONAL 376
V.21, N3, Set-Dez/2025 | https://www.rbgdr.net/



To accommodate this task, the study adopts a strategy combining two methods: Exploratory Factor
Analysis and Qualitative Comparative Analysis (QCA). This research contributes to the national
literature by highlighting the main associated and influential factors regarding the housing deficit
in Brazilian municipalities, which present multiple configurations of urban dimensions—a recurring
theme among regional and urban policymakers. Furthermore, this work contributes empirically by
addressing a gap in ongoing research: housing deficit, urban conditions, public policies, and the
Qualitative Comparative Analysis approach. In addition to this introduction, the article comprises
five further sections. The second section characterizes cities and the housing deficit, while the
third reviews empirical studies. The fourth section details the modeling and database employed in
the study. The fifth section presents the main results obtained, and finally, the last section offers

concluding remarks.

Urban expansion is fundamentally shaped by the spatial organization of activities.
Understanding agglomeration economies is crucial for analyzing the causes underlying this
process in specific regions. Henderson (1999) highlights the role of technology industries, which
rely on knowledge spillovers, specialized labor markets, and supplier interactions. The author also
emphasizes the diseconomies that may arise from excessive growth, where rising production and
transportation costs, wage increases, and other factors are directly linked to the outflow of firms
from these centers.

Within the urban economics literature, Von Thiinen (1823) was the first to formulate a
theoretical model that logically explains the locational foundations for agricultural activities. Later,
Alonso (1964) advanced these theories through microeconomic analysis applied to spatial contexts,
examining how cities develop. With contributions from Muth (1969) and Mills (1972), the Alonso-
Muth-Mills (AMM) model emerged. In monocentric city models, there is a single employment center,
and “urban households choose both the location and the size of their residences.” In equilibrium,
Muth (1969) introduced the concept of rent, in which families consume not the land itself, but

housing services. Given the preexistence of the rent price concept, it becomes important to analyze
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heterogeneous households’ willingness to pay for residential location. “This principle leads to an
equilibrium condition in which families with steeper curves are located closer to the center than
those with flatter curves” (Fujita, 1989).

This monocentric hypothesis is a simplification when compared to the actual urban spatial
organization. Employment is not always concentrated in the geographical center of all cities.
Therefore, Fujita and Ogawa (1982) presented a model of polycentric cities, wherein the decisions
of firms and families are endogenous, drawing on the concept of linear cities. Families’ residential
choices depend on firm locations, and the principal factor in this decision-making process is the
distance between one’s home and place of work. Firms, in turn, choose their locations based on
the proximity of other firms, which leads to the formation of intraurban agglomerations. For each
cluster of firms, there are external economies of scale in the production function. This model formed
the basis for the theory of Henderson and Mitra (1996), which observes the emergence of “edge
cities”—a phenomenon in the United States highlighted by Garreau (1991). Glaeser and Kahn (2004)
analyzed “a tendency, at least in that country, toward employment decentralization,” a movement
of firms relocating to peripheral, increasingly distant areas, thereby transforming urban structure.

Rapid urban growth, in turn, generates housing challenges—especially for lower-income
families. Bonduki (1997) addressed the difficulties posed by high urbanization rates, such as poverty,
environmental degradation, inadequate housing, lack of sanitation, congested traffic, insufficient
public transportation, insecurity, and violence. The author further notes that some of these
complications are rooted in structural issues and suggests they will not be solved unless exclusionary
economic policies are addressed. In this vein, several authors describe Brazilian urban space as
unevenly occupied, further exacerbated by flexible legal enforcement, which accommodates the
poorest social strata in illegal settlements (Maricato, 2000). Urban planners acknowledge that
zoning regulations, by means of spatial concentration, contribute to both housing scarcity and urban
segregation (Villaca, 2000; Marques & Torres, 2005). From a similar perspective, Maricato (1997)
reports that the real estate capital exerts monopolistic control over high-value areas, which, not
coincidentally, results in vast regions of informal settlements, slums, and tenements. The author

also suggests that spatial segregation attempts to render a portion of urban space invisible, even
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though both “formal” and “informal” cities are parts of the same urban fabric.

Moreover, there is a social conflict inherent in urbanization projects, which, in most cases,
are led by government agencies. Frequently, such projects entail the removal of numerous families
from areas targeted for public works. Although governments often anticipate the possibility of
replenishing housing stock for displaced families, the losses suffered by those expelled from their
communities cannot be fully measured. These losses may include the disruption of residential
dynamics deeply rooted in specific locales and the severing of relationships with close neighbors,
which leads to the erosion of established cultural references (Zhouri & Teixeira, 2005).

Through this lens, Lefebvre (1999) distinguishes between “habiter” and “habitat.” The
former is directly tied to the individual, daily life, and the personal meanings and feelings related
to a specific space, while the latter pertains to the broader environment in which the individual is
situated (Lefebvre, 1999).

Another aspect of accelerated growth and industrialization in large cities is the influx
of migrants, who are not naturally integrated into prevailing legal frameworks. Consequently,
migration to major urban centers fuels the proliferation of irregular housing clusters, such as slums
(Soto, 2001). Correa (2000) adds to this discussion, asserting that the development of slums on
public or private lands, invaded by socially excluded groups, positions these groups as agents who
shape their own space independently of any other agent, such as public authorities. The author
further contends that the construction of such spaces is a form of resistance and survival faced with
adversity, including the forced displacement from urban areas undergoing renewal (Correa, 2000).

In summary, inadequate housing conditions and the emergence of irregular settlements
result in increased deficiencies in housing quality. For Azevedo (1996), “a simple increase in housing
programs is not always the most suitable solution for improving the housing conditions of the poorest
populations,” since the lack of infrastructure constitutes a principal problem in irregular housing.
Morais (2002) examined housing conditions in Brazil between 1992 and 1999. Table 1 reports on the

main structural components for this period.

