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Abstract

:

The Brazilian housing program, Minha Casa, Minha Vida (MCMV) (My House, My Life), was launched in 2009 to address the housing deficit issue, with the goal of distributing contracted housing units throughout the Brazilian territory. However, the program faces criticisms regarding the distribution of these units. Thus, this paper aims to analyze the distribution heterogeneity of these contracted housing units (CHUs). Two analytical approaches were employed: temporal and spatial (states). To achieve this objective, inferential methods such as Ordinary Least Squares (OLS), Spatial Autoregressive Model (SAR), and panel data regressions were employed. The findings indicate that, from a temporal perspective, there is a positive relationship between the urban housing deficit (UHD) and CHUs. However, the relationship is negative from a spatial perspective, characterizing such heterogeneity among the states. In addition, bordering regions are subject to mutual spatial influences in terms of contracted units, thereby reinforcing this heterogeneity over time.
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1. Introduction


Since the 1940s, government initiatives have been implemented in an attempt to mitigate the inadequacy or lack of housing for a large part of the Brazilian population [1]. Thus, the country experienced two major housing programs that were discontinued due to their lack of effectiveness in providing assistance to low-income families [2]. These programs, Fundação Casa Popular (Popular House Foundation) (1946–1964) and Banco Nacional da Habitação (National Housing Bank) (1964–1986), played a significant role in the field of social housing.



The emergence of the first program during the re-democratization process and the culmination of the Vargas’s Age in 1946 represented a pioneering effort in the realm of national organizations exclusively devoted to constructing subsidized housing for low-income segments. Nevertheless, it encountered financial constraints, primarily reliant on federal budgetary allocations, and consequently, it favored beneficiaries with political influence, impacting investment decision making and underscoring the intricacies inherent in the implementation of housing policies in Brazil [1,2].



Subsequently, during the 1960s, under the military dictatorship in Brazil (1964–1985), the National Housing Bank was established to subsidize real estate projects and provide credit with subsidized interest rates for sanitation and housing. The Housing Bank evolved into an urban development bank and centralized financing and urban planning at the federal level, affecting access to housing for lower-income segments. The housing policy favored middle-class real estate production, while informal urbanization and precarious settlements expanded. With the return to democracy, urban social movements emerged, advocating for political decentralization and social participation in shaping urban policies, a stance reinforced by the 1988 Constitution, which entrusted municipalities with the responsibility of local urban planning [2].



In the following decades, the Minha Casa, Minha Vida (MCMV) (My House, My Life) program, launched in 2009 and in effect under this name until 2021, incorporated the ideas propagated and developed by the previous programs, considering the political and legislative contexts [2,3]. The MCMV program assumed the dual role of addressing the housing deficit and stimulating economic growth in Brazil through intersectoral linkages [4,5]. Critiques continue to be directed at this program.



Thus, from the perspective of this research, the Urban Housing Deficit (UHD), specifically, is a fundamental parameter to assess the program’s performance. This parameter represents the number of households in precarious conditions or even absent, influenced by a multitude of factors such as social inequality, construction costs, and lack of government investments in social housing. The construction of new housing units is considered one of the primary means of combating UHD in all Brazilian states.



In 2019, the habitational deficit reached a total of 5.87 million households in Brazil [6]. Considering the significance of the housing needs issue, as well as Brazil’s territorial and socioeconomic characteristics, it becomes important to evaluate the MCMV program results regarding the distribution of contracted housing units (CHUs) across the 26 states plus the Federal District.



The literature shows that the program has received criticism regarding its real effectiveness [7,8]. There are studies that criticize the way the program has been implemented, addressing issues related to its operational characteristics, such as budgetary aspects and the transfer of responsibilities, which lead research results to uncertainties about the program’s real contributions [1,9,10].



Other studies emphasize certain current national and municipal housing program weaknesses [11,12]. In another approach, the dynamics of buying and selling social interest housing (SIH) within different regional contexts are highlighted [13,14]. Therefore, it seems relevant to develop the identification and evaluation of possible heterogeneity regarding the distribution of MCMV housing units over the years, considering all states in the federation.



Few studies link existing UHD eradication efforts in the country to socioeconomic factors, despite the fact that these factors are linked to Brazil’s continental dimensions, even though these geographical aspects were highlighted by [15]. Additionally, spatial issues concerning the influences that a particular state (UF) exerts on neighboring units as well as the influences it receives are rarely explored and can be relevant from an analytical standpoint.



Thus, we emphasize the evaluation of this potential heterogeneity from both a temporal and spatial perspective. Four important questions arise in this context: (1) Ten years after the program’s implementation, has the increase in UHD been matched by an increase in the number of CHUs across all Federation states? (2) If the answer to the first question is yes, have the efforts against UHD been carried out homogeneously or heterogeneously across all states in the studied period? (3) Do neighboring states have mutual spatial influences that amplify this potential heterogeneity? (4) If heterogeneity is confirmed, what factors or variables can explain it?



To answer these questions, we adopt descriptive statistical techniques as well as inferential techniques such as linear regression and spatial regression—using panel data—to explore the relationship between the number of CHUs and UHD across all Brazilian states from 2009 to 2021. Additionally, we incorporate state-specific socioeconomic variables to control for this relationship and thus explain, at least in part, the potential heterogeneity present in this context.



Our conclusions contribute to the advancement of the theoretical–empirical framework that incorporates socioeconomic variables into the SIH discussion within a federal housing program in the context of a developing economy with continental dimensions and significant social inequality.




2. Theory and Hypothesis


2.1. The My House, My Life Program


The MCMV program was implemented in 2009 with the aim of promoting the construction of social interest housing across all Brazilian states [16]. The segmentation of families residing in urban areas is based on income brackets: bracket 1 (gross monthly family income up to BRL 2640.00), bracket 2 (gross monthly family income between BRL 2640.01 and BRL 4400.00), and bracket 3 (gross monthly family income between BRL 4400.01 and BRL 8000.00) [17].



However, the MCMV indirectly proposes that the regularization and allocation of housing as a formal distribution of resources are controlled by the market, relativizing the concept of housing as a social good [5].



Therefore, the financial capital expansion now includes the market for SIH [5]. As a result, housing public policies start to follow the logic of supply and demand, adopting an economic policy framework and reducing the program to a real estate financing agent [18]. The MCMV is limited in reducing inequality and segregation [12]. This is due in part to the real estate market dynamics to which the program has been subjected.



The housing program does not consider territorial dimensions as a relevant aspect of housing policy, leading to the neglect of socio-spatial segregation issues in various Brazilian states, as argued by [5]. This reinforces the argument made by [19] regarding the legitimization of federal government social programs in rural areas of Brazilian regions.




