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Abstract

There has been great interest on the part of public and private initiatives in
knowing the location of urban areas with potential for investments in social
resources. The aim of the present article is to propose a methodology to iden-
tify such areas, using the city of Sdo Paulo (Brazil) as a case study. This ap-
proach, supported by The Geographic Information System (GIS), is based on
multicriteria analysis and quantification of spatial data. The results, presented
spatially in a synthesis map, made possible to identify promissory areas for
social investment in Sdo Paulo. The method allows us to analyze data at dif-
ferent spatial scales from the GIS base, enabling a systematization to find out
areas with higher potential for investment in social equipment, services and
facilities. Furthermore, it gives possibility of modeling several variables, thus
being adaptable to different geographic areas.

Keywords

Urban Social Investment, Spatial Multicriteria Analysis, Geographic
Information System

1. Introduction

In recent decades, it was possible to see a significant change in the management
of companies. In the early twentieth century, the performance of the company
was directed to the production, because of the limited competition at that time.

The globalization process constitutes a watershed as regards the behavior of the
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corporations in relation to the market. Market integration and the fall of trade
barriers have increased the competition among companies throughout the
world. In order to take advantage of opportunities arising from the expansion of
potential markets, it was necessary to change the business strategies and incor-
porate issues, such as quality, brand, customer service, product innovation and
other key attributes for successful companies [1]. The Nobel Prize in Economics,
[2], stated that the only social responsibility of business should be the use of re-
sources and engagement in activities which ensure their profits. This is the ex-
pression of the idea that prevailed during this period.

Over the years, the increasing concentration of income and the increase in so-
cial problems influence consumers’ opinion. They then began to demand, every
day more, the adoption of standards of ethical conduct to prioritize the human
being, society and the environment. Consequently, companies started to worry
about the social legitimacy of their actions. This new paradigm of business activ-
ity is deeply related to the guiding principle of the so-called “sustainable devel-
opment”, which foresees that the economic growth must promote social
progress and respect for the environment [1]. In this context, increases the prac-
tice of corporate social responsibility and, nowadays, the pursuit for excellence
by companies should also involve the quality of relations, in addition to eco-
nomic, social and environmental sustainability [3].

Understanding the spatial distribution of data from phenomena occurring in
space is a major challenge for the elucidation of pivotal issues in several areas of
knowledge. Beyond the visual perception of the spatial distribution of problems,
it is essential to translate the existing patterns into objective and measurable pa-
rameters. The emphasis of spatial analyses is to measure properties and correla-
tions, taking into account the spatial location of the phenomenon under study in
an explicit way, since economic, social and environmental processes involved in
the planning of a given territory are inherently spatial.

The technologies associated to The Geographic Information Systems (GIS)
allow us to produce, store, analyze and visualize spatial data, thus having great
potential to address planning issues and land management. This spatial plan-
ning, such as any other problem related to spatial decision, usually involves a
large set of feasible alternatives, besides multiple, conflicting and incommensur-
able evaluation criteria [4].

Currently, GIS are widely used in almost administration levels, since the me-
thods of geographic information processing are suitable to support the most dif-
ferent planning tasks, regarding the assessment of a factual situation by using a
flexible combination of multiple data layers [5]. In this way, the application of
GIS, since based on quantitative methods, may be advantageous to guide social
investments in urban areas. Importantly, no references have been found in lite-
rature about a similar application, reinforcing the unprecedented character of
this approach.

According to [6], there has been increasing interest from the Brazilian busi-
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ness community in making social investments, especially because this has been a
matter of global concern, which generates discussions on issues related to social
management, the implementation of community projects, as well as concepts
like “ethical entrepreneur” and “social responsibility”. From this perspective, a
key issue for the realization of social investments by the private sector or public-
private partnerships is to understand the geographic distribution of resources
and social needs, in order to make the investment more effective. Thus, the main
objective of this article is to provide a new insight on these questions, by pro-
posing a spatial solution, based on multicriteria analysis. The methodology em-
ployed establishes two fundamental questions for the planning of private social
investment: i) Where are located the municipal public facilities and services and
how to assign a quantitative indicator, considering the government presence in
the area? ii) How to consider, in a quantitative manner, the demand for facilities
and services in relation to the social vulnerability?