> REVISTA BRASILEIRA DE GESTAO E DESENVOLVIMENTO REGIONAL 379
V.21, N3, Set-Dez/2025 | https://www.rbgdr.net/



Table 1 | Housing conditions in urban Brazil - 1992/1999

Indicator 1992 1993 1995 1996 1997 1998 1999
Average number of people per household 4.0 3.9 3.8 3.8 3.8 3.7 3.7
Average number of people per bedroom 2.0 2.0 1.9 1.9 1.9 1.9 1.9
Roof with tile or concrete slab % 97.1 973 978 972 976 976 979
Wall of masonry or fitted wood % 969 97.2 976 974 981 981 98.1
Internal plumbing from the general network % 833 84.1 855 879 874 886 89.2
Sewerage or septic tank % 68.3 70.2 710 743 735 749 75.6
Direct or indirect garbage collection % 815 850 86.7 87.6 90.7 924 936
Adequate water supply, sewage, and garbage collection % 538 553 56.0 59.3 59.8 61.8 62.3
Exclusive use bathroom % 899 912 923 93.1 935 944 0950
Landline phone % 23.2 239 20.7 302 331 37.8 442
Electricity % 975 98.0 986 989 99.0 99.1 99.2
Rent as a percentage of income % 153 13.8 258 279 284 278 274
Households spending more than 30% of income on rent % 121 110 335 36.1 384 36.7 356
Households with more than 3 people per bedroom % 10.0 9.7 8.6 8.8 8.0 7.5 7.1

Source: Ipea/Dirur based on microdata from PNAD and IBGE — Synthesis of Social Indicators 2000.
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The indicators for water supply and waste collection exhibited the most significant percentage
improvements during the period, rising from 53.8% to 62.3% and from 81.5% to 93.6%, respectively.
Amid the lack of infrastructure in certain regions, another structural concern that warrants attention is
the depreciation of residential properties. FJP (2013) asserts that “...the depreciation of dwellings fits
within this category of replacement deficit, since there is an assumption of a lifespan limit for real estate.
Upon reaching this threshold, and depending on the condition of the property, a complete substitution
becomes inevitable.” Consequently, residents often not only lack adequate local infrastructure but
also do not meet the minimum standards required for habitability. For instance, the city of Juiz de
Fora comprises both luxury condominiums and areas where basic infrastructure for families is absent.
In this context, Harvey (2009) emphasizes that the city is increasingly fragmented and segregated;
affluent neighborhoods benefit from comprehensive services, whereas, conversely, there are also
districts characterized by illegal settlements and limited or nonexistent access to essential services
(Harvey, 2009).

The housing market is shaped not only by the physical properties themselves but also by
locational and structural characteristics, leading to the emergence of what are termed housing services.
The observed prices reflect the aggregate market value. Rosen (1974) defines these individual prices
for housing services as “hedonic prices or implicit prices of the characteristics of the housing good.”
Among the determinants of residential prices, spatial location is paramount, accounting for variations
in property values. In such markets, the housing stock changes gradually. Varian (1994) notes that “due
to the existence of stock, in the short term, the supply of housing is fixed.” This slow change in inventory
is based on the time the housing services market requires to adapt to new market demands, resulting
in short-term price fluctuations that are driven solely by demand (O’Sullivan, 1993). The imperfections
in housing supply and demand generate what is termed the vacancy rate, defined as the proportion of
vacant dwellings relative to the total housing stock, reflecting the lack of equilibrium between supply
and demand for residential units.

Failures in the housing market also contribute to spatial fragmentation. The first issue concerns
infrastructure; in every development, the state enhances the value of an area by increasing investment

to implement the “positivities of the urban” (Lefebvre, 2008). The second aspect of this fragmentation
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is that those without access to such urban advantages are seldom supported through public policies
designed to facilitate this access. Lobato (2000) highlights that, within capitalist societies, there is
little interest from capital in investing in the production of affordable housing. This disinterest stems
from the low wage levels of the poorest segments of the population, which do not cover the costs of
capitalist housing production.

Real estate speculation is another noteworthy factor in discussions on the housing market.
According to Harvey (2005), “new urban entrepreneurialism is based on public-private partnerships,
focusing on investment and economic development through speculative place-making, rather than
improving conditions in a specific territory [...]”. The author further posits that projects established
in the city attract public and political attention due to the substantial investments promised, thereby
sidelining broader issues that may affect the region (Harvey, 2005). These large capital inflows into
new areas often occur through the construction of high-value condominiums, which provide a high
standard of local well-being; however, the city as a whole frequently does not extend this well-being
to the broader population. Harvey (2005) also observes that investments increasingly target quality of
life via the revitalization of degraded areas, cultural innovation, physical enhancements in the urban
environment, and the creation of consumption and entertainment venues, such as shopping centers
and sports stadiums—factors that become strategies for urban regeneration. Given the high values of
properties resulting from such investments, with costs transferred to final prices, low-income families
are displaced from newly regenerated areas to locations with increasingly lower land value or to zones
characterized by illegal occupation.

The concept of housing deficit is intrinsically linked to the need for replenishment within
the housing stock, signifying the construction of new dwellings to address housing shortages within
society. Furtado, Neto, and Krause (2013) underscore that the housing deficit is an indicator that aids in
the formulation and assessment of housing policies, guiding public agencies in determining residential
needs. The purpose of this indicator is to orient public policymakers in designing programs capable of
meeting the demand outlined in its estimates across all levels of government (Furtado; Neto; Krause,
2013). Despite the recognized need for such replenishment and the imperative to exhibit the necessity

for public housing policies, Ribeiro (1996) notes that “for more than 40 years, since the consolidation
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and expansion of modern housing construction, the housing deficit remains significant.”

In Brazil, FIP is the institution officially recognized by the National Government for calculating
the country’s housing deficit indicator. This calculation involves characterizing the housing deficit and
the inadequacy of dwellings by identifying the components of each distinct concept, thus determining
both the need for new housing stock and repairs in substandard residences. According to FIP (2016), the
method “is concerned with identifying housing needs, especially among the poor; the figures for the
housing deficit and inadequacy are provided across various family income ranges [...]”. The institution
further emphasizes that the method “[...] primarily focuses on families earning up to three minimum
wages, the upper limit for eligibility for a large number of social housing programs” (FIP, 2016, p.18).

