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ABSTRACT

The spatialization of social data allows to analyze some social and territorial characteristics of census
tracts up to the totality of a city or metropolitan region. The objective of this study was to verify the spatial
autocorrelation of data that reflect the health and income conditions of households in the Metropolitan
Region of Sorocaba (MRS) and verify if there is a correlation of these indicators by a multiple linear
regression test. For this, the Global and Local Moran Index was calculated, which were used to measure
autocorrelation and spatial dependence among the census tracts. It was identified that there are 177
census tracts distributed by MRS that showed autocorrelations for all variables and correspond to 31.1%
of the territory and 5.4% of the total population of MRS. This study can be used by public managers to
develop public policies aimed at improving the quality of life of the population because allows the
identification of the regions that go beyond the administrative limits of the municipalities that lack
collective investment and cooperation of municipalities.

Keywords: Spatial correlation; Urbanization; Geoprocessing; Demographic census; Linear regression

RESUMO

A espacializacdo dos dados sociais permite analisar algumas caracteristicas sociais e territoriais dos
setores censitarios até a totalidade de uma cidade ou regido metropolitana. O objetivo deste estudo foi
verificar a autocorrelagdo espacial dos dados que refletem as condi¢des de saude e renda dos domicilios
da Regido Metropolitana de Sorocaba (RMS) e se ha correlacdo desses indicadores por meio de um teste
de regressdo linear mdltipla. Para isso, foi calculado o indice de Moran Global e Local, os quais foram
utilizados para mensurar a autocorrelagdo e a dependéncia espacial entre os setores censitarios.
|dentificou-se que existem 177 setores censitarios distribuidos pela RMS que mostraram autocorrelac8es
para todas as variaveis e correspondem a 31,1% do territério e 5,4% da populacdo total da RMS. Portanto,
este estudo pode ser utilizado por gestores publicos para desenvolver politicas publicas voltadas a
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melhoria da qualidade de vida da populagdo, pois possibilita a identificacdo das regifes que extrapolam
os limites administrativos dos municipios e que carecem de investimentos coletivos e coopera¢ao dos
municipios.

Palavras-chave: Correlagdo espacial; Urbanizacao; Geoprocessamento; Censo demografico; Regressao
linear

1 INTRODUCTION

Data spatialization allows the elaboration of thematic maps that are widely used
in several areas to visualize the spatial distribution of an event, such as the percentage
of people who have sanitary sewage collection in their residences, indicating possible
areas of high occurrence or predominance of this event, needing an intervention or
further investigation of the causes of this fact (TEIXEIRA; GUILERMINO, 2006; MONDINI;
CHIARAVALLOTI-NETO, 2008; MEIRA et al., 2016).

In most cases, the data are not available with the exact position of the event, but
by the number of occurrences for areas aggregated by geographically defined regions.
Such aggregation data may occur for convenience or because it reflects the way which
data was available. From the statistical view, these aggregates by area can present
different data between them, implying that each area shows a distinct distribution
probability from the others. The estimates obtained within aggregates area vary
depending on the various ways that these units can be grouped and can obtain different
results when changing the boundaries of these areas (ANSELIN, 1995; TEIXEIRA;
GUILERMINO, 2006; ROSTAMI et al., 2017; SILVA et al., 2017).

The inclusion, application, and analysis of automated georeferenced database
using geotechnologies enable to improve the spacial understanding, allowing the
integration of socioeconomic, environmental and demographic information, in order to
capture existing inequalities without dissociating the territorial space, especially when it
comes to analyses of spatial autocorrelation of these data (RICHARDS et al., 1999; KOCH;
DENIKE, 2004; SILVA et al., 2017).