2.2. Housing Deficit (HD) × Contracted Housing Units (CHUs)


The calculation of the HD in Brazil is one of the main ways to measure housing insufficiency. We focus exclusively on the HD urban portion, emphasizing three main components: precarious housing, cohabitation, and excessive rent burden. Precarious housing is one of the major housing problems faced by Brazilian families, who live in inadequate conditions with a lack of basic infrastructure, unhealthiness, lack of security, and vulnerability to natural disasters. Cohabitation is a common practice in urban areas, where more than one family shares the same housing space due to the high cost of housing. Finally, excessive rent burden occurs when a family spends more than 30% of its income on rent, compromising the household budget and potentially leading to default [6].



Analyzing HD numbers in the country’s macroregions, the Fundação João Pinheiro (FJP) (João Pinheiro Foundation) exposes the existing contrasts in numerical terms. In 2019, the latest update, the HD was concentrated at 12% for the states in the North region, 30% for those in the Northeast, 11% for those in the South, 38% for those in the Southeast, and 9% for those in the Midwest. These data show that the most populous regions—the Northeast and Southeast—jointly account for 68% of the entire Brazilian housing deficit.



At the municipal level, the source [2] addresses the MCMV performance in the metropolitan region of São Paulo regarding the population adequacy in receiving social housing, relating to the region’s housing deficit profile. It was found that the housing deficit in the “bracket 1” category (lowest income bracket) was greater than the other two categories, “bracket 2” and “bracket 3” (higher income brackets). However, this category not only received more peripheral development, as observed by [1] in their analysis of the city of São José do Rio Preto (São Paulo), but it was also the least favored in terms of the quantity of social interest housing provided.



Similar findings were reported by [20] in the Federal District, where approximately 83% of the housing deficit was concentrated in the “bracket 1” category, representing a demand of 86% out of the total of 120,000 required housing units. However, the “bracket 2” category was the most favored in terms of housing provision, accounting for 56% of the offers during the period between 2014 and 2017.



The reference [21] addressed this same discussion at the national level, covering the period from 2004 to 2013, and found that 91% of the housing deficit was concentrated in the “bracket 1” category, while only 40% of the total produced units were allocated to this target group. As a result, only 6% of the housing deficit for low-income families was effectively addressed, while 93% and 95% of the “bracket 2” and “bracket 3” categories, respectively, were served.



The discussion on the housing deficit gains more importance when inconsistencies are identified between federal government housing investments and the effective reduction in the Brazilian housing deficit. Between 2009 and 2015, the government spent 106 billion Brazilian reais on subsidies for social housing, and during the same period, 1.8 million CHUs were delivered [22]. However, FJP reports that in 2009, the Brazilian housing deficit stood at 5.1 million units, and by 2015, it had increased to 5.5 million.



In light of the above, despite the inconsistencies reported in the literature regarding the implementation of MCMV program policies throughout the Brazilian territory, these government initiatives have directed efforts, albeit heterogeneous, towards addressing the Brazilian housing deficit. Thus, we present our first research hypothesis:



Hypothesis 1 (H1).

The number of CHUs per state is positively related to their respective numbers of UHD.





In the same vein, the citation [23] argues that creating a social housing program based on household data that does not align with the current conditions of the Brazilian population and fails to address real housing needs is not a trivial matter, but rather an aspect that must be taken into consideration.



It is fundamental to understand the relationship between the housing deficit and the MCMV program to address housing-related issues [24]. Therefore, even though household data may have some inconsistencies, the understanding of the relationship between the housing deficit and CHUs is strengthened in this article by the incorporation of spatial socioeconomic dynamics related to geographical characteristics among Brazilian states.



Considering the existence of dynamism at the state level in terms of housing deficit, it is plausible to correlate it with dynamism in the distribution of CHUs. Thus, states that exhibit greater socioeconomic dynamism can be important agents for directing CHUs, potentially exerting a positive or negative influence on neighboring states, highlighting the spatial spillover characteristic [13].



In the field of economics, spatial spillover can be associated with the positive influence that the economic growth of a region exerts on its neighboring regions. States that experience significant economic growth, receive more public investments, or act as knowledge hubs are generally defined as regions exhibiting this effect [25]. In the context of a public housing program like MCMV, the monetary value of contracted housing units would be the variable that best fits the understanding of spatial spillover, as it is a macroeconomic variable that varies among states. In the context of this article, this variable will be replaced by the proxy number of constructed housing units.



In this logic, it can be stated that the distribution of CHUs among neighboring states is positively influenced by states that have large volumes of contracted units. Therefore, it is possible to define a second research hypothesis:



Hypothesis 2 (H2).

Bordering states influence each other positively in terms of the allocation of CHUs by the MCMV program.







3. Control Variables


The Brazilian territory comprises 26 states and one Federal District, encompassing a total of 5568 municipalities or urban concentrations, spread across 8,516,000 square kilometers. We propose that such dimensions provide significant heterogeneity among Brazilian states in terms of their socioeconomic, infrastructural, historical, cultural, and legal characteristics, among others. We focus on the first dimension.



3.1. Gross Domestic Product (GDP) per Capita, GINI Index, and NSCICC


3.1.1. GDP per Capita


The literature has adopted GDP per capita, or per capita income, in various contexts, highlighting its flexibility. As emphasized by [26], this variable can scrutinize the impact of a social income transfer program on the socioeconomic indicators of Brazilian municipalities, revealing a positive correlation between such programs and municipal GDP per capita.



The reference [27] discuss the contrasts between the country’s major regions in terms of GDP per capita and telecommunications investments, showing that most states in the North and Northeast regions have lower GDP per capita values, while the opposite occurs in the more dynamic regions of the Southeast, Central-West, and South. Thus, GDP per capita can be a useful measure for assessing the state’s economic growth [28] and linking it to the housing demands of its population.




3.1.2. GINI Index


In 2009, Brazil experienced one of the lowest levels of income inequality since 1960. However, it still ranked among the top 10 most unequal countries in the world [29]. Thus, economic growth in certain regions does not necessarily lead to a reduction in poverty and inequality. At the state level, in less economically developed regions, low-income families may face difficulties in accessing social programs, including the MCMV program [30].



In this context, the GINI index also exposes the heterogeneities related to the population’s income in each Brazilian state. Conceptually, the GINI index is a parameter that ranges from 0 to 1 and can be used to measure the inequality of income distribution among Brazilian states. Values close to 1 indicate greater income inequality [31].