Chart 1 and 2 present the components and subcomponents included in the calculation of
the housing deficit and inadequacy of dwellings, respectively. To calculate the housing deficit, four
main components are considered: Substandard Housing, Family Co-habitation, Excessive Urban Rent
Burden, and Overcrowding in Rented Dwellings. All these components are mutually exclusive, ensuring
that a single property is not counted more than once, thus avoiding double counting in the calculation.
The first component, Substandard Housing, has two subcomponents: Rustic Dwellings and Improvised
Dwellings. The IBGE defines rustic dwellings as those without masonry or wood walls. Improvised
dwellings encompass all places or properties not intended for housing (commercial properties,
abandoned vehicles, boats, caves, under bridges and viaducts, among others), which highlights the

shortage and the need for new housing stock (FIP, 2016).

Chart 1 | Methodology for calculating the Housing Deficit

Precarious Rustic homes
housing Improvised homes
. L . Brazil,
Family Living Families .
cohabitation Room Federation Income
Units and Urban and ranges in
. . selected rural minimum
Excessive burden with urban rent .
metropolitan wages
regions

Excessive density of rented homes

Source: Fundagao Jodo Pinheiro (FJP).
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The second component, family cohabitation, also comprises two subcomponents in its
calculation: secondary cohabiting families and room-based dwellings. The issue of secondary
cohabiting families is characterized by households in which more than one family resides together,
with at least one expressing the intention or desire to establish a single-family unit—that is, to
have a home solely for their own family. Room-based dwellings, as defined by IBGE, refer to private
residences consisting of one or more rooms situated in shared housing, such as tenements and
similar arrangements. This category was incorporated into the calculation because, as noted by
Fundacdo Jodo Pinheiro (FIP, 2016), “this type of housing obscures the real situation of cohabitation,
since the residences are formally distinct.”

The component relating to excessive rent burden in urban areas corresponds to the number
of urban families with a household income of up to three minimum wages who allocate 30% or
more of their income to rental payments. This dimension was included in the calculation and has
become considered a deficit, stemming from the discussion that for certain families, it is preferable
to rent in neighborhoods with better living conditions than to purchase property in peripheral areas

(“suburbs”) (FIP, 2016).

Chart 2 | Methodology for Calculating Household Inadequacy

Electricity
Lack of urban Water
infrastructure Sanitation

Exclusive bathroom

Excessive densification of urban households

Brazil,
Federation Units Income ranges
Urban and L
. and selected rural in minimum
Lack of exclusive bathroom metropolitan wages
regions

Inadequate coverage

Urban land inadequacy

Source: Fundagédo Jodo Pinheiro (FJP).
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Excessive density in rented urban households, the fourth component of the housing deficit,
is characterized by properties rented by families with more than three residents per bedroom. This is
considered a deficit because tenants are unable to undertake renovations that would enlarge rented
dwellings, rendering these households’ potential candidates for new housing solutions (FJP, 2016).
It is crucial to distinguish the elements included in the calculation of housing inadequacy, as they
do not factor into the housing deficit itself, yet remain critical determinants of minimum residential
quality and family well-being. The assessment comprises five components: lack of infrastructure,
overcrowding in owner-occupied urban households, absence of exclusive bathrooms, inadequate
roofing, and urban land tenure insecurity.

Residential infrastructure deficiency is identified when a dwelling lack at least one of the
following essential services: electricity, public sewage or septic systems, waste collection, and a piped
public water supply (FIP, 2016). In contrast, excessive density in owner-occupied urban households—
differing from the deficit, which only considers rented units—refers to families with more than three
residents per bedroom, counting only those rooms designated for sleeping. Only owner-occupied
homes are included, as these can be improved or expanded by their residents (FJP, 2016).

The third component, absence of an exclusive bathroom, pertains to dwellings that do not
have bathrooms or sanitation facilities reserved for exclusive use by the household, a scenario
often observed in tenements or plots accommodating multiple households. The fourth component,
inadequate roofing, encompasses homes with roofs made from salvaged wood, zinc, tin, or straw,
provided these properties have masonry or dressed wood walls—otherwise, they would be
classified as deficient (FJP, 2016). The fifth and final component of residential inadequacy is urban
land tenure insecurity, which arises when at least one household member holds property rights to
the dwelling but lacks full or ideal ownership of the land where the residence is located. This issue is
often prevalent in the suburbs and peripheral areas of large urban centers (FIP, 2016).

In Minas Gerais, infrastructure deficiencies typifying residential inadequacy affected
676,296 units. Of these, 130,870 lacked water supply; 557,809 suffered from inadequate or absent
sewage systems; 23,069 were without electrical lighting; and 100,550 had no waste collection. The

magnitude of inadequacy means that households may face one or several infrastructural issues. Of
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the total, 562,422 units experienced a single deficiency, 93,093 faced two, 19,437 had three, and 1,344
were deficient in all four essential services (FJP, 2013).

Another lens on the housing deficit is offered by Alves and Cavenaghi (2006), who define the deficit
as the gap between the total number of households and families; when the number of families exceeds
the number of dwellings, a deficit is present, otherwise there is a surplus. Census families may consist of a
Family Group, a Cohabitant Group, or a combination of both.

In 2010, Minas Gerais exhibited a heterogeneous distribution of housing deficit (Ribeiro, Viana,
& Azevedo, 2015). In absolute terms, Belo Horizonte, its metropolitan area, the Triangulo Mineiro, and
several municipalities in Zona da Mata and the Southern region showed higher concentrations of housing
deficit. Among the state’s 853 municipalities, 79% (674) had fewer than 500 deficient units, with Serra da
Saudade reporting the lowest deficit: only six units (Ribeiro, Viana, & Azevedo, 2015). Figure 1 illustrates

the spatial distribution of total housing deficit in Minas Gerais for 2010.

Figure 1 | Total housing deficit by municipality, Minas Gerais, 2010

Housing deficit
(number of households)
[ ] unnl 1.000
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Source: Fundagdo Jodo Pinheiro, Déficit Habitacional Municipal no Brasil, 2010.
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Studies focusing on urban housing environments abound in the literature. For example, Morais
(2002), employing indicators derived from PNAD microdata for the period 1992—-1999, examined housing
conditions in Brazil’s urban areas. The findings highlighted improvements in living standards, as evidenced
by declining household and room densities, enhanced construction quality, increased share of exclusive-
use bathrooms, and broader access to urban utilities such as water, sewage, electricity, and telephony.
Nonetheless, persistent disparities exist across gender, regions, socioeconomic strata, and spatial
units. Similarly, Castro (2014) conducted spatial analysis to identify the impact of public infrastructure
components on the growth of Brazilian cities from 1970 to 2010. The methodology comprised a spatially
dependent panel data model, adapted from Glaeser et al. (1995). Results indicated that access to energy
positively correlates with regional economic growth.