Therefore, based on the presence of public institutions in a particular admin-
istrative area of the city (district, neighborhood), in contrast with the social vul-
nerability of that territory, the greater or lesser lack of social resources may be
evaluated, leading to the identification of areas with greatest potential to invest-
ment in equipment, services and facilities for society. According to [7], in a book
that brings together works on “The International Seminar for Private Social In-
vestment: Methodologies”, the methodological choices are essential so that the
assessment processes generate relevant and useful information, regarding the
results and impacts of the private social investment. Furthermore, the choice of
one or another methodological approach depends upon the objectives and is-
sues, which one wants to address.

To sum up, aiming to contribute to the advancement of methodological pro-
posals for this theme, the objective of this study was to develop a method, based
on multicriteria spatial analysis in GIS environment, in order to identify areas
with the greatest potential for social investments in the city of Sdo Paulo (Brazil),
especially due to the complexity of its municipal context.

Real estate speculation contributes to the increased cost of the most central
areas of the city which possesses better infrastructure, making such areas more
inaccessible to the large majority of population. Moreover, as the city grows,
areas that used to be cheaper and of easier access have become more expensive,
thus leading the vast majority of the poor population to search for housing in
more distant regions.

In a bibliographic review, we have found works about social vulnerability and
social investment, such as from [8] [9] [10] [11] [12] among others. Neverthe-
less, they deal with the themes independently, without linking to the spatial
component. The methodology adopted in this work brings an integrative pro-
posal and establishes a counterpoint between the public infrastructure of the city
and the social vulnerability of the population, thus demonstrating the pheno-
mena from the perspective of spatial surfaces, which allows the identification of

areas representing the best opportunities for social investments.
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2. Study Area

The area selected for application of the proposed method is the city of Sdo Pau-
lo—Brazil—which is one of the largest cities in the world in terms of population,
the most urbanized in Brazil. It is the leading global city in South America and is
the center of the Brazilian megalopolis, which includes a region that involves
many cities including the city of Rio de Janeiro. By owning a complex urban in-
frastructure, the city of Sdo Paulo is considered the financial center of Brazil,
home to headquarters of multinational companies and also the main Brazilian
stock exchange, Bovespa.

Among the main social problems of the city, the urban segregation, due to the
concentration of income in the central areas of cities, as well as the lack of public
planning policies to manage the city sprawl, are important issues which deserve
attention. People from segregated regions suffer because of the long distances
between their residences and the business centers where they work, and the
overwhelming majority is low-wage workers. We also have to include, in this

scenario, poor public transport conditions, beyond the lack of infrastructure.

3. Methods

3.1. Definition of Data Matrices

Two categories of data have been defined as indicators of social investment in
urban territory. For each category, different variables have been selected and ar-
ranged in two analytical matrices, in order to construct numerical surfaces:

1) Data representing the social vulnerability (matrix 1): We have selected
those related to precarious settlements in the city, organized into the following
layers: Slums, Tenements and Irregular Allotments. In this case, the proposal of
[13] has been adopted to define the concept of “social vulnerability”, considering
this parameter as the conditions associated with the capacity to confront certain
situations of risk, thus referring it as the greater or lesser capacity of an individual,
family or social groups to “control the forces that affect their well-being, 7.e., the
possession or control of assets that constitute the resources required to take ad-
vantage of the opportunities offered by the State, market and society.” The
choice of these elements of the city was based on [14] which features the slums
as being part of the fixed structure of cities, not only in Brazil, but also in other
countries on the economic periphery. Such locations are still perimeters of po-
verty and limited social life in the cities [15]. There are other studies of social
vulnerability to the city of Sdo Paulo with IDLH (Sdo Paulo Social Vulnerability
Index) and IPRS (Sdo Paulo Index of Social Responsibility) but were not used
because the data are in the range of census sectors incompatible with our scale of
study.

2) Data representing the public infrastructure (matrix 2): Set of existing insti-
tutional data on the various public resources in the city, organized into the fol-
lowing layers: Nursery, Pre-School, Basic Health Unit, Elementary School, Sec-
ondary School, Vocational Education, Ambulatory Medical Assistance (AMA),
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Library, Youth and Adults Education (YAE), Theatre, Reading Area, Culture
House, Museum, Municipal School of Music, School Club and Reading Park.

3.2. Elaboration of Numerical Surfaces

The standardization of layers in continuous numerical surfaces was carried out-
by organizing the different attributes on a common basis, in order to normalize
them into the same numerical range (0 - 1). The normalization of the values was

carried out by applying the following expression:

N = x, —min/max —min

where: Nis the resulting value from normalization; x; is the recorded value for a
given variable; min and max correspond, respectively, to the lowest and highest
recorded values of the variable.