The study of spatial correlations is complex and can be used in many different

scenarios. Rostami et al. (2017) used mathematical modeling and spatial analysis in the
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investigation of space-time variations related to substance abuse in Iran, finding
evidence of spatial heterogeneity as well as gender inequality associated with the
deaths caused by the disorders related to the use of these substances. Hallisey et al.
(2017) analyzed the distribution of cancer mortality in adolescents in Georgia (United
States), testing different statistical methods, and concluded that the interpolation of
census tract data and georeferenced information has significant accuracy and can be an
important tool for health professionals and other researchers who often need to work
with those data at different scales.

Thus, the objective of this study is to verify the spatial autocorrelation data which
reflect the health and income conditions from residences located in the census tracts of
the municipalities of the Metropolitan Region of Sorocaba (MRS) using mathematical
modelling techniques with the aid of the Geographical Information Systems (GIS), and

verify the correlation between these data by a multiple linear regression analysis.

2 MATERIAL AND METHODS

2.1 Study area

The Metropolitan Region of Sorocaba (MRS) located in Sdo Paulo State in Brazil,
has 27 municipalities (Figure 1), with a population of 2.1 million for the year 2018 and
borders the Sdo Paulo and Campinas metropolitan regions. It has an area of 11,611.48
km?, which is equivalent to approximately 4.7% of the territory of the State of Sdo Paulo
and a demographic density of approximately 182.6 inhabitants / km2. Twelve
municipalities are located on the axis of the Castello Branco and/or Raposo Tavares
highways, with economies based on industrial activities, of which six are of particular
relevance in the S3o Paulo state economy: Sorocaba, Itu, Itapetininga, Salto, Cerquilho
and Votorantim. Also, Sorocaba has the largest Gross Domestic Product (GDP) in the
metropolitan region, being the 19th largest GDP in Brazil (EMPLASA, 2020; NERY et al.,
2020).
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Figure 1 - Location of the Metropolitan Region of Sorocaba (MRS) in the State of Sdo

Paulo
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The MRS was institutionalized by State Complementary Law No. 1.241, dated May
8, 2014, strategically located between the metropolitan areas of Sdo Paulo and Curitiba
in Brazil, having a process of the conurbation and territorial limit with the Metropolitan
Region of Campinas, occupying the 15th place in the national economy with a Gross
Domestic Product (GDP) equal to 67.24 billion Brazilian Reais, equivalent to 4% of the
GDP of S3o Paulo State, the richest Brazilian State (SAO PAULO, 2014; LOURENCO et al.,
2015; EMPLASA, 2020).

In the Brazilian scenario, MRS stands out for intense and diversified economic
activity, characterized by highly developed industrial production, predominantly in the
metallurgical, electro-electronic, textile and agribusiness sectors, being the largest
agricultural producer among the areas of the metropolitan region of the Sdo Paulo State,

with high diversity. It has an important contribution in the state production of ores, such
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as cement, limestone, ornamental rock, gravel stone, clay, carbonate, and tungsten

(EMPLASA, 2013; OLIVEIRA et al., 2016).

2.2 Spatial Data Analysis

The data used was available by the Demographic Census of the year 2010, made
by the Brazilian Institute of Geography and Statistics (IBGE), and the data collection was
performed by census tracts of the municipalities present in the Metropolitan Region of
Sorocaba (MRS).

The average per capita household income of permanent private households
(INCOME) was one of the information collected to verify how the income of the
inhabitants of these regions is linked to the infrastructure of these areas.

The data collected was transformed into a percentual, such as permanent private
households with garbage collection (WASTE), permanent private households with water
supply from the general network, well or spring on the property (WATER SUPPLY), and
permanent private households with bathrooms exclusively for residents or sanitary
sewage via the general sewage network or septic tank (SEWAGE), to verify the locations
that need a greater investment of the municipalities.

The census tracts with several households equal to 0 or omitted data, were
disregarded and replaced by data from the adjacent census tract.