According to the theoretical framework, this variable may be useful for analyzing CHU logic distribution in the MCMV program, using the criterion of household income, since low-income families appear to receive fewer CHUs [15,20,21].




3.1.3. National System of Costs and Indexes for Civil Construction (NSCICC)


The NSCICC is an important tool for planning and managing public works projects, such as the MCMV program, because it is accessible and accurately reflects regional variations in construction costs. Thus, despite the program’s good criteria established by law, it may be distorted not just by issues related to social inequalities but also by construction costs [32].



In general, per capita social expenditures on housing are higher in wealthier states than in poorer states. Although there are high constitutional transfers of funds to all states, the problem also involves the allocation of resources [33]. Furthermore, even though all these states are capable of budgeting, managing, and spending their resources, not all of them are equipped to address the issues related to social housing [19].



The urban space is marked by constant disputes involving various economic interests. Within this context, the struggle for housing and urban land constitutes a structural problem that favors those with significant capital at the expense of those with little. In other words, the competition for access to these assets sparks the interest of a large portion of society, leading to increased prices of both land and housing, making it difficult for more vulnerable families to access these assets [34].



As a result, the formal housing market ends up excluding the low-income population due to the high costs of construction materials and labor, loan interest rates, and contractor profits [34]. Throughout the national territory, resource acquisition for MCMV residential projects may be affected by limitations related to logistics or price fluctuations of raw materials and labor [35].






4. Database and Methods


To develop its empirical phase, we initially incorporated an exploratory group composed of socioeconomic and demographic variables, aligned with the theoretical argumentation developed. These variables, as well as their descriptive parameters, are listed in Table 1, alongside the main variables in this article—UHD and CHU. As such, Table 1 shows the collected variables gathered in a database titled “preliminary database”, which considers the states (UF) and time periods between 2009 and 2022. Data regarding the CHU variable were obtained through the Sistema Nacional de Habitação (National Housing System), which provides information on all contracts made by the MCMV and Casa Verde e Amarela (CVA) (Green and Yellow House) programs. The variable was calculated by summing the number of housing units from each contract, considering the state and the year in which the contract was signed. The methodological approach will focus solely on the contracts derived from the MCMV program due to limitations in the availability of certain data for the years 2020, 2021, and 2022.



The UHD variable was collected from the booklets provided by the FJP between 2012 and 2021, representing the sum of all households classified under the official concept of urban housing deficit. We chose to use this portion of the variable as the urban housing deficit portion since the MCMV program contracts are predominantly allocated in urban areas. The other research variables were incorporated based on their macroeconomic and social characteristics, with the purpose of controlling for the possible effects of UHD on CHU. Most variables were sourced from the databases of the Instituto Brasileiro de Geografia e Estatística (IBGE) (Brazilian Institute of Geography and Statistics). However, the data for two specific variables, NSCICC and CWS, were collected from alternative sources, namely the Relação Anual de Informações Sociais (RAIS) (Annual Report of Social Information) and the Sistema Nacional de Pesquisa de Custos e Índices da Construção Civil (SINAPI) (National System of Costs and Indices of Civil Construction). More comprehensive insights into CHU, RAIS, and SINAPI can be found within the Supplementary Materials section.



The variation in the number of observations is due to limitations in data collection by the respective institutions. The CHU and UHD variables exhibit higher standard deviations, indicating data asymmetry and implying a discernible pattern in the number of CHUs and UHD across the Brazilian territory over time.



Next, we extracted the selected variables from the preliminary database, based on a correlation study, to form the definitive database in order to guide the choice of control variables present in the statistical model. The absence of multicollinearity and alignment with this paper’s theoretical scope were the selection criteria. The definitive database consists of two main variables, i.e., UHD and CHU, and three control variables, i.e., GDPPC, GINIPHI, and NSCICC.



Statistical Model


The nature of the variables and the database—observed states (UF) over time (T)—led to the use of panel data regression techniques, comprising two main approaches: Pooled Data, which involves stacking the data over periods and applying the Ordinary Least Squares (OLS) method for analysis, and Fixed Effects Models, which encompass two variants aiming to isolate the effects of the identification variables UF and T through the techniques of individual or time fixed effects [36], i.e., Fixed Effects Panel/UF and Fixed Effects Panel/T, respectively. The fixed effects were included to capture effects that vary over time (T) but remain constant across Brazilian states and vice versa.



Additionally, the technique adopted in this study is panel data regression with the incorporation of spatial effects. [37,38]. The objective is to analyze the correlation between UHD and CHUs in different states and time periods, taking into account control variables and the presence of spatial clusters.



The potential incorporation of spatial effects is investigated using Moran’s I test [39]. The test is conducted with the average number of CHUs by state from 2013 to 2019 to determine if there is evidence to reject the null hypothesis of no spatial autocorrelation [25,40].



The spatial effects allowed for investigating the mutual influence—autocorrelation—that states exert in relation to the CHUs allocated to them and neighboring states. The application of these techniques and their variations allows for obtaining more robust and precise estimates. Based on the stated criteria, we conducted tests to determine the best spatial specification, considering the Spatial Autoregressive Model (SAR) and the Spatial Error Model (SEM). These tests included the Lagrange Multiplier (LM) test for spatial lag dependence, the LM test for spatial error dependence, and the Hausman specification test for spatial panel data models. Additionally, we employed locally robust LM tests for spatial lag dependence under spatial error and for spatial error dependence under spatial lag. These tests were performed to assess spatial dependence and identify the appropriate model for the data, ensuring robust and accurate results.


CHU = λ(IT⊗WUF)CHU +(ιT⊗IN)μ + β1UHD + β2GDPPC + β3GINIPHI + β4NSCICC + ε



(1)






CHU = (ιT⊗IN)μ + β1UHD + β2GDPPC + β3GINIPHI + β4NSCICC + ε, ε = ρ(IT⊗WFU)ε + ζ



(2)







Equation (1) represents the proposed model with SAR specification. N is the number of states (N = 27). This matrix was calculated from a shapefile of the Brazilian territorial grid provided by IBGE, using the Queen Contiguity criterion to determine neighboring states. λ is the autoregressive coefficient, IT is an identity matrix of dimension T, WUF is the spatial weighting matrix of dimension N × N, ιT is a T × 1 vector of values 1 in all elements, IN is an identity matrix, and ε is the idiosyncratic error term. Equation (2) corresponds to the SEM model, where ρ is the autoregressive term associated with the error term, εit ~ IID(0,    σ   ε   2    ) and ζit ~ IID(0,    σ   ζ   2    ). We opted to use a balanced panel in this study, which means that all explanatory variables must have data available for all the periods analyzed. In the case of this study, the variables have data available between 2013 and 2019, totaling a common interval of 7 periods. Thus, we defined T = 7 as the number of periods analyzed. To assess the robustness of the estimators in the proposed model, additional analyses were conducted considering panel models without the inclusion of spatial effects, as well as testing with the presence of time-fixed effects. In order to account for potential clustering effects within the data, clustered standard errors were employed in the analysis. Moreover, due to the relatively small number of clusters in the dataset, an additional robustness test using wild bootstrap was also conducted [41]. The wild bootstrap method allows for the generation of pseudo-samples with replacement, addressing the limitations posed by the limited number of clusters and providing further validation of the model’s results [42].