Figure 1 illustrates this process by taking as example the layer “Elementary,
High and Technical Schools”. In Figure 1(A), the points represent the spatial
distribution of schools in the city of Sdo Paulo and the Figure 1(B) shows, in the
“TOT” column, the total number of classrooms per school unit. The values pre-
sented in “NORM” column result from the normalization of the data, which es-
tablishes the assignment of the value 1 for the largest amplitude (in this case, the
line 1, with 80 classrooms in the school). Conversely, the smaller amplitude cor-
responds to the zero value. In this manner, the variation of the values in the
range of 0 - 1 is proportional to the variation of the original data (Figure 1(B)).
Applying this same standardization for all layers, a uniform universe of data is
created for an integrated analysis, based on the same investigation criteria.
Starting from the normalized values, each attribute in the territory is then
represented by a numerical model, based on the Kernel density estimator [16]
[17] in order to support the development of synthesis maps. The distance para-
meter to the Kernel estimator was 500 meters, which was based on the Euclidean

distances between the geographic event and its environs, on the understanding
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Figure 1. (A) Basic education map; (B) table with absolute and normalized values; (C)
density map.
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that such distance is reasonable for walking from home, as an example, to a
school or Basic Health Unit (Figure 1(C)).

3.3. Map Algebra

Based on the results obtained from the Kernel estimator, an algebraic sum of the
numerical surfaces is carried out [18]. Figure 2 illustrates the procedure used in

this case.

3.4. Map Algebra for Estimating the Social Vulnerability

The numerical synthesis model was generated through the algebraic sum of the
layers from the Kernel estimator, in the range from zero to 1, based on the data
established in the matrix I (Slums, Tenements and Irregular Allotments). The
same weight (P = 1) was considered for all layers, giving all the same degree of
importance in Equation (1), as follows, which is justified on the premise that the
living conditions of the people in those areas are so extreme that it would be ex-
tremely difficult attempting to consider the factors related to social vulnerability

in a comparative manner.

PIF = P(PIg)+P(PL )+P(Pl,) (1)

where: PIF = Numerical Synthesis Model; P = Weight; PI; = Standard layer
(Slums); Pl = Standard Layer (Tenements); PI, = Standard Layer (Allotments).

The result of the algebra corresponds to a numerical matrix related to the
synthesis map of social vulnerability. In interpreting the results, they shall be
deemed values close to 1 as indicatives of higher social vulnerability, while values
close to zero represent lower social vulnerability.

Figure 3 shows the result of matrix algebra for social vulnerability; it is possi-
ble to identify that there is a radial gradient in the increase of social vulnerability
from the center to the periphery. The center-west of the city does not show areas
of poverty, on the other hand, in the peripheral direction of the city, a radial in-

crease of social vulnerability indices is observed, with the most critical areas

Numerical Surfaces
of Variables
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. Q

Healthy Basic
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f(l) = Equation that depends on the F

Figure 2. Illustration of the method of algebraic sum of maps.
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highlighted in red. In principle, these poverty concentration regions are obvious
candidates for private social investment, however, we have to consider the possi-
bility of those areas have already been receiving investments from the public
sector as well. In this way, our goal was to identify critical areas, with little public
investment, making the counterpoint between the social vulnerability and the

presence of the public sector in the region.

3.5. Modeling of Public Infrastructure Matrix

Considering the demand of society for each public resource, it is necessary to
establish a ranking of layers to support the development of a numerical model
for the presence of public infrastructure in the area. In this way, each layer con-
sidered in the map algebra should receive a differentiated weight of importance.
To execute this step, it has been adopted the Analytic Hierarchy Process (AHP),
which is a procedure for decision-making based on the logic of paired compari-
son. In this procedure, the diverse factors that influence a particular decision are
compared two by two and a criterion of relative importance is attributed to the
relation established between these factors, according to a qualitative judgment
scale [19]. According to the AHP, it is necessary to establish a hierarchy of layers
to generate weights. Figure 4 shows the hierarchy of distributed layers from a
higher to a lower importance, which was adopted to develop the method.

From the hierarchical classification and calculations described in the Analytic
Hierarchy Process (AHP), weights have been generated for each one of the layers
(Table 1).

The use of the AHP leads to an index to assess the consistency of the generat-
ed weights. According to [19] the value of this consistency index (CI) should be
in the range 0 - 1, which means that the judgments to obtain the weights have

Higher

Importance Nurse ry

Preschool

Basic Health Unity

Basic Education, High School, Vocational Education

Ambulatory Medical Assistance

Library

Theater | | Youth and Adults Education

Reading Area | | Culture House

Telecentre

Museum || Public Music School || School Club

Lower

V Importance

Reading Park

Figure 4. Hierarchy of the public infrastructure matrix.
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Table 1. Weights generated by applying the Analytic Hierarchy Process to the numerical
layers of public infrastructure.