In order to verify the spatial autocorrelation of the studied variables for the MRS,
was necessary to estimate the spatial variability of these data for each municipality. For
this, was necessary to construct a Neighborhood Matrix, and the adopted criterion was
the contiguity. Also, the matrix was normalized per line with the sum of the weights of
each line being equal to 1 (SHEKHAR et al, 2011; SILVA et al., 2014; RIGHETTO;
TACHIBANA, 2015; PENSO; PERICO, 2016).

From the Proximity Matrix, the Global Moran Index (GMI) was calculated as a
global measure of the spatial autocorrelation that was used in this study to measure the

autocorrelation and spatial dependence between the census tracts of the municipalities
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and their respective variables. The GMI value is equal to 0, indicating that there is spatial
independence. However, the positive values (> 0 to 1) indicate a direct correlation, that
is, the value of a given variable of a census tract tends to be like the values of the
neighboring census tracts, whereas, negative values (<0 to -1) indicate an inverse
correlation (MONDINI; CHIARAVALLOTI-NETO, 2008; SILVA et al., 2014; RIGHETTO;
TACHIBANA, 2015). The GMI was calculated by Equation 1.

GMI i=1 Z?=1 Wi e (i —¥)? 1)

Where:

GMl is the Global Moran Index;

n corresponds to the number of census tracts in the Metropolitan Region of
Sorocaba;

yi is the value of the attribute considered in the census tract i;

yj is the value of the attribute considered in the census tract j;

}7 represents the average value of the attribute for the Metropolitan Region of
Sorocaba;

wij are the weights assigned in determining the proximity matrix according to the
connection between areas iand j.

Once the GMlI is calculated, it is important to establish the statistical validity, and,
for this, a pseudo-significance test was used for several permutations equal to 99
(MONDINI; CHIARAVALLOTI-NETO, 2008; SILVA et al., 2014; RIGHETTO; TACHIBANA,
2015).

After the analysis of the global autocorrelation, the local spatial association of the
studied variables that showed significant global autocorrelation was verified through
the Local Moran Index (LMI). This procedure was performed to group the census tracts
with the greatest spatial similarity, making possible to highlight trends in the studied

variables and their spatial distribution patterns.
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Differently than the GMI that provides a single value as a measure of spatial
association for the study area, the LMI produces a specific value for each census
tract, enabling the identification of clusters in census tracts with values of similar
indexes (clusters), census tracts with anomalous rates (outliers) and more than one
spatial regime (ANSELIN, 1995; SILVA et al., 2014; RIGHETTO; TACHIBANA, 2015).
Therefore, this ability to detect significant clusters allows identifying the locations
where such characteristics predominate spatially. The LMI was calculated by
Equation 2.

LM = i =) 2 Wii(yj - )

R0 =72 )

Where:

LMl is the Local Moran Index;

n corresponds to the number of census tracts in the Metropolitan Region of
Sorocaba;

yi is the value of the attribute considered in the census tract i;

yj is the value of the attribute considered in the census tract j;

}7 represents the average value of the attribute for the Metropolitan Region of
Sorocaba;

wi are the weights assigned in determining the proximity matrix according to the
connection between areas iand j.

The mathematical operations described, and the database was manipulated
in the TerraView 4.2.2 software, provided by the Brazilian National Institute of
Space Research (INPE), while the map layout was generated in ArcGIS 10.4
software.

For the census tracts where was a spatial correlation between the rates studied, a
statistical analysis was performed to verify if there is a correlation between these rates.

Therefore, the census tracts that showed spatial correlation for each variable were
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overlapped and the coincident census tracts were identified for all variables. With the
data from these census tracts, a multiple linear regression analysis was performed. This
analysis presupposes the construction of multiple linear equations with independent
variables that can explain the variation of a dependent variable, as described in

Equation 3.

Y=a+§ bi x Xx; 3)

Where, in this study, Y is the dependent variable represented by INCOME,
while x; is one of the independent variables inserted in the model and
corresponds to the variables related to basic sanitation, a is the intercept related
to the load of the independent variable when the dependent variable is zero, and
bi are the individual explanatory coefficients of the independent variables, which
define the increase (or decrease) of the influence on the variable Y per unit
change in xi.