Tiware et al. (1999) estimated both price and income elasticities of housing demand in Mumbai,
India. Utilizing a two-stage estimation process, the authors first defined the market price function and
subsequently the housing demand function. Their analyses revealed that housing demand is elastic with
respect to both income and price, with coefficients approximating +1 and -1, respectively. Ermisch et al.
(1996) provided a multifaceted study of housing demand in six major regions of England, employing five
sequential steps: estimation of hedonic price functions within the housing markets studied; construction of
a housing price index; calculation of housing consumption costs using the index; estimation of households’
permanent income based on individual characteristics, such as head of household occupation; and finally,
estimation of the housing demand function. The authors concluded that the price elasticity hovers around
-0.4, while income elasticity is approximately 0.5.

Conversely, Albouy and Ehrlich (2018) investigated the social cost of land-use restrictions through
a dual methodological approach. First, they estimated a housing cost function for metropolitan areas,
leveraging land and construction input prices along with regulatory and geographic constraints; second,
they assessed whether land-use restrictions elevate the relative price of housing compared to local wages
in those metropolitan regions. Their findings suggest that regulatory land-use constraints reduce social
welfare while inflating housing costs. In a related vein, Zhang et al. (2018) explored the effect of

housing conditions on individual well-being in urban China. Employing an ordered probit model, they
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found that homeownership and superior housing conditions are associated with higher residential
satisfaction. Furthermore, individuals residing in better-quality housing report greater satisfaction
compared to those in more economically accessible but lower-standard dwellings.

Alawadi et al. (2018) assessed Dubai’s residential landscape in terms of morphology and
accessibility, posing the central question: “How accessible is Dubai for its residents?” To measure
housing accessibility, five methods were used: (i) relative methods, which calculate variations
between family costs and income; (ii) subjective methods, based on how much families are willing
to pay for housing; (iii) household budget methods, examining spending patterns; (iv) ratio methods,
using income to establish a maximum acceptable housing cost; and (v) residual methods, identifying
the minimum income necessary for non-housing needs. The results indicated that, for the middle-
middle class, only 23% of affordable housing units are accessible, corresponding to 7% of Dubai’s
usable area; for the lower-middle class, access is restricted to just 12% of units, representing 3.5%
of the usable area.

Research by Fundacdo Jodo Pinheiro (2016) characterized both the housing deficit and
housing inadequacy using microdata from PNAD 2013 and 2014 (IBGE). The study detailed Brazil’s
housing deficit for 2013 and 2014, finding that in 2013, the deficit totaled 5.846 million dwellings,
with 85.7% (5.01 million) located in urban areas. In 2014, the deficit increased to 6.068 million
units, with 87.6% falling within urban environments. Rural housing deficit declined from 835,000
units in 2013 to 752,000 in 2014. Another study by Fundacdo Jodo Pinheiro (2013), based on 2010
demographic census data, mapped municipal housing deficits and inadequacies. Absolute figures
revealed S3o Paulo as the Brazilian capital with the largest housing deficit, followed by Rio de Janeiro,
Brasilia, Salvador, and Manaus, while Vitéria reported the lowest deficit among capitals.

This investigation distinguishes itself from the works by characterizing the housing deficit
through the correlation between socioeconomic factors and the structural attributes of the
municipalities analyzed. Moreover, it represents a methodological advance by employing the
consecutive use of confirmatory factor analysis and qualitative comparative analysis, with the

potential to significantly enrich the national literature.
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The methodological strategy unfolds through two sequential stages, each employing distinct
analytical techniques: Exploratory Factor Analysis (Spearman, 1904) and fuzzy set Qualitative
Comparative Analysis (fsSQCA). The initial phase serves to synthesize the characteristics of Brazilian
regions—encompassing socioeconomic conditions, environmental attributes, and infrastructural

features—in the year 2010, while also facilitating the identification of a typology among these
regions. This framework posits that the vector of p standardized variables, Z' = [Z1. 25, Z,],
is linearly dependent on m common and unobserved factors, F' = [F,, F,, -,F,], as well as on p

specific factors, € = [&,, &5, ..., £,], as represented in matrix notation:

Z = L F + ¢
(pxl)  (pam)(mxl)  (pxl) (1)
where (pfm}= {Eu} represents the matrix whose coefficients |; correspond to the

standardized value (7 ) of the j-th variable in the j-th factor. The correlation matrix’s structure is
L
defined by pfp =LL +¥ , so that (;fﬂ =diag[Pr P2 - ¥p]isthe specific variance matrix;

Var(Z,) = hi +; , with ki = Z7%, €; denoting the portion of variability in Z, described by m

factors, commonly recognized as the communality (Johnson & Wichern, 2007).

For the estimation of Eij-and 1, this paper will employ the principal components method.

Thus,ifm<p, we have IL =~ andP ~ L+ q,with pairs of eigenvalues and eigenvectors

" .
i=14;e;e;

(4.¢,) ,such that e;e; = 1, e;e, = 0. Given that the data utilized in this study do not exhibit normal
distribution, the Weighted Least Squares (WLS) method proposed by Bartlett (1937) will be applied
for factor score estimation (Johnson & Wichern, 2007).

The second stage of the methodological framework employs Ragin’s (1987; 2000) fsQCA
method, designed to identify distinct patterns of association among the latent factors previously

delineated—namely, the socioeconomic characteristics of the individuals examined, the structural
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attributes of municipalities in Minas Gerais, and the housing deficit. According to Ragin (2000), fsQCA
addresses equifinality, which refers to the possibility of multiple causal combinations leading to the same
outcome; for instance, “AB - Y” indicates that the logical conjunction of conditions A and B can plausibly
result in outcome Y (Silva et al., 2019). However, such models may also reflect empirical associations
between conditions and outcomes without necessarily establishing causality, as highlighted by Schneider
and Grofman (2006).