Type of Facility Weight
Nursery 0.131
Preschool 0.116
Basic Health Unit (BHU) 0.102
Elementary and High School 0.089
Ambulatory Medical Assistance (AMA) 0.077
Library 0.066
Theater 0.057
Youthand Adults Education 0.057
Reading Area 0.048
Culture House 0.048
Telecentres 0.041
Museum 0.035
Municipal School of Music 0.035
School Club 0.035
CDC (Community School Club) 0.030
Reading Park 0.026
Total 1.000

been properly made. Since the CI value obtained by using the methodology here
proposed was 0.67, it may be inferred that the judgments have also been made in
a proper way in the present case study. The numerical synthesis model of public

infrastructure was obtained by applying the following expression:

PIF =3 (W *PI) )

where: PIF = final matrix synthesis; W = value derived from the application of
the AHP; PI = Numerical models normalized.

This model was obtained from the 16 variables that compose the institutional
data matrix. The result of the numerical model is presented in Figure 5.

Figure 5 shows the matrix algebra to public infrastructure, which is, in gener-
al, well distributed throughout the urban territory, but with concentration of in-

vestments in some peripheral areas of the city, highlighted in red on the map.

3.6. Definition of the Urban Territory for Opportunities of Social
Investment

By using the layers of public infrastructure and social vulnerability, represented
as numerical synthesis models on continuous surfaces, a subtraction of these
models should be done in order to make possible the mapping of areas with
lower presence of public infrastructure over the areas of highest social vulnera-

bility on the urban territory (Figure 6(A)).
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Figure 6. (A) Promising areas for social investments in Sdo Paulo, determined by subtracting the numerical models of public in-

frastructure and social vulnerability; (B) a highlight of the most promising areas for social investments in Sao Paulo.

The interpretation of the results should be based on the idea that all values
equal to or greater than zero indicate a greater presence of the public sector in
relation to the social vulnerability. Conversely, negative values represent the
opposite situation, revealing a public infrastructure deficit. Thus, these latter
areas represent opportunities for social investment. As the main objective of this
research is to reveal the areas with the greatest potential for private investment, a
selection of attributes with negative values was carried out from the numerical
model shown in Figure 6(A).

This procedure aims to highlight areas with greatest deficits, since they are the
ones which actually represent the most promising areas for private investment
throughout the territory. This gradient of negative values is represented on the
map of Figure 6(B), by assigning a color variation from green to red, so that the
green color refers to the most negative values, which effectively correspond to
the greatest opportunities, while the red color refers to values closer to zero, in-
dicating the lowest effective opportunities. Thus, the best real opportunities for

private investment are more explicitly highlighted.
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4. Conclusions

The methodology described presents an innovation regarding the use of quan-
titative data referring to social vulnerability and public infrastructure, integrat-
ing data matrices in a comprehensive spatial analysis, established through pro-
cedures performed in GIS environment. Another significant result of this re-
search was to produce a synthesis map to guide companies about the most dis-
advantaged areas of the city to receive private social investment, avoiding an
overlapping of resources application.

Beyond that, the method allowed to select areas on different analytical scales,
from streets to administrative districts, which are promising candidates to re-
ceive social investments in order to expand the opportunity levels in these re-
gions. Based on the local reality, the model enables a mapping of areas with
greatest potential for investments in the city of Sdo Paulo, taking into account
both the available public services and the local vulnerability. Since different va-
riables may be considered in the Analytic Hierarchy Process (AHP), as well as in
the identification of socially vulnerable areas, the described methodology might
be applied in different geographic areas, using the most diverse spatial scales of
analysis.

A challenge to enhance the present model is the availability of geospatial data,
in order to improve the accuracy of the proposed methodology, especially about
the socioeconomic characteristics of the population. Furthermore, it is of fun-
damental importance that the public administration and the private sectors of
the economy introduce, in their discussions, the possibility of using spatial mod-

els as subsidy to drive decisions which have social and urban impacts.

Highlights

Spatial multicriteria analysis applied to identify promising areas for social in-
vestment.

Development of a methodology to guide more efficiently the applications of
social resources.

Quantitative and qualitative methods to identify the most suitable areas for
urban social investment.

Approach to map the best areas for social investment in Sdo Paulo, one of the

largest cities in the world.
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