5. Results and Discussion


This section begins by addressing the first research question presented in the introduction of this article. As a result, we include Figure 1a,b.



Figure 1a,b present the temporal distribution of CHUs and UHD, respectively, in each Brazilian state, between 2009 and 2021 (CHUs) and between 2009 and 2019 (UHD). Regarding Figure 1b (UHD), we identify three clusters based on the level of concentration (number of states) among the states. The first category, representing up to approximately 250,000 absent or precarious households, consists of 22 states plus the Federal District, showing a relatively stable behavior. The second category, represented by only three states with a relative fluctuation, ranges between 250,000 and 500,000 absent or precarious households. The third category is represented solely by the state of São Paulo, exhibiting significant fluctuations in the number of UHD, ranging between 1 million and 1.5 million absent or precarious households.



Figure 1a does not have the same clear categorization as observed in Figure 1b, although there is still a majority of states (17 and the Federal District) contracting an average of less than 20,000 housing units between 2009 and 2021. The second category highlighted in Figure 1a becomes larger and more fragmented than its counterpart in Figure 1b, with eight states contracting housing units with significant fluctuations ranging from 20,000 to 100,000 units. Once again, the state of São Paulo stands out in isolation, representing the third and final category, contracting above 100,000 CHUs (with high fluctuations), except in 2009.



Although the definitive answer to the first research question will be provided by the hypothesis tests in the regression models, we assume that Figure 1a,b indicates that government initiatives regarding the construction of social housing seem to be aimed at mitigating UHD in all Brazilian states. In this context, a consistent conclusion can be drawn: the state of São Paulo, being the most economically dynamic, has the highest number of absent or precarious dwellings and receives the highest levels of investment for the construction of social housing units under the MCMV program [43,44].



Such singularity may be a reflection of historical occupation processes that most states in the Midwest, South, and Southeast regions of the country have experienced. According to [45], during the period of the National Housing Bank (1964–1986), there was an attempt to organize housing production, driven by the industrial growth observed mainly in the Central-Southern region of Brazil. This phenomenon can be associated with the countryside’s modernization and the consequent rural exodus, leading to the prominence of most of these states in the analyzed graph. This fact will be further discussed during the analysis of spatial estimators.



Thus, the isolated condition of São Paulo justifies the second research question. The provisional answer is that the distribution of CHUs is not homogeneous throughout the Brazilian territory. Figure 2a,b seems to provide indications of this heterogeneity. Between 2013 and 2018, the two main variables’ behaviors are diametrically opposed. This discussion becomes more complex due to various issues.



Firstly, partitioning the period 2013–2019 into smaller periods, it would be fair to argue that the MCMV program needs time to react to the identified UHD. In other words, the positive and sharp variation in UHD between 2013 and 2015 would suggest a reactive and homogeneous strategy of positive variation in the number of CHUs in the immediately following periods. However, this scenario is not supported by Figure 2a,b, since the subsequent periods, 2014–2017, are precisely the ones in which the numbers of CHUs were the lowest over the total period.



Secondly, the homogeneity of MCMV’s reactive initiatives would lead to a constant and gradual reduction in UHD over time, across all states. This fact, according to Figure 2b, also does not occur. In reality, the opposite scenario has already been shown by [1,20,21].



The argument of the need for a certain amount of time to conclude UH contracts could arise in favor of public administrators, considering the diverse bureaucratic issues they must control. However, the fact that this specific housing industry product is included among those with reduced delivery periods may work against public administrators, even though these delivery periods vary across states. Central-South states have shorter average completion times for construction projects compared to other regions. The average cycle for project completion is around 3 years [43].



Moreover, it is crucial to acknowledge that not all Brazilian municipalities incorporate Zonas Especiais de Interesse Social (Special Zones of Social Interest) in their master plans. These zones are demarcated areas with specific urban planning regulations designed to facilitate affordable housing and foster social inclusion [46]. The absence of special zones of social interest in certain regions may exacerbate and impede the completion of housing unit contracts, posing additional challenges for public administrators in addressing the housing requirements of vulnerable populations in such localities.



Given this discussion’s complexity, additional considerations could be made regarding the political crisis and economic recession that occurred in Brazil between 2014 and 2016 [47], the legal analysis of economic policies [20], default rates associated with housing loans for low-income families [48], urban regularization and the application of instruments that could facilitate the implementation of the MCMV program [49], and the omission of fund transfers following the logic of state UHD [50], among other factors that could shed light on the challenges of achieving a homogeneous CHU delivery. However, none of these arguments are within the scope of this article.



Given the relevance of these issues, we highlight in the first hypothesis that the federal government established the social housing program with the purpose of addressing the Brazilian UHD. However, this program is widely questioned in the literature regarding its effectiveness. We emphasize and test such fragility, attributing to the program a high degree of heterogeneity across the Brazilian territory in the past 10 years (2009–2019), as shown in Figure 3.



Figure 3 presents the average UHD and average number of CHUs for all states in Brazil between 2013 and 2019 as a thematic map. It clearly shows the MCMV’s heterogeneous implementation. States where the average UHD was relatively high—Bahia, Rio de Janeiro, Ceará, Pará, Espírito Santo, and Amazonas—had low averages of CHUs. States with relatively low UHD—Tocantins, Mato Grosso, Piauí, Mato Grosso do Sul, Amapá, Roraima, and Rondônia—received very few new CHUs. An exception is seen for states in the Southeast and South regions—São Paulo, Minas Gerais, Paraná, Santa Catarina, and Rio Grande do Sul—which received CHUs in proportion to their respective UHD.



At this point, the third research question can be revisited. Thus, we begin the analysis and discussion of the regression results, relating the heterogeneous CHU distribution to the socioeconomic environment of Brazilian states, such as GDP per capita, GINI index, and construction costs of housing units (NSCICC). The country’s geographic dimensions and distinct regional characteristics will be emphasized in this process. The correlation matrix, reflecting the relationships between the variables in the statistical model, is shown in Table 2.