Typically, fuzzy sets are anchored by three reference points: full membership (represented by a
score of 1), full non-membership (score 0), and a crossover threshold (score 0.5) (Ragin, 2000). When cases
exhibit differing scores on the same side of the crossover, they vary in degree; when scores fall on opposite
sides, the cases are qualitatively distinct (Ragin, 2008). Qualitative anchors, as emphasized by Betarelli
Junior and Ferreira (2018), are employed during calibration to define the maximum, intermediate, and
minimum boundaries that demarcate full, ambiguous, and absent membership, respectively.

Accordingto BetarelliJuniorand Ferreira (2018), the logical configurations possible within the model
are determined by the number of dimensions k, calculated as 2”k. Thus, with three dimensions (k = 3),
there are eight possible logical combinations, each generating outcomes assessed in terms of consistency
and coverage and summarized within a Truth Table. Coverage reflects the empirical prevalence of each
configuration, while consistency measures the proportion of cases in which the configuration reliably
predicts the outcome (Betarelli Junior & Ferreira, 2018). Configurations approaching a consistency value
of 1 are considered robust, whereas those nearing zero lack reliability. Ragin (2000, 2006) recommends
that consistency scores for adequate measures within fsQCA should ideally exceed 0.8. Coverage analyses
are classified as: (i) global coverage, aggregating the prevalence of all sufficient configurations for the
outcome; (ii) unique coverage, measuring the prevalence of each configuration exclusively of cases
counted in other combinations; and (iii) raw coverage, encompassing the prevalence of each sufficient
configuration regardless of overlapping with other cases (Schneider & Grofman, 2006).

The fsQCA approach utilizes Boolean minimization to reduce “primitive expressions,” which are
the initial consistent or sufficient configurations, thereby pinpointing all logical combinations that continue
to yield the outcome. Given the multiplicity of configurations, Boolean minimization—implemented via
the Quine-McCluskey algorithm—streamlines these expressions. For example, the expression “aBC + ABC

- Y” is minimized to “BC = Y,” as the comparison of {A and BC} and {not A and BC} simplifies to {BC}
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(Schneider & Wagemann, 2012).
This methodological rigor ensures that the analysis is aligned with the highest standards of
international economic research, providing a nuanced and replicable approach to the multifaceted issue

of housing deficit through the lens of qualitative comparative analysis.

The dataset employed in this study comprises information from the 2010 Demographic
Census, conducted decennially by the Brazilian Institute of Geography and Statistics (IBGE, 2010),
as well as figures from the Fundacdo Jodo Pinheiro regarding the national housing deficit. These
databases were selected as they provide comprehensive data on Brazilian municipalities. The
Demographic Census stands as the primary source for understanding population living conditions at
both national and local scales. The household characteristics, in turn, are drawn from Fundacdo Jodo
Pinheiro’s dataset (FJP, 2013), focusing on the housing deficit index. The variable of interest is the
relative total housing deficit, which offers a comparative perspective across different municipalities.
This metric was chosen specifically because it mitigates the bias or effect of locality size and absolute
household counts, disparities that are pronounced among the various municipalities and reflect
their distinct attributes.

A regional overview reveals that the North of Brazil exhibited the highest relative housing
deficit, encompassing 20.6% of households in deficit condition. Conversely, the South region reported
the lowest indicator, at just 8.7%. At the municipal level, S3o Jodo do Arraial in Piaui registered the
highest relative deficit nationwide (80.6%), while Morrinhos do Sul in Rio Grande do Sul recorded the
lowest (1.5%). The census data serves as the empirical foundation for extracting latent indicators,
which are subsequently analyzed in relation to the housing deficit.

To operationalize this, the research delineated four distinct groups of variables, each
reflecting a particular dimension and whose shared characteristics are synthesized into latent factors
or constructs, as outlined in the initial methodological phase. These clusters are: (a) socioeconomic
conditions; (b) urban environmental attributes; (c) infrastructure; and (d) collective services. Table 2

details the variables and their descriptive statistics.
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Table 2 | Selected indicators of municipalities in 2010

Variable

Deficit

Per capita income

Formality

Illiteracy

Literacy

Infant mortality

Urbanization

Social vulnerability

Per capita trade
rate

AV_ind

AV_serv

Population

Activity rate

HDI-M Longevity

Open sewerage

Accumulated
wastewater

Pipe water

Electric energy

Garbage collection

Lighting

Paving

Curb

Description

Total relative housing deficit

Sum of the income of all individuals residing in
permanent private households divided by the number
of individuals

Share of people 18 years of age or older formally
employed

Rate of people over 18 who cannot read and write a
simple note

Rate of people over 18 who can read and write a
simple note

Number of children who will not survive their first
year of life per 1,000 live births.

Rate of population in urban areas

Rate of unmet basic needs

Ln. ratio of the sum of Imp. and Exp. to GDP

Ln. value added in industry to population

Ln. value added in services at current prices to
population

Ln. of the total resident population

Activity rate of people 18 years of age or older

HDI Longevity

People who do not have open sewage around their
homes

People who do not have accumulated garbage around
their homes

Adequate running water

Adequate energy supply

Adequate garbage collection

People who have public lighting around their homes

People who have paving around their homes

People who have curbs on the street around their
homes

Source: Own elaboration.
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Mean

13.65

493.6

43.51

17.4

87.46

19.25

0.64

43.99

-54.91

4.45

5.5

16.32

63.35

0.8

26.29

28.98

27.71

30.25

28.81

28.23

22.18

21.09

Standard
Deviation

3.98

243.27

19.28

10.7

7.33

7.14

0.22

22.44

43.45

1.42

0.88

1.15

9.09

0.04

8.05

4.6

5.99

3.34

51

4.86

7.59

8.11
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8.6

96.25

2.97

0.97

62.01

8.49

0.04

1.97

-89.8

1.89

31

13.6

21.18

0.67

1.67

14.85

0.99

Max

22.5

2043.7

89.11

47.64

99.53

46.8

91.57

5.74

10.08

9.01

23.14

95.6

0.89

73.78

99.47

39.55

40.78

40.78

93.53

67.8

66.23
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The infrastructure group comprises three variables: Public Lighting, denoting the
proportion of individuals residing in households situated in well-lit neighborhoods; Pavement,
capturing the share dwelling in areas with paved surroundings (such as cobblestone or asphalt);
and Curbs, indicating the proportion of people whose residences are bordered by functional road
curbs. Collective services, on the other hand, are represented by: Piped Water, reflecting the
share of individuals with adequate access to water supply; Electricity, corresponding to those
with sufficient electric grid coverage; and Waste Collection, representing the proportion of the
population residing in households with appropriate refuse collection services. The selection of
variables within the domains of urban environmental conditions, infrastructure, and collective
services follows the methodological approach established for the Urban Well-being Index (IBEU)
(Ribeiro & Ribeiro, 2013).