Data processing was performed in Microsoft Excel 2010 software, whereas
Pearson's correlation coefficient and multiple linear regression calculations were

performed in BioEstat 5.0 software.

3 RESULTS AND DISCUSSION

Table 1 shows the values of the Global Moran Index (GMI) for each variable

studied in the 2735 census tracts present in the MRS.

Table 1 - Global Moran Index values for the studied variables

Index Income Waste Water supply Sewage
Global Moran Index Value 0.38 0.32 0.18 0.53
p-value 0.01 0.01 0.01 0.01
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It was verified that there is spatial autocorrelation presence of all the variables
studied by the GMI for a number of permutations equal to 99, since the GMI presented
values on average above 0.30, with the significance of 0.01, an exception was the WATER
SUPPLY variable that presented few census tracts with spatial autocorrelation, thus, this
variable was not used for the Local Moran Index analysis.

Nunes (2013) investigated the spatial autocorrelation of census tracts with
permanent private households with garbage collection for the Regions North and
Northeast in Goias State in Brazil, with GMI values of 0.06 and p-value equal to 0.22.
Differently, from this study, the results found by Nunes (2013) did not present spatial
autocorrelation, evidencing that these regions present a probable autonomy of the
municipal administrative policies that interfere in this variable. The author also
analyzed the variable income, being found the GMI value of 0.31 and p-value equal to
0.01, like the value found for the MRS, indicating spatial autocorrelation for this
variable.

Ribeiro et al. (2013) characterized the spatial and temporal distribution of
Brazilian spotted fever (BSF) in the Sdao Paulo State from 1998 to 2010. These authors
used the data of precipitation, temperature, land use and soil cover in their correlations,
finding a coefficient of 0.22 with a p-value of 0.01, indicating that the areas with the
highest population density and lower vegetation cover, rural areas, and planted areas,
presented a high potential for the onset of spotted fever.

To identify the census tracts that present similar and clustered values for the
studied variables, the Local Moran Index was calculated, where areas with significance
values less than 0.05 are represented in the maps of Figures 2 to 4 in brown and
indicate spatial autocorrelation, whereas areas with significance values greater than
0.05 are represented by yellow color and indicate census tracts that do not show spatial
autocorrelation.

Figure 2 shows the map with the spatial autocorrelation distribution for the

INCOME variable for MRS.
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Figure 2 - Spatial autocorrelation of the variable INCOME for the Metropolitan Region

of Sorocaba
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Was observed that the average per capita income of the resident population in
the MRS is equal to 1,413.20 Brazilian Reais with a standard deviation equal to 1,057.40
Brazilian Reais, showing the non-homogeneous distribution of income, since the
coefficient of variation is equal to 74.8%. Approximately 74.5% of the census tracts
evaluated did not present spatial autocorrelation, but they are not representative since
they represent 46.8% of the area. Regarding the population, the percentage of people in
census tracts that do not show autocorrelation rises to 76.2%, indicating that most of
the population is in areas that do not have a spatial distribution pattern.

In general, was possible to verify that the north, east and northeast regions
showed a high homogeneity of census tracts with the absence of spatial autocorrelation
with the variable INCOME. Whereas, the central region of the MRS presented greater
heterogeneity in relation to the spatial distribution of the variable; while in the south,

southeast and southwest there is a prevalence of spatial autocorrelation.
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Therefore, census tracts with a similar average income are generally closer to
each other on the map presented and are in municipalities where agricultural activity is
an important source of income for their residents. Similar study was carried by Righetto
and Tachibana (2015) using the Global Moran Index and Local Moran Index for some
independent variables related to the quality of life and income of the residents of the
municipality of Presidente Epitacio in Sao Paulo State (Brazil), where a positive
significance value was found between variables quality of life and income, representing
spatial autocorrelation between the income variable and the resident population in the
south-central regions, with GMI being 0.1769, below the values found in this study for
variables sanitary sewage, income, and garbage collection.