According to Table 2, the average UHD of Brazilian states from 2009 to 2019 was slightly more than 189,000 dwellings. The average number of CHUs across Brazilian states during the same period was slightly more than 22,000 units. The averages of GDP per capita (GDPPC = BRL 23,934 per capita), GINI index (GINIPHI = 0.515), and NSCICC construction costs (NSCICC = BRL 1105/m2) demonstrate the Brazilian reality. Data for all variables are distributed with significant dispersion, according to their respective standard deviations. In other words, there is high variability between their minimum and maximum values, reinforcing the suspicion of heterogeneity not only among the key variables of the MCMV program but also among the control variables.



The GDP per capita variable (GDPPC) is notable for the difference established between its minimum and maximum values, justifying its application as a variable that could explain the heterogeneity in CHU variable distribution. To a lesser extent but equally distinct, the minimum and maximum values of the GINI index and NSCICC construction costs are observed. There is a significant positive and high coefficient magnitude identified between UHD and CHU. Among the independent variables, the correlation coefficients found eliminate the model’s multicollinearity problem.



5.1. Regressions


Table 3 displays the regression models with the dependent variable CHU and the independent variable UHD, along with GDPPC, GINIPHI, and NSCICC included as control variables. To confirm the robustness of our results, we performed the wild bootstrap test for the variables that were statistically significant at or below the 10% level in models 1, 2, and 3, as shown in Table 4. The test results did not change the statistical significance of these variables substantially when we accounted for the clustered standard errors.



Model 1 uses the Ordinary Least Squares method with panel-stacked data to estimate the relationship between CHUs and the independent variables. Model 2 takes into account the state-specific effects on the dependent variable, using a fixed intercept for each state. This allows us to analyze how the independent variables influence the number of CHUs (dependent variable) within each state over time, while controlling for the state-specific characteristics of each state. Model 3 takes into account the time-specific effects on the dependent variable, using a fixed intercept for each time period. This allows us to examine how the independent variables influence the number of CHUs in each period considering all states, while controlling for temporal trends.



Model 4 is based on Equation (1)—SAR specification—considering the influence of the state’s geographic location by incorporating fixed effects by state and addressing the mutual spatial dependence across different time periods. The decision to adopt the SAR specification with fixed effects was motivated by the rejection of the null hypothesis in the Hausman test for spatial models (χ2 = 204.53; p < 0.01) and the significant findings from Moran’s I test, which provided evidence of spatial correlation (statistic = 0.217; p < 0.01). These results strongly suggest the presence of a spatial relationship among the variables in the model and indicate that the intercepts related to the federative states are not randomly distributed.



Additionally, the LM tests for spatial lag dependence (LM = 31.812; p < 0.01) and spatial error dependence (LM = 24.71; p < 0.01) both rejected the null hypothesis, suggesting that both SAR and SEM could be valid specifications [51].



Nevertheless, considering the literature’s recommendation to use only one specification to avoid potential model instability arising from the need for distinct contingency matrices [52,53], we employed the locally robust LM test for spatial error dependence and sub-spatial lag, which confirmed the suitability of the SAR specification by accepting the null hypothesis (LM = 0.21952; p > 0.10). This was further supported by rejecting the null hypothesis of the locally robust LM test for spatial lag dependence sub-spatial error (LM = 7.3216; p < 0.01). According to the ANOVA test (F = 11.588; p < 0.01) [54], Table 3 demonstrates that individual effects (UF) are relevant. In other words, the Pooled and Fixed Effects (UF) estimators are significantly different.



In Models 1 and 3, analyzing the entire Brazilian territory, the average number of CHUs shows a positive relationship with the average UHD (β1 = 0.127; p-value < 0.01) in the OLS—Pooled model. The coefficient magnitude is similar in the Fixed Effects—T model, and the sign remains the same (β1 = 0.128; p-value < 0.01), demonstrating the estimator’s robustness. The similarity of the results obtained between Models 1 and 3 is due to the fact that Model 3, by fixing the time effects, evaluates the total number of CHUs of all states per year, which coincides with the analysis of Model 1, which takes into account the average number of CHUs in relation to the average UHD between 2013 and 2019, according to Figure 4a.



In both graphs presented in Figure 4, the dashed blue line represents the estimation of the OLS—Pooled model. In Figure 4a, the lines representing the years all have positive slopes, indicating that when the fixed effects in the time dimension are isolated, a positive relationship between CHUs and UHD is established in all states. Thus, the positive relationship is observed from the perspective of the broad and national strategy to address the UHD over time.



Therefore, the answer to the first research question emerges definitively. The confirmation of Hypothesis 1 indicates that the number of contracted housing units followed the logic of the distribution of housing deficit in urban areas, although this condition was mainly driven by the disparities in CHU and UHD values relative to the country’s Southeast and South regions.



In Figure 4b, most of the lines representing each Brazilian state have a negative slope, indicating that when isolating the fixed effects in the “state” dimension, a negative relationship emerges in most states. In other words, the heterogeneity of this strategy becomes evident at the state level. Therefore, in the state dimension, periods with higher values of CHU are correlated with periods with lower values of UHD (Figure 2).



The percentage of UHD concentration in the major Brazilian regions indicates that 49% of the housing deficit is concentrated in the South and Southeast regions, compared to 42% in the North and Northeast regions [6]. It is worth noting the changes that occurred in the Brazilian UHD since the mid-1990s, especially in the Southeast region. According to [15], the Brazilian distribution map of the housing deficit in 1995 showed a greater concentration in the poorer regions (North and Northeast = 53%) compared to the South and Southeast regions (40.9%), contradicting the findings presented in Figure 3, with emphasis on the significant increase in the Southeast region (from 31.2% to 38%).



However, this author reinforces our research findings by stating that the greater the heterogeneity between regions, the greater the heterogeneity among the states within their respective regions, thus corroborating our hypothesis of heterogeneity and pointing to the issue of spatial spillover to be emphasized in the analysis of the parameter λ, according to Model 4. Therefore, this type of analysis suggests that the numbers from these regions over time are strong enough to disrupt the distribution of CHUs throughout the national territory. This phenomenon is reflected in the statistical significance presented by the results of Models 1 and 3.



Analyzing Model 2, i.e., fixed effects for states, the relationship between CHUs and UHD is negative (β1 = −0.211; p-value < 0.01). In other words, the majority of the relationship between the variables, when considering each Brazilian state in isolation and the period between 2013 and 2019, is negative, as evidenced in Figure 4b. Thus, at the state level, considering the different contexts operated by MCMV across the national territory, the relationship between CHUs and UHD may vary. Combining the analyses of Models 2 and 3 provided a definitive response to the second research question: within the studied period, the efforts against UHD have been carried out heterogeneously across the federative states.