This analytical rigor is aligned with the best practices in international economic research,
enhancing both the clarity and replicability of the findings in the context of fsQCA-based studies.

The variables were selected for their ability to elucidate the multifaceted social, economic,
and structural dimensions characterizing Brazilian municipalities (FJP, 2013). Per capita income,
frequently highlighted in the literature, serves as a fundamental indicator for understanding
housing deficits, as lower income levels tend to increase the likelihood of such deficits (Osodrio;
Soares; Souza, 2011). Additional variables, including labor formality, social vulnerability, activity
rates, and the municipal human development index, contribute significantly to the region’s specific
attributes—such as housing deficits—thus providing a more comprehensive characterization of
municipalities (Angelsen, 1999; Hargrave; Kis-Katos, 2013; Faria; Almeida, 2016). Meanwhile,
infrastructure and environmental indicators—pertaining to energy and water provision, waste
collection, open sewage, paving, and curbs—are essential for understanding the structural

conditions prevailing in these municipalities.
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The effectiveness of the exploratory factor analysis model, which constitutes the initial
methodological step, fundamentally relies on the correlation matrix among variables, as it elucidates
interdependencies or communalities through correlation coefficients. High correlations among certain
variables should manifest in substantial factor loadings for the latent factors associated with these variables;
otherwise, those latent factors may not be adequately represented. Thus, latent factors are expected
to aggregate strong correlations between variables with statistically significant coefficients, making the
analysis of the correlation matrix an essential procedure (Hair et al., 1998). In conducting this correlation
matrix assessment, the variable of housing deficit was intentionally excluded, given its direct presentation
in the subsequent methodological step (fsQCA).

Upon examining the correlation matrix, it was observed that, of a total of 207 significant coefficients
(p<0.01), 111 surpassed the threshold of 0.3, representing 53.6%. This proportion allows for the inference
that the structure of the variables under analysis is suitable for the factor analysis model (Hair et al., 1998).
Notably, per capita income exhibited a strong association with the other variables, most prominently with
literacy rates (r = 0.77, p<0.01), the human development longevity index (r = 0.78, p<0.01), and the value
added by services (r=0.84, p<0.01). Furthermore, per capita income demonstrated a pronounced negative
correlation with social vulnerability (r =-0.91, p<0.01) and with illiteracy (r = -0.82, p<0.01), the latter also
being highly associated with social vulnerability (r = 0.88, p<0.01). Regarding collective service variables,
the presence of electricity distribution and waste collection was markedly correlated (r = 0.88, p<0.01).
These findings suggest that socioeconomic factor variables are highly interconnected, which should be
reflected in the factor loadings of the employed model. Table 4 presents the results of the factor analysis
using the principal components method.

Statistical tests applied to validate this model included Bartlett’s test of sphericity and the Kaiser-
Meyer-Olkin (KMO) criterion. Bartlett’s test indicated the existence of statistically significant correlation
coefficients, while the KMO criterion yielded a value of 0.9057, confirming the model’s suitability (using
the minimum reference value of 0.8) (Johnson & Wichern, 2007). The three selected latent factors meet
conventional criteria for eigenvalues and total variance, including Kaiser’s (1958) and Pearson’s benchmarks.

The eigenvalues for the three factors exceeded one unit, ensuring that each selected factor accounted for
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the information of at least one original variable. For total variance, cumulative factor variance reached
approximately 76%, surpassing the minimum acceptable threshold of 70%. The Varimax rotation, as
proposed by Kaiser (1958), was applied to the factors to facilitate interpretation of the resultant loadings.
It is noteworthy that the communalities of the factor loadings were above 0.60, indicating that the
interrelationships among the variables are well described by the three factors, reflecting an appropriate
correlation matrix for the methodology. Nevertheless, validating the reliability of variable measures
remains essential (Flynn et al., 1990). Accordingly, Cronbach’s alpha was employed, and the resulting value
of approximately 0.95 is deemed acceptable by the literature.

The first latent factor revealed substantial factor loadings related to socioeconomic development,
with high positive scores for per capita income, literacy rates, formal employment, activity rates, the

municipal human development index, and value added from industry and services.

Table 3 | Correlation Matrix

Variables 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20 21
1. Percapita income 1
2. Formality 037 1
3. lliteracy 082 077 1
4. Literacy 077 070 -086 1
5. Infant mortality -0.74 -068 083 -07% 1
§.. Urbanization 049 064 -046 032 -036 1

1. social vulnerability -0%91 -083 088 -0B1 082 -050 1
8. Percapita trade rate 049 053 -048 047 -038 044 -046 1

9. AV ind 069 074 -068 064 -059 0530 -071 082 1

10, AV serv 084 080 -0B80 074 -071 052 -084 059 084 1

11, Population 020 020 -012 014 -002 041 -004 049 028 030 1

12 Activity rate 067 045 -067 066 -058 020 -071 036 052 061 005 1

13,.HDI-M Longevity 078 071 -083 075 -097 040 -0B84 041 062 074 006 058 1

14 Opensewerage 049 042 -054 045 -057 016 -05% 012 033 045 -020 040 055 1

15, Accumulated

037 027 -035 030 -040 o002 -047 000 01% 031 -029% 028 038 067 1
wastewater

16, Pipe water 042 03 -037 031 -045 017 -0350 007 02> 038 -021 026 044 051 0535 1

17, Electric energy 059 044 -053 046 -060 015 -070 012 035 052 -024 044 058 066 073 0868 1

18, Garbage collection 060 050 -055 048 -061 023 -070 019 042 057 -016 045 059 060 066 066 088 1

19, Lighting 04z 036 -038 030 -043 018 -052 007 027 039 -017 028 042 064 083 061 073 089 1

20 . Paving 03& 035 -02% 023 -034 023 -045 009 025 035 -013 018 036 047 055 055 053 054 062 1

21 Curb 035 035 -0325 01% -031 025 -043 007 024 033 -014 015 033 047 053 057 054 055 062 084 1

Source: Own elaboration.