Figure 3 shows the map with spatial autocorrelation for the WASTE combination

for MRS.

Figure 3 - Spatial autocorrelation of the WASTE variable for the Metropolitan Region of

Sorocaba
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The mean percentage of census tracts with permanent private households served
with garbage collection at MRS is 92.7%, with a standard deviation equal to 20.6%,
showing the non-homogeneous distribution of the WASTE variable, since the coefficient
variation is equal to 22.2%.

Approximately 84.4% of the census tracts evaluated did not present spatial
autocorrelation, but they are not representative since they represent 42.5% as can be
observed in Figure 3.

When it comes to the population, the percentage of people that are in census
tracts that do not show autocorrelation rises to 87.1%, representing that most of the
population is in areas that do not have a spatial distribution pattern. Of the census
tracts that present spatial autocorrelation for the WASTE variable, 10.9% are in census
tracts classified as rural, but when is considered the area occupied by the census tracts
in the rural area, these values increase to 76.3% due to the size of census tracts in rural
areas.

The central and northern zone of MRS presented the largest cluster of census
tracts with the absence of spatial autocorrelation, whereas the sectors located to the
southeast, south, and west of the MRS had more clusters of census tracts with the
presence of autocorrelation among the variable WASTE.

The areas that present a constant and permanent low collection rate are
generally closer to each other in the presented map (Figure 3), and the areas with high
rates of garbage collection are found in the census tracts that do not have such
characteristics and do not present relation in space. This lack of spatial relation in the
central region of MRS is due to the difference between the infrastructure presented by
the urban area of the city of Sorocaba and Votorantim to the others adjacent
municipalities, is clearly demonstrated by the absence of a spatial relation between the
census tracts present in this region.

Figure 4 shows the map with spatial autocorrelation distribution for SEWAGE

variable for MRS.
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Figure 4 - Spatial autocorrelation of the variable SEWAGE for the Metropolitan Region of

Sorocaba
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When verifying in Figure 4, was observed that the mean percentage of census
tracts with permanent private households with sanitary sewage served with the general
sewage network or septic tank in MRS is equal to 82.5%, with a standard deviation equal
to 33%, evidencing the non-homogeneous distribution of the variable SEWAGE, since
the coefficient of variation is equal to 40%. Approximately 63.7% of the census tracts
evaluated do not have spatial autocorrelation, but are not representative, since they
represent 29.2% of the occupied area.

When evaluating the population, the percentage of people who are in census
tracts that do not show autocorrelation is 67.6%. However, in the census tracts with
spatial autocorrelation for SEWAGE variable, 8% are in census tracts classified as rural,
but when is considered the area occupied by the census tracts in the rural area, these

values increase to 68.9% due to the size of census tracts in rural areas.
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The census tracts with a similar sewage collection rate are closer to each other in
the presented map and are homogeneously located in almost the entire extent of MRS,
except for the northeastern region of the study area contemplated by the municipalities
of Porto Feliz, Itu, and Salto.

Figure 5 shows the spatial distribution of the studied variables with coincidence

or overlapping of the areas with spatial autocorrelation.

Figure 5 - Census tracts that show spatial autocorrelation and overlap between the

variables studied in MRS
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There are 177 census tracts distributed by MRS that present autocorrelation for
all variables studied and was used to verify if there is a relation between the data of
these respective areas. These census tracts correspond to 31.1% of the MRS territory
and have a population of 100,587 inhabitants, corresponding to 5.4% of the total MRS
population. The occupied area is extensive, but the population is smaller because these

census tracts (62.7%) are present in rural areas.
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For these census tracts where was a spatial correlation and overlap between the
studied variables, a multiple linear regression analysis was performed to verify if there
is a correlation between them. It was verified that the per capita income in these census
tracts is dependent on other variables.