The described scenario may be concerning from a social standpoint, given that the housing circumstances in large Brazilian cities such as São Paulo present significant challenges. Although the housing deficit proportion in the lowest income range (bracket 1) is lower in the São Paulo metropolitan region compared to cities like Fortaleza, the Rio de Janeiro metropolitan region, and Belém do Pará, for example, the number of households in housing deficit in this region is much higher than in those cities, which hinders the HD mitigation [2].



It is important to recognize that in Brazil, the right to housing does not encompass a significant portion of the population in the lowest income range (bracket 1), since the private property market seems to expand to meet primarily bracket 2’s demands, perpetuating the housing problems of a historically unequal society [55]. Between 2013 and 2018, at the national level, the volume of housing contracts under the MCMV for bracket 1 significantly decreased, while there was a significant increase in contracts for bracket 2. Among the realized contracts, 36% were allocated to brackets 1 and 1.5, while brackets 2 and 3 accounted for 64% of the total [43]. This fact is supported by [21], stating that the issue of housing deficit is more efficiently mitigated for brackets 2 and 3 in comparison to brackets 1 and 1.5.



The fact that the MCMV positively impacts the real estate market and the construction sector [56] means that the program is subject to the dynamics of supply and demand for housing units in each Brazilian state, which justifies the negative relationship presented by Models 2 and 4. To put it another way, there are states that prioritize the program’s mission, and there are states that prioritize market interests. Data from reference [57] shows that every year between 2015 and 2022, the MCMV accounted for a significant portion of residential launches, sales, and deliveries, representing at least 70% of the total monthly accumulation for each year.



Additionally, the impacts of these developments on employment generation, income, and tax revenue resulting from post-construction activities of residential buildings at the national level are substantial and have been measured by [58]. This research demonstrates, based on Brazilian input–output matrix studies, that a BRL 1000.00 investment in housing production will generate BRL 360.00 in expenses over the course of three years following the residence’s delivery.



Consequently, after the conclusion of construction, the building of housing units can generate an additional 36% of the housing value in terms of demand for various economic sectors (construction; textile product manufacturing; clothing and accessory manufacturing; wood product manufacturing; manufacturing of computer, electronic, and optical products; electronic equipment manufacturing; furniture manufacturing; and miscellaneous manufacturing industries).



Besides the economic impacts, the construction and delivery of CHUs also have significant effects on the urban landscape of cities. Improving the quality of housing production and ensuring adequate adaptation to different states is essential for the development of public housing policies in countries with continental dimensions, such as Brazil.



In this context, the importance of the ordinance on urban technical requirements, which establishes mandatory and additional transformations in urban insertion, project conception, execution of the work, and socio-territorial development [59], is highlighted. These guidelines aim to promote the improvement of urban conditions throughout the country, ensuring that CHUs are suitable and well-integrated into their surroundings, providing a better quality of life and well-being for residents.



Considering the national scope, the Ministério do Desenvolvimento Regional (Ministry of Regional Development) [59] ordinance stipulates that the housing unit must include at least one living room, two bedrooms, a kitchen, a laundry area, and a bathroom, all of which should accommodate the minimum required furniture. It is essential to note that these guidelines may vary from state to state, as housing policies can be adapted to meet the specific needs and realities of each region. Thus, specifications may be adjusted to address local particularities.



Furthermore, it is essential to consider the suitability of urban and rural areas to accommodate MCMV developments efficiently and sustainably. However, despite the existence of regulatory standards [59], their implementation is still immature in Brazilian territory, which witnesses disordered and unplanned urban land occupation [60]. This reality can compromise the sustainability of MCMV projects, leading them to become precarious environments over time [60,61]. The sustainable approach to MCMV projects presupposes the concept of a smart city, succeeding the traditional notion of a sustainable city [62].



The smart city concept emerges from an awareness of the finite natural resources and entails adopting information and communication technologies as complementary tools for sustainable growth. These technologies enable improvements in mobility, energy use, education, and urban governance, while sustainable financing instruments and appropriate land management are also essential [62]. Ensuring the proper integration of housing projects requires a careful selection of areas with easy access to essential services, such as public transportation, commerce, and community facilities, both in urban and rural regions. Public authorities must actively assist in the optimized use of land during construction and territorial development, inducing significant structural changes in localities and demanding a comprehensive analysis across various relevant fields [59,62].



Thus, in addition to the positive economic effects that MCMV projects can provide, the concept of a smart city can be emphasized by creating conditions that encourage occupants’ long-term residency through the appreciation of their units and an enhanced quality of life. In this way, the urban environment of a smart city can be developed based on urban planning models that prioritize nature views through windows [63], study the correlation between the presence of high-speed rails and the economic impacts of an urban spatial agglomeration structure [64], identify and quantify deteriorated urban areas that can be repurposed as urban agricultural areas [65], or even allocate urban land with an industrial vocation [66].



The MCMV projects in Brazilian states are oriented towards project sustainability, as envisaged in the Ministry of Regional Development requirements’ guidelines [59], particularly concerning the location of lands in consolidated urban areas. However, there is less rigor regarding the prior determination—by the city government—of these same lands. The same norm also advocates for projects that consider energy efficiency, water management, and passive strategies for environmental comfort. Throughout construction, norms for environmental impact and solid waste management are provided. Nonetheless, the concept of a smart city is not yet a reality in Brazilian social housing projects. Thus, Brazilian MCMV projects become strong candidates for future spatial resilience planning, encompassing actions that make them systems that embody redundancy, diversity, stability, and interoperability [67], to maintain stability when the system’s balance is disrupted [59,68].



Another issue we investigated focuses on analyzing the influence exerted by a federative unit on its neighboring regions. In this regard, we follow the idea of [13] by reaffirming the theoretical–empirical perspective that presupposes the use of spatial regression techniques for the analysis of neighborhood effects, in order to avoid potential biases in the results obtained. Therefore, regarding spatial estimators, the Model 4 approach was used to estimate the relationship between CHUs and UHD for each state between 2013 and 2019 (coefficient β), similar to Model 2.



The positive and significant value for the parameter λ indicates that neighboring UFs have a positive effect on the CHU values allocated to a particular UF. In other words, the allocation of CHUs in a UF is influenced not only by the characteristics of the UF itself but also by the presence and characteristics of neighboring UFs. In this sense, aligning with the discussion about Figure 1, the state of São Paulo, due to its higher values of CHU and UHD, seems to influence the states in its vicinity, exhibiting the characteristic of spatial spillover [13]. Therefore, the third research question is answered and Hypothesis 2 is confirmed.