Additionally, there was a strong negative relationship with infant mortality, social vulnerability,
and illiteracy, indicating that, in municipalities with lower socioeconomic development, these
associations are inversely proportional. Therefore, this factor can be characterized as socioeconomic
development, as its results help elucidate disparities in development across municipalities (Faria,

Betarelli Junior, & Montenegro, 2019), which may offer explanations for housing deficits.
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Table 4 | Results of Factor Analysi

Variables

Per capita income
Formality
Illiteracy

Literacy

Infant mortality
Urbanization

Social vulnerability

Per capita trade rate

AV_ind

AV_serv
Population
Activity rate
HDI-M Longevity

Open sewerage

Accumulated
wastewater

Pipe water
Electric energy
Garbage collection
Lighting

Paving

Curb

Eigenvalues

Proportion of variance

Note: Cronbach’s scale test: 0.95; Kaiser—Meyer—0Olkin (KMO): 0.90; Bartlett’s sphericity test: 150.00 (p value =

0.000).

Socioeconomic
Development

0,83

0,28
0,29
0,51
0,52
0,27
0,08
0,05
10,88

0,52

Factors

Infrastructure

0,28
0,25
-0,17

0,08

Source: Research results.

Urban Growth

0,24

0,05

0,07

Commonality

0,83
0,78
0,89
0,84
0,81
0,66
0,93
0,61
0,72
0,87
0,62
0,61
0,81
0,63
0,73
0,60
0,81
0,75
0,75
0,80

0,83

> REVISTA BRASILEIRA DE GESTAO E DESENVOLVIMENTO REGIONAL

V.21, N3, Set-Dez/2025 | https://www.rbgdr.net/

396



The second latent factor, in turn, demonstrated significant interdependence among variables
indicative of infrastructure. The factor scores revealed consistently high values for collective services
such as piped water, waste collection, electricity supply, paving, public lighting, and sanitation,
including the absence of open sewage and the lack of waste accumulation around residences. In
addition to these pronounced positive associations with infrastructure, the factor also displayed a
relatively negative relationship with social vulnerability, indicating that municipalities with better
infrastructure tend to exhibit lower levels of deprivation regarding basic needs. This aggregation
is plausible given the strong correlations among these services, suggesting that provision does not
occur in isolation (Bichir, 2009). Such results reinforce the discourse on regional development, which
encompasses the analysis of social and economic factors, as municipalities with more advanced
infrastructure are inclined to attract investments, generate employment, and drive economic and
social progress.

Moreover, the third latent factor presented substantial loadings for characteristics associated
with urban growth, including highly positive scores for urbanization, population, and trade flows,
all contributing to the significant participation of industry and services and to a relatively high
degree of labor formality. Another indicator of urban growth is the negative association with waste
accumulation, electricity access, waste collection, and the absence of open sewage, underscoring
that in less urbanized areas, such infrastructure variables are often inadequately addressed.
Once the three latent factors derived from the interdependence among variables for Brazilian
municipalities have been analyzed, it becomes possible to verify whether these factors, defined as
conditions, exhibit sufficiency relationships with the relative housing deficit pattern in the country
for 2010. In other words, these relationships are potentially causal and should elucidate empirical
concordances between these three conditions and the outcome of the relative deficit (Faria; Betarelli
Junior; Montenegro, 2019). To this end, the second methodological step will be applied—the
fsQCA approach—which initially transforms the three latent factors into fuzzy sets, thus providing
membership scores for the municipalities. This study adopts uppercase (lowercase) letters for each
set to indicate high (low) conditional probabilities for cases within each causal condition: (D) Relative

Housing Deficit; (S) Socioeconomic Development; (l) Infrastructure; and (U) Urban Growth.
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Independently, the proportion of municipalities contained in each of the three conditions
that coincides with the deficit can be assessed, preliminarily providing respective relationships
of sufficiency and necessity (Faria; Betarelli Junior; Montenegro, 2019). Table 5 presents the
standardized overlap proportion between pairs of sets, using coincidence scores normalized by
the respective sizes of the causal conditions. Urban Growth (U) set exhibits the highest sufficiency
relationship with the Deficit (D) outcome, sharing 74% of its potential areas. Despite this
substantial overlap, Table 5 does not report the coverage rate or the consistency index, making it
impossible to determine whether (U) is a subset of (D), or vice versa. The lowest sufficiency index
was observed between Infrastructure (I) and Deficit (D), with only 58% overlap, indicating that

municipalities with higher infrastructure indices show less association with a high housing deficit.

Table 5 | Matrix of sufficiency and necessity

D 1,00 0,62 0,58 0,74
S 0,62 1,00 0,67 0,68
| 0,58 0,67 1,00 0,67
u 0,74 0,68 0,67 1,00

Source: Research results.

Nevertheless, considering this preliminary analysis, it is essential to test the sufficiency
relationships and derive the logical combinations that cause or are associated with the deficit.
Table 6 presents only those logical combinations that demonstrate sufficient relationships with
both high and low housing deficit indices that are statistically significant, with consistencies

exceeding 0.80, in accordance with the recommendations of Ragin (2000, 2006).
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Table 6 | Sufficient logical combinations

Siu 0.85 0.73 150.2 0 824 0.15 0.15
High Deficit siU 0.93 0.68 915.9 0 737 0.13 0.28
Siu 0.9 0.76 358.2 0 615 0.11 0.39
Low Deficit Slu 0.68 0.94 964.7 0 610 0.11 0.5

Source: Research results.

Notes: “F” represents the distribution F used for the Wald test on the consistency scores; “Significant” p-value denotes that the
consistency D and 1-D is statistically different; Column “D” evaluates the consistency of the combination with high D; While “1-D”
evaluates the cases without high D. “Number” is the number of cases with scores above 0.5.

Both the configurations leading to high and low housing deficits are statistically significant
at the 1% level. A logical configuration associated with a low housing deficit in 2010 encompasses
a total of 610 municipalities, representing 11% of all municipalities. The primitive and already
minimized expression using the Quine-McCluskey algorithm is: SIu —d. This denotes that a high level
of socioeconomic development (S), combined with robust infrastructure (I) and low urban growth
(U), results in a reduced housing deficit. Figure 2 displays this logical configuration across Brazilian
municipalities. Notably, the states in the North and Northeast exhibit lower concentrations of the
configuration characterized by elevated socioeconomic development, substantial infrastructure, and
modest urban expansion.