The correlation coefficient (r) was 0.428, showing that the variable INCOME is
dependent to the other variables since the value of F (Regression) was 19.5 with very
significant value (p = 0.0001), rejecting the null hypothesis. It is also verified by the
coefficient of determination (r?) that shows only 18.3% of the per capita income of the
residents of these census tracts is explained by the sanitation conditions in which they
live, suggesting that other external factors, not evaluated in the present study can act as
predictors of income variation.

However, was correlation only between the INCOME and SEWAGE variables, with
p <0.0001. This explains that the per capita income increases as the percent of
households connected to the sewage system or septic tank grow or vice versa. Thus,
this correlation found among the studied variables can be considered statistically
significant for this study.

Approximately 50% of census tracts with spatial autocorrelation (Figure 5) have a
sanitary sewage collection rate of over 80% and are areas with a good infrastructure of
sanitary sewage. Concluding with this result, approximately 85% of census tracts with
spatial autocorrelation have a rate of over 80% for access to the drinking water but
adequate sanitary sewage does not follow this efficiency.

The mean per capita income of the census tracts with spatial autocorrelation
(Figure 5) is close to 1,415.00 Brazilian Reais, and approximately 26% of the census
tracts present a higher income average, which presents a spatial correlation between
them and development in basic infrastructure, resulting in the opportunity to attract
financial resources to the residents higher than MRS.

The other census tracts that presented this spatial relation (74%) have deficits in
infrastructure and low income per capita, requiring financial resources that would allow

greater access to quality water and its dump more appropriately, however, regarding
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collection of waste, there is a need for greater intervention of the public managers to
guarantee access to this basic right for the population.

Also, in Figure 5, it is possible to infer that the census tracts with spatial
autocorrelation extrapolate the political-administrative limits of the municipalities
present in the MRS and, for this reason, there is the possibility of external investments
to the MRS by the public managers, that can be destined for mitigating the impacts of
low infrastructure in basic sanitation.

The studies that deal with spatial correlations of census data and socio-environmental
conditions are extremely important since they infer about the social and environmental
conditions of the regions and municipalities studied, providing a general overview of the
quality of life of the population and the precarious infrastructure of these localities. Teixeira
and Guilhermino (2006) affirm that investments in sanitation are essential, as they verified in
their studies that the absence of sanitary sewage systems has a direct relation with the
mortality due to infectious and parasitic diseases in the Brazilian States.

Therefore, spatialization of sanitary conditions makes possible to associate the
purchasing power of residents in a given area, as well as the number of the occurrences
of waterborne diseases that can affect the residents, regardless of social condition,
when exposed to this water with low quality due to precarious health conditions.

In this scenario of pluralities, development is closely linked to issues concerning
human health (CARRARA; VENTURA, 2012; UNDP, 2014). In this sense, this study can be
taken as guide, providing subsidies to the governments in decision-making in the face of
the resources to be used to improve the infrastructure conditions of states and
municipalities, since it aim metropolitan management performed by the government,
integrating actions that aim at social and economic improvements among municipalities.

According to Castro and Santos Junior (2017), due to the socio-spatial complexity
present in the metropolitan regions, it is necessary to implement public policies to assist
urban problems that are very noticeable in these spaces, as identified in this study, such
as the strong spatial correlation between the low-income census tracts and the census

tracts with low infrastructure of the sanitary sewage system. This correlation between
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the census tracts with low sanitary sewage infrastructure and with low per capita
income corroborates with the Castro and Santos Junior (2017) studies, which verified a
continuity of socio-spatial inequalities in the expansion of the Sdo Paulo metropolis in
Brazil, showing that metropolization is accentuating these social inequalities.

Also, this spatial analysis technique allows from a set of any variables presuppose
some part of the reality, but it is not able to translate completely the complexity of the
processes in the production of space. In this sense, when verifying where is a low
income, garbage collection and sanitary sewage that are spatially coincident, these do
not reflect the absolute reality of these census tracts, as there are households that do
not fit into this profile and, therefore, this homogenization of the spatialization of the
phenomena by census tracts do not faithfully portray the real characteristics of the
living conditions of all residents in these sectors.