Returning to the discussion on the South and Southeast regions’ influence on the allocation of CHUs, the results regarding the parameter λ confirm, now consistently, that the states in the South and Southeast regions indeed disrupt the framework of housing contracts under the MCMV program, and the state of São Paulo is the main driver. However, it is important to note that the values of the estimators, even with the presence of control variables, are subject to the influence of asymmetric data distribution.





5.2. Regressions—Control Variables


Firstly, for the variable GINIPHI (Table 3), both Models 1 and 3 showed a negative relationship: (β3 = −126,237.100; p < 0.01) and (β3 = −146,729.700; p < 0.01), respectively. Specifically, the results indicated that when isolating the heterogeneities between the study periods, states with higher levels of income inequality received lower quantities of CHUs. This result may reveal an important social discussion, as argued by [5], that the MCMV program does not seem to take into account the existing socioeconomic disparities in the Brazilian territory, which is a relevant phenomenon for housing policy articulation.



The social, economic, and demographic dynamics of these states are heavily debated by researchers such as [5,12,15,24], who argue about the different realities that the program faces during its implementation. The lack of statistical significance for Models 2 and 4 indicates that, when isolating the differences between states, there is no time correlation between income inequality and CHUs.



Secondly, the MCMV program aims to ensure access to adequate housing for the low-income population, according to criteria established by law. However, this can be hindered not only by social inequalities present in Brazilian regions but also by the costs of constructing affordable housing units [32]. In the given context, the variable of costs per square meter (NSCICC) exhibited a negative relationship with the number of affordable housing units in Model 1, which employed a Pooled OLS regression (β4 = −26.135; p < 0.10). Likewise, in Model 2, which utilized panel fixed effects with individual dummies, NSCICC showed a significantly negative association with the number of affordable housing units (β4 = −44.519; p < 0.01). Furthermore, in Model 4, which employed spatial panel fixed effects with individual dummies, NSCICC also demonstrated a statistically significant negative relationship with the number of affordable housing units (β4 = −29.090; p < 0.01).



These results were expected, considering that production costs are directly related to input prices. In summary, the heterogeneity of input costs in the Brazilian construction sector directly impacts the supply and demand for affordable housing, and, according to the estimated results from the presented models, it does so negatively. Besides, other factors such as the rising prices of increasingly scarce urban land also influence this issue [34]. According to [5], during housing unit construction for the lowest income bracket (bracket 1), the profit margin is fundamentally determined by factors such as the housing unit production cost.



In terms of the variable GDP per capita (GDPPC), Table 3 shows that there was no significant relationship in any of the analyzed models. Evaluating this outcome, it would be expected that states with higher GDPPC would have a lower demand for social interest housing, and vice versa. However, we have already demonstrated in this paper that the state with the highest GDPPC has the greatest SIH’s demand and supply. In order for this relationship to be true, there should be greater equity in income distribution across the population, which is not the case, as indicated by the GINIPHI variable. Therefore, even though the GDP per capita variable did not show statistical significance, the other two control variables demonstrated their interaction with the relationship between UHD and CHUs. Thus, the fourth and last research question was answered.




6. Conclusions


The objective of this study was to analyze and evaluate the federal social housing program “Minha Casa, Minha Vida” (MCMV), implemented throughout Brazil between 2009 and 2021. Based on a literature review, the main characteristic assessed was the probability that this program is being implemented in a highly heterogeneous manner among all Federation states, and therefore, its lack of effectiveness widely questioned in the literature could also be confirmed in this research.



We achieved the objective from two perspectives: temporal and spatial, both using variables of a socioeconomic nature. The temporal perspective allowed us to highlight that the MCMV program’s performance seems to follow the logic of distributing housing units according to the urban housing deficit (UHD) of each Brazilian state, answering the first research question. In other words, when analyzing only the period of MCMV’s overall implementation, disregarding the constant characteristic of the “state” variable, public managers seem to have the UHD of each state as the main criterion for encouraging construction industry investments in this segment. Hypothesis 1 confirmed that, in general, the higher the UHD, the greater the number of CHUs. This finding can be considered positive, as the program is expected to address the demand for decent housing in Brazilian states. However, the heterogeneity of its implementation was confirmed by descriptive and inferential models.



Thus, the paper’s objective was achieved and further deepened by proposing the likely reasons that could explain such heterogeneity by incorporating specific control variables for each state. From a spatial perspective, the different state contexts in which MCMV operates answer our second research question and reinforce the idea that the program meets heterogeneous housing demands, involving both public and private entities. We have excluded variables related to political, legal, and urban issues mainly due to limitations in collecting these variables, as well as econometric constraints. We focused on variables that reflect the population’s income level, the inequality of this income level, and production costs, which are important contributions to understanding the studied phenomenon. Moreover, we have broadened our scope of debate by introducing issues such as sustainable urban development, which ensures the longevity of the undertakings and enhances the quality of life for the benefiting families, land planning and usage, and topics related to the concept of smart cities.



In the same logic, the idea of spatial spillover was identified, answering the third research question and confirming Hypothesis 2. In other words, CHUs, in addition to being allocated to states with higher UHD, are positively influenced by neighboring regions, which characterizes a concentrated allocation dynamic in the southern and southeastern states, specifically in regions near São Paulo. Thus, the regions that are already being served tend to continue receiving and concentrating the majority of investments, creating a condition of self-reinforcement. This confirms that the high degree of heterogeneity of the program tends to consolidate over time.



The interpretation of the models also allowed us to identify that lower quantities of CHUs are correlated with regions with higher levels of income inequality. This aspect became evident when we found that the first bracket—the one with the lowest income—is the least served by the program. Additionally, regions with higher construction costs showed lower levels of contract signings, answering the fourth and final research question.



This paper presents an innovative contribution by examining the social housing program MCMV across the Brazilian territory, employing a temporal and spatial approach with state-level socioeconomic variables as control variables. By utilizing descriptive and inferential statistical techniques, including spatial analysis and regression, the research offers innovative insights into the application of these methods to evaluate the existing literature in this field of inquiry. Furthermore, the paper emphasizes the significance of considering regional factors in the analysis of this phenomenon. This methodological approach can contribute to the enhancement of public housing policies and the reduction in disparities in housing distribution in Brazil.