Conversely, another logical combination, siU, incorporates 737 municipalities (13% of the
total), comprising low socioeconomic development (S), insufficient infrastructure (I), and rapid urban
growth (U). This finding reinforces prior literature (Noal & Janczura, 2011) which observed that the
housing crisis intensified alongside urban expansion, as government initiatives often addressed issues
only in an ad hoc manner, without establishing a sustainable foundation for long-term solutions.

Such results underscore the necessity of considering the interplay between infrastructure,
development, and urban growth when designing policies to mitigate regional disparities. The persistent
lack of investment in areas marked by low development may exacerbate regional developmental
deficits, with certain municipalities receiving a disproportionate share of resources, thereby amplifying

social inequalities.
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Figure 2 | Logical combination Siu
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Intotal, three logical configurations (multicausality) were identified in which the sets converge
toward a high housing deficit (equifinality), as captured by the primitive form: siu+siU+SiU =>D.
Application of the previously noted minimization algorithm reveals that a low Infrastructure (1) index
emerges as a necessary but insufficient condition for producing high housing deficit outcomes. Thus,
in its minimized expression, the configuration of logical combinations is si+iU = D. The insufficient
nature of low infrastructure for generating this outcome indicates that it must interact with low
Socioeconomic Development (S) to reach the result.

The second necessary combination involves low infrastructure paired with high Urban
Growth (U), reaffirming established findings in the literature, as the housing crisis has deepened
alongside city expansion and urbanization. Government interventions, as observed by Noal
and Janczura (2011), tended to be ad hoc, addressing problems in isolated fashion and failing to

provide a sustainable foundation for resolving such challenges. Figures 3 and 4 illustrate the spatial
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distribution of high-deficit logical configurations among Brazilian municipalities.

Given the comparative qualitative nature of this analysis, it is pertinent to highlight the
model’s adjustment metrics—namely, coverage and consistency—as presented in Table 7. A
pronounced concentration of both logical configurations occurs in the North and Northeast regions

of the country.

Table 7 | Main adjustment indicators

Si 0.58 0.11 0.866
iv 0.59 0.12 0.896
Total Coverage = 0.703 Solution Consistency = 0.851

Source: Research results.

Figure 3 | Logical combinations Si

. 039058 f,/-l{vl 250 0 /0 S0 7SO 1000w

B a%E-07E

[ "\,ﬁ 7 :

Source: Own elaboration.

: REVISTA BRASILEIRA DE GESTAO E DESENVOLVIMENTO REGIONAL
V.21, N°3, Set-Dez/2025 | https://www.rbgdr.net/

| 401



This finding reinforces that low infrastructure in conjunction with low development, or low
infrastructure associated with high urban growth, prevailsin regions with the greatest housing deficits,
inaccordance with data from Fundacao Jodo Pinheiro (FIP, 2013). Persistent underinvestmentin areas
characterized by limited development may intensify regional disparities, with certain municipalities
accumulating a disproportionate share of resources, thereby exacerbating social inequalities.

The iU configuration exhibited a consistency of 0.896—approximately 90%—and a raw
coverage of 0.591, corresponding to nearly 60% regarding the high housing deficit index. Thus,
municipalities characterized by limited Infrastructure (i) and pronounced Urban Growth (U) tend
to display elevated relative housing deficits. However, its unique coverage reaches only 12.4%,

indicating that this configuration accounts for 12.4% of observed cases.

Figure 3 | Logical combinations iU
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Source: Own elaboration.
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It is important to emphasize that, within the fsQCA framework, high consistency scores are
often accompanied by lower coverage values; consistency, however, remains the primary criterion
for validating results. This observation aligns with the methodological standards advocated in the
literature—particularly by Ragin—underscoring the analytical rigor and interpretive clarity required

for robust configurational research.

The present study provides valuable insights into the relationship between housing deficit
and the socioeconomic and structural dimensions of Brazilian municipalities. Drawing on latent
indices derived from the 2010 Demographic Census (IBGE, 2010), the research employed a two-
stage methodological approach—namely, Exploratory Factor Analysis and fuzzy-set Qualitative
Comparative Analysis (fsQCA)—to identify specific configurations associated with both high and low
housing deficit across urban centers in Brazil.

The initial results from the Exploratory Factor Analysis enabled the identification of three
latent indicators encapsulating shared characteristics among variables: socioeconomic development,
infrastructure provision, and urban growth. fsQCA revealed that elevated socioeconomic
development, robust infrastructure, and constrained urban expansion are collectively linked to a
reduced housing deficit among municipalities. Conversely, two alternative pathways emerged as
significant contributors to the prevalence of high housing deficit: either limited infrastructure paired
with accelerated urban growth, or the intersection of low socioeconomic development and deficient
infrastructure.

Consequently, these findings offer clear policy implications. Brazilian municipalities that
prioritize enhancements in socioeconomic indicators and urban infrastructure are more likely to
mitigate housing deficit—a pattern observed nationwide in 2010. The configurational approach
(fsQCA), aligned with Ragin’s methodological standards, emphasizes that such relationships may
exhibit asymmetry; interventions targeting both socioeconomic development and infrastructure
provision tend to reduce housing deficit in a reciprocal fashion. However, high housing deficit is also

associated with rapid urban growth and insufficient infrastructure, suggesting that deficits often
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arise in contexts of unregulated urban expansion, where housing density surpasses the capacity of
available urban services.

Furthermore, future research should pursue improvements in the latent indices applied,
aiming to construct more comprehensive factors that capture the diverse characteristics of
municipalities. Additional analysis focusing on Brazil’s North region is warranted, given its notably
high relative housing deficit. Methodological advancements through statistical inference for housing
deficit, as well as the inclusion of more recent IBGE and census data, are also recommended.

It must be acknowledged that the limitations of this study include the relatively high
consistency, yet moderate coverage achieved by the QCA methodology. While logical combinations
yielded robust consistency scores, the total proportion of municipalities encompassed by the

identified solutions did not reach optimal levels.
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