However, what is sought in this study is to homogeneously evaluate these areas
within the scope of public investments for improving the quality of life of the residents
in these areas, since for public managers it is necessary to establish zones with
differentiated degrees of priorities investments.

There are significant questions that help to understand the geographic reality
under analysis, such as the physical characteristics of the area of study, type of
predominant economic activity, among others. However, the fact that there is a deficit
of sanitary sewage collection already reflects the need for changes and greater
investment for the region, as well as a greater understanding of the governments of
these areas regarding the need for joint actions to minimize the impacts of this situation
that extrapolates the municipal boundary.

Regarding the study area, was observed that the presence of spatial
autocorrelation for all variables are in a region where the municipalities have the lowest
per capita income in the MRS, except for some small census tracts which are distributed
in the north and east of the city of Sorocaba. These locations, except for the census
tracts located in the city of Sorocaba, are mostly located in rural areas where has less

investment in infrastructure, and the number of residents in these areas is much lower
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than in other census tracts present in the study area. These census tracts present the
largest dimensions, which makes more difficult and expensive the public investments
compared to the smaller census tracts, being all these factors presented relevant to
justify the numerical heterogeneity presented by the studied variables.

Therefore, this study presents a proposal of extreme relevance that brings aid to
the reality of the socio-environmental conditions of the municipalities inserted in the MRS,
making possible the identification of the regions that extrapolate the administrative limits
of the municipalities that lack collective investments and cooperation of the municipalities,
since it is impossible to discontinue these socio-environmental inequalities by working
only the administrative political limits. Thus, methodologies such as the presented in this
study are important instruments of public management, since they help in the

elaboration of public policies and orientation of public expenditures.

4 CONCLUSION

Was verified that there is a spatial correlation for all variables studied, however,
the variable related to water supply presented low spatial autocorrelation, while the
sanitary sewage variable presented the most significant spatial autocorrelation.
Regarding the correlation between the variables for the census tracts, it was observed
that there is a correlation only between the SEWAGE and INCOME variables.

There are 177 census tracts distributed by MRS that present spatial
autocorrelation for all variables studied. These census tracts correspond to 31.1% of the
MRS territory and have a population of 100,587 inhabitants, corresponding to 5.4% of
the MRS total population. For these census tracts, a correlation coefficient (r) of 0.428
was found, demonstrating that the variable INCOME is dependent on the other
variables studied. It is also verified by the coefficient of determination (r?) that only 18.3%
of the per capita income of the residents of these census tracts is explained by the basic
sanitation conditions which they live, suggesting that other external factors, not

evaluated in the present study, can act as predictors of income variation.
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The census tracts that do not have the sanitary infrastructure and low-income are
in rural areas and are much larger than the census tracts present in urban areas. For
public managers, this study shows where there is a deficit in the services offered and
enables public managers to make strategic decisions since it is possible to know the
peculiarities of the different census tracts.

Therefore, the objective of using the variable space in this study was to identify if
there are census tracts that present similar characteristics in relation to the studied rates,
being these considered high or low and being indicative of precarious conditions or not.
From the moment that most of the population resides in census tracts that do not show
spatial autocorrelation between them, it can be concluded that the rates studied are
independent of their geographical position and are determined by other factors than space.

This study can be used by public managers of metropolitan regions to focus their
efforts and resources for the development of these areas and to elaborate public
policies that aim at the improvement of the quality of life of the population, since they
can prioritize the investment and carry out directed actions from the intersection of
census data with information about per capita income, garbage collection, sanitary
sewage, as well as the destination of the sewage, serving as a methodological proposal
for the analysis of metropolises aiming to promote public policies aimed at improving

the quality of life and the environment in these areas.
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