Finally, the results bring discussions that are directed at researchers and public managers in the field of public housing policies, treating social housing as a guaranteed object by constitutional act and a common right for all Brazilian citizens. It is recommended to conduct further research on this topic to strengthen the theoretical framework, particularly concerning sustainable urban development, smart cities, efficient land management, and sustainability. Additionally, an empirical approach should be employed to enhance the practical scope of the study. The identification of the sign of the relationship between UHD and CHUs in each of the Brazilian states was a question not addressed by this research and remains a recommendation for future studies.
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Figure 1. Timeline for stacked variables by state. (a) Contracted housing units (CHUs); (b) urban housing deficit (UHD). 
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Figure 2. (a) Average number of CHUs and (b) average of UHD over time. 
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Figure 3. (a) Distribution of mean of CHUs and (b) distribution of mean of UHD, both by states. 
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Figure 4. (a) Representation of Models 1 and 3; (b) representation of Model 2, both for the relationship between CHUs and UHD. 






Figure 4. (a) Representation of Models 1 and 3; (b) representation of Model 2, both for the relationship between CHUs and UHD.



[image: Buildings 13 02208 g004]







 





Table 1. Preliminary database—sample/descriptives.






Table 1. Preliminary database—sample/descriptives.





	Variables
	Definition
	No. of Observations
	Mean
	St. Dev.
	Min.
	Max.





	UF
	Unidade

Federativa—states

(Factor)
	-
	-
	-
	-
	-



	T
	Time period, in years

(Factor)
	-
	-
	-
	2009
	2021



	CHU
	Contracted Housing Units in MCMV program/CVA

(Integer)
	378
	22,128.230
	30,483.600
	30
	204,260



	UHD
	Urban Housing Deficit

(Integer)
	297
	189,209.300
	235,412.100
	13,838
	1,469,295



	POP
	Population

(Integer)
	351
	7,504,951
	8,780,133
	421,499
	46,649,132



	EAPOP
	Economically active population

(Integer)
	270
	6083.422
	7331.716
	300
	38,573



	GDP
	Gross Domestic Product

(BRL)
	324
	211,031.100
	364,379.200
	5671.975
	2,377,639



	GDPPC
	Gross Domestic Product

per capita

(BRL)
	324
	23,934.710
	13,818.020
	6023.686
	90,742.750



	SSTGDP
	State’s share of total GDP

(%)
	324
	3.704
	6.232
	0.160
	33.816



	GVACS
	Gross added value of the construction sector

(BRL)
	324
	9363.483
	13,920.500
	312.874
	81,444.110



	SGVACS
	Share in GVACS

(%)
	324
	5.977
	1.852
	2.017
	16.808



	GINI
	Gini Index of Real Average Monthly Income

(Scalar)
	270
	0.487
	0.041
	0.383
	0.571



	GINIPHI
	Gini index of per capita household income

(Scalar)
	270
	0.515
	0.041
	0.408
	0.601



	NSCICC
	Cost per m2

(BRL)
	270
	1105.563
	233.220
	746.616
	1806.426



	CWS
	Construction worker stock

(Integer)
	351
	91,031.920
	129,204.200
	3216
	747,099










 





Table 2. Descriptive statistics and correlation matrix.
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	Variables
	Mean
	St. Dev.
	Min.
	Max.
	Obs.
	CHU
	UHD
	GDPPC
	GINIPHI
	NSCICC





	CHU
	22,128.230
	30,483.600
	30
	204,260
	378
	1
	
	
	
	



	UHD
	189,209.300
	235,412.100
	13,838
	1,469,295
	297
	0.90 *
	1
	
	
	



	GDPPC
	23,934.710
	13,818.020
	6,023,686
	90,742,750
	324
	0.27 *
	0.29 *
	1
	
	



	GINIPHI
	0.515
	0.041
	0.408
	0.601
	270
	−0.17 *
	−0.02
	−0.11
	1
	



	NSCICC
	1105.563
	233.220
	746.616
	1806.426
	270
	0.02
	0.11
	0.41 *
	−0.02
	1







Significant correlations * p < 0.05.













 





Table 3. Regression models.
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Dependent Variable: CHU

	
Model 1

OLS—Pooled

	
Model 2

Fixed Effects

Panel—UF

	
Model 3

Fixed Effects—T

	
Model 4

Spatial Panel

Fixed Effects—UF






	
UHD

	
0.127 ***

	
−0.211 ***

	
0.128 ***

	
−0.194 ***




	
(5.56 × 10−3)

	
(0.077)

	
(5.47 × 10−3)

	
(2.983 × 10−2)




	
GDPPC

	
0.053

	
0.255

	
0.065

	
0.137




	
(6.83 × 10−2)

	
(0.288)

	
(7.94 × 10−2)

	
(0.298)




	
GINIPHI

	
−126,237.100 ***

	
70,486.030

	
−146,729.700 ***

	
4.423 × 104




	
(2.89 × 104)

	
(5.08 × 104)

	
(3.52 × 104)

	
(4.033 × 104)




	
NSCICC

	
−26.135 *

	
−44.519 ***

	
−38.809

	
−29.090 ***




	
(1.35 × 101)

	
(11.817)

	
(3.30 × 101)

	
(10.139)




	
λ

	

	

	

	
0.327 ***




	
(0.072)




	
Adjusted

R2-squared

	
0.847

	
0.155

	
0.879

	








Notes: * p < 0.1; *** p < 0.01. Clustered standard errors by state are shown in parentheses for Models 1, 2, and 3, and standard errors are shown in parentheses for Model 4.













 





Table 4. Wild bootstrap test.
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Variable

	
UHD

(Model 1)

	
UHD

(Model 2)

	
UHD

(Model 3)

	
GINIPHI

(Model 1)

	
GINIPHI

(Model 3)

	
NSCICC

(Model 1)

	
NSCICC

(Model 2)




	
Estimate

	
0.127

	
−0.211

	
0.128

	
−126,237.100

	
−146,729.700

	
−26.135

	
−44.519




	
T-Statistic

	
22.731

	
−2.712

	
23.291

	
−4.356

	
−4.157

	
−1.925

	
−3.743




	
Clustered SE




	
p-value

	
<0.01

	
<0.01

	
<0.01

	
<0.01

	
<0.01

	
<0.10

	
<0.01




	
Wild bootstrap by state




	
p-value

	
<0.01

	
<0.01

	
<0.01

	
<0.01

	
<0.01

	
<0.10

	
<0.01








Note: This table reports the regression coefficients, T-statistics, p-values for clustered standard errors, and p-values using wild bootstrap with 9999 iterations for the variables that achieved statistical significance at least at the 10% level, taking clustered standard errors as the reference (Table 3).



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products re